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CONCLUSIONS AND RECOMMENDATIONS

This report examines the economic feasibility
of fish protein concentrate in two disparate contexts:¥
(a) as a nutritional supplement in the diet
of a developing country
(b} as a competitive food additive in the
United States.

The report examlnes these subJects with special
reference to the role that the United States Government
should play 1in the development of FPC.

The report 1s an econcomlc study. We attempt
to employ the term economlic in a wilde sense, that is,
to include all the benefits and costs associated with an
activity, not Just those which are valued by the market.
However, there are important sets of values which are
outside the realm of the economic theory used herein.
Thus, our conclusions and recommendations may have to
be modified by pollitical and soclal constraints which
are outslde the main thrust of this report. If so,
our analyses wlll give an Indication of the magnitude
of the costs 1mplied by these modifications.

Furthermore, we have been unable to usefully quan-
tify the benefits which would accrue (market or otherwise)
from Investment 1n protein supplementation, although
our survey of the problem indlcates that there is pre-
sumptlve evidence supporting some such investment in
many developing economles, Our nutritional analysis,
therefore, postulates a range of nutritional levels and
seeks to discover the costs to an economy of meeting each
of these levels by alternate supplements rather than
attempting to discover the optimal ccmblnation of nutri-
tional level and supplement.

* Fish protein concentrate as used hereiln is any stable
powder resulting from the removal of oil and water
from fish which 1s almed at human consumption. When
we are referring to a particular variety of FPC, we
will attempt to make this speclalization clear either
expllicitly or by the context.



Our analysis 1s limited st1ll further by the
fact that there exists insufficient data to enable
a complete analysils of acceptablllty conslderatlons
and promotlonal and distribution costs. Hence,
our cost flgures are based on pre-distributlon
costs and assume all supplements are equally ac-
ceptable 1n the concentrations in which they occur
in the diets. We argue in the report that the
resulting figures are meaningful --in all but a
few of the cases which have been examined-- because
of the generally low levels of supplementation,
and the fact that acceptabillity and distributlonal
conslderations rarely favor presently avallable
FPC differentially. However, these baslic limita-
tions on the analysis should be kept in mind in
reviewing our conclusions.

=-1lg~



CONCLUSIONS WITH RESPECT TO FISH PROTEIN CON-
CENTRATE IN THE DEVELOPING COUNTRY

1} The first requirement for beneficial pro-
tein supplementation in a developing country is that
the population is receiving sufficient calories
tomeet 1ts energy needs. If this 1s not the case,
any protein supplementation program will be rela-
tively 1neffectlve, as part of the added proteln will
be converted to energy rather than used in tissue
generation,and this energy could be supplied more
cheaply by other means. In certaln cases, adaptation
and other mechanisms may make 1t desirable to effect
protein supplementation when a population is receiv-
ing less than a completely adequate level of calories,
However, all our analyses are based on reglmens which
ensure adequate calories,

2) Given that the population 1s receiving
sufficient calories from almest any naturally occur-
ring diet, only a small proportion of the population
will be deficient in protein. The possible exceptions
are young children during and after weaning, pregnant
or lactating mothers, and the very old. Of these
groups, the requirements of the young child are most
severe and the most economically significant because
protein deficiency 1n the very young is at least
partially responsible for the extremely high child
mortality rate in the developing countries and causes
severe disturbances in mental growth. The weaning
and recently weaned lower income child who is re-
ceiving adequate calories,then,is the major target
group of any proteln supplementation program,

3) We accept the fact that the protein needs
of a normal, healthy human are adequately described
by the Joint Food and Agriculture Organization/World
Health Organization estimates of human requirements
for essential amino acids and non-specific nitrogen
irrespective of thelr source. The FAO/WHO expresses
these needs in terms of reference proteln require-
ments. However, we argue that the target group in-
dividual 1s not a healthy human and that the fre-
quency of acute. and chronic infecticn raises his
reference protein requirements by at least 50%. All
our nutritlonal analyses are performed for a range
of stipulated levels of reference protein. Specl-
fically, they are undertaken for 100, 150 and 200%0f
the FAO/WHO recommended levels, Glven our assump-
tion of no processing losses, we feel that a
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reasonable target level for a protein supplementation
program is between 150% and 200% of the FAQ/WHO
recommendations.

4) Under these assumptions, we have performed
a fairly detalled comparison of alternative protein
sources under several types of supplementation
programs (universal, perfectly selective, 1infant
food) on a handful of basal diets (generally pure
wheat, pure rice, pure corn, two Chilean mixed
diets and a cassava dlet) under the cost situa-
tion which we estimate presently exists in Chile.
The protein sources conslidered were synthetic
amino acids, dry skim milk, a number of oilseed
flours, and isopropanol extracted FPC to present
Bureau of Commercial Flsheries standards, which
we will henceforth term IPA FPC. We estimate the
present opportunity cost of IPA FPC to Chile
at 25 cents a pound. The estimates of the cost
of the imported alternatives were adjusted to
reflect the fact that the market exchange rate
does not correctly measure the scarclity of
foreign exchange in Chille.

5) Despite the fact that Chile 1s a relatively
fish rich and currency poor country, we were unable
to identify any situation in which IPA FPC required
less of the country's resources to effect a stipula-
ted nutritional level than at least one of the other
alternative protein sources. In most cases, FPC
was from 25% to U0% more expensive in terms of
net cost of supplementation than the least eXxpenslve
alternative. Our cost comparisons were based cn
ex-factory costs and do not include costs of
distribution and promotlion.

6) Given thils limitatlion and the concentra-
tion on the Chilean situation, it is difficult to
say to what extent these results can be generalized.
To us, they indicate:

(a) that the more extravagant claims which
have been made for FPC in the past are
unsupported 1n fact at present.

{b) in those countries which must import
protein sources other than flsh, the
opportunity cost of FPC must be less than
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20 cents per pound before FPC can be
expected to offer any substantial
economlic advantage over lmported
alternatlives, desplte the typilcal
scarcity of forelgn exchange 1in

the less developed countries. This
statement is based on our Chilean
analysls which we regard as a typi-
cal fish rich, currency poor situa-
tion.

(c) FPC will not be an economically ef-
ficient source of protein for nutri-
tion on the world market at opportunity
cests much above 15 cents per pound.

We estimate the present opportunity
cost of IPA FPC in Chile to be about
25 cents per pound.

(7 We feel that refinement of the present
IPA extraction process by itself 1s unlikely to
reduce unit costs below 20 cents per pound even
in areas where the opportunity cost of fish is
about a penny per pound. We have performed no
detailed analysls on the production process with
which to substantlate this statement. It 1s
based on our review of the literature and the
fact that no suggestions as to where significant
cost improvement could be obtalned have been
forthcoming. In any event, if the statement is
true, IPA FPC will be at best a marginally ef-
ficient proteln supplement in even fish rich,
currency peor situations.

(8) There are other possible directions
of research which have the potential to offer the
large reductlons in present FPC costs necessary
if it 1s to become an important tool in combating
protein deficiency. These include:

(a) FPC resulting from a process involving
a lower degree of extraction, and whose
higher fat content 1s compensated for
by treatment in order to lncrease shelf

(b) life.
other extractlon processes such as:

(i} microbiological processes, which

not only require less processing
equipment, which must be purchased

by the developing country with scarce
foreign exchange, but also can produce

a product which 1s valued for something
more than its nutritional characteristies.
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{(11) combinations of microbiolo-
gical and physical processes
with some solvent extraction.

9) The protein in fish 1s extremely cheap
at dockslde: Fishmeal producers in Peru are
able to sell a product that contains 65 to 70% high
quality protein at a profit at 8.7¢/1b. 1If an
acceptable human grade FPC could be produced at
twice thils price, it would have a role
to play 1in the world situation.

10) Qur analyses indicate that the calorie
content of the protein supplement can be a very
important contributor to its nutritlonal efficlency.
3ince fish o1l has a high caloric density, processes
which stabilize this oil and return it to the pro-
duct should be investlgated.

11) We believe that there 1s a substantial
probability that imaginative, broad-based research
on all promising methods of protein extraction from
fish could result in the understanding and technology
necessary to produce a human grade FPC at prilces
which are more than competitive wlth alternatlve
supplements in many situations throughout the
developing world.



CONCLUSIONS REGARDING FISH PROTEIN CON-
CENTRATE IN THE UNITED STATES

1) There exist two bodles of opinion with
respect to the potential marketability of FPC in
the Unlted States:

a) There exlists sufficient demand for
the bland, nutritional content of
present solvent extracted FPC to
make 1ts production profitable at
present. 'The three most often men-
tioned markets are: pet food, high
proteln snacks, and instlitutilional
diets. The most impressive proponent
of thils view 1s Cardinal Proteins, LTD.
which 1s 1investing close to $5 million
of 1ts own and the Canadian Government's
money 1in Novsg Scotlia in a plant which
produces 30 tons of FPC per day.

b) The domestic demand 1s for functional
rather than nutritional gqualities.
Solvent extracted FPC has few or no
functional qualities and hence little
marketability.

All the authorifties that we have interviewed
agree that there 1ls a significant probability that
processes which retain or produce the desired func-
flional qualities using fish proctein can be developed.

2) This report makes no Judgment on which
of the above two opinions, (a) or (b), is correct.
It concentrates rather on making those statements
about government participatlon ln FPC which can be
made independently of the characteristics of the
present domestic market for solvent extracted FPC.

3) On the supply side, the cost of producing
FPC, whether it be solvent extracted or not, will
depend primarily on the cost and regularity of the
supply of raw material.



43 We see no reason to bellieve that ground-
fish, such as hake, can be landed regularly at less
than three cents per pound on the Atlantic Coast.
Herring and other oily fish might be landed on the
East Coast at 1 to 1.5 cents a pound, but the supply
will be extremely irregular. The costs to the
processor of obtaining hake or anchovy on the
West Coast in a reascnably regular manner may go
as low as 1¢ per pound, assuming an efficiently
designed and efflclently slzed fishing fleet.

5) As a result, the cost of producing solvent
extracted FPC, based on hake, on the Atlantilce
coast willl be about 36 cents per pound. The cost
of producing FPC based on any avallable fish on
the West coast may be as low as 20 cents per
pound, assuming an optimally deslgned and regu-
lated fishing fleet.

6) An extremely important factor in the
potential profitability of the Cardinal Proteln
operation is 1ts abillty to receive one third of
its raw material supply in the form of fish
trimmings from a neighboring fish processing plant,
and to dispose of excess raw materlial at a nearby
fishmeal plant. Due to the randomness cf the
catech in both specles and size, at least on the
East coast, any profitable fish protein concentrate
operation will have to be Integrated into a complefe
fish processing complex.

7) There has been no solid analysis of the
effect of the varlability of the supply on the cost
of producing FPC and none 1s included herein. We
look forward to the complete development of the
fisheries simulation program under construction
at the M.I.T. Instrumentatlon Laboratory for the
Bureau of Commercial Fisheries, which will facilitate
such an analysis.



THE ROLE OF THE UNITED STATES FEDERAL
GOVERNMENT IN THE DEVELOFPMENT OF FPC

1) The fact that FPC has the potentlal to
become competitive on the domestic marketplace 1s a
necessary but not sufficient condition for government
investment in the development of a commercially
marketable product. Government investment in the
development of an FPC for domestic marketing presup-
poses the existence of benefits that would result
from this program which are not properly valued
by the market processes.

2) Increased fishing activity can be properly
counted a benefit of an FPC industry only if sub-
stantial involuntary unemployment exists in the fish-
ing industry andif this unemployment would be affected
by FPC production. The economy is at close to full
employment ,and at least the New England fishing
industry, one of the nation's least healthy, faces
labor shortages rather than labor surpluses, It 1s
necessary to distinguish an unprofitable industry
from one in which unemployment exlsts. Only in the
latter case are secondary benefits,such as the effect
of FPC on fishing activity,not a wash on national
accounts. There exists some structural unemployment
in the West Coast fishing industry due to lack of
cultural assimilation. However, there are more
direct and generally more effliclent means of getting
at this unemployment than lnvestment in research
and development of FPC. The burden of proof is on
the FPC R&D program to estimate how much the de-
velopment of FPC will lower the costs of a program
aimed at the unemployment in the West Coast
fishing industry. We have not attempted this es-
timation. However, the connection between FPC
research and domestic fishing unemployment is con-
siderably more tenuous than 1s sometimes argued.

In view of the above, we do not believe that
the possible effects of FPC development on the
"fishing industry can be heavily weighed in evaluat-
ing the benefits to be obtained from domestic FPC
production.

It is worth noting that the same argument can
and should be used with respect to almost all our
food support programs, many of which are based on
improper counting of secondary benefits.
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3) If the country were to subsidize a level
of fishlng above that which would otherwise occur
(for example, to maintaln the country's influence
in the regulation of internaticnal fisheries) and
1f the early development of a domestic FPC industry
through government investment resulted in a de-
crease 1In the subsidy required to maintain the
desired level of fishlng, then thls decrease can
properly be counted as a benefit of the government
FPC development program. This is the only eco-
nomically valid situation we have uncovered where
the effect of government investment in a domestic
FPC on the fishing industry is a net benefit
of the development program glven full employment.
Slnce the country has chosen to subsidize 1its
fishermen only on a very small scale, and since
there exlsts 1little evidence that a domestic
FPC industry would make very much difference in
even a large scale subsidy program 1f it did
exist, we do not regard this as a persuasive
argument.

iy One can valldly argue that government
actlvity in the development of FPC 1s economically
Justified on the grounds that such investment
serves to correct lnefflclent allocations of
resources caused by present Food and Drug Admin-
istration restrictions on FPC. The present FDA
restrictions on FPC effectively remove FPC from
its only possible market. Economically, they
are as restrictive as outrlight prohibition.
We believe them to be without Justification and
contrary to the public interest. They should
be changed.

5) In our view, the most persuasive argu-
ment for government support of basic research on
protein extraction processes and basic FPC tech-
nology is that the resulting information is a
public good, and therefore we cannot expect pri-
vate enterprise to allocate an coptimal amount of
resources to the generation of this information.
We believe this argument alone is more than adequate
Justification for an aggressive government program
in FPC regearch. This argument 1s glven added
urgency by the fact that the information which
would be generated by such research may make
FPC an important tool in world nutrition.

-0=



RECOMMENDATIONS

1) Efforts to tie the FPC program to the
demestlc fisheries should be resisted.

2) We believe that a reasoned, broadbased

program of research into the basic technology

of FPC is cone of the better investments that this
country could presently make. We believe that such
a program should be supported and strengthened.

3) Specifically, we feel that the Bureau of
Commerclal Flsheries should make a consclous

effort to develop the Aberdeen installation into

a flexible, pllot scale testing center for a
variety of processes and combinations of processes.

-10-



CHAPTER I

INTRODUCTION AND APPROACH

The basic purpose behind the initiation of
this study was to shed light on the following
question: Under what conditions, to what extent,
and how, should the United States Federal Government
invest in flsh proteln concentrate at this time?#®

This question, concerning as it does the allo-
catlion of resources, 1s explicltly economic. It 1s
an obvious tautology that, in order to answer our
basic question, one must understand the econocomic
environment and function of FPC and 1lts substitutes,
both domestically and in the developling countries.
However, FPC, by its very nature, competss in an
economlc environment in which market processes either
have often been Judged unsatisfactory or have often
been interfered with on a massive scale. That 1s,
the problem of Federal lnvestment in FPC cannot
be divorced from social and political judgments which,
in turn, cannot be valued by market processes. Further-
more, given the present state of the art, these
judgments are difficult or impossible to gquantita-
tively value by any means. Yet, conceivable differen-
tials 1n these nonmarket values might be many tlmes
the quantifiliable costs of FPC,

The obJectlives of this study are therefore, to
ldentify and Investigate:

a. presently quantifiable economic aspects
related to FPC,

b. the economic aspects of competing protein
products and,

C. on a more general basls, the soclal and
political aspects of FFC which economic
theory has not yet learned to value.

% As noted earlier, for the purpose of this report
fish protein concentrate refers to any stable
product involving the removal of water and oil
from fish powder which is aimed at human con-
sumption.
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These investigations will be further compli-
cated by the fact that these soclal and political
values will differ 1In kind, as well as in quantity,
depending on whether one 1s considering investment
in FPC from the viewpoint of a developed or a
developlng country.

The developed country typlcally faces protein
surpluses rather than shortages, and its economy
operates througha highly refined food distribution
and marketing system which caters primarily to
relatively sophisticated and malleable tastes.
Therefore, such a country is basically 1lnterested
In the abllity of FPC to compete in a relatively
free market with meat, milk, soy, eggs, etc., as a
constituent of highly processed foods in which the
function of these proteins is often only remotely
related to nutritional value, The developed country
willl be interested also in the potential of export-
ing FPC or FPC technology to the developing countries,
in the potential employment generated by an FPC in-
dustry and, possibly, in the subsidization of protein
deficlent foreigners, elther in self interest or
through humanitarian considerations.

The developing country, on the other hand,
is typically interested in upgrading protein defi-
cient diets and in the effects that this upgrading
will have on disease prevention, labor productivity,
population control, and political stability. The
developing country is often in a situation where
almost all resources, includlng foreign exchange,
are so scarce in terms of national development goals
that government edict and investment largely supplant
market processes,making market prices unreliable in-
dicators of economic value. Furthermore, the de-
veloping economy operates through a rudimentary food
processing and distribution system In which dietary
hablts sometimes prove extremely resistent to change.

In short, the only commcn aspects between FPC
in the developed economy and FPC in the developing
economy are the raw materials, the processing
technology, and sometlimes a human bond; i.e., the
desire of the developed nations to improve the plight
of the protein-deficient populations of the develop-
ing nations.

-12-



In view of the above consliderations, the sub-
stance of our report has been divided into five
segments in a pattern which roughly follows the
chronology of Federal interest in FPC, moving
from general considerations of the role of
FPC in world nutrition through specific applica-
tions 1in developing countries, to consideration
of the future of FPC in the domestic food market.

Chapter II reviews the dimensions of the
world protein situatlion and explores the possl-
bility of applylng cost beneflit analysis to
investment in proteln supplement programs.
Chapter II concludes that, at present, it is not
useful to attempt to quantify the benefits which
would accrue from protein supplementaticn.

In the face of this inability, Chapter II1I
compares FPC with its alternatives taking as
given a level of nutritional effectiveness for
a range of such levels. The results of this
analysis form the basis for our conclusion that,
at present costs, FPC will rarely be the most
efficient source of supplementary protein for
a developing country.

Chapter IV is devoted to some technlcal problems
in evaluating costs assoclated wlth balance
of payments conslderations, unemployment, and the
opportunity cost of capital.

Chapter V develops cost and demand data for
the specific case of Chile. The results of Chapters
IV and V serve as inputs to the nutritional effleclency
analyses of Chapter III.

Chapter VI deals with the possibility of com-
mercial marketing of FPC within the United States
and its relationship to a federally supported
FPC research and development program, Chapter VI
concludes with our recommendations for future
Federal policy toward FPC and the arguments for
them,

-13-



CHAPTER IT

THE ECONOMICS OF INVESTMENT IN PROTEIN
SUPPLEMENTATION

IT.1 The Protein Problem and Our Baslc Protein
Resources

The Dimensions of the World
Food Problem

In 1965, the world population was approxi-
mately 3.3 blllion persons, 69% of whom lived in
the less developed countries. According to the
middle United Natlons estimates, by the year 2000
there will be 6.7 billion humans on the earth, 80%
of whom willl reside in the less developed countries.
That i1s, in the next 40 years we expect the popula-
tion of the less developed countries to increase
230%. Even the most dramatic downturn in birth
rates which could be reasconably hoped for will
decrease the year 2000 population of the less
developed countries by less than 15% of the above
projJectlions.

The reason why these flgures are of concern
is that even today the human race is doing an inade-
quate Jjob of feedlng itself and; thus one may
well wonder about the future. The most recent survey
by the Food and Agriculture Organization (FAO) indi-
cated that 20% of the population of developing
countries 1s receiving less than the FAD estimates
of minimal calorie requirements, and at least that
many people are receiving less than the FAO's esti-
mated requirements for protein (1). While, as we
shall see, there are some questions concerning the
rellablility of the FAO protein requirements, there
can be no doubt about the widespread prevalence of
malnutrition in the developing countries. Figure I
shows the mortality rates of children in several
developling countries compared with those 1in the
U.S. In some cases, these rates are 40 times
thelr developed country equivalents. Such death
rates are a closely coupled product of environment,
sanitation, medical care, social habits and nutrition,
where the latter includes not only protein and
caloric deflciencies but deficiencies in vitamins
and minerals as well. It is dangerously misleading
and almost certalnly ineffective to attempt to single
out any one of these as the sole or primary cause
and to attack it alone.
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At present, it 1s 1mpossible to say what per-
centage of these addltional deaths are due to mal-
nutrition. Respiratory and gastrointestinal disorders
are the most frequently reported causes of death,
Seldom are registered deaths attributed to malnutri-
tion. However, Behar et al. (4) in a detailed in-
vestigation of all deaths occurring in four
Guatemalan villages over a period of two years noted
that of the 109 deaths occurring in children less
than five years of age, 38 were typlcal cases of
severe malnutrition accompanied by edema. In other
words, about 37% of all deaths in these children
were unguestlonably assoclated with severe malnutril-
tion. Cravioto (2) comments, "If one adds to this
figure all other cases in which malnutrition was
an important contributory factor, the evidence sug-
gests that malnutrition has played an important
role in no less than 50% of the deaths of preschool
children."

Thus, there can be no doubt that protein-
calorie malnutrition is an extremely important factor
in infant mortality. PFurthermore, as we shall see,
protein deficiencies can have a marked effect on
the mental growth of young children.

The c¢linical manifestations of generalized
malnutrition, marasmus and kwashiorkor, are observed
throughout the developing world. Marasmus 1s asso-
ciated with deficliencies in both protein and calories,
while kwashiorkor results from an imbalance 1in the
ratio of protein to calories . In practice, they are
often found in ccmbination in the same malnourished
child. Kwashlorkor, the syndrome most directly con~
nected with pure protein deficiency, 1s usually ob-
served in the weaning or recently weaned child who
has transferred, or is in the process of transfer-
ring,from mother's milk to the family diet. A
recent survey of 4,000 children under five in
Southern India indicated that at a given time, 1% of
preschool children in thils area were suffering from
kwashiorkor, and it has been estimated that 10% of
this population suffered clinical levels of this
disease at some time during childhood (5). In
‘West Africa, where some 200 million people subsist
on a staple diet based on cassava and other tubers
extremely low in protein, kwashiorkor among small
children 1s even more prevalent. Surveys indicate
that, at any one time, 2.9% of the preschool
population suffers clinical levels of kwashiorkor,
and estimates of the percentage of the population
of this area encountering kwashlorkor at some tlme
in childhood range from 20~50% (6).
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It should be noted that cases of pure protein
deficiency are relatively rare and that most kwash-
iorkor patients are suffering from severe protein
deficiency superimposed on chronic calorie malnutri-
tion. Furthermore, symptoms of protein deflclency
could occur in a calorie-deficient diet which is
not severely deficlent in protein by usual standards,
because the body would metabolize much of the protein
in this diet to supply 1ts energy needs, It should
be obvious that the problems of calorie and proteln
needs cannot be separated.

At present, the baslc food problem of the
world as a whole is one of dlstribution more than
production. Nutritionists estimate the present
world food requlrements at 850 million tons of cereal
equivalent (a cereal equivalent 1s a unit of food
corresponding roughly to a unit of wheat in protein
and calorie content) (7). World production of cereal
grains is approximately 880 million tons,which
comprises only two-thirds of human diets, the other
third being derived from legumes (peas, beans, etc.)
and animals, Thus, at present, total world produc-
tion of foodstuffs appears adequate, Unfortunately,
there 1s a severe mismatch between the geographical
distribution of production and the distribution of
the population. The less developed countries with
70% of the population produce less than 40% of the
cereal grains (8). The less developed countries
produce about 1860 calories per capita/day of food-
stuffs in contrast to the average of 5,220 calorles/
day in the developed countries, The United States
produces 11,000 calories of grain per capita-day
of which it eats 2,000 calories, exports 2,000 and
feeds 7,000 to animals to obtain 1,000 calories of
animal food products (8).

Even this unbalanced situation would be ade-
quate were it not for lnequities and inefflclencies
within the distribution system of the developing
countries themselves, Indla, for example, currently
produces about 2,100 calories per capita day and
about 31 grams of reference protein per capita¥*.

FAO minimal requirements for this population are
1900 calories per day and about 29 grams of reference
protein, Yet it has been estimated that 20% of the

# As we small see, protein differs in nutritional
quality. The term reference protein refers to
a particular quality protein to which all pro-
teins can be related. The exact definition of
reference protein will be glven later,
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Indian population obtalns less than 80% of its calorie
requirements and less than 90% of its proteln re-
quirements (8). An important contributor to thils
deficiency 1s waste, as 1llustrated by the next
example. All the figures above are estimates of food
available at the retail level.

An extensive survey of the nutritional situa-
tion in Chile on a sample of some 4000 military
personnel and 5400 civilians reveals that there 1is
a 25% differential between food avallable and food
actually consumed (9). This flgure includes only
spoilage at the retall outlet, wastage in the
kitchen, and food left on the plate, It does not,
however, include losses in production and at whole-
sale warehouses., If this figure can be generallzed,
then it is clear that the present marginal suffi-
clencies in total food requirements may not be
marginal at all, but dangerously deficient even
before inequities in distribution are considered.
This may not be a valid generalizatlon, for the
sample population in this study was in general
eating well and thus had no pressing need to be
concerned with waste. But to say the least, 1t is
a thought provoking flgure.

Clearly, if the present situatlion were our
only concern, then major emphasis might well be
put on redistribution and efficlency of distri-
bution.

However, the problems of the present pale
before the problems of the future. Revelle (10)
estimates that world food production must increase
at 4% per annum if minimal requirements are to be
met for everybody. This rate is about 1.5% faster
than the proJected population growth. This higher
than population rate growth 1s requiredin order to
correct present inadequacies, to meet the needs of
the older and thus heavier population implied by
the population projections, and to meet the in-
creased requirements of the heavier population
which would arise from a better diet. A 5'10"
man of 175 lbs. has 40% higher protein require-
ments than a 5'2", 110 1lb. man. Past experience
indicates that improved diet implies a 6% per
decade increase in mean weight of population (11).
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Since about 60% of total income in develop-
ing countries is spent on diet, achieving this goal
with technology of the past would requlre a growth
rate of real income of over 6%. There is little
evidence that the developing economies can sustain
anything like a 6% real increase in national
product. Thus, our attentlon naturally turns to
the application of science and technology to develop
means of supplementing our food supplles from con-
ventlonal sources. We will not make it otherwise.
Revelle l1lists six possible ways of meeting the
above food needs:

1) Decreasing losses in the fields and in
storage;

2) Distributing food from developed to de-
veloping countriles;

3} Increasing emphasis on industrial produc~
tion of foods;

4}y Increasing the production of fishj
5) 1Increasing land under cultivation; and,

§) Producing greater yields per acre with
improved technology.

Revelle sees the contribution of the first four of
these as being quite minor compared to the last two,
We will not go into his arguments here but merely

note that 1f thls 1s the case, the present heavy
dependence on grain for both calories and protein

in the developing countries (see Table 1 ) will
necessarily increase, As we shall see, this increased
dependence on grain would have important implicatlons
with respect to the need forsand the design of,pro-
tein supplementation programs.

I+ is not the purpose of thls report to
comment on whether or not the world will indeed meet
its future caloric requirements. At this point, this
issue 1is far from resolved, We do note that it does
appear likely that, if the world's caloric require-
ments are to be met, then it will be through increased
dependence on cereal grains which already account
for 70% of the calories in the diet of the develop-
ing countries. Increased dependence on cereal grains
implies a lower denslty of protein in the diet, and
thus the needs for supplemental proteln will in-
erease accordingly.
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Before we leave the subject of total diletary
needs, 1t is relevant to the purpose of this report
to review the argument leading to the conclusion
that alternative (4) above, increased production of
fish, is unlikely to be a significant source of the
additional calories required in the next 30 years.

Fish production has increased at the rate of
almost 10% per year in the last 10 years. It cur-
rently amounts to about 55 mililion tons. The most
comprehensive investigation to date of the annual
production of catchable fish in the sea 1s that
given by Ryther (12). Ryther considers the primary
rate at which carbon is fixed into living matter
in various regions of the sea, the differing number
of trophlc levels required to convert this bio-mass
into species usable by man, and concludes that the
annual production of such specles is 240 million
tons per year. This is in general agreement with
Schaefer's (13) earlier estimates of 200 million
tons. From the same data, Chapman (14) argues that
the catchable food production is as high as 2 billion
tons. However, thils appears to be based on an
optimistic estimate of the number of trophic levels
involved in the open ocean. Cf course, man can ex-
tract only part of thils production 1f the resource
is going to be maintained at maximum sustainable
levels. Furthermore, Ryther argues that much of the
now unutillzed fish are in the Antarctic and that
most of the existing fisherlies are at or near maximum
sustalnable levels, He argues for a maximum sus-
tainable yield on the order of 100 million tons.

This is in general agreement with Edwards (15) who
extrapolates present flsheriles experience to obtaln

an estimate of 125 million tons annually of fish har-
vestable by present technology. In general, most com-
petent observers agree that without a breakthrough

in harvesting technology, between 125 and 200 million
tons could be economically harvested annually by the
year 2000. A quick comparison between this figure

and our projected needs reveals that fish can be ex-
pected to supply only a very small fraction of our
caloric requirments. However, fish conslsts of about
20% protein. Thus, 1ts contribution to our protein
needs will have to be examined in much greater

depth. For now, we simply note that expanded fish
production alone cannot be expected to meet the world's
gross dietary needs.
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The Protein Problem

Our subject, FPC, is of course not aimed at
the total world food problem, but rather ar a
particular sector of that problem: the needs of
the human race for protein. Proteins are chains
of nitrogen bearing acids (amino acids) which form
the basic bullding blocks of human tissue., In
addition, the hemoglobin of red blood cells, in
sulin and other hormones, the enzyres which digest
our foods and those which transfer energy into
muscle action, are all proteins or are composed
primarily of proteins.

There are some twenty amino acids found in
human tlssues, of which all but eight can be
synthesized by the human body, given sufficient
dietary nitrogen and carbohydrates. These remaining
elght amino acids must be consumed directly. Further-
more, they must be consumed in the proportions re-
quired by the body, or tissue generation will be
curtailed. Thus, proteiln in foods containing
these eight amlno acids occurring in proportions
close to those required will be more efficiently
utilized than those proteins whose proportions
are markedly different from human needs. In general,
animal proteins fit into the first category and
vegetable proteins into the second.

In short, the nutritional effect of the same
quantity of protein can vary according to the pro-
portions of amino aclds in the proteln. In order
to place proteins on a comparable basis, the concept
of reference protein has been introduced; the quality
of any naturally occurring proteln can be expressed
in terms of this reference protein. The reference
protein is protein 1n which the eight needed amino
acids occur in just the proportion required by the
human body. Thus, If a particular protein, say
that cccurring in soy meal, is 60% as effective as
reference protein due to its relative composition
~of the eight needed amino acids, then 1.67 units
of sov protein is sald to be the equivalent of 1
unlt of reference protein, or each gram of soymeal
protein contains 3/5 of a gram of reference protein.
In general, animal proteins are 70-80% as effective
as reference protein, and vegetable proteins are
about 50-60% as effective.
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The FAC/WHO expert group on protein requilrements
has estimated the minimum amount of reference
protein required per unit of body weight for all
ages, from newborn infants to adults(10). The
requirements of pregnant and lactating mothers
are adjusted to reflect their special needs for
protein. From these requirements, it has been
estimated that the world's need for reference
protein in 1965 amounted to 116,000 metric tons
per day. In anticlpation of the population growth
rate, this need will increase to between 176,000
and 168,000 metric tons per day by 1985, approxi-
mately a 50% increase (8). It has also been estl-
mated that the amount of protein availlable on the
retail level in 1965 was 122,000 metrlc tons.

More importantly, 1f we meet calorle needs in
the future with a diet similar to that belng
consumed now Iin the 1industrialized countriles,
on the average, we will be meetlng reference
protein needs. For example, in 1985 if we
supply sufficient calories of the present world
diet, we will be supplying between 192,000 to
180,000 metric tons of reference protein, dependling
on the population; that 1is, some 10% more than the
estimated requirements. This surplus 1s con-
servative 1n that it does not account for the
improvement in the proteln efficiency which
results from combining one natural protein with
another in the dilet. However, we should not
therefore jump to the conclusion that 1f we
meet our calorlic needs, everyone will receilve
all the proteiln he requires. Not only 1s the
world dlet likely to be more grain based 1in the
future than it is now; but, mcre important, as
we saw earlier with respect to calories, supplying
needs on the average does not guarantee that
everyone will receive adequate protein. We
will also argue that the FAO recommendations
will not be sufficient for a population with a
heavy burden of parasitic and other Infections.
Despite these caveats, the basic fact remains,
that ,assuming calorlc requirements are met,
there i1s no average protein problem. There 1is
rather a series of individual proteln problems
involving certain sectors of the population 1In
certain localized areas. A large part of the
world'! population will meet 1ts protein needs
1f 1t meets its calorle needs,

But important segments will not. The wldespread
prevalence of kwashiorkor and less severe forms of
protein and calorie malnutrition demonstrate that
certaln segments of the population in developing
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countries are not receiving adequate protein. These
include the c¢hild of the low income family from some
time durlng weaning to about the age of five, and
many pregnant and lactating mothers.

In Chapter III, we will discuss the amount
of additional protein required by these groups under
a number of assumptions concerning protein needs and
basal diets. For now, we wish to consider briefly
the possible sources of thils additional protein:

1) Introduction of grains with genetically
Improved protein value.

2) Increased production of animal foods.

3) Increased production of milk.

4) Increased use of oilseeds.

5) Synthetic amino acid supplementation of foods.

6) Fish and fish protein concentrate,

Genetically Improved Grains

As noted earlier, the bulk of the developing
world's dlet consists of grains. Grains have a crude
proteln content of from 8-12%. About two thirds of
the protein consumed iIn the developing countries is
derived from grain. This percentage is likely to
increase in the future. Unfortunately, the extent
to which the human body can utlllze the protein in
grain is severely limited by the relative lack of
the amino acld lysine in cereal proteins, and in
the case of corn, the lack of the amino acid, trypto-
phan. Recently, work at Purdue University (17) has
identified genes which produce a significantly higher
concentration of these two amino acids than ordinary
corn. Either of these genes, opaque -2 or floury -2
can be introduced into any local corn variety.

As a result of this breakthrough, the protein quality

of corn can be Improved wlthout significantly affecting
yield or other agronomic characteristics. Production of
these varleties 1s already well advanced in Colombia and
Mexico. Nutrltional studles have noted that children fed
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corn as the sole proteln source have shown normal
growth patterns. The attractiveness of this genetic
approach tc the protein problem is obvious; one
inereases the protein quality of the diet wilth few
or no economic or social problems, However, with the
above exceptions, strains of high protein quallty
grains have been slow in coming, as agronomlists have
concentrated on yleld. In sum, genetic improvement
of grains 1is potentially a very attractive answer

to the world's future protein needs. However, the
development and widespread introduction of high
quality grains for a varlety of agricultural and
soclial environments is at least some way off,.

In the body of the report we have not
attempted to compare investment in improved protein
cereal against more conventional supplementation
programs such as FPC. This will be an inecreasingly
more serious omission as time passes and the charac-
teristics of these gralns become better known, and
all our conclusions must be gualified by this
omission.

Inereased Animal Production

In the developed countries, there have been
striking advances in the technology of animal pro-
duction in the last twenty years. The tlime required
to produce marketable beef animals has fallen to one
year, with the requirement of about 8 to 9 pounds of
feed for one pound of animal. In the developlng
countries,the production of the same animal may take
3.5 years and require 16 to 20 pounds of produce
per pound of animal (18). In the last ten years,
the time to produce a 3 pound broiler has dropped
to six weeks and now requires two pounds of feed per
pound of chicken,as opposed to at least three pounds
per pound in the developing country (18). Thus,
there seems to be some room for the advancement of
production of land animal protein in the developing
countries.
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However, the above advances are achieved largely
by increasing the quallty of the diet of the animal
which places these animals in direct competition for
food with humans. Furthermore,it isclear that placing
the animal in the food chain is inefficient in terms
of total calories. Thus, in a world where caloric
suppllies are about as marginal as protein, increased
animal production appears to be a relatively expen-
sive alternative.

There are some exceptions, The ruminants,
desplte their relatively low conversion ratio, can
utilize grasses and grains unsultable for direct
human consumption. In fact, experlments in Finland
indicate that the ruminant may be used in the future
to convert simple hydrocarbons including industrial
by-products to nutritious, attractive foods (19),

In sum, however, there i1s 1ittle likelihood
that land animal flesh willl play a significantly larger
role in the nutrition of the less developed countries
than they dc now.

Increased Production of Milk

Until recently, the great majority of present
protein supplementation programs for developing
countries have been based on dry sklmmed mllk, The
production of milk, 1llke all animal foods, is a
relatively inefficient operation. The dairy cow
converts 23% of the protein she consumes into milk
and beef. Furthermore, use of milk is limited by
the fact that the geographical distribution of milk
is even further from the distribution of population
than 1s the distribution of food in general. Three-
fourths of the world's mllk 1s produced in Europe,
North America and Oceanla, which area contains less
than one-~fourth of the world's population.

There appears to be considerable room for in-
creased milk production,at least in those countries
which are currently large producers. The United
States produces some 5 to 7 billion pounds more than
it consumes annually (20). The current annual pro-
duction per cow is about 8,000 pounds per year, up
from 6,000 pounds ten years ago, and many well managed
herds average 16,000 pounds per cow per year (20).
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Once again, thls increase 1s in part a reflection
of increased use of higher quality grains and
fishmeal which could go directly to human con-
sumption. Some progress has been made in de-
veloplng cattle for milk productlion in tropical
areas. Israel has demonstrated that with sultable
modification, European and American breeds can

be made to produce in hot countries at levels
comparable to those in their native countries (21).
S5ti111l, due to the basic inefficiency of cattle

and the capital required for the introduction and
upgrading of herds, as well as processing and
distribution costs, progress in domestic milk
production in the developlng countries will be
very slow indeed.

Of course, developing countries have the op-
tion of using some of their generally scarce foreign
exchange and lmporting milk. Due to heavy subsi-
dies of the butterfat industry in the producing
countries, dry skimmed milk can be bought on the
world market at 8-9 cents a pound, depending on the
quantity purchased (22). In the last ten years,
this price has varied between 5 and 18 cents a
pound (22). At the lower end of this scale,
milk is a very cheap source of proteiln and, as
we shall see, at present prices, it is quite a
respectable competlitor to FPC even 1in countries
which are fish rich and forelgn exchange poor.

Of course, any developing country which relies
upon imported milk 1s taking considerable risk
in the factors not under its control, because -
the internal policies of the producing countriles
may result in a substantlal increase in price.
Moreover, world shortages of dry skim milk may
reoccur. Estimates of world price of dry skim
milk without subsidy range up to 23 cents a
pound (23).

Moreover, developing countries often opt to
protect domestic milk industries. As a result
the domestic price of milk can be far higher than
the world price. 1In Central America 1t is currently
about 40 cents a pound (24). Thus, if a nutrition
program in a developing country 1s bound by
these import restrictions, then the relevant milk
price can be four or more times the world price.
We intend to argue, however, that a country
whilch does not allow 1tself the optlon of imported
milk is almost always behaving irrationally. One
might indeed argue that protection of lnefficient
domestic dalry industries by the developing countries
is a contributory cause to their nutrition problems.
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Not only does it result in the diminishment of national
wealth which occurs with any inefficiency, but it also
results in a pricefor milk which effectively removes

1t from the diet of the people who need it most. Some
developing countries attempt to counter the latter
effect by government subsidized milk distribution pro-
grams., We intend to argue that they would be better
off to let the developed countries finance this subsidy
for them.

Ollseeds

Oilseeds are the seeds of those plants from which

the o0il is extracted malnly for cooking purposes,

The principle oilseeds are (1965 production figures)
soybean (35 million tons), cottonseed (21 million
tons), and sesame (1.5 million tons) (8). These

seeds contaln 25 to 40% protein and thus together
constitute a potential source of protein equal in

slze to the present total of animal protein. In
general, this protein 1s not used for human consump-
tion. The soybean 1s a particularly attractive source
for human nutrition, since 1t contains 42% protein
(which 1s about 80% as efficient as reference protein).
The production of soybeans 1s limited to temperate
zones and, in fact, the Unlited States produces about
65% of the world's crop; most of the remainder is
produced in China where the soybean has been an 1im-
portant source of protein for humans for 5,000 years.
The present price of defatted soy flour (the residue
after the oil is pressed out), which is 50% protein, 1s
5 to 5.5 ¢ per pound in the United States (24 a).

At present_almost all the non-Chinese production of
soy flour is used as animal feed.

Cottonseeds contain less protein (30%) and Lhat
protein is of lower quality (56-58% reference protein).
Furthermore, cottonseed must be processed in order to
reduce or remove the toxic pigments known as gossypol.

On the plus side, the geographic distribution of
the production of cotton is much closer to the dis-
tribution of protein-calorie malnutrition than that of
soybean. Furthermore, many of the costs of producing
the edlble meal gare shared jointly with the cotton lint
used in apparel. Cottonseed flour is the basic source
of protein in Incaparina, a high-protein mixture which
has been successfully marketed in Guatemala and Colombia.
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Human grade cottonseed flcour containing about

50% protein 1s available in the United States at

11 cents per pound and has been s0ld in El Salvador
at 5 cents per pound (24). The present scurce of
Incaparina's cottonseed flour 1s in Nicaragua and Incapa-
rina's producer has recently purchased cottonseed
flour from this mill at less than 5 cents per pound.
Our later analyses l1lndicate that, even at costs
consliderably above the latter, cottonseed flour is a
very attractive protein source. Therefore, it is
necessary to point out that this price history is
based on a limited amount of data and that at present
there is only one domestic and one forelign source

of human grade cottonseed flour, and no one can be
certaln what the price will be under large scale
demand , However, the present cotton production,

21 million tons of seed per year, could support any
conceivable supplementation program. Furthermore,

a gossypol-free cotton strain has recently been
developed and introduced in Egypt. While 1t is

too early to count on the widespread lmplementation
of gossypol-free cotton, it does show considerable
promise.

The third major oilseed, peanut, contains 27%

protein of relatively low quality (34-54% reference
protein). In addition, care must be taken to avoid
spollage because a toxic substance known as aflatoxin
is produced in molding peanuts.*® However, the relative
abundance of peanuts in India, Senegal, and Nigeria

and its low price --peanut flour containing 50% protein
costs about 6 cents per pound-makes it an alternative
worthy of consideration. (24)

*

Aflatoxin can occur in any oilseed given improper handling
and storage.
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Supplementation With Synthetic Amino Acids

We have seen that 'proteln needs' is a general
term covering, more precisely, the requirements of
the human for certaln quantitles of a number of
amine acids and for nitrogen to synthesize the other
amino aclds. Often the natural diet 1s lacking only
one or two of the amino aclds rather than proteln in
general. The possibility thus arises of supplementing
such diets with only those amine acids rather than
with a whole natural proteln. In terms of our earlier
discussion of reference protein and protein quality,
it may be possible to improve sufficiently the quality
of the protein in a diet by adding small quantities
of the amino acids lacking, so that the resulting
mixture meets reference protein requirements.

Only three amino aclds are likely to be critical
1n naturally ocecurring diets: lysine, methionine, and
trytophan. Cereal gralns in general are severely
lacking in lysine. The efficiency of the protein in
legumes, oilseeds, and animal protein is generally
limited by methionine. These foods usually have more
than enough lysine. Thus a dlet combining wheat and
teans may be limiting in either lysine or methionine,
depending on the proportion of beans in the diet
Miller and Platt (25) have surveyed 42 diets, through-
out the world and found that most of them were limiting
in methlonine. Corn is deficlent in tryptophan as
well as lysine. Thus, in areas which are heavily
dependent on malize both these amino aclds can be
eritical.

All these amino aclds can and are belng manufactured
industrially elther micreobiclogically or through chemlcal
synthesis. However, only lysine and methionine are
currently manufactured in commercial quantities. The
current price of tryptophan is $41.00 a pound and that
of threonine is $34.00, which limits these amino acids
to elinical use (26).

On the other hand, human-grade lyslne can currently
be bought from the Japanese at $2.20 a kilc (27) and has been
recently sold by Amerlican companies at $1.70 - $1.95
a pound (26). . Feedgrade lysine and methionine can
be bought for about 65-70¢ a pound (26). Methionine
has proved to be a competitive supplement In animal feed,
and the current world market 1s 25-30 million pounds
a year, half of which 1s consumed in the United States,

mainly by poultry. Food grade, methionine 1s presently
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sold in Japan for $2.50/kilo on $1.14/1: .(27)

American producers appear to be at a comparative
disadvantage in the production of synthetic amino acids,
and both Dew and Monsanto have recently shut down
methlonine plants in the face of foreign competition.

In general, methionine appears to be easier to produce

than lysine., For cne thing, only one of the two enantio-
morphs of lysine is useful in nutrition, which necessitates
either microbleological production or resolution of the
racemate obtalned by chemiecal synthesis. With methiconine,
both forms are utilized, thus simplifying synthesis.

However, at very large scales, synthesis of lysine
becomes more economic. At present, all lysine is produced
biologically. The Dutch built a $10 million plant for
lysine synthesls in 1966, but shut it down when they
found there was no market. Mr. Esty of Merck Chemical
Company estimatez that an economical plant for lysine
synthesis would require a market of ften million pounds
a year. Our later analyses will indicate that 10
million pounds a year would adequately supplement
the diet of several hundred mlllion wheat eaters.

Thus, achievement of econcmy for large-scale lysine
synthesis would occur only wlth rather widespread
adoption of lysine supplementatiocn.

Glven markets of this size, there is some evidence
that the price of lysine could drop to the 70 cent
level predicted for human grade methionine. The
world market for human consumption of monosodium gluta~-
mate (MSG) 1s 40 million pounds (28). MS3G for human
consumption sells for 40 cents a pound wholesale and
is produced microbiologically fromthe same sort of
materlal from whlch lysine 1s made, mainiy molasses.
The 8tochiochemistry 1s such that about 50% more raw
material is required per unit of output for lysine than
for MSG, thus a cost figure in the area of 60 to 70 cents
a pound does appear achlevable, given large-scale pro-
duction.

In our later analyses, we have chosen to be reasonably
conservative and have applied a cost of $1.25 a pound to
both lysine and methionine . We expect these prices to
drop somewhat in the future. The base appears to be about

70¢/1b.

-31~



Fish and Fish Protein Concentrate

The remalning source of protein which has been
suggested 1s fish, and more generally, aquatic animals.
There is 11ttle doubt that the oceans in conjunction with
even a pure grain-based dlet produce enough protein to
supply the needs of a population many times the present
one. Using the aforementioned reasonably conservative es-
timateof 125 million tons of annual production of fish
by the year 2000, results in an annual production
of about 17 million tons of reference protein, whicih would
be enough protein to supplement the diets of a pepulation
of about 19 billion people , assuming that the population
recelved sufficlent calories in rice, the cereal most
lacking in protein.* However, demonstration that the
ocean has more than enough catchable protein to meet
even the most extravagant estimate of our present and
future protein needs, assuming caloric requirements
are met, is not a sufficlent argument for recommending
investment in fish as a protein supplement. It is
only an indication that the idea should be carefully
examined. In order to recommend investment, one must
argue that fish are the least expensive feasible
means of meeting a developing country's nutritional
goals, which is a much tougher assignment indeed.

One of the primary difficulties in employing fish
as a protein source in a developing country 1s that marine
animals have perhaps the worst spoilage characteristics
of any protein source. This problem has limited the con-
sumptlon of fish to areas which are within a few miles
of the landing site, or to areas which have a refrigerated
or frozen distribution system. The developing countries
in most need of protein often have little or no effective
food distribution system » let alone facilities for re-
frigerated or frozen transport and storage. Thus, any
attempt to market whole fish in developlng areas not
immediately adjacent to the landing areas is doomed to
fallure. Some success has been achieved in a few

*  Assumes that all people eat the same diet according

to thelr calorie requirements and the diet 1is supplemented
to the ratio of reference protein to calories regulred if
a one year old child is to obtain the FAO/WHO recommended
levels of reference protein,given that he eats the dlet
according to his calorie requirements.
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developing areas -notably Ghana- with smoking, however,
the organoleptic properties of smoked fish are not particu-
larly attractive in terms of our primary target group--

the weaning chlld.

These two facts, the abundance of fish protein ang
the Iinabllity to distribute it in natural form, have
led to the study of means of rendering the fish protein
into a stable form which can be transported and stored
for long periods of time without refrigeration. Improving
the shelf 1ife of fish inveolves two things:
1) extraction of the water which promotes bacterial
growth,
2) extractions of the oils and lipids (fats) which
oxidize and go rancid.
Since the oill contains the flavor of fish, this latter
step has the advantage of removing, or at least reducing,
the filsh taste which can be a plus in cultures which
are not accustomed to eating fish. Protein 1tself i1s
almost tasteless.

The simplest means of accomplishing (1) and (2)
above is to cook the fish in steam, press the oll out
of the resulting product, and dry it. The result is
called fishmeal. It usually has a protein content
of about 65% and contalns about 10% residual oil.

At present fishmeal can be bought in Peru at about

7 cents per pound (29),and it is an important consti-
tuent of animal feeds in the developed countries. Over
30% of the fish caught worldwide becomes fishmeal (29).
Fishmeal is not generally regarded as suitable for
human consumption. For one thing, most fishmeal 1s
made under conditions which are not sufficliently
hygenic for human standards. More important,due

to the remaining fats and oil, fishmeal quickly goes
rancid and the tolerance of humans for rancid fat is
considerable lower than that of animals. Furthermore,
the flavor of rancld fish products is not universally
appreciated. The rate at which fishmeal deteriorates
under unfavorable conditlons can be demonstrated by the
fact that several vessels carrying South American fish-
meal to the United States have caught fire due to
spontaneous combustion, and this danger is reflected

in special iInsurance rates for this cargo. Therefore,
we will provislonally rule that untreated fishmeal does
net come under our definitlon of flsh proteln concen-
trate on the grounds that it is not sufficiently stable,
nor is it aimed at human consumption.
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With this in mind, researchers have attempted to
find ways of removing a higher proportion of the lipids
from fish than can be accomplished with simple
cnoking and pressing. The resulting products we shall
call fish protein concentrates. There are four
main approaches to the production of FPC.

a) Solvent extraction.

b) Microbiological methods.

c) Precipitation in an aqueous solution of

controlled pH.

d) Physical methods which can be used alone

or In combination.
The solvent extraction systems basically use an
organic solvent, generally an alcohol, to dissolve
the lipids which are then separated from the in-
soluble protein by physical means.

The microbiological systems combine the
ground fish with a microorganism which grows and
produces enzymes (proteins which have the capability
of breaking down other proteins into their consti-
tuent parts) which in turn reduce the proteins to
water soluable peptides, which are then separated
from the oily phase in a centrifuge. The aqueous
phase is then dried.

The controlled pH systems make use of the fact
that proteins become soluble in solutions of high
acldity. The protein in this solution is then
precipltated out by reducing the pH.

The most promising physical method involves
mixing the commutated fish in a non-volatile liquid.
The dispersion 1s heated in a vessel which is then
quickly evacuated removing the water by flash
evaporation. The dehydrated fish particles are
then separated from the liquid by filtration or
centrifugation and can then be extracted with sol-
vent as desired. This processing method is still
in very preliminary stages of development.

The most 1likely looking combinations of processes
are aqueous extraction, followed by sclvent extraction
and the aforementioned combination of evaporation and
solvent extraction.

Almost all the FPC made to date has been pro-
duced by solvent extraction. The resulting product
1s about B0% protein and contailns less than .2%
llpids. Taste runs from neutral to definitely fishy ,
depending on the raw material and processing detalls. Some
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solvent extracted FPC has been stored for as long as
six years with little or no deterioratlon (30).

The product is insoluble and has a definite ten-
dency toward grittiness. The nutriticnal efficiency
of the protein, assuming proper preparatlon, is

quite high, belng about 80% as effective as reference
protein and about the same as the protein in milk.
This nutritional effectiveness and the nontoxicity

of the product have been established by extensive
testing in both animals and humans.

Microblological methods offer a far greater
variety of end products, in terms of flavor and
other functional qualities, than does solvent ex-
tracticon. Solubllity and the binding properties
of natural fish protein can be preserved. At
present, however, the development of these processes
has not advanced to the stage where commercial
economics can be predicted.

Two approaches to the pH adJustment route
have been undertaken. The Dutch State Mines
have had a pilot plant in operation for several
years. The product is a pure, tasteless, white
soluble powder. Nothing is known of the product's
nutritional characteristics and people close to
the method are not lmpressed by 1ts econcmiles.
Recently, the Bureau of Commercial Fisheries has
developed an aqueocus extraction process, and the
product is currently belng tested. The cost of
this process for commercial use cannot yet be
predlicted. '

The FPresent Status of Fish Protein Concentrate

After pioneering efforts by Dr.Ezra Levin dating back
to 1931 and some preliminary work in South Africa,
modern attempts to produce and distribute fish
proteln concentrate began with the attempts in
1956 of UNESCO to establish an FPC plant in Quintero,
Chile*, This plant had the capabllity of producing
about a ton of FPC per day (seven tons per day input).
This plant utilized extraction by ethyl alcohol of
the local hake, a lean white fish. The initial out-
put of this plant supplled the raw material for
most of the acceptability studies of FPC that have
been undertaken. No FPC has been produced at this
lecation in the last silx years.

* Fermented fish products were known to the Romans
and have been used as fish sauce in the Orilent
for at least four centuries.
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Also 1in 1956, the Fishery Industry Research
Institute of South Africa established a pilot
plant based on ethanol extraction to produce
fishmeal. Considerable research on various
solvent mixtures has been undertaken by this
group. This plant also supplies the FPC for
the only successful example of commercial mar-
keting of FPC, a relatlively high protein (22%)
food known as Pronutro, which for a while con-
talned a small percentage of FPC, and is mar-
keted for 28 cents a pound in South Africa.
Sales of this product reached 1800 tons per year
in 1964 (24). It is symptomatic of the problem
that whlle this product was originally aimed at
the undernourished black, it is being bought
and consumed primarily by middle-class whites.

In 1957, the Fisherles Research Board of
Canada began experimentation on solvent extrac-
tion of FPC using isopropanocl preceded by an
acldification step. This effort has culminated
~ in the recent decislon (May 1969) of Cardinal
Proteins Inc. to bulld a 200 tons a day input
(30 tons output) FPC plant based on this process
in eastern Nova Scotlia (31). Cardinal is now
buylng equlpment and expects to be in operation
in 1970. We will discuss this operation in
more detail in Chapter IV.

In 1961, Congress appropriated funds to study
the advisabllity of a research effort in FPC in
the United States government. In 1963, an annual
appropriation of $500,000 was granted to the
Bureau of Commercial Fisherles for thils purpose.
Research was commissioned on a variety of produc-
tion processes. However, in late 1964, BCF opted
to concentrate completely on the development of
‘a particular process, isopropanol extraction.

The main motivation was to present concrete
evidence to the Food and Drug Authority to induce
them to remove the prohibition on FPC made from
whole fish. By 1965, a pillot plant (100 1b/day)
was in operation. Despite this initial success,
industry showed no great enthusiasm for entering
into the production of FPC, citing the risks.

The declision was made to construct
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a demonstration plant of about %0 tons per day input.
Congress was asked for one million dollars to build
this plant in fiscal year 1968. However, after
receiving the money 1t was disccocvered the plant
would cost about $1.8 million and the BCF returned
to Congress for the additlonal funds, which were
supplied in late 1969. Construction is scheduled

to begin in December 1969, with operation by late
1970.

In a parallel American effort, the Viobin
Corporation in 1967 began modification of an existing
animal grade fish concentrate extracted by ethylene
dichloride. This product 1s made sultable for
human consumption by the addltion of an isopropanol
wash to the process. In 1968 this plant, located
in New Bedford, Mass., was sold to Alpine Corporatlon.
This plant has the capability of producing 15 tons
per day. Also in 1968, the Agency for International
Development contracted with this ocrganization for
the delivery of 970 tons of hake based FPC at 42 cents/
pound with which 1t Intends to conduct worldwide
market surveys. Dellvery of the FPC was delayed
by a multitude of problems, includling the lack
of avallability of hake and problems in controlling
bacteria count. 1In October 1969, the first 25 tons
of' thils product were accepted by AID. However,
subsequent difficulties in meeting specifications
have forced cancellation of the contract.

In 1966 the FDA, 1n response to petitions from
the BCF and Viobin and after a study by & committee
of’ the National Academy of Sclences, ruled that
FPC produced by elther the BCF or Viobin process
based on hake or hakellke fish could be distributed
in the United States in clearly marked 1 1b.
packages provided that the fluoride content was
less than 100 ppm. As we shall see, while thils
ruling represented a considerable change in philosophy
the provisos effectively bar FPC from domestic dis-
tribution. BCF 1is currently attempting toc have the
species and distribution restrictlions lessened and
it appears there is considerable sympathy with FDA
for thelr requests.

A variety of other FPC efforts are currently in
various stages of operation. Dutch Federal Mines
has a pllot plant in Tijerlands, Netherlands, based
on precipltation of the proteln via the adjustment
of the pH of an aqueous solution. Astra Froducts
of Sweden has the capability of producing (12 tons
a day of human grade FPC) based on ethanol extrac-
tion of fishmeal.(32) This product has been accepted
by the Swedish Health authorities. 1In 1965, FAO and the
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Moroccan government established a 3 ton a day
plant in Agadir, Morocco based on extraction of
fishmeal with hexane vapors. This plant produced
150 tons of FPC in 1966 but has not cperated since.
An attempt to resurrect the plant was made in the
summer of 1969, but no significant recent produc-
tion has been reported.

Several plants, one on a barge at Cape Flattery,
Washington and number in Peru that currently produce
a solvent-extracted fishmeal claim the ability to
transfer to human grade FPC as soon as the market
develops. (33) Given the difficulties of the Alpine
Plant in achileving this conversion, 1t 1s not clear
that the change over 1is all that easlly accomplished.
An American firm, Oceanic Development Corporation,
has recently committed itself to the construction
of a human grade FPC plant based on the Viobin
process 1n Baja, Callifornia. They expect to be
operating a 200 ton input per day plant by mid
or late 1971, with planned expansipn to 800 tons
per day 1nput over a four year period. We will
dlscuss this effort in more detail in Chapter IV.

The Japanese, East Germans, Russians, and Poles
have been reported to be experimenting with FPC
production; the latter two appear to be envisioning
the accomplishment of at least the first stages of
processing at sea. However, no commerical pro-
duction has been reported.

While 1t 1s fairly clear that raw fishmeal
is not a sultable food for human consumption on
a contlinuing basis, it is also unclear whether
the high standards which have been adopted for
FPC production by the developed countries and
such international bodies as UNESCO and FAO are
necessary. A number of installatlions are presently
making a solvent extracted fishmeal which has a
fat content on the order of 1%. This product
is presently marketed as a high quality animal
feed and for use in pet foods where the odor of
raw Flshmeal adversely effects marketability.
Several authorities have suggested that this
product be used for human consumption. This
approach has been followed by Verrando S.A. in
Peru which presently has a plant based on ex-
tractlon of fishmeal with hexane vapors capable
of producing 180 tons of FPC per month (34).
The product is neither tasteless nor odorless
and 1ts storability 1s not well known. However,
the product sells for 12 cents
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a pound which is less than half that of ordinary
FPC which has fat contents of less than .2%.
Varrando claims acceptance of his product for
human consumption in Peru and plans a line of
noodles and cereals fortifled with this FPC.
Verrando plans .to expand to a capacity of 1000
tons per month. However, there has been little
sclentifiec study of the properties of this
product and 1ts acceptability. (One observer
who has eaten a meal supplemented with Verrando
FPC predicts that acceptability will be a real
problem.) However, given the difference in
costs, a careful study of lower guality #PC

is certainly well deserved.
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II1. 2. Cost Benefit Analysis

Intreduction and Potential Eenefits
of Increased Nutrition

Any proteln supplementation plarn necessarily
involves a diversion of the developlng country's
limited resources. An inerease in the consumption
of protein will result in a decrease 1in expenditures
on some other item. If the developing country is
to behave rationally, the benefits which acerue
from the investment in protein must be greater than
the benefits which would accrue from the most
beneficial alternative use of the resources re-
quired to make the protein available. 1In short, fhe
protein needs of a developing country's population
compete with many other valued uses of the country's
resources.

The only point of stating this tautoclogy 1is that
1t is often denied by nutritionists who attempt to
place the satisfaction of human nutrition needs
on a separate plane from other investments, claiming
that such demands deserve absolute priority over
other uses and that these demands by thelr very
nature need no further justification. Not only
does this attitude immediately raise problems with
respect to just what level of nutrition deserves
this kind of priority, but also it clearly is not
shared by the planners and, more importantly, by
the populatlon of the developing country who often
choose to begin to satisfy other needs before reaching
the nutrition levels advanced by the nutritionists.

Glven that protein needs properly compete with
other demands for resources, how do we determine what
level of protein nutrition the developing country should
purchase? 1In order to answer this question, one must
postulate an objJective for the developlng economy and
rarely are the developing countries able to articulate
an operationally useful objective. However, it is
clear that the developing country must be concerned
with two sets of questions in consldering any invest-
ment in protein:

1) the overall efficiency of the economy, and

2) distributional considerations.
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Efficlency considerations relate to the size of the
ple available, while distribution relates to who gets
what share. Efficiency is the motlivation behind such
goals as maxlimum gross national product and maximum
real rate of growth. As Hlerschliefer et al. (35)
point out:

"Someone may propose reducing income taxes in

the upper brackets on the ground that the high
rates now effective there seriously deter ini-
tlative and enterprise and so reduce national
income; he is making an effilciency argument

that the present taxes reduce the size of the
national pie. Someone else may point out

that such a change wlll help large taxpayers

as agalnst small-- a distributional consideration.”

Most of what the existing body of economic thought
has to say concerns the efficlency effects ~the effects
on the slize of the pie- of alternate possible allocatlon
of resources, However, there is an extremely important
sense 1n whilch the enlargement of the size of the pile
may be sald to be good for all the eaters. Thils sense
turns upon the possibility of dividing the enlarged
ple in such a manner that everyone benefits. If this
can be done, then clearly the larger the pie the better.
This thought underlies and 1s the justification for
the concentration of developlng countries upon the
maximizatlon of thelr natlonal product or more
precisely, national product per capita. Unfortunately,
as the above example points out, 1t is often the case
that such redistribution of the enlarged ple 1s in-
feasible. In such slituations, legal and ethical con-
slderations must be weighted against economlc on a case
by case baslis. Nonetheless, given the baslec attractiveness
of maximum GNP as an objective and, more to the point,
government acceptance of this objective, nutritionists,
if they hope to obtailn a significant share of the developlng
country's resources, must be prepared to argue the effects
of lnecreased nutrition on national economic growth.
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Dr. Allen Berg,(36), head of the AID nutrition
program in Indla, for one,accepts this responsibility
and has divided the potential effects of increased
nutrition which relate to the economlc welfare of
the developling country into the following five
categories:

1. Disease prevention.

2. More productive population distribution.

3. Higher productivity, mental and physical
per person.

4. Easier population control.

5. Increased political stability.

Disease Prevention

It 1s well established that malnutrition increases
the frequency and severity of infectious disease and
further, that malnutrition and infectious disease react
synergistically upon each other. There exists the
possibility,therefore, that investment in Improving
protein nutrition willl reduce the investment in cura-
tive medicine without reducing the overall health
of the population. Certainly the total number of days
of illness will be appreciably reduced. However,
at present, it 1s impossible to quantitively predict
the effect of a nutritional prcgram on health. The
few fleld studies which have been done to date have
been somewhat disappointing reflecting’no doubt
the fact that health 1s a closely coupldd product of
sanitation, general level of medical care, and a
number of cultural factors, as well as nutrition.

Two obvious, but sometimes overlooked, inferences
which can be drawn from these experiences are (a)
for maximum effectiveness, that investment in infant
health should be allocated among the various causative
factors according to thelr effectiveness at the margin,
rather than glving absolute priority to one or two
of the causes and (b) any nutritional program aimed
at contributing to this effort must be designed to
operate in the actual environment. We shall see that
the latter has important implications in the choice
of the target level of nutrition.
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More Productive Population
Distribution

Once the effect of protein deficiency on mortality
has been isolated, it would be an easy matter to predlct
the effect of increased protein on the age dilstribution
of the population. At present the developing countries
are severely handicapped by the large percentage of
children in the population. This is the result of the
high child mortality rate which 1mpels people to pro-
duce more children to ensure some living ones. In
West Africa 45% of the population 1s less than 15 years
old as compared to 25% in Eurcope. Table Il com-
pares the population distribution in the less developed
with that in the developed world. The implication 1s
clear. In the less developed country a much smaller
proportion of the economy is productive which 1n turn
implies slower economic growth. The less developed
countrles make a large investment in children who reach
a productive age.*

However, until we are able to separate the effects
of protein malnutrition from all the other environmental
causes of child mortality, we cannot quantify thils poten-
tial benefit of improved nutrition. At present all we
can say 1s that it 1s undoubtedly lmportant.

¥ Of course, the first effect of a decrease in infant

mortality would be an even younger porulation. The cru-

clal questions then become, how soon will people react
to the new situation, and can the economy weather the
interim pericd?
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TABLE II

PERCENTAGE OF POPULATION UNDER 15 YEARS OF AGE I DEVELOPED AND
UNDERDEVELOPED COUNTRIES

a % OF POPULATION 7 OF POPULATION
DEVELOPED UNDER_15 UNDERDEVELOPED UNDER 15
u.s. 30.7 Chile? 39.5
Canada 33.2 Peru ° 43.2
Germany 22.6 Mexicob by, 3
France 25.2 Dahomeyc 5.9
Sweden 21.0 Mauritania® 50.6
Japan 24.7 Cémerounc 48.6

a Baslc statlstics of the Communlty, Statistical Office
of the European Communities, December 1967

b Statistical Abstract of Latin America, Latin American
Center, University of California, Los Angeles, December

1968

e Yearbook of General Statistics 1966, Statistical Offlice
of the European Communities
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Higher Productivity Per Capita

One cf the most striking differences between
the population of the less developed countries and
that of the developed is body size. And, 1n fact,
these differences in body size are perhaps the
second most often cited argument - next to kwashiorkor-
for the existence of wldespread protein malnutrition.
An almost certain output of increased nutrition would
be an increase in helght and weight of the population.
However, lncreased body slze in itself is not necessarily
a goal,and the economle effects of this increase are
far from clear. There is no doubt that a larger man
can do certain things a smaller man can not do; however,
even 1In those jobs which are exclusively physical, 1t
in unlikely that productivity rises linearly with
helght or weight, and yet the body's nutritional require-
ments rise almost as fast as body weight. This latter
increase 1s an extremely lmportant consideration in a
typical developing economy which spends 60% of its in-
come on food.Furthermore,the number of Jobs in which
physical strength is an lmportant asset 1s small and
declining. In the Unlted States, small size 1s rarely
a handicap in Job performance. If one wers to increase
nutritional standards 1in a generally undernourished
population, one would in time increase the size of the
entire population as a whole, but reap benefits only
in those few jobs where productivity increased faster
with body weight than did nutritional requirements.

The primary effect of protein malnutrition on adult
productivity is through chlldhood deficiency resulting
in decreased mental capability. Cravioto and de Licardie
(2) have demonstrated a clear correlation in poor segments
of the population in Guatemala between height and ability
to relate visual and kinesthetic identification of various
shapes. In a sample of 296 lower income Guatemalan chlldren
from six to eleven years old, the lower quartile 1in height
were two years behind the upper quartile in performance.
Cravioto also noted that for these children there was no
correlation between helght of parents and height of children.

This is a general phenomencn for low lncome groups
in developing countries which runs counter to the developed
countries' experience. Environmental influences are more
important than genetic developmente in the growth of these
children. Thus for these groups, height is a valid indicator
of the child's former nutritional environment. The shorter
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children in this sample almost certainly suffered more
nutritional deficiencies than the taller. Cravioto's
findings do not prove that such pyscomotor deficiencies
extend into adulthood; however, this is the clear impli-
cation.

It 1s important to recognize that many more children
survive protein calorie malnutriticn than die of it. 1In
1952 approximately 30% of the children who came to medical
attention with severe protein-caloric malnutrition died,
while less than 5% of those affected with equal severity
died during the years 1962 to 1965 (2).

When malnourished children start to recover, they
do so with great rapidity at first. However, some obser-
vations indlicate the recovery rate is not excessive in
terms of younger children who are the same size as the
malnourished child. The weight gain appears to be size
dependent. These higher than normal rates of growth
on an age basis have important implications for any nu-
tritional program,especlally during its initial imple-
mentatlon. The few studies of malnourished children
whlch have been carried to adolescence indicate that
growth in length ceases at the same chronological age
as 1t does in well nourished children due to closure
- of bone epiphyses; as a result these children never
quite catch up in body size, thus the previously men-
tioned correlation between adult body size and pre-
valence of malnutrition.

The Russians have carried out some studies on the
relationship between nutrition and higher nervous activity.
Alekseeva and Kaplanskaya-Raiskaya (37) have reported that
protein deficiency has a marked effect on the ability of
young c¢hildren to acquire conditioned reflexes. If this
deflclency 1s continued, even previously well established
reflexes may be depressed or abolished. These effects
cccur in advance of the clinical symptoms of severe mal-
nutrition. Recovery of normal ability to elaborate these
reflexes is reported to be slow.

Many investlgators (38, 39, 40, 41) in the field
have noted psychological disturbances in children suffering
from kwashiorkor. Severely protein deficient children are
universally characterized as apathetle, seeming tc have
little of the normal curiosity and desire for exploration
that is natural in a young child. This condition of un-
responsiveness is so marked that renewal of interest in
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the environment is considered one of the most reliable
signs of Improvement. Several investigators (42, 43, 44)
have used electroencephalography as a method for measuring
the effect of malnutrition on the nervous system. On
admission, the EEG records of severe cases show very
substantlial abnormalitlies in form, frequency, and ampli-
tude. However, with recovery patterns they became normal.
In general, the abnormal features took no more than 40
days to disappear. Thus, it is clear that malnutriticn
has a substantlal effect on the brain. The permanence

of this effect, however, it still unknown.

Stoch and Smythe (U5) tested two groups of 21 children
in South Africa. Initially, these children were between
the ages of 10 months and three years. Both groups came
from the same low soclo-economic background. One group
was characterlzed as better nourished. Tnese children
attended an all-day nurserys allowing both parents to
be employed. The 1.Q. of the parents of the two grougs
as tested by the Raven Matrlices Test was not significantly
different. All the chlldren were examined every six months
for I1.Q. by means of the Merrill-Palmer test. The results
Indicated that at all ages the mean intelligence quotlent
of the undernourlshed groups was well below that of the
better nourished group. The dlsparity remained relatively
constant throughout the period. The difference of 22
points found at the time of final testing is statistically
significant at the .01 level. However, interpretation of
these findings 1s obscured by the differences in social
and economic background and in nursery school experiernce
of the two groups.

It is of some interest that results indicate that
newborn infants in preindustrial areas such as Uganda,
Mexlco and Guatemala have scores in pyschomotor tests
which are generally higher and never below those obtained
by North American and European children (46, 47, 48).
This indicates that there appear to be few prenatal
nutritional deficiencies. Soon after birth these children
begin to develop relatively slowly compared to their in-
dustrial cousins, sSo that beyond the ages of 18 to 24
months thelr mean performance 1s below that of their
Eurcopean contemporaries.

Ramos-Galvan (49) has noted correlation between
height and perfeormance scores on the Terman-Merrlll test
among poor children in Mexico. He found that mental ages
were better assoclated wlth height age than chronologlcal
age. This finding also suggests a concurrent deceleration
of somatlc and mental growth.
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Barrere-Moncada (50) has explored the psychological
behavior of severely malnourished chlldren by the Gesell
technique. Performance in all areas was lower in the
malnourished than the standard for well nourished children
of similar age and ethnlic 2zroup. This i< one of the
few tests that attempted to test varicus psychological
attributes separatelv. In general, motor development
showed the least and language development the greatest
retardation. In this test, the older the child the
more marked the findings.

Cravioto and Robles (51) also tested a group
of severely malnourished children according to the
Gesell method. Serial informatlion was taken on 20
hospltalized malnourished Mexican children ranging
from six months to 42 months 1in age. 1Initial tests
confirmed the previous reports. The children scored
below the norms in all areas. As recovery from mal-
nutrition occurred, the gap between normal age ex-
pectation and actual performance decreased for all
except those children who were admitted to the
hospital at less than six months. These children
snowed no tendency to catch up. In the o¢lder children
speech, which 1n general was the function most af-
fected, showed the slowest rate of return.

In Chile, Monckeberg (52) examined fourteen children
who had suffered severe marasmic malnutrition during
the first six months of life. Marasmus refers to
the symptoms assoclated primarily with severe, general
malnutrition. However, since a caloric deficiency
almost certainly implies a lack of protein utilized
in tissue generation, the flndings are relevant to
our present interest. The children were treated
and after some time discharged. Thelr progress was
followed and each patient received a total of 20 liters
of free milk per month with a similar amount for all
other infant and preschool chlldren in the family.
‘The children were later examined at ages three to
six years. All appeared clinically normal. Weight
in every case was past the third percentlle of the
Iowa standard population, but helght 1n every case
was below this level. For almost every child, the
ratio of sitting height to total weight was more
than two standard deviations below the average for
Chilean children. Head circumferences were well below
normal. The average lntelligence quoctient of
the group was significantly less than that of the
average Chilean preschool children of low scclo-
economlic state at the P = .001 level. The authors
comment : -
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"T"he results of the physical and psychological
tests have led us to conclude that brain
damage In infancy is permanent at least up to
the slxth year of 1ife, despite improving
nutritional conditions. . . Tt is recognizned
that brain growth takes place primarily during
the first months ¢f life and is largely a
process of protein synthesis..."

They go on to suggest that the relative permanence of
the effect as compared to some of the other 1.Q. results
is a result of the very early age at which the child
suffered the malnutrition. They note that malnutri-
tion at the age of less than six months is a relatively
modern phenomenon due largely to the remarkable decrease
in breast feeding during recent years in Chile. This
latter phenomenon 1is assoclated with industrialization
and urkbanization.

In the more traditional cultures where breast feeding
is prolonged, infant malnutriticn 1s not significant
until the latter half of the first and during the second
year. Thus, the cultural effect of urbanization can be
expected to have increasingly and perhaps critically
important implications for infant nutrition in the future.

While 1t is impossible to quantify the effects of
improved nutrition on productivity, several things are
clear.

1) The improvement in per caplta physilecal producti-
vity as a result of increased body size is unlikely to
be of great economic importance in itself, especially
since 1t is necessarily connected with a significant
inerease in nutritional needs.

2) Protein-calorie malnutriftion 1n the very young
has a marked effect on mental growth and substantizl
evidence suggests that the severely malnourished child
will have some mental disadvantage for his entire 1ife.
The younger the age at which this malnourishment occurs,
the more permanent the effect.

3) With urbanization and the resultant shortening
of the breast feeding period, there is a trend toward
earlier malnourishment.

In short, protein calorie malnourishment in the
very young is likely to be an extremely important factor
in the mental productivity of the developing country's
population.
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Population Control

The effect of improved nutrition on the subject
of size of the population is one of the most contro-
versial and important aspects of protein programs in
developing countries.

It 1s clear that if the program has any signifi-
cant effect, the short term response will te a rice
In the population growth rate due toc decreased mortality.
Since many of the developing countries are barely main-
taining per capita income as it is, this can hardly be
regarded as an unalloyed benefit. This fact has been
seized upon by some national planners to argue against
expenditures for improving nutrition. Others argue
that not only will those who survive, who comprise
the vast majority even under current nutrition standards
be more productive, but also that the long term effect
of decreased child mortality will be a decrease ir
the birth rate.

There is some evidence that lower class Indians,
in declding how many children to have, behave as if
they are attempting to ensure the survival of an adult
son. The average number of births per fertile Indian
women is six which, at Indian mortality rates, yields
a .95 probability of an adult son (36). Investigations
of developing cultures have universally noted the
importance of surviving children in determining the
economlic welfare of the parent in old age. If the
survival of children to adulthood is the real moti-
vation behind parental chlldbearing decisions, then
cutting the death rate will result in a decrease in
the birth rate. The muech lower birth rates in the
developed countries are cited in support of this
argument .

While one can be reasonably confident that the
decreased infant mortality rate will eventually result
in a decrease in the birth rate, there is little
concrete evidence on which to base an estimate of how
soon this will happen. Once again, in this area,
rellable relationships between nutritional pPrograms
and their socio-economic effects are lacking.
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The LEffect on Political Stability

Increased nutrition may have a very basic effect
on the political stability of a developing country.
Berg cites this aspect as one which is uppermost
In the minds of some planners. {(36) Once agailn,
however, reliable estimates of thls effect are
lacking. We cannot even predict which direction
the effect will take. People whose mental and
psychological facultles have been dulled by
malnutrition are hardly the stuff of which revolu-
tlonaries are made. On the other hand, the existence
of malnutrition in others, especially in the young,
1s an eloquent argument agalnst the status quo. At
least among the Indlan officlals that Berg cites
the opinion was that the net effect of improved
nutrition would be to increase stabllity. The
value of Increased stability can, of course,
be positive or negative, depending on one's
political and soclal viewpolnt.

Summary

Our survey of the state of knowledge regarding
the relationships between improved nutriftion and
lts socio-economlic effects has, on the whole, been
very disappointing. 1In the areas of population
control and pelitical stability, we were unable
to postulate with any degree of confidence the
directlon of the effect. With respect to disease,
1¢ 1s c¢lear that malnutrition isan important con-
comitant of infant disease in developing countries,
but the quantitative knowledge is far from abundant.
We were able to ldentify an important relationship
between malnutrition and mental development, but
the frequency and magnitude of this effect is un-
known. In short, there can be no doubt that mal-
nutrition is an important factor 1n the development
lag of the pre-industrial countries. However, at
present it 1s impossible to say Just how important
it is and to 1ldentify quantitatively all the mechanisms
through which malnutrition affects the soclo-economic
characteristics of the developing country. Without
such relatlionships, cost-benefit analysis 1s impossible.
Therefore, we must move to a less comprehensive point
of view in examining alternative protein supplementation
programs.
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A corollary of this 1s, that nutritionists are at
& dlsadvantage with respect to proponents of capltal
projects in arguing for a share of a developing
country's limited resources. Given the present and
future magnitude of the nutrition problem, establish-
ment of the relationship between nutrition and eco-

nomic welfare should be a high priority research
area.

~52a



IT. 3. Cost Effectiverness Analysis
Introduction

Given hls 1nability to values the benefit to a
developing economy which will accrue from a protein
supplementation program, the systems analyst is forced
to fall back on cost-effectiveness salysis. That 1is,
we must somehow postulate alevel of nutrition and
then search for that alternatlve which accomplishes
thils level using the minimum amcunt of the developing
economy's limited resources.

This poses the conceptual problem of what level
of nutrition we should choose, Perhaps the ideal
cost-effectiveness analysils would involve the deter-
minatlon of the least cost alternative for a range
of levels of nutrition, which analysis would generate
curves such as those shown in Figure II. This rela-
tionshlp would then be presented to the developing
country's decision makers, and they would choose
the target level wlth full knowledge of the costs
lnveolved. However, to generate this relationship
for even one develeoplng country 1s beyond the scope
of this report. Nonetheless, 1t is worth pointing
out that, rationally, you cannot decide what level
you are goling fo buy until you know how much it
will cost you.

Figure [Iis also relevant te a common fallacy in
the evaluation of alternative supplementatlon programs,
which we might term the ratioc test fallacy. Some
people attempt to avold the cholce of a level of
nutritional effeciency by postulating as an objective
the minimization of a ratio such as cost per unit of
protein nutrition, for example, dollars per pound of
utilizable protein. Consider Table I1I, reproduced
from Hegsted (53), which glves this ratic for a
number of wheat-supplement alternatives. For the
purposes of this paragraph.we need not concern
ourselves with the price assumptions or the exact
definition of utilizable protein. For trhe moment,
it 1s sufficient to assume that utillzahle proteln
is a good measure of nutritional effectiveness.

According to this Table, the alternative shown
which minimizes this ratio is wheat plus 10% FPC.
However, the last two lines are revealing. They
indlcate that this ratio decreases with increasing
FPC and, in fact, according to the assumptions of this
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table, 100% FPC would have a cost per 1lb. of utilizable
protein of 31 cents. The point, of course, is that
this ratio keeps decreasing with increasing levels

of protein. Thus, in terms of PFigure I, we have a
situation like curve Number II. Yet, no one would
recommend the extremely high level of protein which
would minimize this ratio. In fact, as we shall

see in Chapter IV if one accepts the FAQO/WHO protein
recommendations as the target level, usually the
least expensive means of meeting this requirement
results in a rather high cost per pound of utilizable
protein.

The polnt 1is that, in accepting a ratio test
such as cost per unit of nutrition as an objective
to be extremized, we are implicitly selecting a
level of nutrition. If the cost-effectiveness
curve looks like Curve I in Figure I, then this
ratio will pick out an unacceptably low level of
nutrition. If the cost effectiveness curve
looks 1like Curve II, it will point to an un-~
realistically high level of nutrition. If 1t looks
like Curve III, it will pick out the knee in the
curve, whlch may or may not make sense depending
on where the knee 1s located. In sum, ratio tests
can be dangerously misleading and should be avoided.
There 1s no alternative to selecting a level
of nutrition and then searching for the minimum
cost means of meeting that level. Often the
level that must be chosen 1s multi-dimensional.
That is, one must specify more than a single
nutritional quantity to characterize the nutri-
tional effectiveness of a program. For example,
at the very least one must specify both a protein
and a calorie level.

Failure to do the latter and then evaluating
competitive alternatives on the basis of cost to
meet protein requirements will faill to consider
differentials in the calories supplied by differing
alternatives. A case in point 1is the General

* It is easy to show that minimizing the cost per
unit effectiveness leads to the point on the
cost-effectiveness curve which minimizes the
slope of the straight 1line between the point
and the origin.
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Oceanology study of FPC 1in Korea (53a) which after
a series of assumptions calculated the cost of
supplylng a stated level of protein by a varilety
of different methods. Despite the fact that the
alternatives considered supplied very different
amounts of calories and the data exhibited showed
that calorie supply was as marginal as proteln,
the report took no cognizance of this differential
in calories. In short cost-effectiveness analysis
which concentrates solely on one dimensicn of the
problem, can llke ratio tests, lead to misleading
results. In actual practlice, ratlo tests and con-
centration on a single dimenslon are often combined.

Ancther ratio test which has sometimes been
suggested as an objectlve 1s maximlzation of the
ratio of weight gain to total protein consumed.
This ratlio is known as the Proteln Efficiency Ratio,
or P.E.R. It derlives 1ts peopularity from the
fact that it is a relatively easy quantity to
measure. Glven a partlcular supplement, maximizing
P.E.R. does not lead to nonsensical protein levels,
as minimum cost per unit protein can,for 1t will
call for levels of proteln in excess of those
requlred to malntain nitrogen balance, otherwise
the numerator of the Proteln Efficlency Ratio 1s
zero. At the same time, it will call for levels
below those at which the target population is not
utilizlng the marginal increment of protein, for
increasing protein above requirements will increase
the denominator without changing the numerator.
Thus, the iIndicated level will be high enough to
support growth, but less than that at which addi-
tional protein cannot be utilized.

On the other hand, thils objective takes no
account of the cost of the protein. If cne chooses
to maximize P.E.R. when comparing various sources
of protein, one will always pick the highest quality
proteln, although the requirements of the person
may, and usually will, be satisfied by larger quan-
tlties of a less efficient but less expensive proteiln.

In short, the obJective maximum P.E.R. has no

economlc foundation and cannot be used to compare
alternative sources of protein.
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Chcice Level of Nutrition

With regard to the cheice of target level of
nutrition for a developing country,most nutriticnists
would agree with the goal enuncilated by Call (54):
"...The alteration of consumption patterns in such
a manner that, for all segments of the population
diet is no longer a limiting factor in development."
Efficiency requires that we achieve this goal with
a minimum of the developing country's 1limited re-—
sources.

The important word in this goal is consumption
as distinguished from production. Production is
a necessary, but not sufficient condition for con-
sumptionjand unless the protein is consumed, production
1s pointless. The costs of distributing and promoting
a particular supplement are properly charged to that
supplement. This 1s an obvious tautology. Nonetheless,
it is worth repeating in view of the fact that federal
protein programs appear to have emphasized production
almost exclusively.

Despite the obvicus importance of the demand side
of the problem, little is known about the relationship
between the functional qualities of the various alter-
native supplements, including FPC, and their acceptablility
to the target population.

Acceptability of Alternative Supplements

The acceptability of dry skimmed milk is, of course,
well documented, although in some areas of Africa it is
known as "the stuff that causes diarrhea." This is pro-
bably due to deflciencies which have been observed among
some negros In the enzymes which digest the compleXx sugars
In milk. The relative intolerance of black children for
lactose poses a considerable problem for milk supplementa-
tion, especially since a symptom of protein-calorie mal-
nutrition 1s diarrhea, which symptom may prompt the mother
to cut off the child's milk supply just when the protein
is needed most.

However, with the above important exception, dry
skimmed milk's close relation to mother's milk, its ver-
satility, flavor, and its enhancement of the functional
qualities of most of the foods with which it is used
rank 1t high on the 1list from the point of view of
acceptability. ’
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The acceptability of the oliseeds as a source
of proteln 1s also reasonably well documented. In-
caparina, a high protein supplement made up of 38%
cottonseed flour has been successfully marketed in
several Central American and Scuth American coun-
tries. 1In general, we are considerably further along
ln the manipulation of the charzcteristics of soy
protein than we are in the modification of the
attributes of FPC. Soy protein is available in
forms ranging from highly flavored products of
fermentation, used as sauces in the Orient, to an
almost neutral, soluble flour through which a high
protein soft drink has been successfully marketed
in Hong Kong. With soy, some problems with respect
to flatulence are encountered, but in general, pre-
sent technology is such that soy protein can be
put 1In a form acceptable to almost any culture.

Synthetic amino acid supplementation presents a
relatively simple problem from the demand side; since
the level of supplementation, generally about 1/4
of 1%,1s so low that it has no effect on the qualities
of the food supplemented. Synthetic supplementation
1s limited more by the need for careful control and
central processing of food than by effects on the
organoleptic characteristics of diet.

Acceptability of FPC

All the acceptabllity tests conducted on FPC to
date have been based on the solvent-extracted product,
which is not soluble and has a rather gritty or chalky
feel. It has no binding preperties. In this form it
can be expected to add 1ittle to the attractiveness
of the host food. Furthermore, for all practical pur-
poses, its application is 1imited to sollds, an ex-
tremely important consideration in infant feeding.
Firally, some of the samples of solvent extracted FPC
which we have examined retain a slight fisny flavor
which, while not unpleasant and rarely noticeable in
the final produet, wlll rarely enhance Its acceptability.

Most of the actual studies of FPC acceptability
have been undertaken in Chille. ‘''he odor and taste of
fish are generally disllked by Chlleazns, thus in this
culture we are looking for a neutral product. Tests
were conducted employing ethanol extracted FPC in both
bread and pasta (55). Bread was prepared contalning
0,3,6,9, and 12% by weight FPC. The authors comment:
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"The additlon considerably and progressively
deterlorated the properties of the dough
and the quality of the baked bread. By
altering the standard fermentation and
baking times and by the addition of sugar
a sultable though darker bread was pro-
duced. Adults and school children were
glven the enriched bread. Three groups
of 30 adults each were used: university
students of both sexes, nursing mothers,
and male manual workers. The test con-
sisted of asking each to give two Judg-
ments:

1) on the normality (normal-different)
of color, odor, and taste;
2} on the taste (good-indifferent-bad)

of the samples . , , "
TABLE IV
Level 6f Good Indifferent Bad

Enrlchment w m u W m u W m u
(%)

0 27 27 240 3 3 8 0 0 2

3 22 25 16 7 5 13 1 0 1

6 20 26 15 8 3 11 2 1 4

g 14 24 16 12 5 14 i 1 0

12 18§ 22 16 5 8 6 7 0 8

Total number of tasters = 30. W = workmen, M = mothers
U = unilversity students

In general, there is a jump in the "poor quality"
judgments at about the 6% level, and a general though
hardly overwhelming trend for Bad and Indifferent
ratings to increase with increasing FPC. The investi-
gators continue:

"The acceptabllity of bread enriched at

the 9% level was also tested on 175 school
children of both sexes, seven to fourteen
years old, from worklng class families.

At lunchtime thelr normal bread was ex-~
changed for the enriched bread. No bread
was left over, every child said he liked
it, and 140 of 175 sald he expressed pre-
ference for the FPC-enriched bread."”

Tests were alsco conducted using pasta enriched to the
10% level, which has considerable advantages over bread
in storage properties as well as the fact that this
food is more suited to central processing than bread is
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"Acceptabllity studles were conducted with adults
and children. Adults were hospital personnel
(150, male and female) and hospital patients
(300, male and female). They were given a
ration of 300 g. of cocked FPC enriched spaghettl
without knowledge of the actual compositions.

In no case was there a refusal or susplcion
of the real nature of the spaghetti. ...150
school girls slx to fifteen years of age
were subjects for testing. The children
regularly attended a school of a benevolent
soclety. They were given a ration of 300~
400 g. of cooked spaghetti three times a
week for three months. ...Acceptabllity

was excellent. No cases of refusal, initilal
or acquired were reported. Also, no ab-
nermal gastrointestinal complaints were
reported by the girls in their medical
checkup."

Roasted whole wheat meal is consumed by lower income
rural groups in Chile in the form of gruel known as
ulpo. Ulpo containing 10% of the Quintera FPC

was given to 300 young children and 50 adult women
at a community care center.

"Everyone accepted 1t readily and many asked
for a second helping. The women were not
aware that the product contained fish." (56)

Recently, AID officlals have prepared pasta and
doughnuts from the Viobin process FPC and have
distributed these foods to several hundred children
under a school lunch program. No refusals were
recorded and comments were favorable despite the
fact that the AID officlals were able to detect a
slight fish taste in the warm doughnuts.

All the above experiments were based on FPC made
from hake. There is some recent evidence that FPC
extracted from olly fish may not rank as highly from
an acceptability point of view. Tables V,VI, and VII
compare the results of a sensory evaluation of bread,
cookies and pasta enriched by FPC made from various
species. In general, the acceptabllity of oily fish
ranked significantly lower 1n appearance than hake
FPC and considerably lower in flavor. There was
little difference 1n texture. We shall see later
that a commercilally viable FPC industry will have
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to rely heavily on olly fish supplies. The point
here is that the relative acceptability of hake-FPC
should not be extrapolated uncritically to other
specles.

Clearly, the above data are a far cry from a
market study. However, a tenable cconclusion 1is that
at levels on the order of 5%, solvent-extracted hake
FPC has little or no effect on the organocleptic
attributes of wheat products as perceived by the
consumer. Just as clearly, solvent-extracted FPC
will rniot be able to be sold on its funetional gualities.
This 1Impllies either govermment subsidy of an FPC
supplementation prograr or education of the people
in order to generate thé demand for better nutrition.
An even more obvious conclusion we can draw from the
sparseness of the data on the marketability of solvent
extracted FPC is that, at present, no firm analysis
can be based on the Call criterion, for no one knows
what the relationship is between protein consumption,
the additional price of the protein, and its functional
qualities.

Variatlon 1in Acceptability of FPC From
Different Speciles

Recently, the Bureau of Commercial Fisheries (57)
has undertaken an evaluation of the differences in
acceptability of FPC as a function of the socurce of
raw material. A number of subjects were given cookies,
bread, and pasta supplemented to 10% with FPC made
from a variety of fish and were asked to evaluate
thelr reactions to the taste, appearance, and texture
of the product by assigning a number from 1 to 5 to
each product in each category. Hake based FPC was
used as a control and the subjects were told that
if they preferred the hake FPC to the other then a
number less than three was to be assigned. The
results are shown in Tables V,VI, and VII. They
are far from conclusive, but they indicate that there
is no reason to expect solvent-extracted FPC made
from sources other than hake to be more attractive
to the consumer.
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TABLE V

AVERAGE RANKING BY SUBJECTS CF FPC PROPERTIES
AS A FUNCTION OF FISH SPECIES. BASED ON A
SENSORY EVALUATION OF COOKIES CONTAINING 10
PERCENT FPC MADE FROM VARIOUS SPECIES OF

FISH
(5 point Hedonic scale)
Appearance Flavor Texture
Hake~FPC 2.9%+.23 2.8+.13 2.9i.18
Ocean pout-FPC 2.9+,23 3.1+.23 2.3%.39
Anchovy-FPC 1.6+,228/2,6+.26 2.6+.36
Herring=-FPC 2.2+.13 2,U4+.26 2.8+.25

Atlantic mennaden-FPC 3.1+.38 2,7+.33 2.8%.36

Alewife 1.4+.16L72,1+,23 2.7+.36
Gulf menhaden-FPC 2,3+,16 1.7+.301/2.5+.16
£/Tukey's w (P £.05) .99 1.12 1.37
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TABLE VI

AVERAGE RANKING BY SUBJECTS OF FPC PROPERTIES
AS A FUNCTION OF FISH SPECIES. BASED ON A
SENSORY EVALUATION OF BREAD SUPPLEMENTED

WITH 10% FPC MADE FROM VARIOUS SPECIES OF FISH

(5 point Hedonic scale)

Appearance Flavor Texture

Hake-FPC (control) 2.8+.,13 3.0+.21 3.0+ 26

Ocean pout-FPC 2.5+.,22 2,5+.17 2.4+.48
Anchovy-FPC 1.5+. 17272, 4+.20 2.5+.27
Herring-FPC 2.3+.30 2.8+.33 3.0+.21

Atlantic menhaden-FPC 2.1+.18 2.5+.22 1.9+.23

Alewife~FPC 1.94.0722.1+.23  2.3+.33
Gulf menhaden-FPC 2.5%.11 2.3+.30 3.0%.30
LTukey's w (P €.05) 77 1.12 1.33
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TABLE VII

AVERAGE RANKING BY SUBJECTS OF FPC PROPERTIES
AS A FUNCTION OQF FISH SPECIES BASED ON A
SENSORY EVALUATION OF COOKED PASTA WITH 10%
FPC MADE FROM VARIOUS SPECIES OF FISH

(Appearance, flavor, odor on 6 point Hedonic
scale - Texture on a § point Hedonic scale)

Appearance Texture Flavor Odor

Hake=FPC

(control) 3.04,00 6.1+.81 3.0+.41 2.8+.29
Ocean pout-FPC 3.1+.28 4,2+,49 2.8+.20 2.8+.30
Anchovy=-FPC 1.oi.00y5.6_t.69 2.5+.25 2.5%.22
Herring-FPC 1.81.131/5.21.59 2.9+.31 2.9+.23
Atlantic

menhaden-FPC 2.61.27 L. 4+.62 3.0%.15 2.8+.32
Alewlfe~FPC 1.5+.22Y5.14 .48 2.7+.26 2.8+.24
Gulf menhaden-¥PC 1.71.21—1/11.71—_.52 2.6+.34 2,9+.23
é/fukey's w (P =.05) .83 2.63 1.07 1.16
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CHAPTER 1I1

THE NUTRITIONAL EFFICIENCY OF FPC

Introduction

In brief, the argument so far has proceeded as
follows. The ideazal analysis would compare the total
benefits to an economy of alternative means of up-
grading dlets with the costs of these alternatives,
Unfortunately, this requires quantitative relation-
ships between nutrition and its soclo-economic effects,
which do not yet exist. However, there is presump-
tive evidence that some investment to decrease protein-
deficlency can be justified as part of a c¢oherent
attack on living standards in the developing country,
not only on the basis of the human tragedy implied
by widespread malnutrition, but also on narrower
economic terms. The question then is how much,and
what kind of investment?

At this point, the Call criterion was postulated.
and the problem of meeting that criterion at minimal
cost considered. Since this criterion is predicated
on consumption, 1t requires quantitative demand
functions to be operationally useful. After a
review of the existing demand data, 1t was concluded
that, at present, construction of useful demand models
1s not feasible.

In this section, we fall back one more step and
consider thefollowing provisional problem:

Given a basal diet and a population by age and
sex, what 1s the minimal cost means of supplying
all sectors of that population with the quantity
of calories and the quantity and quality of proteins
required if diet 1is not to adversely 1limit health
and performance?

The word provisional is used in deseribing this
subproblem because we are for the moment geoing to 1lgnore
extremely important distributional and promotional
considerations, and are also golng to make a series of -
assumptions as to how protein quality is related to
the chemical composition of the food. Also, In concentrating
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entirely on calcries and proteln, we are ignoring
differentials in the mineral and vitamin values of

the alternative supplements, the assumption belng

that adequate minerals and vitamins are belng suppliled,
Clearly, then, any results of the analysis we are

about to undertake wlill have to be examined very
carefully. Even with all these qualifications, however,
these analyses will allow us to focus the FPC discussion
conslderably.

Furthermore, in order to have a concrete problem
to analyze, We will have to postulate a distributional
scheme. Our analyses wlll be based on three conceptual
programs:

(1) Universal supplementation in which a supple-
mentatlon program 1s designed on the basis of a criti-
cal target group and then the resulting diet is fed to
the entire population according to their caloric needs.
Thls scheme has a certaln inherent simplieity; however,
i1t is necessarily wasteful in the sense that almost®
all the population will be receiving more proteln than
it ean use.

(2) Perfectly selective supplementation
is the other extreme. Under this program, each sector
of the populatlion recelves exactly those calorie and
protein requirements estimated for that sector. This
is an imaginary construct,since no practical distri-
butlonal program which implements this policy exists.
However, thls analysis will serve as a useful lower
bound. '

(3) Given that the primary target group is
almost always the weaning chlld, an attractive dls-
tribution scheme involves the concoction of a baby
food which together with the ordinary diet,supplies
the target group with the requlred protein.

We will undertake illustrative analyses under
each of these distributlonal policies. Whille they
hardly exhaust the set of all possible programs,
they do constitute a representative subset.

66~



ITT1. 1. Nutritional Assumptions

The first assumption that we make 1in tackling
thls sub-problem is that the estimate of the FAQ
Expert Committee (58) gives daily calorie require-
ments for any individual, Table VIII. This is a
fairly well accepted postulate. Clinical protein
malnutrition is almost invariably coupled with some
degree of calorie deficlency; and, unless caloric
requirements are being met, it is generally ineffi-
cient for a developing country to embark on an ex-
pensive protein supplementation program, for the
bulk of the protein supplied to the target group
wlll be metabollzed for energy,which energy could
have been obtained more cheaply with conventional
calories. Of course, due to variations in the level
of nutrition within any real population, one can
often usefully ccnsider protein supplementation
even though not all the population is meeting its
caloric requirements.

TABLE VIII
FAO CALORIE REQUIREMENTS
Male Female
AGE 0 - 1 Kg. x 115 Kg. x 115
1 1150 1150
2 -3 1300 1300
k - ¢ 1700 1700
7T -9 2100 2100
10 - 12 2500 2400
13 - 15 3100 2600
16 - 19 _ 3600 2400
20 - 29 3200 2300
30 - 39 3104 2231
ko - 49 3008 2162
50 - 59 2768 1990
60 - 69 2528 1817
70 + 2208 1587

Moreover, persons with chronically inadequate
calorlc intake by FAC standards have usually adapted
to this situation by reducing aetivity. 1In cases such
as these, statements as to the extent to which protein
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will be used to meet caloerie needs when protein
1s also deficlent must be made wilth considerable
caution. Our analyses do not explicitly czover
these situations, although we feel 1t would not
be difficult to extrapolate our results to such
cases.

The remainlng assumptions concern the amount
and quallty of the proteln required and the means
of relating quality of protein to the chemical
composition of the dlet.

Assumptions Concerning Protein Requirements

We have seen that 'protein requirements' is
a general term coverlng more precisely the human's
need for quantities of certaln amlno acids and
for nitrogen with which to synthesize cother amino
aclds. Varlous protein sources differ both in
the quantlitles of the required amino aclds they con-
tain and in the degree to which these amino acids
can be digested by the human. As a result, the
gsame amount of protein from two differing sources
can vary markedly in nutritlonal value.

Attempts to measure the relative amounts
of each of the amino acids which must be supplied
externally have resulted in the publication of
a number of reference patterns which attempt
to represent the relative amounts of each of
these amine aclds reguired by man. The original
reference pattern is that published by the Food
and Agriculture Organization 1n 1957. (59) This
ls the patfern shown in Table IX, and the pattern
used 1n our calculations.

The assumption 1s that thls pattern reflects
the needs of the human for the relative amount
of each of the aminoc acids which must be supplied
externally.

Given that this pattern reflects the relative
amounts of each of the aminc acids that must be
supplled externally as well as the specific amount
of nitrogen required for protein synthesis in man,
the assumption 1s that if a protein containing
the relative guantities of the amino acids shown
in Table IX is consumed in a form in which these
aclids can be digested, at a level at or below
requirements, then that protein would be
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100% utilized by the body. The quantity of such 100%
utilized or reference protein required by healthy
humans of various ages and sizes has been estimated
by the FAO/WHO Expert Group (60) by considering

all the needs to which the utilized protein must

be put: obligatory urinary and fecal nitrogen losses,
integumental and minimal sweat losses, growth, stress
of ordinary living, and, where applicable, for
pregnancy and lactation. The result i1s the FAQ
reference protein requirements which specify refer-
ence protein per pound of body welght required as

a function of age and sex with provisions to reflect
the special protein needs of preghant and lactating
mothers.

TABLE IX

1957 FAO AMINO ACID REFERENCE PATTERN
Grams/100 Grams Protein

Lysine L. 2
Methlonine 2.2
Total Sulphur Amino Acids 4,2
Threonine 2.8
Tryptophan 1.4
Valine 4,2
Phenylalanine 2.8
Leucine 4.8
Isoleucine h,2

Tests to determine individual requirements for
the varicus amino acids display rather large variances,
and there 15 considerable evidence that different in-
dividuals can have rather different requirements for
specific amino acids. With the uncartainties in mind,
the FAO requirements are based on estimated mean re-
quirements plus two standard deviations. Thus,
theoretically the FAQ estimates cover 97.5% of the
population.

However, the FAQ requirements are based on the
needs of a healthy human being 1living under ordinary
conditions. In the following sectlion, we argue that
the malnourlished child, at whom a protein supplemen-
tation program 1s aimed, cannot be regarded as living
under normal conditions and that as a result, require-
ments considerably in excess of the FAO standard are
approprlate.
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AdJusting the FAO Standards to Reflect
the Protein Needs of the Target Group

There are several factors, particularly the
multiple 1nteractions between host and environment,
which serve to inerease the protein needs of under-
privileged populations above those proposed for
healthy, well nourlshed individuals 1iving in a
favorable environment and who are also relatively
free of infectious disease. The most important
factor, particularly among young children, 1s the
frequency in which dlarrhea and respiratory dlsease
are superimposed on the commen communicable diseases
of childhood ,which occur in more severe form in
mainourished children. Recent studies 1in villages
near Guatemala City (61) and near Calcutta, Indla
{62) have clearly shown the high frequency of illness
among preschool children. Most of these children
suffer from acute infectious eplsodes for more than
a quarter of thelr first few years and are, in
addition,suffering from multiple intestinal para-
sites. Intestinal parasites 1n large numbers,
along with altered gastro-intestinal functions
resulting from a combination of multiple infectious
insults and malnutrition, comblne to reduce protein
absorption. (63).

It has been demonstrated that acute Infections,
even those which are c¢linlecally mild (64, 65, 66),
result in increased urinary nitrogen loss as a
consequence of the generallzed stress response,
which brings about a mobilization of amino aclds
from skeletal muscles, and thelr subseguent diver
sion intoc the liver for gluccnecogenesis, Once the acute
eplsode 1s past, additlonal dietary protein is
required tc replace the loss of body nitrogen which
occurred earlier. The losses are often aggravated
by the anorexia assoclated with infection and also
because the dlet 1s generally changed tc one lower in
protein content as a therapeutic measure. If the
Infection is also assoclated wilth the intestine,
absorption of nutrlents may alsc be impalred to
some degree., Finally, the situation 1s cffen made
worse by the administration of strong purgatives

(67).

The influence of infection extends far beyond
the inltial catabeclie period of the acute stage into
the longer anabolic period which follows. Thls latter
period 1s 1likely tc be at least twice as long as the
catabollc phase, as suggested by metabollce measurements,
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and by growth data in varilous populations (68).

The latter indicate that the effect on protein
metabollism 1s sufficient to limit growth during

both the anabolic and the catabolic phases.

A number of studles have shown a highly significant
negative correlatlon between morbidity from in-
fection and rate of growth (70, 71). The effects

of infectlon are, of course, not limited to young
children but influence all age groups. The effects
of frequent infectious 1llnesses were not taken

into account in the factorial requirements given

in the 1965 FAO/WHO report on protein requirements
because they were intended for healthy infants. It
is difflcult to determlne how much the FAQ standards
would be Increased in dealing with a malnourished
target group. Rose, after studying the require-
ments of young college men for each of the essential
amlino aclds, suggests double the highest value found
as a safe practical allowance (72). This value appears
overly conservative. HoWwever, the increased
nitrogen losses even in the mildest stress situation
amount to 30% for some people (73), (74). Nitrogen
losses in severe infections have been shown to
amount to a considerable corresponding protein loss
(75) (76). It would therefore seem reasonable to
accept 50% above FAG/WHO recommended allowances

for underprivileged persons in vulnerable groups.

The foregoing discusslon refers to protein in
the diet which is avallable for digestion at the time
of consumption. OQur later analyses are based on the
protein composltion of the various foods as tested
in the laboratory through hydrolysis. Such tests
take into account nelther the destruction of some
of the protein in cooking or, what is the same thing,
the fact that some of the protein may become un-
availlable for digestion during cooking due to chemi-
cal reactions which may take place during processing
or cooking. Glven improper cooking or processing,
these losses can be very substantial. Skimmed milk
which has been dried at too high a temperature can
suffer over a 50% decrease in nutritional efficiency
(77). Similar losses have been noted in certain batches
of FPC (78), and synthetic amino acids have shown them-
selves to be partlcularly sensitive to processing
losses (79). -

In cur later analyses, we are going to assume

that the protein in the food is 100% available and
adjust the requlrements to reflect processing Ylosses.
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(After completing the analyses, we will discuss differen-
tials in availability among the alternative supplements.)
It would be more loglcal to specify a processing loss
direectly and then account for that loss in designing

the supplementation program rather than by upplng

the requirement. However, processlng losses are at

least as varlable as the other unknowns in nutrition,

and by incorporating this variable with the others

in the level of reference protein, we can simplify

the discusslon conslderably.

With the foregoing uncertaintles about proteln
requirements, we have chosen to ¢eonduct all our analyses
on the basls of supplying three different levels of
reference protein to the target group, specifically
100%, 150% and 200% of the FAO requirements. Our basic
purpose in thls section is not to recommend a specifilc
supplementation program, but rather to compare FPC
with its alternatives in a number of interesting situa-
tions. Hence our use of a range of protein levels.
However, as the discussion 1lndicates, we feel that
the 100% level 1s considerably low for a malnourished
target group and that 200% 1s probably high for a
properly prepared diet. Professor Scrimshaw feels
that a reference protein level of 175% FAC/WHOC require-
ments before processing losses would probably be appropriate
to the typical target group. This corresponds to 150%
FAO/WHO requirements if we assume an average loss in avalla-
bility of 15%.

Choice of Target Group

Having accepted a level of reference protein or,
in our case, a range of levels, the next problem is
to choose a target group to whose requirements one
is going to supplement the diet. This will, of ccurse,
depend on the problem at hand. For Chile, which 1s our
sample problem,there 1s an inereasing tendency towards
malnutrition in younger infants due to decreased dura-
tion of breast feeding, especially in the urban areas.
Monickeberg cites cases of severe infant malnutrition
at ages of less than three months. Generally, the
highest incidence of protein-calorie malnutrition
ocours after the age of one, extending well Into the
second year of 1life in Chile,and lasts longer in
countries where weaning in the second year of life
is the rule. For our sample problem, we have arcl-
trarily picked an age of 10 months. For areas such
as West Africa where prolonged breast feedlng is the
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rule and little infant malnutrition 1s observed at
ages less than 18 months, an older age would almost
certainly be more appropriate. Figure 111 shows the
decrease 1in FAO reference protein requirements with
age (80).

Since we are going to compare FPC and its alter-
natives over a range of requirements, the exact de-
finition of the target group need not concern us
unduly here. In an actual application, the choice
of the target group is extremely important, as
we shall see, since the decrease in requirements
per pound of body welght with age is quite sharp,
as Pigure IIT indlcates, and the cost of the supple-
mentation program increases three or four times
as fast as the increase 1In the postulated level
of reference protein.

Evaluation of Protelin Quality in a Dlet

In order to make whatever level of reference pro-
tein requlrements we choose cperational, we must have
a means for relating the protein in an actual diet to
the equivalent amount of reference protein. For the
moment , let us assume that all of the protein 1n
the diet is available; that is, 100% can be digested
and absorbed. 1In general, the amino acid pattern
of the protein in a dlet will be different from
that of the reference pattern. I1f one compares
the amino acid pattern of the diet protein with
the reference pattern, one of the requlred amino
aclds relative to the reference pattern will nearly
always be 1n shorter supply than all the others.
This amino acid is said to be the limiting amino
acid in the diet.More precilsely, one compares the
concentration in the dlet of each of the essential
amino acids with the corresponding concentration in
the reference pattern. The amlino acld with the lowest
concentration relative to the reference pattern is the
limiting amino acid. Thus, 1f 100 grams of protein in
a diet contain 5 grams of all the required amino acids
except lysine and three grams of lysine then comparison
with Table IX reveals that lysine is the limiting amino
acid. Furthermore, one assumes that the relative concen-
trations of the requlired amino acids 1n the reference
pattern must be strictlyobserved if tissue generation is
to occur. Thus, in the case above, since lysine is limiting
and there are only three grams of lysine per 100 grams of
protein in this diet, but the requirements are for 4.2 grams,
only 3/4.2 or 71% of this protein can be utilized for
tissue generation.This assumes that it is 1mpossible to
retaln more than a few hours an excess of a particular
amino acid and use it later to correct deficiency in the
diet. There 1ls adequate experimental evidence for this.
It also assumes that the unused protein is used for energy

or discarded with no net effect on protein metabolism. Actually
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there is some evidence which indicates that large
relative excesses of some amino acids have a detri-
mental effect on health. However, this need not
concern us here because we are supplementing to
correct imbalances rather than increase them.

The proportion of the limiting acid relative to
the reference pattern 1is called the chemical score
of the protein. The above set of assumptions leads
to the acceptance of proportlonality between protein
utilized in tissue formation and chemical score, and
an inverse relationship between chemical score and
the amount of avallable protein required to meet
reference protein requirements. If the score is 33%,
and the requlrement as reference protein is ten grams,
then thirty grams would have to be supplied, and so on.

The first qualification we must put on this
statement is that it is not true 1if calorie require-
ments are not being met, for the body will then meta-
bolize part of the protein and use it to meet its
energy requirements. Assuming that calorie requilre-
ments are belng met, which will be the case in the
diets we are analyzing in this section, 1t further has
been observed that the efflciency with which the
body utlilizes protein depends on the level of intake
of total protein in the diet. At intake levels
above those required to replace the obligatory losses
in nitrogen,protein utilization begins to decrease
until the point 1s reached where the person 1s
receiving more protelin than he can utilize,after
which additional protein is converted 1into fat or
energy. The level at which further protein utlli-
zatlon ceases is that required to maintain nitrogen
balance in the healthy stress-free adult,but must be
considerably higher in children to allow for growth.
In attempting to supply the target group's needs,
we will always be operating with protein intakes at
or above those required to maintain nitrogen balance.

If one measures the efficiency of protein utili-
zation of a person recelving more protein than he can
use 1n tissue generation, one will observe decreasing
efficiency with increasing proteln in the diet. If a
person who needs 20 grams of reference protein is fed
60 grams of proteln which has a score of 50%, he will
utilize 40 grams of thils protein at 50% efficiency and
waste the rest as far as protein needs are concerned.
The observed protein utilization will be (#0/60) X 50
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or 33%. If the same person is fed 80 grams of this
protein, the observed proteln efficlency willl be
(4D/80) x 50 or 25%; and in general, the observed
protein efficiency will fall off in a hyperbolie
fashlon at levels of reference proteln higher than
required. For a high quallty proteln, this decrease
will begln at a lower level of total protein in the
diet than for a low quality ©protein. See Figure IV,

The decrease in proteln efficiency with increasing
protein in the diet has been almost unlversally observed
in both animal and human tests. Attempts to model thils
deerease have taken linear (81) and logarithmic (82,
83) forms, although recently Payne (84) has suggested
fitting these data with hyperbolas. The point of this
digression 1s that thls decrease has been widely mis-
interpreted in nutrition clircles with respect teo
predicting the effectlveness of a proposed nutrition
proteln ; The argument has been made that if one 1s
contemplating use of a diet which is, say 15% total
protein, then one should not evaluate the protein
at its maximum efficlency, but at the efficlency
at which this protein has been cbserved to be utilized
in diets whlch contaln 15% protein in animals or
humans which efficacy wlll be conslderably less than
the maximum. This approach will indicate that one
needs considerably more reference protein to meet a
specific requirement than 1f the protein in the diet
were evaluated at its maximum efficiency.

This argument is circular. The reason that one
is adding protein to the diet is that one has
identified a target group which needs that protein.

A person who needs protein will use 1t efficiently.
If one is adding so much proteiln that this target
group 1s utilizling protein at less than maximum
efficiency, then one is wasting protein and the
amount present can be reduced at no loss in nutri-
tional effectiveness. Therefore,in deciding how

much protein to add, one should evaluate the pro-
tein at its maximum efficiency. Given that the
target group 1s the malnourished and often sick child
under stress, it 1s true that almost everybody in

the supplemented population 13 receiving more protein
than he needs most of the time. Therefore, 1f one
observed the average protein effilclency in this
population after supplementation, one would obtain
values conslderably lower than the maximum efficlency
with which this protein can be utilized. However, as
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We saw above, this 1s no argument for using this
lower protein efficiency in deciding how much one
should supplement the target group's diet.

The danger of this misinterpretation is de-
monstrated in Table X which compares the amcunt
of various supplements in three basal diets
which a ten month old child required, assumlng
150% FAO/WHO requirements under: (a) the assump-
tion that available protein igs utilized according
to the protein’s score, (b) the assumption that
protein utilization decreases with level of
protein In the diet according to the formulation
of Morrison et al. (83), which is the best validated
description of this phenomenon in the literature.

As will be noted, the Morrison formulation
requires from two to three times the supplement
required by the standard formulation. The x's
signify that it was impossible to meet the re-
ference protein requirements with the corresponding
basal dlet-supplement combination. In this table,
the total calorie content of the diet was kept
constant by reducing the amount of basal diet
as the supplement was added according to its
caloriec value. This method, assuming that the
protein is golng to be used Inefficiently, can
triple the cost of the supplementation program.
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ITI. 2. Universal Supplementation

The first distribution scheme we will consider
is universal supplementation. Under universal supple-
mentation, the percentage of supplementation 1s based
on the target group's needs and then the same diet
is fed to the rest of the population accordlng to
thelilr calorie requirements. This phlloscphy neces-
sarily implies that almost all the population is
receiving more protein then 1t can use. However,
both its implementational and analytic simplicity
recommend it as a starting point for cur compariscns.

In order to perform this analysls, a computer
program has been constructed which, glven the basal
dilet and a supplement and thelr respective nutritional
characteristics, determines the amount of the supple-
ment required to supply the target group 100%, 150%
and 200% of the FAO reference proteln requlrements,
%iveh that the target group eats enough ¢f the com=-

Ined diet to satisfy its calorle requirements. 1t
the supplement also has calorie value, e.g. milk,
the program adjusts the amount of the basal diet
downward as the supplement is added, to keep the
total calories at the FAO requirements for the tar-
get group.

The program works by trial and error. It starts
with a very small amount of supplement, calculates
the chemical score of the combined diet and deter-
mines whether this combination meets the prescribed
reference protein requirements. If not, it adds
another small increment of supplement and repeats this
until the protein requirement 1is met.

After the ratio of supplement to basal diet
required in order that the target group can simul-
taneously meet 1its calorie and profein requirements
is determined, the program then feeds the resulting
diet to the entire population according tc their
calorie needs, and computes the total cost of this
diet for the population and the cost of the supple-
ment in this diet.

Tables XI,XIT and XIII illustrate some of the diets
produced by this process. These tables show for diets
of pure wheat, rice and corn respectively, and for
1006, 150, and 200% reference protein requirements for
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TABLE XI

AMOUNTS OF SUPPLEMENT IN A BASAL DIET OF WHEAT REQUIRED
TO MEET VARIOUS REFERENCE PROTEIN LEVELS ASSUMING
TARGET CHILD IS A TEN MONTH OLD, 8.5 KG INFANT. TOTAL
CALORIES KEPT CONSTANT AT 970

100% FAOQO/WHQ PROTEIN REQUIREMENTS (1.5 g/kg body weight)

WHEAT SUFP. 'RCTEIN PROTEIN
(grams) (grams) % _SUPP. SCALORIES EFFICIENC)
FPC 270 1.6 € 13.7 18
COTTONSEED PLOUR 268 5.3 1.9 14,3 36
SKIM MILK POWDER 267 4.2 1.6 13.7 38
PEANUT FLOUR 265 6.9 2.6 14,5 36
SOY PLOUR 269 3.7 1.3 13.9 37
SINGLE CELL PROTEIN 270 2.9 1.1 13.8 37
SUNFLOWER SEED 265 8.0 2.9 14.3 36
LYSINE 271 .14 .05 13.4 ko

150% FAO/WHO PROTEIN REQUIREMENTS (2.25 g/kg body welght)

WHEAT  supp. PROTEIN  PROTEIN
(grams) (grams) % SUPP. SCALORIES EFFICIENC)
' PPC | 267 5.5 2.1 14.8 52
COTTONSEED FLOUR 269 18.1 7.0 16.7 47
SKIM MILK POWDER 257 144 5.5 14,7 53
PEANUT FLOUR 248 23.7 9.5 17.5 4s
SOY PLOUR 262 12.6 4.8 15.% 50
SINGLE CELL PROTEIN 265 10.1 3.7 15.2 51
SUNFLOWER SEED 250 27.4 10.9 16.6 47
LYSINE : 271 .5 .18 13.4 59
200% FAQO/WHO PROTEIN REQUIREMENTS ( 3.0 g/kg body weight)
WHEAT  SUPP. PROTEIN  PROTEIN

{grams) (grams} § SUPP. SCALORIES EFFICIENCY

FPC 264 9.3 3.5 15.9 65
COTTONSEED FLOUR 250 30.9 12.4 19.1 55
SKIM MILK POWDER 247 24.5 9.9 15.8 66
PEANUT FLOUR ) 229 45,2 17.5 21.3 51
S0t FLOUR 256 21.6 8.4 16.9 61
SINGLE CELL PROTEIN 254 26.8 10.6 18.4 56
SUNFLOWER SEED 236 46.8 19.9 12.0 5;
LYSINE X X X
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TABLE XTI

AMOUNTS OF SUPPLEMENT IN A BASAL DIET OF RICE REQUIRED
TO MEET VARIOUS REFERENCE PROTEIN LEVELS ASSUMING
TARGET CHILD IS A TEN MONTH OLD, 8.5 KG INFANT. TOTAL
CALORIES KEPT CONSTANT AT §70

100% FAOQ/WHO PROTEIN REQUIREMENTS (1.5 g/kg body weight)

RICE SUFFE. PROTEIN PROTEIN
(GRAMS) (GRAMS) % SUPP. SCALORIES EFFICIENCY

FPC 278 1.1 U 8.9 58
COTTONSEED FLOUR 277 3.8 1.4 9.3 56
SKIM MILX POWDER 277 3.1 1.1 8.9 58
PEANUT FLOUR 274 5.0 1.8 9.5 55
S0Y FLOUR 277 2.7 1.0 9.0 57
SINGLE CELL PROTEIN 278 2.1 .7 9.0 54
SUNPLOWER SEED FLOUR 276 5.6 2.1 9.3 56
LYSINE 279 .12 .04 8.6 62

150% FAO/WHO PROTEIN REQUIREMENTS (2.25 m/ke body welpht)

1CE SUPP. PROTEIN  PROTEIN
(GRAMS)  (GRAMS) & SUPP. %CALORIES EFFICIENCY

FPC 275 5.0 1.8 10.0 77
COTTONSEED FLOUR 267 16.7 6.3 11.9 67
SKIM MILK POWDER 266 13.3 5.9 10.1 77
PEANUT FLOUR 257 21.9 B.5 12.8 53
$SOY FLOUR 271 11.7 .Y 10.6 73
SINGLE CELL PROTEIN 273 9.3 3.4 10. 4 71
SUNFLOWER SEED FLOUR 259 25,5 9.7 12.0 65
LYSINE 279 .5 6 8.7 89

200% FAO/WHO . FROTEIN REQUIREMENTS (3.0 g/kg body welght)

RICE SUPP. PROTEIN PROTEIN
{GRAMS } (GRAMS) £ SUPP. XCALORIES EFFICIENCY

FPC 272 8.9 3.3 11.2 92
COTTONSEED PLOUR 258 29.7 11.5 14.6 74
SKIM MILK POWDER 256 23.6 9.2 11.3 92
PEANUT FLOUR 21 38.8 16.1 16.0 68
SOY FLOUR 264 20.6 7.8 12.3 83
SINGLE CELL PROTEIN 268 16.5 6.2 11.9 87
SUNFLOWER SEED FLOUR 244 45,1 18. 14 4.6 71
LYSINE X X X X X



TABLE XIIT

AMOUNTS OF SUPPLEMENT IN A BASAL DIET OF CORN REQUIRED
TO MEET VARIOUS REFERENCE PROTEIN LEVELS ASSUMING
TARGET CHILD IS A TEN MONTH OLD, 8.5 KG INFANT. TOTAL
CALORIES KEPT CONSTANT AT 970

100% FA®/WHO PROTEIN REQUIREMENTS (1.5 g/kg. body welght)

CORN SUPP. PROTEIN PROTEIN
(GRAMS) (GRAMS) £ SUPP. YCALORIES EFFICIENCY
FPC 271 .5 .2 9.0 58
COTTON SEED FLOUR 265 8.5 3,2 10.6 50
SKIM MILK POWDER 261 10.7 4.0 10.1 51
S0Y FLOUR 271 1.2 b 9.1 57
SINGLE CELL PROTEIN 266 8.0 3.3 10.5 hg
PEANUT FLOUR 258 14.0 5.4 11.5 4
SUNFLOWER SEED FLOUR 270 2.7 .9 9.2 56
LYSINE & TRYPTOPHAN * 271 .3 .1 9.0 59

150% FAO/WHO PROTEIN REQUIREMENTS (2.25 g/kg body weight)

CORN SUPP. PROTEIN PROTEIN
{GRAMS) (GRAMS) % SUPP. ZCALORIES EFFICIENCY
FPC 268 4,4 1.7 10.1 76
COTTON SEED FLOUR 254 24,1 9.4 13.7 58
SKIM MILK POWDER . 2n 30,2 12.4 12.3 63
SOY FLOUR ° 264 10.2 3.5 0.6 73
SINGLE CELL PROTEIN 256 22.8 8.8 13.5 56
PEANUT FLOUR 233 39.7 16.7 16.5 50
SUNFLOWER SEED FLOUR 25k 22.4 8.8 11.9 66
LYSINE &% TRYPTOPHAN ® 271 .9 .3 9.15 85

200% FAO/WHO PROTEIN REQUIREMENTS ( 3.0 g/kg body welght)

CORN SUPP. PROTEIN PROTEIN
{GRAMS) (GRAMS) % SUPP. %CALORIES EFFICIENCY
FPC 265 8.3 3.2 11.3 91
COT'TON SEED FLOUR 252 39.7 16.2 16.9 64
SKIM MILK POWDER 222 bg.6 22.4 14,7 71
S0Y FLOUR 258 19.2 T.4 12.4 84
SINGLE CELL PROTEIN 2hs5 37.4 15.3 16.5 613
PEANUT FLOUR , 208 65,4 31.5 21.5 51
SUNFLOWER SEED FLOUR 2139 42.2 17.7 14.5 71
LYSINE & TRYPTOPHAN # X X X X X

Tryptophan 1
Lysine = H%

-83-



the target group, the amount of the basal dlet and
the amount of each of a number of supplements which
must be consumed per day by a target child In order
to meet his calorie and protein requirement.

It will be noted that this chiid requires about
250 grams of the basal diet per day and that the
percentage of supplementation can vary less than
£/100 of 1% to 16%, depending on the levels of
requirement and the basal diet-supplement combinatilon.
We can also see that increasing the reference pro-
tein required by 50% may increase the amount of
supplement required by a factor of three or more.
This 1s to be expected since, at the 100% FAO/WHO
level, the bulk of the reference protein is belng
supplied by the bhasal diet.

It will be noted that, even for the 150%
FAQ level, the percentage supplementation 1s con-
siderably less than that usually encountered in the
literature. If 10% FPC were added to an all wheat
diet, one can be sure that at least 80% of this
supplement would be wasted., Of course, 1f the
diet 1s only 20% wheat and all the supplementation
is to be accomplished through wheat, then higher
percentages may be indicated. The fact still remains
that even with pure grain diets and using 150% of FAQ/WHO
proteln regquirements calculated to cover nearly all
of a usual population (mean plus 2 standard deviations),
a dally dose of 4 grams of FPC is sufficilent.

The ratlo of the amounts of various supplements
added is also worthy of comment. Consider 150% of
normal FAOQO requirements and wheat. The program
adds about 1.5 times as much cottonseed flour (7%)
as it does soy flour (4.8%). It also calculates that
approximately equal concentrations of soy (4.8%) and
dried skimmed milk (5.5%) will improve the diet to
meet the 1504 proteln requirements. Thils agrees with
Bressani et al. (85), who achieved maximum weight gain
in rats on a diet of whole wheat flour with cotton-
seed flour concentrations of 10%, or 1.7 times the
optimum concentration of soyflour (6%) and dried
skimmed milk. Thls Indilicates some empirical support
for our predictions of the relative effectiveness of
the various supplements. This agreement is merely a
restatement of the reasonably well validated fact
that chemical score equals protein efficlency as long
as the subject can utilize the protein, at least in
the case of young rats.
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Breakeven Cost Analysis

In this section, we wish to indicate those
statements which can be made about the relative
nutritional efficiency of FPC independent of
the actual prices of the competing supplements.
These statements take the form of breakeven costs.
The breakeven cost of a potential alternative to
FPC is the unlt cost relative to that of FPC at
which nutritionally equivalent diets would require
the same amount of the supplementing country's
resources.

The breakeven costs may be calculated from
information such as that shown in Tables XI, XII,
and XITI by specifying a unit price for FPC and
then asklng how much more or less expensive a
unit of the competing supplement must be before
the dilet based on 1t has the same cost as the
diet based on FPC. 1In order to do this, one
must make an assumption concerning the unit cost
of the base relatlive to FPC. In Table XIV
the results of thls analysls are presented for
wheat, rice, corn, assuming that the base is
1/5 as expensive as FPC per weight unit, respectively.
These are believed to be representative ratios,
assumlng domestic FPC production in the developing
country at 25¢/1b. We caution that the results
of these three tables will be relatively sensi-
tive to the relative price of the base. For,
if the base 1s more expensive relative to the
supplement, those supplements which supply calories
as well as protein will become, relatively speaking,
cheaper.

In order to demonstrate the use of this Table
consider the combinatlion of wheat and dry skim milk.
The .49 1s this position should be interpreted
as follows. Given that one is going to supplement
universally the dliet of the Chllean population
accordlng to 150% the FAO/WHC requirements
for the target group while supplying FAC/WHO
calorie requirements to everybody, the total cost
of performing this supplementation by FPC and the
toftal costs of performing this supplementation
by milk will be the same if the cost of milk is
492 of the cost of FPC ¢n a unit weight basis.

If milk costs more than this, the country should
prefer FPC, if less, it should prefer milk. The
relevant unlt costs are the costs of the supplement
in the hands of the target group.
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TABLE XTV

KEATIO OF ALTERNATE SUPPLEMENT PRICE TO FPC PRICE

AT WHICH FPC & ALTERNATE ARE EQUALLY AS EXPENSIVE
AT MEETING FAO CALORIE REQUIREMENT AND 150% FAO/WHO
REFERENCE PROTEIN LEVEL FOR 10-MONTH-OLD TARGET
GROUP ASSUMING UNIVERSAL SUPPLEMENTATION OF CHILEAN
POPULATTON

BASAL DIET
CHILEAN
WHEAT RICE CORN  DIET #1
DRY SKIM MILK .49 .59 22U .66
PEANUT FLOUR .37 .16 .20 .54
COTTONSEED FLOUR .37 Ay .24 .51
SOY FLOUR .48 .63 49 48
SUNFLOWER SEED FLOUR .29 .37 .26 .56
SINGLE CELL PROTEIN .57 .96 .21 iy
LYSINE 10.8 10.9 X X
LYSINE & TRYPTOPHAN - - 4,58 X

METHIONINE X X X 22.3

The blanks in this table indicate that it 1s not
possible to meet the postulated proteln requirements
with the corresponding basal diet-supplement combina-
tion. For example, it 1is impossible teo add enough
lysine to corn to make 150% FAO requirements for
the target group. This 1s because another amino acid,
tryptophan, becomes limiting before the postulated
level is reached.

One notes that the breakeven ratios can change
markedly with changes in the basal diet. Thus, while
milk will be competiftilive with FPC in wheat if i% is
only half as expensive as FPC, it will not be com-
petitive with FPC In corn unless it 1s one-quarter
as expensive on a per pound basls. In general, FPC
is most favecred as a supplement to corn and least
favered for rice.
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Perhaps we can made Table XIV more meaningful
1f we postulate prices of the alternative supplements.
Qur best estimates of the world market prices (f.o.b.
origin} for the alternatives are: dry skimmed milk,
8¢.1b; defatted soy flour, 7¢/lb; cottonseed flour,
5¢/1b; lysine and methionine, $1.14/1b; peanut flour,
5¢/1b (see Chapter II, pages 27-30). Combining
these prices with the breakeven ratios in Table XIV
leads to the following breakeven costs for FPC.

TABLE XIVa

BREAKEVEN COST OF FPC, UNIVERSAL SUPPLEMENTATION IN CHILE,
TO 150% FAO/WHO REQUIREMENT FOR 10-MONTH-OLD CHILD, WORLD
MARKET PRICES AS INDICATED (CENTS PER PQUNE)

WHEAT RICE CORN CHILEAN #1

DRY SKIM MILK

@ 8¢/1b 16 14 33 12
PEANUT FLOUR b

€ 64/1b 17 13 30 11
COTTONSEED FLOUR

@ 5¢/1b 14 11 21 10
S0Y FLOUR

@ 6¢/1b 13 10 12 13
LYSINE

@ $1.14/1b 11 10 X X
METHIONINE X X X 5
@ $1.14/1p

This 1s the prlce of FPC at which the cost of supple-
mentation via FPC would be as inexpensive as the alternative
shown In this situation (Chile and 150% FAQ/WHO reference
'proteln requirements) if there were no foreign exchange
problem or shipping charges. These breakeven costs might
be appropriate to a country which had to import all its
proteln supplements.

Of course, one can apply one's own price assumptions
to Table XIV. For example, at present the price of dry
skim milk is quite depressed. 1In view of the uncertainty
about the price of this commodity, cone might want to assume
a price of, say, 10¢/1b for milk, in which case the
breakeven costs for the first row become 20¢,18¢, 41¢,
and 15¢, respectively, for the basal diets ghown.



In particular in the Chilean case, all the supplements shown,
with the exception of FPC, must be imported. It 1s argued in
Chapter IV that the value of foreign exchange to the Chilean
econony 1s 30% higher than indicated by the market exchange rate.
Therefore, adding a 30% premium to the prices indicated above,
plus 1¢/1b shipping charges leads to the following set of break-

even prices.
TABLE XIVb
BREAKEVEN COST OF FPC, UNIVERSAL SUPPLEMENTATION IN CHILE

TO 150% FAO/WHO REQUIREMENTS, PRICES OF IMPCRTS ADJUSTED FOR
SCARCITY OF FOREIGN EXCHANGE AND TRANSPORTATION COSTS

WHEAT RICE CORN CHILEAN #1

DRY SKIM MIIK

@ 12¢/1b 24 21 50 18
PEANUT FLOUR

@ 8¢/1b 23 17 Lo 15
OOTTONSEED FLOUR

8 7.5¢/1b 21 16 32 15
SOY FLOUR

€ 9¢/1b 20 15 18 20
LYSINE

@ $1.48/1p 15 13 X X
METHIONINE

e $1.48/1b X X X 7

From the point of view of the Chilean situation, colums 1 and 4
of Table XIVb are the most interesting. They iIndicate that, if a
pure wheat diet is being supplemented to 150% FAO/WHO requirements
for the target group, then the cost of FPC to Chile adjusted for
any effects on the foreign exchange position must appreach 20¢/1b
before WPC 1s competitive with the most cost-effective oilseeds
and 15¢/1b before it is competitive with synthetic amino acid
supplementation. 1If the diet being supplemented is Chilean #1
(developed in Chapter V) then the cost of FPC must approach 15¢/1b
to compete with the oilseeds and to less than 10¢/1b to compete
with synthetic aminc acid supplementation. The difference with
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diets is due to the fact that wheat is limiting in lysine while
Chilean #1 is limiting in methionine. This table does not in-
clude the alternmatives of mixing oilseeds or augmenting the
various alternatives with synthetic amino acids, both of which
strategies can have attractive propertles, as we shall see.

Notice that so far the analysis has been independent of the
actual cost of FPC, except insofar as this cost affects the
ratio of the cost of basal diet to the cost of FPC.



Absclute Costs of Universal Supplementation wlth a
Basal Diet

If one can specify the unit costs of all of
the supplements, then one can calrulate from the
informaticn given in Tables XI, XII, and XIII
and from the total amount of calories required
daily by the target population, the total cost
of supplying thils population sufficient amounts
of this diet to meet its energy needs.

As noted earlier, the relevant costs
are the costs of the diet in the hands of the
consumer 1in a form acceptable to him. That is,
the costs of distribution and promotlon are
properly included in the supplementation
program. Our goal 1s consumption, not pro=-
duction.

Nonetheless, in considering universal
supplementation schemes, it 1s useful to make
some comparisons of production costs or, more
properly, costs before distribution. For, if
we can show that a supplement which can be
expected to have distribution and promotlon
costs as low as those of any of the other
supplements is alsc the lowest cost alterna-
tive before distributlion, then a fortiorl it
wlll be the most efficlent supplement. The
following are our best estimates of the unit
costs of the various supplements, docksilde
in Chile. The costs of those supplements.
which have to be imported which include all
the alternatives other than FPC and sunflower
geed, have been adjusted to reflect the dis-
parity between exchange rate (presently about
30% for Chlle), according to the theory of
Secticn II.5.

The following Table represents a very
important specialization of our definition
of FPC. Up to now the term fish protelin con-
centrate referred to any product involving
the removal of water and oil from fish almed
at human consumption. In the last section
we did particularize to a product contalning
80% fish protein. The followlng Table specializes
5t111 further to isopropanol extracted FPC
using the Southwest Engineering Company's modi-
fication of the Bureau of Commercial Fisheries
process. This 1s the definition of FPC which
we use for the remainder of Section III. 4.
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TABLE XV

UNIT CQST
SUPPLEMENT IN CHILE SOURCE
Dry Skimmed Milk¥ 12¢ 4lb. (See c¢ch. I1. p.27)

18

FPC 25 " (See ch. V, Sect. 3)
Soy Flour¥ g " (See c¢ch. II, p.28)
Cottonseed Flour#* 7.5" (See ch. II: p.29)
Lysine* $1.48 " (See ch. II, p.30)
Peanut Flour#* g (See ch. II: p.29}
Sunflowerseed Flour g "

(asterisks indicate imported: unit costs increased 30%)

Two prices have been given for dry skim milk,
reflecting our uncertainty about the future price
of this commedity. The 12¢/1b. price corresponds
to 8¢/1b. on the world market with a cent per pound
for transportation charges® plus a 30% premium to
account for the fact that the scarcity of foreign
eXxchange in Chile is not properly reflected in the
market exchange rate. Milk powder must be imported
in Chile. This price can be regarded as a lower
1imit. The 184 figure corresponds to about 14¢/1b.
on the world market and 1s about as high as the
world market price of milk can be expected to go,
given present subsidy policies.

¥ One cent per pound transportation costs, which
correspond to about $20 per measurement ton,
Is undoubtedly an overestimate of shipping
costs if Chile obtalns its transportation on
the tramp charter market. A recent charter
quote was $16 per measurement ton from Buenos
Aires to Japan. However, this would require
ship load shipments. Thls would be the case
for all alternatives except lysine supplementation.
Liner rates can run many times tramp rates for
the same 1item.
However, lysine is so expensive on a unit basis
that transportation costs will never be more
than a small percentage of the overall cost of
the material.
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With these costs and the unit cost of the basal
diet, we can derive the total daily cost of the diet
and the cest of the supplement for each of the alter-
native proteiln sources for 100%, 150% and 200% FAD/
WHO reference protein allowances. These figures are
shown in the columns 1n Table XVI,labeled TCTAL and
SUPP, respectively for a basal diet of pure wheat
at 4¢/1b. The total cost of all the diets are
within ten percent of each other,reflecting the
fact that the overwhelming proportion of the money
spent on supplemented diets still goes to the basal
diet. The cost of the supplement, however, can vary
by a factor of three.

Total cost is a more meaningful measure than the
cost of the supplement. The slgnificance of the total
cost is not that we expect this to be the amount
actually spent 1In Chile on food, even at the wholesale
level, but that this number accounts for the differences
in caloric values of the various supplements. For example,
compare FPC with milk at world market price of 8¢/1b.
The cheaper alternative 1ln terms of the total cost to
the economy is dry skim milk. However, in terms of the
cost of the supplement, the cheaper alternatlve is
FPC. The reason for this is that when one buys a
certain amount of protein in milk, one also buys
considerably more calories.

Thus, supplementation wlth milk allows one to de-
crease the amount of wheat 1In the diet more than does
supplementation with FPC., Total cost, then, is a better
measure of the resources that the country must devote
to nitrition under various supplementation alternatives
than the cost of the supplement alone.

However, the relative magnitude ¢f the TOTAL
cost figures can be misleading. On the basis of
TOTAL COST, FPC 1s 1% more expensive than skim milk
at the lower milk price. We would be the last to
clalm that our cost flgures are accurate to within
1% ,and therefore at first glance it might appear that
we can draw only the most limited conclusions from this
analyslis. However, the great bulk of TOTAL 1s made
up of dietary costs,which are unaffected by our supple-
ment. In column three, labeled NET, we have remcved
" these costs and show only the costs of the supplement
minus the basal costs which the supplement saves due
to 1ts calorie contribution to the diet. This is the
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TABLE XVI

TOTAL & SUPPLEMENT COSTS OF WHEAT DIET [IM THITE AT SBADCW

FPC
SKIM MILK
€ 8¢
@14¢
PEANUT FLOUR
COTTONFLOUR
S0Y FLOUR
SUNFLOWER SEED FLOUR
SINGLE CELL PROTEIN

LYSINE- HCL
FPC
SKIM MILK
€ 8¢
@14¢

PEANUT FLOUR
TOTTGN FLCUR

SQY FLOUR

SUNFLOWER SEED FLOUR
SINGLE CELL PROTEIN
LYSINE - HCL

FPC
SKIM MILK

4 B¢

81h¢
PEANUT FLOUR
COTTON FLNOUR
S0Y FLOUR
SUNFLOWER SEED FLOUR
SINGLE CELL PROTEIN
LYSINE - HCL

PRICE OF FOREIGN EXCHANGE

DAILY DOLLARS X 1072

100% FAC/WHO Requirements

TOTAL SUPP, NET L]
4.95 .18 .23 4.9
491 .21 .19 h,o
5.02 .33 .30 £.3
4. .90 .23 .18 3.8
4, 8a .18 W17 3.€
4,01 .18 .19 b, o
4,96 .28 .24 5.1
k.91 .16 .13 k,0
4L.88 .11 16 3.4

150% FAO/WHO Requirements

TOTAL SULp. LT 4
5.26 .61 .54 11 .4
5.21 .13 Lbo 10.4
5.65 1.14 .77 16.7
5.16 .82 Lad a3
5.14 .63 4D X
5.22 AL LN 1.6
5,32 .9€ LED 12.7
5.18 .57 LLE 9.7
5.07 .35 .35 7.4
200% FAQ/WHO Requirements
TOTAL SUPP. NET %
5.€13 1.03 .e1 19.3
5.56 1.25 LRl 17.9
AL UR .19 1.99 29.0
5.54 1.57 B2 17.4
&40 1.07 .70 14.9
5.56 i.10 B4 17.9
5.74 1.64 1.92 21.7
5.G2 1.51 1.20 25.5
X X X X

[}
O
[m)
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net cost of supplementation to the economy, the
difference between the eccnomy's expendltures on
nutrition with and without supplementation. In
the NET cost of supplementation, the analysis
indicated differentials of 20% and up, and

we belleve the results to be significant at
these differences. Of course, the ranklngs given
by NET and TOTAL and thelr differences are
identical.

In the fourth columns, we have shown -the
net cost of supplementation relative to the
cost of the original dlet on a percentage basis.
As can be seen, accepting the 150% FAOQ/WHO
requirements for our target group, universal
supplementation in Chile will increase the
cogsts of a pure wheat diet by at least seven
percent. Accepting 200% FAO/WHO requirements
for this group in this situation will increase
total diet costs by about 15%. The costs of a
supplementation program are not a linear func-
tion of the level of protein chosen.

The 1969 FAQ/WHO/UNICEF Protein Advisory
Group, Subcommittee on Amino Acid Fortification
has recommended that the costs of supplementatlon
programs be expressed 1n terms of annual costs
per member of the target group. We have already
noted the dangers of ratio tests, and this
recommendation was almed at correctling abuses
with regard to the evaluation of universal
supplementation with more specific programs.
Unlversal supplementation programs have been
characterized by cost per head receiving the
diet, which 1s misleading, since conly a small
percentage of the population can expect
to benefit significantly from the program.

Our approach is to avold ratloe tests al-
together specifying rather, absolute costs
to perform a statednutritlonal function. However,
in view of the universal popularity of per capita
comparlisons, we have shown thils ratio for the
alternatives of Table XVI and Table XVIII, assuming
that the beneficlary group 1s all children under
sié years of age, a greoup of which numbers 1.2 x
10° and represents 15% of the Chilean population.

Examinlng Table XVII we note that, as might
be expected, the attractiveness of milk 1ls ex-
tremely dependent on 1lts price. If the world
price of milk were to rise to 144, its 1966 maximum level,
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TABLE XVII

ANNUAL NET COSTS OF UNIVERSAL SUPPLEMENTATION
BEFORE DISTRIBUTION IN CHILE PER CHILD AGED
ONE TO SIX ASSUMING A PURE WHEAT DIET IN U.S.
DOLLARS AT SHADOW PRICE OF FOREIGN EXCHANGE

100% 150% 200%

FPC 6.9 16.2 $27.2
SMP @ 8¢ 5.7 14,7 25.2
Peanut Flour 5.4 13.2 24.6
Cottonseed Flour 5.1 12.6 21,0
Soy Flour 5.7 15.0 25.2
Sunflowerseed Flour 7.2 18.0 30.6
SCP 5.7 13.8 36.0
Lysine 4,8 10.5 X

-g2-



importation of milk would be the least attractive
alternative of all and, in fact, a penny a pound
increase in the present price would eliminate milk's
present advantage over FPC. Thus, 1n comparing

milk with FPC, Chile would do well to consider the
probability of a rise in milk prices hefore committing
herself to thlis alternative.

We note that the ranking of the various supple-
ments with respect to both total and supplement cost
does not vary wlth respect to level of reference
protein postulated, between 100% and 150% FAO/WHO re-
qulrements. If any supplement 1s cheaper than
another supplement in one case, 1t 1s cheaper in
the other case as well. However, at the 200% level,
methionine as well as lysline must be supplemented.
Hence, pure lysine supplementation becomes 1Infeaslble,
Moreover, since the single cell protein we have
analyzed, Torula yeast, 1s relatively deficilent
in methionine, this alternative becomes very ex-
pensive.

) Under the 100% and 150% sets of requirements,
synthetic supplementation with lysine is the least
costly in terms of both total and supplement costs.
For the 150% requirement, universal lysine supple-
mentation wlll cost Chile about twelve milllon
dollars annually, about 2.4 million less than the
next cheapest alternative, importation of cotton-
seed flour.

If the government 1s contemplating a fully
subsidized program, then political conslderations
may dictate that 1t be more concerned with the cost
of the supplement than with the total costs of the
diet. From the point of vlew of the efficiency
of the total economy,this is irrational. Nonetheless,
such attitudes may be operating, in which case,
lysine supplementation is still the cheapest alter-
native, where it is feasible. However, disregarding
the not completely developed SCP, the second cheapest
alternative 1s FPC. To put it another way, 1f the
costs of the basal diet are negligible, FPC is the
second cheapest alternative at 150% and the cheapest
alternative at 200%.

If Chile 1limits 1ltself to domestic supplements,

then we note that FPC has approximately a 10% advan-
tage over sunflower seed. (The price of domestic milk
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is 1in excess of 25 cents per pound.) According to our
analysis, the decislion to use only domestlc supplements
will cost Chlle the equivalent of $7 million U.S. dollars
a year at the shadow price (the true value) of foreign
exchange, for which Chile should be willing to pay $10
million dollars worth of escudos at the market exchange
rate, 1f she decldes on universal supplementation based
on 150% FAO requirements for the target group assuming

a pure wheat dlet. We note in passing that the decision
to use FPC does not avoid forelgn exchange losses, for
not only will the processing equipment have to be im-
ported, but assuming that the hake 1s already being
flshed at a maximum sustainable yield, some of this

fish will be transfered from an export market to
domestic consumption. Chapter IV discusses this

in more detall.

We reiterate that our analyses are based on
our estimates of the present costs of the alternative
supplement, and that both the relative prices of the
supplements and the value of foreign exchange may
change in the future.
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I1I1.3. Costs on the World Market

Table XVIII, which 1s based on free market prices without
a correction for the shadow price of forelgn exchange, illus-
trates an interesting point. This 1s the situation which
would confront a country whose foreign exchange sltuation was
in balance. Here we note that peanut and cottonseed flour
beecome as cheap as supplementation with synthetic lysine.
This is because both lysine and these flours have had their
price reduced relative to wheat, and thus the effect of the
ollseed flours in reducing the requirement for wheat becames
more important. This phenomenon also demonstrates the sensiti-
vity of our results to the price of the basal diet relative to
the supplement.

In general, our analysis predicts a smaller advantage
for synthetic amino acid supplementation campared to the argu-
ments sometimes seen 1n the literature that synthetic lysine
supplementation is anywhere from 200-700% cheaper than natural
protein. This difference 1z a product of our use of the present
selling price for lysine, the explicit realization that the
world price does not measure the value of foreipn exchange for
a country with & balance of payments problem, the realization
that lysine for human supplementation is not lysine, but lysine
monochioride, which 1s only 80% lysine, and most importantly,
the realization that minimum cost per unit of utilizable protein
is not the appropriate objective. Since one can reasonably
expect some decrease in the price of lysine (see Section II.2)
and since the introduction and distribution costs of universal
synthetic supplementation should be as low as either of the
other alternatives, we feel that the analysis values synthetic
lysine supplementation conservatively, with the possible exception
of differentials in availability, which are discussed in the
following section.

Table XVIII also demonstrates that, under the assumptions
of this analysis, FPC 1s unlikely to be an economic supplement
for a country which has to import it. Under these conditionms,
even at the relatively low Chilean price, FPC ranks behind all
the supplements except dried skim milk, at prices higher than
about 12 cents per pound.



TABLE XVIII

TOTAL & SUPPLEMENT COSTS OF SUPPLEMENTATION OF WHEAT AT
WORLD MARKET PRICES USING THE CHILEAN POPULATION

DAILY DOLLARS X 10-5

100% FAO/WHO REQUIREMENT

TOTAL SUPP. NET g
FEC 4.89 .18 .17 3.6
SKIM MILK
8 8¢ 4,86 .16 .14 .0
@14¢ L.oy .25 .22 E.?
PEANUT FLOUR 4,85 .18 .13 2.8
COTTONSEED FLOUR 4.85 .14 .13 2.8
S0Y FLOUR 4. 87 .14 .15 3,2
SUNFLOWER SEED FLOUR 4.91 .28 .19 .o
SINGLE CELL PROTEIN 4. 87 .12 .15 3.2
LYSINE - HCL 4.85 .08 .13 o8
150% FAQO/WHO REQITIO MENT
TOTAL SUPP., NET %
FPC 5.26 .61 .54 11.5
SKIM MILK
@ 8¢ 5.03 .56 .3 6.6
@1h4¢ 5.35 .88 .63 13.4
PEANUT FLOUR 4,96 .63 .24 5.1
COTTONSEED FLOUR b, 96 LUB .24 5.1
S0Y FLOUR 5.04 .48 .32 6.8
SUNFLOWER SEED FLOUR 5.32 .96 .60 12.7
SINGLE CELL PROTEIN 5.05 Ll .33 7.0
LYSINE - HOL 4,099 .27 .27 5.7
200% FAQ/WHO REQUIREMENT
TOTAL SUPP. NET 1
FPC 5.63 1.03 .91 19.2
SKIM MILK )
e 8¢ 5.27 .96 LB 11.6
#14¢ 5,04 1.68 1.27 26.9
PEANUT FLOUR 5.18 1.21 JUg .7
CUTTONSEED FLOUR 5.17 .82 Jis 9.5
S0Y RLOUR 5.31 .85 .59 12.5
SUNFLOWER SEED FLOUR 5.74 1.64 1.02 21.6
SINGLE CELL PROTEIN 5.57 1.16 .85 18.¢
LYSINE - HCL X X X . X



I1I. 4, bjections to Synthetic Fortification

Our analysis indicates that synthetie fortifi-
cation with lysine should be examined very carefully
in the Chilean situatlion. An important questlon, then,
is will synthetic amino acld fortification work to
anything like the degree predicted? There are three
possible sets of reasons why it may not:

1) Qur use of chemical score 1n evaluating
protein efficiency 1s based primarily on
rat feedling data. Lyslne 1s more c¢learly
limiting in cereal diets for the rapidly
growing young rat than it is for human
adults or children.

2) Even the Chllean diet, which relatively
speakling is very dependent on wheat,
consists of a mixture of foods that may
contain sufficient lysine or mayor not be de-
flclent to nearly the deg?ee of a pure
bread mixture.

3) As mentioned earlier, considerable pro-
cesslng losses in avallability can occur
during baking. In some cases synthetic
fortification may be relativeﬁy more
sensitive to these losses than are 1ts
competitors.

There are other reasons why aminc acid forti-
fication may not be as effective as we predict. The
most common is that the calorie requlrements are not
being met,and any additional proteln is largely
metabolized for energy. However, such objectlons
apply equally well to all supplements. In this
section we will consider only those objectlons which
are specifically weighted against synthetie amino
acld fortiflcation.

Problems with Chemical Score

As noted earlier, the great majority of tests
of the validlity of the concept of chemical score are
based on tests on young rats. In addition, extensive
tests with humans on the natural protein supplements
such as FPC indicate that properly prepared, these
proteins have proteiln efficliencles equal to or greater
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than those calculated from chemical score data, provided that
protelin intake is restricted to levels below the person's
total protein requirements. Unfortunately, the same
statement cannot be made for synthetic supplementation.
Carefully controlled tests of the supplementation of
human diets with lysine are few in number and practical
applications have sometlimes been disappointing.®* Further-
more, rats grow much more rapidly than humans, so that
while tests indicate somewhat similar amlno acid balance
requirements, we can expect differences between the
response of rats and that of humans.

The earliest test on the effect of lysine supple-
mentation of wheat on humans was conducted by Bressani
et al. (86) on a very small sample of six children
recently recovered from proteln malnutrition. The six
boys were fed varying diets over a two-week period.
Nitrogen retention on the fortified diets was far
above the nltrogen retention on the basal wheat dilet
and approached that achieved on milk. No systematic
changes in welght were recorded, but this is to be
expected, consldering the very short periecd (3 days)
the subjects were on each diet. The authors conclude,
"The nitrogen balance data presented show that the
nutritive value of wheat protein can be improved
markedly by the addition of lysine alone."

In a second article, (87) these authors discuss the
results of simllar experiments on seven more children
The differences 1n nitrogen retention were statistically
significant at the.0l level. That 1s, the probabllity
that these differences could have arisen by chance
is less than .0l1. The authors conclude:

"The nitrogen retention results of the first ex-
periment confirm the previous report of Bressani
et al.(see above) that in young children the
additicon of lyslne to a basal wheat dlet brings
about a marked increase 1n nitrogen retention.
Nevertheless, the Increase 1s lower than that
observed from feeding 1sonitrogenous amounts of
tryptophan, methicnlne, isoleucine, valine,
and threcnine to the wheat basal diet in amounts
called for by the FAQ reference pattern (FAQ '57)
results in nitrogen retention values as high
as those obtalned with milk or higher."

The most recent set of studies on lysine fortifi-
cation of wheat in the human dlet was that undertaken
by Pereira et al.(88) on 52 children ages 2 to 5, in

*In general, the results of protein supplementation are difficult to
demonstrate in the field, no matter what the supplement, inecluding milk.
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India. The trials took place over a perlod of six
months, during which time the children were main-
tained on a basal diet which supplied 100 cal/kg

of body weight and 2 grams per kg of vegetable
protein. -After three months on the pure basal
dlet, the wheat dlet of the c¢hildren in the ex-
perimental group was supplemented to the .25% level
with lysine. The wheat used in the dlets of both the
control and experimental groups supplied 54% of

the daily calories and 85% of the daily protein.

No animal foods were consumed. The cereal eaten

by the control group contained .68 g/lysine, while
the supplemented diet contalned 1.05 grams.

Analysls of samples of the coocked foods indl-
cated that the children in the experimental group
have a lysine intake of .73 grams per dayv and those
in the control group .54 grams per day. Thus, losses
in cocking were 30% in the experimental group and
21% 'in the control group. The final results are
based on 24 children in the experimental group and
22 in the control group. 60% of the children in
each group were female. Table XIX glves the means
and the experimental standard deviations for the
increases in height and weight of the control groups.
Perhaps the most striking fact about these numbers
i1s the size of the standard deviations relative to
the means. Under fleld conditlions, humans are
notoriocusly irregular subJects, as these data bring
out.

TABLE XIX

AVERAGES OF HEIGHTS AND WEIGHTS OF CHILDREN IN THE
CONTROL GROUP AND THE LYSINE SUPPLEMENTED

GROUP
Height Welight
. Initial Increase Initial Increase
Experimental 91.448.2 3.26+1.19 12.25+2.23 0.75%0.68
Control 91.448.0 2.61+0.99 12.4540.99 0.58+40.81
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The second item of interest 1s that the ratio of
the standard deviatlion to the mean for height 1ncrease
(.36 and .26) 1s much smaller than the corresponding
ratio for weight increases (.91 and 1.4). Change in
height appears to be a much more stable statistic
than change 1n weight. This is not very surprising.
Common experlence reveals that welight responds much
more rapidly than height to changes 1n the body's
environment. Thls is true both externally (the
last month of the experiment, May, 1s the hottest
in Southern India and the bulk of the children were
losing weight in this perliod while height continued
to increase) and internally (weight responds rapldly
to various infections, 20 episodes of dlarrhea were
recorded during the tests).

Applying the T-~test to the above data and
making the standard assumpticens of statistical
theory, we flnd that the probability that the
difference 1ln the height means could have arilsen
by chance is less than .05%. However, the difference
in the welght means could easily have arisen by chance
(Pr = .6). One can take the latter fact as evidence
that the supplementation was lneffective or that
the weight was responding to other changes in the
environment. We feel the latter 1s the more likely
explanation.

There can be llttle doubt that more testing
of lysine supplementatlon is indicated. However,
ocur present best Judgment is that these tests
will Indleate that avallable lyslne will be as
effective as the chemical score theory suggests.

This conclusion 1s based In part on the fact
that there can be no doubt that the basle human
protein needs are for nitrogen and certain amino
aclds, and net for mllk or meat or any particular
class of foodstuff. Thus, the only possilble
reason why avalilable synthetic amino aclds would
not be utilized in the same manner as the same
compound received in the form of, say, meat protein,
1s that the dlgestlive mechanizm depends on the
rate at which the amino acids are liberated from
the structure of the food within the limits of
a single meal. There is not any evidence that
this matters. In reviewing the literature, one
finds that the more carefully controlled the
experiment, the more likely one is to find that
both animgal and human subJects made full use of the
avallable synthetic amino acids that they required.
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The Effects of a Mixed Diet

This brings us to the second set of possible ob-
Jectives to synthetlc fortification. These revolve
around the fact that no culture subsists entirely on
a single grain diet,and that the other components
of that diet may go a long way towards correcting
amino acid 1mbalances.

In order to investligate the effects of a mixed
diet on the relative attractiveness of various
supplementation alternatives,two mixed diets have
been derived which are belleved to be representative
of the dlet received by young chlildren in Chillean
homes from the lowest five percentile of the Chllean
income distribution. The derivation of these dlets
is given in Chapter V and their relative composition
i1s glven below.

TABLE XX
CHILEAN CHILEAN

MIXED DIET 1 % MIXED DIET II %
Bread 26.9 Bread 38.1
Vegetables 11.7 Vegetables 8.8
Sugar 7.7 Sugar 2.7
Spaghetti 3.6 Farinas 10.6
Flour 3.2 Legumes .9
Fruilt 6.6 Fruit 8.8
0i1 3.8 0il 3.5
Potatoes 7.8 Potatoes 26.6
Millk 28.7

The universal supplementation computer program
was applied to Mixed Diet I, with the results shown
in Table XXI, Desplte the fact that this diet is 357
wheat, the limiting amine acid is methionine.
Consliderable natural supplementatlion occurs,and as
a result, this diet will meet the FAO requirements
for a 10 month old chlld, provided that the c¢child
receives sufficilent calories, and even at 150% the
FAO requirements,very 1little supplementation is
required ~little more than two grams of FPC, for
example. This diet has a calorlc density which 1s
a good deal less than that of a pure wheat diet,
which may mitigate against the small child's
recelving sufficient calories. At 200%, the percen-
tage supplements become substantial.
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TABLE XXI

POOR CHILEAN DIET #I

CALCULATED BASE~SUPPLEMENT COMBINATIONS FOR TARGET GROUD#
150% FAOQ PROTEIN REQUIREMENTS

PROTEIN PROTEIN

BASE SUPP. £ SUPP. 2CALORIES g UTILIZED
FPC 461 2.8% .6 10.3 75
SKIM MILK 451 8.3 1.8 10.5 75
PEANUT PLOUR 430 21.3 4.9 13.5 50
COTTONSEED FLOUR 453 10.2 2.2 11.5% 69
S0Y PLOUR 452 10.9 2.4 11.4 &8
SUNFLOWER SEED FLOUR 450 11.5 2.5 il.0 71
SINGLE CELL PROTEIN 450 13.4 2.9 12.2 64
LYSINE & METHIONINE®™ 465 U .2 9.6 81

200% FAO PROTEIN REQUIREMENTS

PROTEIN PROTEIN

BASE SUPP. % SUPP, %CALORIES $UTILIZED
FPC 453 9.3 2.0 12.2 35
SKIM MILK 419 27.3 6.5 12.6 83
PEANUT PLOUR 349 £9.6 19.9 22.8 49
COTTONSEED FLOUR 426 313.3 7.8 16 .1 67
30Y FLOUR ba2 35.8 8.5 15.9 65
SUNFLOWER SEED FLOUR b23 32.0 7.6 13.7 77
SINGLE CELL PROTEIN 414 43,8 12.6 18.3 57
LYSINE & METHIONINE®™  4§) 3.0 .6 10.4 100

hd Lysline of bread assumed to be only 50% avallatble.

% Lysine-HCL _ 1_
Methionine 1
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COSTS OF UNIVERSAL SUPPLEMENTATION

TABLE XX11

OF MIXED DIET

[ *

{CHILEAN COSTS AND POPULATION, 150% FAC REQUIREMIINTS)

FFPC

SKIM MILK POWDER
PEANUT FLOUR
COTTONSEED FLOUR

S0Y FLOUR

SUNFLOWER SEED FLOUR
SINGLE CELL PROTEIN
LYSINE & METHIONINE

DATLY DOLLARS X 102

SuPp. WET
.3 .1
b -.2
.7 -.6
.3 -2
.5 0.9
LA -.2
-7 0.0
-3 -3

(CHILEAN COSTS AND POPULATION, 200% RAD RFQUIREMENTC

FPC

SKTM MILK POWDER
PEANUT FLOUR
COTTONSEED FLOUR

30Y FLOUR

SUNFLOWER SEED FLOUR
STNGLE CELL PROTEIN
LYSINF & METHIONINE

TOTAL

16.8
16.0
14.6
15.49
16.5
15.8
16.9
18.3

Sure.

T R bt b B
RS I Nl ]

[ |

I
[ ]

4%

NET

Ry OV B B =L

#7111 import costs adjusted for scarcity of foreigh exchange

and shipping charges.
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Table XXII indicates the total and supplement cost
for this diet at the 150 and 200% levels, assuming
that 1t is fed to the entire Chilean population
according to caloric needs. The average wholesale
cost;, of thils dlet is about 7¢ per pound,whleh is
approximately the cost of the ollseed flours on a
welght basis ,and is more expensive than the
cheapest ollseeds on a calorie basis. Thus, supple-
mentatlon with these flours can actually reduce
the total cost of the diet under the 'constant
calorie' assumption, for the supplement is not only
a2 source of proteln, but alsc a source of calories
which is cheaper than the basal diet.

At first this might appear to be a highly ano-
malous situation. On the other hand, it could be
quite common. People simply are not nutritional
ecenomizers when it comes to eating. In cases
such as these, substituting a supplement for part
of the natural diet, 1if possible, can reduce the
cost of food while, at the same time, increasing
the level of nutrition. This 1s more a statement
about the inefficlencies of eating habits than
the efficiency of supplement. In any event, in
a situation such as this, the more supplement,
the better by our standards., Thus, a low quality
protein such as peanut flour,which requires large
quantities of supplement jresults in corresponding
large decreases in total diet costs or large nega-
tive net costs.

This raises some important questions of both
acceptability. and distribution cost. How mueh
would it cost to convince Chileans that 20% of
thelr dlet should be peanut flour? Is it possible
at any price? There will almost certainly be im-
portant differentials in distribution costs between,
say, a diet consisting of 20% imported peanut flour
and a larger diet in total bulk, but consisting of
only 2.9% FPC. Importing $100,000,000 worth of
peanut flour per year will certainly change the
shadow price, the marginal value of forelgn ex-
change.

This 1s clearly a case where our concentration
on cost ex-factory and our disregard for the demand
slde severely 1limits the conclusions we can draw.
However, 1t does appear that: (a) at least some
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of the oilseeds maintaln their advantage over FPC;
(b) Primarily because of the phenomenon ocutlined
above and the fact that sunflower seed is relatively
rich in methlonine, sunflower seed flour is a much
more attractive alternative in this case than it

was on a pure wheat diet;{(c) slnce thils dlet requires
supplementation with both methionine and lysine,
synthetiec amino acld supplementation not only is no
longer the cheapest alternative, but also, it

becomes the most expensive.,

Thus, it appears that the objection against
synthetic amince acid fortification on the grounds
that nobody eats a pure grain should be given con-
siderable weight. However, the validity of this
objection appears to do little to improve the com-
petitive position of FPC vis a vis the oilseeds in
this situation, jalthough, once agaln, 1t exhibits
a relatively low cost of supplement.

The second mixed diet we examlined was derived
from a Chilean urban middle class diet, given 1in
reference 104, by removing all meat and dairy pro-
ducts on the grounds that the target group child
rarely recelves such foods.

The results are displayed in Tables XXIII and
Table XXIV, In general, the results are the same
as in the first diet, with the exception that methio-
nine alone needs to be supplemented in order to
meet even the 200% level of reference protein to
make this a viable alfernative.

In general, we have found that when there is a
unique limiting amino acid in the target group's
diet and this amino aclid can be identifled, supple-
mentation with that acid will be quite attractlve,
even if 1t must be imported. However, if, due to
variation in diet within the target group or varia-
tions in individual amino acid requirements, there
exists no single limiting aminc acid, or if that
acid cannot be identified, then supplementation with
“more than one synthetic amino acid to ensure covering
everybody's need will be rather expensive.

When one invests in a natural protein, one pur-
chases this insurance automatically. Thus, when one
makes this multiple amino acid requirement explicit,
the cost of the natural protein alternative is almost
unaffected.
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TABLE XXIII

POOR CHILEAN DIET # 11

CALCULATED BASE SUPPLEMENT COMBINATIONS FOR TARGET GROUP
150% FAO PROTEIN REQUIREMENTS
PROTEIN PROTEIN

BASE SUPP. % _SUPP. fCALORIES gUTILIZED

FPC 410 3.5 .8 14.5 54
SKIM MILK 4oy 12. 2.5 14.5 5l
PEANUT FLOUR 399 10.2 6.6 18.0 is
COTTONSEED FLOUR Yoo 13.3 3.0 15.85 0
S0Y FLOUR 397 16,3 3.3 15.76 9
SINGLE CELI PROTEIN 376 25.7 4.0 16.6 49
SUNFLOWERSEED FLOUR 4ol 11.4 2.8 14,0 52
METHIONINE 41l .2 .0

2 13.6 58

200% FAC PROTEIN REQUIREMENTS
FROTEIN PROTEIN

BASE SUPP. % SUPP. {CALORIES §UTILIZED
FPC 4ol 9.9 2.5 16.3 - 63
SKIM MILK 371 29.0 7.8 16.1 64
PEANUT FLOUR 307 73.1 23.9 26 .4 42
COTTONSEED FLOUR 376 35.4 9.4 20.2 53
S0Y FLOUR 374 38.0 10.2 19.9 52
SINGLE CELL PROTEIN 366 46.5 12.7 22.4 hé
SUNFLOWER SEED FLOUR 376 32.7 B.7 17.5 59
METHIONINE b1y .5 .1 13.7 76
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TABLE XXIV

COSTS OF UNIVERSAL SUPPLEMEMTATION OF MIXED DIET 11
(CHILEAN COSTS AND POPULATION, 150% FAO REQUIREMENTS)

DAILY DOLLARS X 1072

TOTAL SUPP. NET 4
FPC 14.7 Ll .2 1.4
SKIM MILK POWDER 14,5 .5 .0 .0
PEANUT FLCOUR 14.0 .8 -.5 3.4
COTTONSEED PLOUR 14.5 A .0 .0
S0Y FLOUR 14,6 .7 .1 .7
SUNFLOWER SEED FLOUR 14.4 W4 .2 .7
SINGLE CELL PROTEIN 14.8 -9 .3 2.0
METHIONINE 14.5 -1 .0 .0

{CHILEAN COSTS AND POPULATICM, 200% PAO REQUIREMENTS)

TOTAL SUFP. RET ]
FPC 15.1 1.1 .6 4.1
SKIM MILK POWDER 4.4 1.5 =-.1 .7
PEANUT FLOUR 13.2 2.5 =-1.3 9.0
COTTONSEED PLOUR 14.4 1.2 - .1 .7
S0Y FLOUR 15.0 1.9 -5 3.5
SUNFLOWER SEED PLOUR 14.3 1.1 - .2 1.4
SINGLE CELL PROTEIN 15.4 2.6 .9 6.1
METHIONINE 14.8 L4 .3 2.0

~107-



In summary, 1f one 1s unable to identify precisely
the target group's basal diet, or if the target group
1s expected to have a range of dlets differing In the
limiting aminc aclds, then one is led away from syn-
thetic supplementation toward natural supplementation.
The Chilean analysls suggests that 1t will rarely be
efi;cient to supplement with more than one gsynthetic amino
acid.

Differentials in Avallability

The final set of objectives against our analysis
of universal supplementation 1s our rather cavaller
treatment of avallability, where we have assumed 100%
avallability and then recommended increasing the re-
ference proteln levels to cover differentials in
availabllity which may exlst among the alternative
supplements.

This problem of avallability of amino acids 1s
particularly severe in the case of bread, where baklng
may reduce the availability of lysine 1n wheat flour
by 10 to 30%, and in the case of roller dried miilk,
where lysine avallability losses have been found as
high as 70% (80). The mechanism used to explaln the
loss of availability is the Maillard reaction, in
which a sufficient amount of heat can cause an amino
acid and a reducing sugar, such as glucose,to form
a chemical bond which is resistant to the activity
of the digestive enzymes. This reaction most often
involves lysine.

Although high temperatures are used during the
industrial processing of the protein concentrates,
available lysine 1s usually a high percentage of the
total amount present. The Bureau of Commercial
Fisheries (89) found the lysine of solvent-extracted
FPC to be 93% available. Although some FPC samples
examined by Morrison and Sabry (78) showed extreme
availabilities of 61% and 100% of total lysine,
most samples were between 83% and 95%. Stott and
Smith (90) have developed a microblological assay
for dilstinguishing and measuring available amino
aeids  Their experiments on samples of soy and -
peanut flour suggest that lysine avallabilities are
within 85% to 95% of the total lysine. These results
were similar to those they obtalned using a method
of Carpenter (91). They indicated a low (50%)
avallability of 1lysine in cottonseed flour, but
the sample material was hlgh in gossypol, a substance
which is common 1in cottonseeds and which, 1if not
removed, will bind lysine and render it unavailable.
Baliga and Lyman (92) found that lysine in a commercial
cottonseed meal was only 55% available when bound
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gossypol decreased to .49% and .37% respectively.
An Italian firm, Vaccarino, manufactures a human
grade cottonseed flour with lysine avallability
similar to the other concentrates (93). And,
according to Bressani et al.(94) production of
cottonseed flour with high lysine availability is
entirely feasible.

Studies by Ebersdobler and Zucker (77) on
roller dried skim milk showed lysine avallabilities
ranging from 62 to 91% of the total lysine present.
The lower avallabllitles, however, were found to
occur primarily in samples which had been driled
on older rollers. On the baslis of rat PER responses
when non-fat dry milk was added to bread before and
after baking, Jansen et al.(96) estimated that 36%
of the lysine of milk protein was rendered nutri-
tionally unavalilable by the baking. Since milk
has a higher content of reducing sugars, these
baking losses are probably greater than would
oceur with FPC and the oilseed flours, although
these are also likely to lose some available 1lysine.
There are numerous ways of incorporating dried milk
into the diet so that baking losses need not be
a factor.

Most of the studles on the avallability of
synthetic lysine monohydrochloride have been
concerned with losses of lysine supplements from
wheat flour during baking. Mathews et al. (97)
determined losses of L. lysine -HCL in two types of
supplemental breads. A common unleavened Indian
bread made of atta, a long extraction wheat flour,
was susceptible to losses of only 1 to 4% of the
added lysine. This bread is baked for only U0
seconds, however. Average decreases 1n availa-
bility of lysine were 25% 1n yeast leavened breads,
which require 30 minutes of baking time. Jansen
et al. (96) conducted PER experiments on rats to
measure nutritional losses of lysine added to a
standard white bread containing non-fat dry milk,
and they indicated that losses in availability may
run as high as 30%. Bread which did not contain
dry skim milk lost 15% of the added lysine. In
both cases the losses were progressive with in-
creased baking time. Ericson et al.(98) using
a miecroblological assay, found 15% losses in
white bread. Experience 1in Japan has shown losses
during baking time to be about 10% (79).
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In the orphanage study of Pelrera et al. ,described
earlier in this report, losses of total lysine through
cooking were 21% in the control diet and 30% in the
supplemented diet. If losses of native lysine of the
latter are assumed to be equivalent to the lysine
loss of the former, then losses of synthetic lysine
HCL amounted to 48% of the supplement. These large
losses are probably due to the fact that the wheat
flour was often prepared by bolling or frying.
Similar losses (50-60%) of added lysine will ocecur
on bolling of fortified noodles (79). Rinse resis-
tent coatings are applied to enriched rice kernels,
so that cooking losses are greatly reduced (99).

In summary, then, under proper processing condi-
tions the natural sources can expect to have availa-
bilities on the order of 85%, and there appear to be
no significant differentlals in susceptibility to
processing losses among them. However, although
the evidence 1s fragmentary, it does appear that
considerably more care may have to be exercised to
maintaln the avallabllity of synthetlc lysine. However,
at present, there is no reason to expect that with
proper processing the availability of lysine cannot
be malntained. An obvilous exception to thils state-
ment 1is pasta cooked in excess water. Synthetilc
lysine is qulte soluble whereas the lysine in a
naturdl protein such as FPC 1s not.

Once again, the susceptabllity of synthetic
lysine to processing losses will not improve FPC's
position relative to the other natural proteln sources.
It is a factor, however, in determining what kind of
cost decrease will be required of FPC in order to
make it competitive in situations where synthetic
lysine supplementation is currently the most attrac-
tive alternative.
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ITT. 5, Analysis of a Number of Non-Chilean Diets

We have performed a less detailed analysis of
the comparative economics of FPC on three non-Chllean
basal dlets: pure rice, pure corn, and cassava.
Table XXV shows the results of the analysis of a
pure rice diet supplemented with the now-familiar
set of alternatives. As Table XIV 1intimated,

FPC fares less well on rice than it does on wheat.

The prices used 1n this Table are based on domestic
production of FPC at the estimated Chllean production
costs, and importation of all the other alternatives
at a 30% surcharge, a shadow price that is typlcal

of the currency scarcities of developing countries.
This 1is a relatively favorable export/import situation
for FPC. Desplte this, FPC is the most expensive
alternative. This analysis may be more than a little
unfalr for the costs of preparing a supplement sco

that it can be used in a rice diet, generally through
the manufacture of a synthetic gralin, can be condlderably
more than the costs of the material. (79) In terms

of *basic nutrition, however, FPC is at a considerable
disadvantage on a pure rice diet.

Table XXVI shows the similar analysis of corn.
Here we note that the situation is more favorable
to FPC. Corn is short in tryptophan,which is currently
available only at $41.00 per pound (26). Even if 1t
wereavalilable at the current price of lysine, however,
FPC would remaln the cheaper alternative. Thils effec-
tively rules out unaided synthetic supplementation at
150% FAC levels until tryptophan prices come down.
At the 200% level yet another amino acld becomes
limiting.

Furthermore, corn is cheap, about 3¢ per pound,
which decreases the value of the less concentrated
supplements' caloric content. As a result even if
FPC has no foreign exchange advantage, it 1s second
only to soy flour in both total supplement costs.

If FPC can be produced domestically while soy flour
cannot (the typical case in the tropics) and the
shadow price of foreign exchange 1is 30% higher than
the market rate, then soy flour's advantage 1is reduced
to:
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RICE-SUPPLEMENT COMEINATIONS UNIVERSAL

TABLE XXV

TYPICAL DEVELOPING COUNTRY FOPULATION.
IMPORTED AT 30% SURCHARGE

FPC @ 25¢
SKIM MILK POWDER

e 8¢

e14¢
SOY FLOUR
COTTONSEED FLOUR
PEANUT FPLOUR
SINGLE CELL PROTEIN
LYSINE

FPC

SKIM MILK POWDER
¢ B¢
814¢

S0Y FLOUR

COTTONSEED FLOUR
PEANUT FLOUR

SINGLE CELL PROTEIN
LYSINE

FPC

SKIM MILK POWDER
@ 8¢
€14¢

S0Y FLOUR

COTTONSEED FLOUR
PEANUT FLOUR

SINGLE CELL PROTEIN
LYSINE

SUPPLEMENTATION

ALL SUPPLEMENTS EXCEPT

DAILY DOLLARS X 10~ 3

100% FAO
TOTAL

110.0

109.9
110.0
109.0
109.0
109.0
109.0
109.0

1508 FAO
TOTAL

114.0

110.0
114.0
112.0
111.90
109.0
112.0
112.0

200% PAO
TOTAL

117.0

113.0

123.0

115.0

i12.0

189.0

115.0
X
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TABLE XXVI

CORN SUPPLEMENT COMBINATIONS UNIVERSAL SUPPLEMENTATION
TYPICAL DEVELOPING COUNTRY POPULATION. ALL SUPPLEMENTS AT WORLD
MARKET PRICES

DAILY DOLLARS X 10‘"
100% FAO
TOTAL SUPP. NET £
FPC .62 .07 .07 2.0
SKIM MIYLK PgHDER 3.92 .50 .37 10.4
2 B¢ :
S0Y FLOUR 3.60 .05 .05 1.4
COTTONSEED FLOUR 3.75 27 .20 5.6
PEANUT FLOUR 3.82 Ll .27 7.6
SINGLE CELL PROTEIN 3.90 'S .35 9.8
LYSINE & TRYPTOPHAN
@ $1.25/1b. 3.77 .22 .22 6.2
€ $35.00/16.% 9.70 6.15 €.15  173%.4
150% FAQ
TOTAL SUPP. NET %
FPC - 4,09 .58 .54 15.2
SKIM MILK POWDER & 8¢ 4.57 1.4 1.02 29.0
SOY FLOUR 3.93 U7 .38 19.5
COTTONSEED FLOUR 4.10 TI7 .55 15.5
PEANUT PLOUR 4,32 1.26 .17 21.7
SINGLE CELL PROTEIN 4,52 1.16 .97 27.3
LYSINE & TRYPTOPHAN
@ $1.25/1b, 4,13 .58 .58 16.4
€ $35.00/1bH.% 19.75 16.20 16,20 £8.0
200% FAD
TOTAL SUPP. NET £
FPC 4,54 1.08 .99 28.7
SKIM MILKBPOHDEH 5,22 2.29 1.76 hg.5
8 8¢
S0Y FLOUR y.27 .89 .72 20.3
COTTONSEED FLOUR 4,43 1.2% .97 28,1
PEANUT PLOUR 4,78 2.06 1.32 38,2
SINGLE CELL PROTEIN 5.15 1.93 1.60 U5.1
LYSINE & TRYPTOPHAN
X X X X

* Price of Lysine - Tryptophan combination based on current

price of $41/1b. for tLryptophan
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TABLE XXVII _y
Daily Dollars X 10

100% FAQ
TOTAL SUPP., NET 5

FPC 3.62 J07 07 2.0
SOY FLOUR 3.62 .07 .07 2.0

150% FAO
FPC 4.09 .5 .5l 15.2
SOY FLOUR 4. 07 .59 .52 14,7

200% FAO
FPC 4,54 1.08 .99 27.9
SOY FLOUR 4,53 1.15 .98 27.6

Thus, a slight decrease in the price of FPC could
make it the economic alternative in a fish rich,
foreign exchange poor, corn eating country.

The final diet which we have analyzed under universal
supplementation is that of a cassava as a basal dlet.
The diet of a cassava eating population on
Madagascar (100) durling the five months in which
animal foods are scarce was analyzed in the
usual manner. This diet, which consists of approxi-
mately equal amounts of honey, beans, corn and
cassava, was found to be severely limited in
methionine; threonine was the second limiting
amino acid. Required amounts of base and supple-
ment are shown in Table XXVIII.

As shown in Table XXIX, cottonseed flour
performs rather well on thls diet. Sunflower
meal and peanut flour are no longer the cheapest
supplements,as they were wlth the solely methio-
nine limiting mixed Chllean diets.

sunflower seed is now considered an import,
(whereas in Chile it was a domestic preduct) and
as such,it becomes more expensive relative to
the other supplements. Peanut flour does not
inerease the caloric density of this high calorie
diet as it did in the Chilean diet sample, and
therefore it acts only through its methionine
content, which is the poorest of all the supple-
ments wlth the exception of single-cell proteiln.
SCP 1s the most expensive supplement, due to a
very low level of methionine. The synthetic supple-
ments are the cheapest only 1f threconine is con-
sidered to cost the same as lysine does at present.
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BASE SUPPLEMENT COMBINATIONS

TABLE XXVIII

CASSAVA

WHICH OATICZFY

PROTETIN REQUIREMENTS FOR 10 MONTH OLU INPANT

FPC

SKIM MILK POWDER

PEANUT FLOUR

COTTON rLOUR

S0Y FLOUR

SUNFLOWER SEED FLOUR

SINGLE CELL PROTEIN

THREONINE AND
METHIONINE®

FeC

SKIM MILK POWDER

PEANUT FLOUR

COTTON FLGUR

S0Y PFLOUR

SUNFLOWER SEED FLOUR

SINGLE CELL PROTEIN

THREONINE AND
METHIONINE®

FPC

SKIM MILK POWDER

PEANUT FLOUR

COTTON FLOUR

E0Y FLOUR

SUNFLOWER SEED FLOUR

SINGLE CELL PR2TEIN

THREOKINE AND
METHITKI!E®

®* Threonine = 1
Methionine 3

100% FAD
BASE SUTF. PROTE TN
{GRAMS) {GRAMS) Y SUFP. Y "2LOKIES SCOHE
268 4.5 1.7 10.1 51
261 10.? 3.0 2.9 52
260 12.1 L,7 11.1 48
265 9,? 3.5 19.6 50
265 8.6 3.2 1n.3 50
263 10.6 4,0 19.2 51
266 B.36 3.1 19.4 50
272 .08 .29 8.3 59
150% FAQ
BASE SUPP. I'ROTET!
{GRAMS) (GRAMS) % SyPP. % CALORIES SCORE
264 10.0 3.8 11.6 6€
240 32.2 13.4 12.5 63
222 51.0 2.0 18.6 4y
253 26. 4 10.4 14.1 57
252 28.2 11.2 13.8 56
253 24,2 0.5 12.0 65
240 45,9 19.3 18.0 43
272 LAb 16 g.a 88
200% FAD
BASE SUPF. PROTEIN
{GRAMS) {(GRAMS) % 3UPP. 7 CALORIES SCORE
256 18.6 7.3 14.1 73
212 59.1 27.9 15.7 67
180 gl .5 52.5 27.0 4
236 48.8 20.7 18.6 ©8
234 52.3 22.3 18.2 56
237 44,0 18,9 14,8 70
213 Bu.5 39.7 25.9 40
X X X X X
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TABLE XXIX
CASSAVA DIET

CO3T OF SUPPLEMENTS FOR POPU&ATION OF ONE MILLION
DAILY DOLLARS X 10

100% PAQ
TOTwL SUPP. NET %
FPC £.09 .59 .53 3.5
SKIM MILK POWDER
€ 8¢ /11 5.98 .61 A2 7.5
PEANUT FLOUR 5.84 .50 .28 5.0
COTTON FLOUR 5.82 .38 .26 4.7
S0Y FLOUR 5.96 .51 .40 7.2
SUNFLOWER SEED FLOUR 5.98 .52 L2 7.6
SINGLE CELL PROTEIN 6.02 .56 A6 8.3
METHIONINE & THRECONINE
€31.25/1b, 5.65 .07 .09 1.6
€%$12.25/1b % 6.27 .69 71 20.0
150% FAQ
TOTAL SUPP. MET %
FPC 6.71 1.31 1.15 20.7
SKIM MILK POWDER@8¢/1p6-85 1.93 1.29 23.2
PEANUT FLOUR 6.65 2.09 1.09 15.6
COTTON FLOUR 6.27 1.08 .71 12.7
SOY FLOUR 6.85 1.69 1.29 23.2
SUNFLOWER SEED FLOUR 6.49 1.30 .93 16.7
SINGLE CELL PROTEIN 7.98 3.06 2,42 43.5
METHIONINE & THREONINE
& 1.25/1b. 5.94 .37 . 38 7.0
@172.75/71b.* B.46 2.8g 2.90 52.0
200% TAOD
TOTAL SUPF. NET b4
FPC 7.67 2.u4? 2.11 38.0
SKIM MILK POWDER
€ 8¢1b 7.91 3,55 2.35 42.3
PEANUT FLOUR 7.56 3.87 2.00 36.0
COTTON FLOUR 6.86 2.00 1.30 23.4
SOY FLOUR 7.94 3.14 2.18 42.8
SUNFLOWER SEED FLOUR 7.26 2.40 1.70 30.6
3INGLE CELL PROTEIN 10.01 5.64 4,45 8n.0

METHICNINE & THREOMINFE X X X X

¥ Price of methionlne and threonine combination based non current
cost of $34,00/1b. for threonlne.
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This is not the case however, as threonine now sells
for $34 a pound (26). FPC suffers much the same fate
on Madagascar as it did in other cases. In contrast
to other supplements, less FPC is required to make

a diet adequate in proteln, but this efflciency acts
as a disadvantage in that 1t causes only a slight
reduction in the amount of basal dlet required.
Thils, along with the high unit cost of FPC, makes

1t uncompetitive despite the fact that Table XXIX
considers all supplements but FPC to be imports,

and charges them with a 30% premium representing a
typlcal differential between the market exchange
rate and the true value of foreign exchange.
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III. 6. Perfectly Selective Supplementation

It is clear that, distribution and promotion
costs aslde, unlversal amino acid supplementation
1s a nutritionally inefficlent scheme in that in
order to meet the minimum protein reguirements for
everybody, 1t 1s necessary to overfeed the great
majority of the population. In order to obtain an
upper limit on the costs incurred by limiting our-
selves to universal supplementation, we have in-
vestligated the ex-factory/vessel cost of perfectly
selective supplementation under which each nutri-
tionally dlstinctive population sector is theoreti-
cally supplied exactly its protein and calorie re-
quirements. It is obvious, from a practical view,
that this is a hypothetical distribution scheme.
However, it wlll serve to poilnt out the maximum
differentlal between the costs of universal
supplementation and more selective programs.

We have analyzed only one diet under perfectly
selectlve supplementation and that is a pure wheat
diet in Chile. Table XXX shows the results. The
four left hand columns assume that persons up to
age 12 receive 150% of their FAO reference protein
requirements, and persons above this age receive
100% of their requirements. In the righthand column,
all age groups receive 150% FAQ requirements.

If one compares the results wilth Table XVI
representing universal supplementation, one notes
that the supplement costs for 150% requirements for
universal supplementation are in every case about
4.4 times their corresponding values in the lefthand
side of Table XXX. Similarly, comparing the supple-
ment figures results in a difference of 3.7
for all supplements. This suggests a near linear
relationship between unlversal and perfectly selective
supplementation costs.

As a result, the earlier rankings are preserved.
However, synthetic amino acid supplementation is less
practical for selective schemes than it 1s for universal
application. One may not be able to effect the careful
control required by synthetic lysine supplementation
at the household or neighborhocod elinic level.
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Thus, the operative comparison may be between
universal supplementation via synthetic lysine and
non-synthetic selective supplementation, the most
economical of which is cottonseed flour, if we
regard SCP as not yet avallable. For 150% FAQ
requirements, the comparison thus becomes:

TOTAL COST x 10=2/DAY NET COST x 10~>/DAY
UNIVERSAL-LYSINE-HC. .07 -35
SELECTIVE-COTTON .85 .15

These numbers must be interpreted with some caution.
Even 1in a highly developed economy with a sophlsticated
distribution system, the costs of distribution of
processed foods runto30% of the total costs. In a
developing country with an inefficient distribution
system, costs can be expected to be much higher.

The costs of promoting and maintaining demand for
even a well established product run to 10-15% of the
food processor's budget. As far as universal versus
selectivedistribution is concerned, there will be
congiderable differences in these promotion and
distributioncosts which will favor universal
supplementation, especlally if the government
subsidizes universal supplementation, since then

no promotion costs need be incurred.

Consider transport costs. The physical bulk of
the supplement under universal synthetic lysine
supplementation will be one-~fifth that of selective
supplementation with cottonseed flour,and no
separate packaging wlll be required. In short, the
costs of dilstributing synthetically supplemented
wheat will be almost the same as the costs of dis-
tributing unsupplemented wheat, while any kind of
selective supplementation will incur significant
distribution costs over those incurred for the
distribution of the basal dlet. Of course, in
general there will be large segments 1n any popu-
lation outside the reach of centrally processed
staples. These people must be reached by a form of
selective supplementation.

This very cursory analysis serves to suggest
that there do exlst distributilon programs which are
considerably cheaper than unilversal supplementation,
even if the more selective scheme rules out the use
of synthetic amino acld supplementation. However,
any comparison of a particular distribution scheme
agalnst universal supplementation must carefully
consider distribution and promotion costs, which
analysls 1s not undertaken in this report. We can
note, however, that unless FPC offers distributional
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or promotional advantages over the ocilseed flour,
the mere fact that we go to a selective distribution
scheme will not improve its competitive posltion.
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ITIT. 7 Nutritional Improvement Via An Infant Food

Introduction

Given that the members of the primary target
group are preschool children, several countries
have shown active interest in selective supple-
mentation via an infant food.

In many cases, especially those with a reasonably
well developed food processing and distribution system,
thls approach will be very attractive and indeed
almost all the protein supplementation programs which
have been successful fall into this general category.

For our analysis of infant foods, we will use
the same basic nutritional assumptions which were
employed earlier:

(1) the nutritional requirement is for amino
aclds and non-specific nitrogen according
to the FAO reference pattern.

(2) the target group to whose requirements
the infant food will be desligned is a
one year old child.

As before, we will analyze three levels of
reference protein for this group: 100, 150, and
200% the FAD/WHO estimated minimal requirements.
Processing losses will be ignored.

In addition, in order to design an infant
food, one must make an assumption about how much
of the Infant food, and how much of the natural
diet the target group will eat. Consistent with
our earlier phllosophy, we will assume that the
combined diet will supply the target group with
the FAQ calorie requirements. Given that the
quantity of baby food is specified, this require-
ment will determine how much of the natural diet
the target group will eat.

With respect to the quantity of baby food in
Chile, our sample situation, primary interest seems
to be 1n a supplemented roast wheat gruel roughly
similar to ulpo, the present infant diet. Thus,
for the moment let us consider a liquid infant food
based on wheat. Based on the Incaparina experience,
Dr. Serimshaw feels that it is reasonable to expect
most of the target group -one year old children-
to recelve two glasses of the infant food per day,
diluted in such a fashion as to supply about 20
grams of dry weight of infant food per glass., In-
caparina's designers aimed at 75grams/child/day
in three glasses of beverage. In practice this
amount was rarely received and the dilution was
usually into four rather than three glasses.
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In this regard, we have arbitrarily assumed that, after
designing the infant food in such a manner, 40 grams of the food
plus sufficient calordies from the basal diet meets both calorie
and reference protein requirements of the one-year-old, then
age groups up to age 6 receive their calorie requirements from
a dlet which combines the basal diet and the Infant food in the
same percentage as that used for the target group. Finally, we
assumed that none of the infant food is consumed by population
groups older than six,

Linear Programming Formulation

In designing an infant food, one would like to be able to
consider comblining the varlous altermative supplements in the
same diet to make use of their varying amino acld patterns. The
problem of designing a supplemental food which, together with a
specified basal diet, meets stipulated calorle, essential amino
acid and nitrogen levels at minimum cost can be expressed as a
linear program (113)

We have adopted the Mathematical Prograrming System imple-
mented in the IBM/360 system at the M.I1.T. Computation Center
for this purpose. The input to thls program is shown in Teble XXXI
and Table XXXII, Table XXX indicates the calarie and amino acid
concentrations of the various basal diets and supplements. These
latter are the same flgures that were used in our earlier analyses
in determining the chemlcal score of the various diets. These
concentrations form the activity coefficlents in the linear pro-
gramTable XXXT shows the dally requirements for the target
group under the assumption of 100%, 150%, and 200% FAO/WHO refer-
ence protein levels. These requirements form the constraint
levels of the linear program, The unlt costs used are those of
page 88 which purport to represent the opportunity costs to Chile
of employing the various alternatives.

A Pure Wheat Dlet

The first basal diet we analyzed in this mammer is the pure
wheat regimen. Since we are using a wheat-based Infant food,
there is no essential nutritional difference between this problem
and the analysis of universal supplementation of a pure wheat diet.
Therefore, this analysis was primarily a check with the old.

The results did agree for the 100% and 150% FAO/WHO require-
ments. This is because at these levels there are only two opera-
tive constraints and a basic result of linear programming 1s that
the nunber of different alternatives in the minimal cost sclution
will be nc larger than the number of operational, -

=122~



RN Qf " h 00"k 00" R hE € 00°§€ 99-¢ ze*e 00°¢ g TUSB0JdITN
9n* 6t " GE - RE® 62° ge* £z ne” LT " *qdLay,
26" gL 0L 69" 66" £G” 9t 6L GE - 4 Juoaayy,
hE"T L1 T GO°T RO T 8g8° 6L" aL: 6G " 2s" W 'S ‘308
cL 29’ g GG 94 * T4 LE: ¢ le: " ‘y3ap
68T LT°T GO'T FO'T ag- 6L* 0L” 66" 4 (sa@) sursi
0G9T 00ET 0GTT 009T 00ET 0GTT 009T 00ET 0NSTT SOTJI0TR)

SqUSTJI3NN
9=f -2 T 9-f £=-2 T 9=t -2 T sdnouy s3y

THAHT NIFLOHd HONFYFAHAY TIHATT NIFLOHd HONIHIIIY THAFAT NIFLOHd HONHHHAIY

OHM/0V¥d %00¢ OHM/0Vd %04T OHM/0Vd 200T
(WYMDOHd HVYINIT FHL NI SYOLOEA INIVMINOD J0 THATT IHL)
8DV ANV THATET

NIFLOHd JdONHHHAHY 40 NOILONNL V SY SLNATIHLAN SNOTHVA o0 SINIWIHINDHAY ATIVA

IXXX 379Vl

91" 91" S2T° 290 2go’ z2e0" 080" 90 BZT' E£10° 610" 210" u U8B0a3IN
00°1 0 0 900 L0OO® 900" H00* G00' gO00" TOO0* 200 T0O°* " *qdiay
0 0 0 910 610° 810" #TO* 910" 980° 0f£0° €£00° £00° a Cuoaayg,

0 00T 0O G10° G10° 1T10° ctO- KEO*® 810 (OO° H®OO® KOO® u  "S°30g

0 001 0 QOG- LOO° L00" Fuu® 600 £20° 200" Z200° 200° " U RE

0 0 gL' G10' TEO° 220" LI0" g20° 04C° <200° 200" 200" (a3 /a3 )sursf]

0 0 0 ge0° 9g0° 920" GE0" 9£0° TEQ" GEo* 9f0° GEO° “3x/81R)
*9d&aL "uyjel SAT “TJung ~ KOS "U0330) JnuBSd ATTHW Odd BOTH 2€aUN UJ0) quaTIIny

(WYYDOUd MVANIT HHL NI SINAIDIAAACO ALIATIOY 40 XIHIVW EHI)
SJO0d SNOIHVA NI-SINATHINN SAOIHVA 40 SNOILWVHINIONOD

XXX BIgvYdL

=123~



A A

L9 €€

0" /G 0°9h

oy £z

‘19 6€

2c gl

Gz T GL°g6

Gz Gl

89 2€

e 69

G 4G

09 Ot

g€ h9

7T 99 .

G¢ " $9° 66

2" 826

oc 0g

56 506

£ €T 199

€ LT 128

40T G'68

0'f 0°96

ALYHLNEDONOCD LYAHMS
NTIALOHd %

004 INVANI 40 NOILISOdHWOD

ANISAT

NIHLOMd TTH3 FTINIS
HNOTd JHHS HHMOTHNNAS
HA0Td A0S

HNOTH JHESNOLLOD
H0Td LANYVHd

NINS

odd

SINIWZFYIN®HIY NIZLOYd
Ovd %002

ANISAT

NIHLOYd TTHD HTHNIS
HdNOTd JAES HIMOTANNS
dN0'Id A0S

dN0Td THISNOILOO
0014 LANVHL

HIaMOd MTIMW WINS

odd

SINIWNIEINOIY NITLOHd
Ovd %041

ANISA'T

NIHLOHd TTHD HTIDNIS
dNO'Td dHHES HIMOTMNNS
HNOIE A0S

HNOTd JHISNOLLOD
HN0Td LANVHEA

HHIMOd MTIW WI¥S

odd

SLNIWHETNOHY NIHLOHd
Ovd %00t

SINTWIEHINGHTY NIZLOMd FTONTHAATH OHM/OYA
2002°05T°00T HEANA JNOHD IHDHVL 40 SINAWHHINDEYH
DNILTIW SQ004 INVANI INENOIWOD OMI £0 NOIIISOJKOD

IT XXX dTdVL

-124-



However, at the 200% level, methionine also becomes limiting, thus
a three-part diet becomes the cost minimizing sclution. In this
case, the minimal cost supplementation program involves 39.4 grams
of peanut flour and .28 grams of soy flour per target person/day.
The cost advantage of this diet over the minimum cost alternative
of those examined by the other program {(30.9 grams of cottonseed
flour) is quite small. However, this dees illustrate how a
relatively low quality supplement (peanut flour) can have its
position improved if we allowed it to be fortified by small amounts
of a higher quality supplement. This option was not among those
analyzed in the earlier analysis. As pointed out above, there

Is no advantage to this option unless more than two constraints
are operational.

There is one other major difference between the pure wheat-
universal supplementation and pure wheat-infant food problems.
That is, while the total amount of supplement in the diet remains
small, the percentage of supplement in the infant food can be
large. Table XXXII shows a variety of two component infant foods
(wheat plus supplement) which meets the target group's requiresents
glven a pure wheat diet and a number of specified levels of
reference protein requirements. As will be noted, the percentage
of supplement in the infant food can become quite large. For
exanple, consilder the 200% lewvel and FPC, or this level and cotton-
seed flour. In the first case, the indicated solution requires
22% FPC in the baby food. It is extremely doubtful whether a
liquld baby food based on this lewvel would be accepted, especially
in view of FPC's present insolubility. We noted earlier that there
was same evlidence of rejection at approximately l0% levels. Simi-
iarly, infant food based on 77% cottonseed flour can also be expected
to encounter acceptability problems. Incaparina found it desirable
to incorporate synthetic lysine in their formula rather than
increase the cottonseed level above 38% although Peruvita, a high-
proteln food being marketed in Peru contains 50% and 56% cottonseed
flour in its two varieties (112).

Thus, one conclusion we can ocbtain from this analysis is that
designers of infant food will have to pay much closer attention
to acceptability considerations than designers of unlversal supple-
mentation programs.

Infant Food and Chilean Mixed
Diet No. 1

We also analyzed Chllean Mixed Diet No. 1, as
coutlined in Chapter IV, as the basal dlet. With this
diet, under our assumptions, no supplementation was
requlred at the 100% and 150% reference protein
levels, hence the infant food would be pure wheat.
The results for the 200% levels are shown in Table
XCOIT and the corresponding costs are shown in Table
XXXIV . With respect to composition, it 1is interesting
to note that at 200% on this diet we require 23% FP

and no

C
FPC at 150%. While on the wheat dlet, we required 14% ¥PC at
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TABLE XXXIII

COMPOSITION OF REPRESENTATIVE
WHEAT BASED INFANT FOODS: CHILEAN DIET #1,
200% FAO/WHO REFERENCE PROTEIN FOR ONE YEAR
OLD REQUIREMENTS, TOTAL INFANT FOOD: 40 GRAMS.

% OF % OF
% OF FIRST NAMED SECOND NAMED
WHEAT SUPPLEMENT SUPPLEMENT
PEANUT & SOY FLOURS*  82. 13 5.0
FPC & METHIONINE 94, 5.5 .5
SOY FLOUR 87. 13.
FPC 82. 18.
SKIM MILK POWDER 46, 54,
SUNFLOWERSEED FLOUR 4o, 60.
COTTONSEED FLOUR 35. - 65.
METHIONINE & LYSINE 99, .2 .8

TABLE XXXIV

COST OF REPRESENTATIVE WHEAT BASED INFANT FOODS.
CHILEAN PRICES

Daily Dollars x 105
TOTAL SUPP. NET

.14

PEANUT & SOY FLOURS#* 1.62 .08 -
FPC& METHIONINE 1.63 .09 -.13
S0Y FLOUR 1.63 .08 -.13
FPC 1.66 .11 -.10
SKIM MILK POWDER 1.66 .13 -.10
SUNFLOWERSEED FLOUR 1.67 .10 -.09
COTTONSEED FLOUR 1.69 .10 -.07
METHIONINE & LYSINE 1.71 .07 -.05

MINIMUM COST COMBINATION
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150%, but only 22% FPC at 200%. ‘This 1s because the mixed

dlet, when 1t becomes deflclent, is limiting in methionine and
FPC 1s less rich in methionine than it is in lysine. Also, it

Is important to note that due to the low caloric density of

this diet a one-year-old child must consume approximately

530 grams per day to receive sufficient calories. It is doubtful
whether a child of this age can consume this much bulk., This,

of course, 1s not the fault of the various supplements, but of
the diet itself. One result of this low caloric density is that
FPC becomes a cheap supplement alternative under our set of ground
ries. First of all, the negative signs In the net colum indi-
cate that, on a per calorie basis, the infant foods are cheaper
than the basal diet. The supplement which takes the largest
advantage of this fact is FPC, for the corresponding infant food
is approximately 8 grams FPC to 32 grams of wheat and wheat has

a high caloric density. In comparison, the baby food from cotton-
seed flour is almost all cottonseed flour, and cottonseed flour
has a caloric density of approximately half that of wheat. This
is the first situation we have seen where FPC's concentration

is In ifself an advantage. That is, the fact that under our
assumption FPC gets more wheat into the diet than the other
alternatives (with the exception of synthetic amino acid supple-
mentation which suffers from the fact that more than one amino
acid needs to be supplemented) is to its advantage, given wheat's
advantage over the natural dlet on a cost per calorie basis.

Whether or not this can be expected to be a general pheno-
menon is still a matter of conjecture.

In any event, the minimal cost alternative in this situation
1s a combination of pearmut and soy flour containing about 17% sup-
plement. FPC fortified with a small amount of methionine is tied
for second with soy flour. Both are about 10% more expensive than
the cheapest possible cambination but the FPC-methionine food has
a possibly important acceptability, an advantage In that it requires
oniy 5% supplement. FPC alone is about 30% more costly than FPC
with methionine and tied with milk. Pure cottonseed and pure
sunflower seed drop into the more expensive categories due to
their poor methionine content. Once again, in a situation where
two amino aclds are limiting, synthetic amino acld supplementation
i1s relatively expensive.

In sum, in this case, several alternatives appear nutritionally
viable and 2 final declsion would almost certainly depend on
relative acceptability. However, this situation is an important
exception to our general finding that cost reductions of the order
of 25% or more from the 25¢/1b figure will be required before FPC
is competitive.
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I71.8. Summary of Nutritional Analysis

In the foregoing sections we have analyzed a handful of
the myriad different situations and alternatives which can arise
In protein supplementation. Out of the multitude of different
distribution systems possible, we have touched on orily three s
and those three have been examined in terms of predistribution
costs. We have rather arbitrarily selected a target group and
have made some rather sweeplng nutritional assumptions. Cur
cost data 1s based on our estimates of the Chilean situation
and, however accurate it 1s, we can be sure that different cost
situations exist elsewhere. With all these caveats, it is cer-
talnly a matter of judgment as to how far one can extrapolate
from these analyses.

It is our view that the analysis 1s a fairly solid indlca-
tion that considerable reduction in costs will be required 1f
FPC 1s to have a large role in world nutrition. Certainly, some
of the more extravagant clalms which have been made for FPC are
unjustified, In many cases, the differential in net costs of
supplementation between FPC and the least expensive alternative
was in the order of 50% or more, and usually the differential
between FPC and the cheapest natural protein sourée was greater
than 25%. We belleve our figures are significant within this range.

_ We certainly feel that any specific situation must be analyzed

at a much greater level of detail before an actual investment 1s
undertaiken and that FPC should often be considered in this analysis.
However, the analyses do indicate that even in fish-rich, currency-
poor countries with very few altermative damestic protein sources,

FPC 1s unlikely to be the least expensive alternative at opportu-

nity costs 1n excess of 204/1h At oresent, FPC appears to have no
non-nutritional properties which would mitigate this cost differential.

The fact that FPC 1s either too expensive or presently lacks
fthe functional qualities required to make it an important nutritional
supplement now 1s certainly not an argument for not undertaking
a research and development effort in FPC. As we saw earlier, the
world's protein requirements are rapidly increasing; this shift
in demand may make FPC competitive in the future, even with no
further decrease in cost or increase in functionality. Furthermore,
we think it 1s clear that there is a substantial probability that
the cost of PPC can be reduced, and/or its functionality increased
given a proper research program. In the Chilean situation, the
opportundty cost of the raw material at dockside was about 8.7 cents
per pound of FPC. Comparing this figure with our estimate of the
final cost, 25 cents per pound, we see that there 1ls considerable
room for improvement. Our analyses indicate that even a moderate
reduction in the price of FPC could make a substantial change
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in its attractiveness, especially in a com—eating country.
Furthermore, these are processing alternatives, wnich promise
substantially improved functional qualities.

On the other hand, we are not sanguine about further refine-
ment of solvent extraction as a likely approach toward cbtaining
reduced cost or improved functionality. The analysis does say
something about the type of research and development that should
be undertaken. In our view it points toward investligation of
lower quality FPC and nonsolvent extraction processes, or combl-
nations of these processes with solvent extraction, and away
from refinement and demonstration of the present product which
is, at best, marglnally competitive.
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CHAPTER TV

SOME PROBLEMS IN THE EVALUATION OF COSTS

Introduction

Before attacking the problem of the most efficlent
protein supplementation program in a particular de-
veloping country, we must dlscuss some of the problems
which can arise in determining the true cost to the
economy of employing a particular rescurce in the
production of FPC, or for that matter in any supple-
mentation program. Thls true cost 1s the value of
the opportunities foregone by the particular use of
thls resource. The value of the copportunities
foregone, 1n turn, i1s the maximum that the economy
or somebody in it would be willing to pay to put
this resocurce to some other use.

In a properly functioning competitive market,
the market price properly values the cost to the
econcomy of a partlcular use of a resocurce, for the
fact that the resource can be bought for $100
means that no one 1s willing to pay more for that
resource and, in fact 1f no one other than the
successful bldder is willling to pay more than
$90, competition would drive the price of this
good down to this level. Thus, 1f the market
of the resource whlich we contemplate using in the
production of FPC 1s reasonably competitive,
we can wlthout further ado zccept the market
price as a true measure of the cost to the economy
of our use of this resource.

Unfortunately, this is not always the case.
The important exceptlons are in regard to the
following three resources: (1) Forelgn exchange,
(2) Capital, and (3) Labor.
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Iv, 1. The Value of Foreign Currency

Consider foreign exchange. The market price of
forelgn exchange 1s the exchange rate. I[f the exchange
rate between two countries!' currencies were free to seek
its own level, 1t would move to that value at which the
demand of one country for the goods of the other equaled
the demand of the latter for the goods of the former.

At thls level, from the viewpolnt of economic efficiency
there is no reason to distinguish between domestic and
foreign purchases. In the terms of Section II, 3., it
can be shown that the size of the econcmic pie will

be maximlzed by buying an article from the least
expensive supplier,

However, in the real world, exchange rates are
not free to respond to supply and demand in this manner.
Fcr a variety of reasons, governments attempt to stablllze
their exchange rates. Given a fixed exchange rate, it
is possible for one country's currency to become over-
valued relative to another's., That 1s, at the exchange
rate, the citizens of the overvalued currency country
desire to spend or invest more of their money in another
country than the citizens of the latter country wilsh to
spend in the former. In this case, a scarcity of the
latter country's currency will develop in the overvalued
currency'!s country, and that country will find 1t will
have to raticn its foreign expenditures,for at the
exchange rate, there will be more bidders for the avall-
able supply of forelign exchange than there is foreign
exchange. Such a country 1is said to have a balance
of payments problem. What has happened is that the
true cost to the economy of utiliging a unit
of foreign exchange 1s greater than the market price,.
In this situation, to evaluate this country's exchange
transactions, whether they be for FPC processing
equipment or the lmportation of milk at the exchange
rate, is to seriously underestimate the value of the
opportunities foregone due to these purchases.

There are a variety of ways in which a country
can maintain an overvalued exchange rate: import
quotas, travel restrictions, tariffs, restrictions
against the export of capital, etc. Another hypothe-
tilcal, if implementable, strategy is for the govern-
ment to announce that henceforth all foreign exchange
transactions must be evaluated at an exchange rate
which makes forelgn currency more expensive than the
market exchange rate. The higher the government makes
this purely legal exchange rate, the lower the level
of imports will be and the more attractive the country's
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exports will become to holders of feoreign currency. At
some level of thls promuigated exchange rate, the demand
for foreign currency would equal the supply and the
system would be in balance. We shall call thils level
the shadow price of foreign exchange., It 1s precisely
the level at which the forelgn exchange market would
equllibrate in the absence of controls.

The advantage to the forelgn-currency-poor country
of using the shadow price rather than more conventional
controls is that the use of the shadow price guarantees
that the scarce forelgn exchange will be allocated to
the highest set of uses. Only those uses of the foreign
currency which are valued higher than the shadow price
will obtain the use of the forelgn exchange; for only
these uses wlll find it worthwhile to bld for the foreign
exchange at the shadow price. In short, if all possible
forelgn currency transactions are evaluated at the sha-
dow price, we will be maximizing the value~in-use of
this forelgn exchange to the economy. The use of the
shadow price restores the natural efficiency of the
competitive market to the forelign exchange problem,
Thus, if Chile finds that at the shadow price of
foreign exchange, which currently 1s about 30% higher
than the market exchange rate (101), the lmportation of
the dry skim milk is c¢heaper than a nutritiocnally equi-
valent quantity of domestically produced FPC, then she
will be operating efflclently 1f she uses some of her
scarce foreign exchange to buy the milk. That is,
in this case, if the cost of milk is less than 70% of
the cost of FPC at the exchange rate, Chile should im-
port milk. If not, she would be better off producing
FPC.

Note that from Chile's polnt of view, the fact that
the foreign milk production is heavily subsldized is
irrelevant. If forelgners wish to contribute to Chile's
protein consumption, she should take advantage of the
fact that - by thelr generosity- mllk becomes cheaper
than its domestic alternatives at the shadow price.

From the point of view of the world economy, however,
the milk subsidles will result in an inefficient allo-
catlon of the world's resources. In the above argument,
we are assuming that Chile is 1interested only 1ln her own
welfare.

It may be worthwhile to say a few words about how
econonists attempt to estimate the true value of foreign
exchange, Shadow prices should be close approximations
to marginal social costs and benefits., There are two
basic ways of calculating them: (a) in an economy
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which 1s relatively competitive, an attempt can

be made to estimate what the free markef price

for some commodity would be were it not controlled.
For example, in the U.S., it 1s possible to
estimate the price of the dollar which would
restore the balance of payments equilibrium

by studying the effects of price and income

changes on lmports and exports (10la). (b)

In an economy in which the entire price struc-

ture 1s distorted -say, due to price controls-

a large model of the economy can be set up that
takes only the resources of the economy and its
technological relationships as a baslis and computes
the shadow prices. An "obJjective function" for

the economy ~-sometimes called a "social welfare
function"- is used. Most practical models are
llnear programs for which the objective function
takes the form 3, W Ci where C, represents the
quantities of varioas goods pr%duced, and wi
represents the welghts placed on cutputs of
these goods.

To use a very simplifled example, consider
an economy in which there are only two goods-
wheat and steel- the cobjective functlion might
be C.+2C,, where C, is the consumption of wheat
and & thg combinat}on of steel. Such an objec-
tive gunction would be used in a country which
emphaslzes the production of capital goods rather
than consumer goods.

Continuing with the simplifled example * , the
technological relationships might be given in the
form of an input-output matrix where the amount
of inputs needed by each 1ndustry are read down
the columns.

TABLE XXXIV

Initial
Wheat 3teel Endowment
Wheat (bushels) 0 0.5 0
Steel (tons) 0.2 0.4 0
Labor (man days) 3 1 100 million
Foreign Exchange (dollars) 1 2 80 million

¥ This example is glven 1n Bruno, "The Optimal Selec-

tions of Export-Promoting and Import Substituting
Projects ," Unlted Nations Dept. of Econ. & Social
Affairs, ISDP. 1/A/R.3.
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Our simplified economy begins life with no wheat
and no steel, but 1t has labor and 1t has forelgn
exchange. We will assume it takes no wheat to produce
a bushel of wheat (in actuality, of course, a small
amount of wheat for seed is requlred to produce
wheat). Furthermore, assume it takes 0.2 tons of steel,
3 man days,and one dollar of foreign exchange {perhaps
a3 machinery) to produce a bushel of wheat.

Given these technical relationships and the quanti-
ties of labor and machines avallable, the objective func-
tion is to be maximized. Let Xj and X2 be the total
outputs of wheat and steel respectively (including
intermediate outputs): then

(1) 0Xy + 0.5%, + Cy = X;
(2)  0.2Xy + 0.8X, + C, = X5,

Equation (1) states that the quantity of wheat used 1in
producing wheat (0), plus the quantity of wheat used
in producing steel (0.5X2), plus the quantity of wheat
consumed, 1s equal to the total wheat output. The
equation for (2) results from a similar argument and
our input-output mating.

'In addition, the economy cannot use more labor or
foreign exchange than 1t has:

(3) 3%, + 1X, £ 100.10°
6

(4) 1X; + 2Xp, € 80.10

Examining (3): 3X, is the amount of labor used in
producing wheat and 1X; 1s the amount of labor used in
producing steel. This total must be less than the
total supply of labor,

There are standard techniques for solving such
linear programming models. These solutlions give the
production plan for the economy which maximized the ob~
Jective function., By solving a closely related problem,
one obtains the amount by which the value of this maxi-
mum would change if one extra man-hour or one extra
dollar or foreign exchange, respectively, became avail-
able to the economy. These variables are shadow prices
of labor and foreign exchange,respectively. Those

readers who are familiar with mathematical programming
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will recognize that the shadow price of foreign exchange
is the dual of the foreign exchange constraint. To
restate the point: from such a model one can calculate
the value of an extra unit of some resource -say, foreign
exchange- to the economy, and this is the shadow price

of that resource. (Of course, shadow prices can also

be calculated via non-linear models.)

In practice, much larger models are used 1n planning,
These are more realistic in two directions: (a) they in-
crease the number of sectors and break up resources into
finer divisions; (b) they can be made dynamic, and the
course of the economy through time projected to some
terminal date. This latter method gives a time path
of shadow prices.

A detalled dynamic mocdel for India exists (101lb)
and somewhat less detailed models have been set up for
many developing countries,

The Indian model indicates that the shadow price
of foreign exchange in India is 50% higher than the
exchange rate,

At present, work is proceeding in Chile on three
separate models: a model of type (a) above which 1is
not an optimizing model,but will attempt to estimate
the free market price of foreign exchange; a static
optimizing model of type (b), where the development
of the econaomy through time is ignored; and (c¢) a short
run dynamic model which projects the growth of the
economy. All of these models point to a shadow.
price in Chile 30% in excess of the exchange rate.
This figure 1s accepted by government planners,
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Iv, 2. The Shadow Price of Capltal - The Interest Rate

In order to evaluate any investment in nutrition,
we Will have to make intertemporal comparisons. We will
have to compare a cost incurred now with costs incurred
and benefits received in the future. Furthermore, we
will have to compare benefits recelived ten years from
now with benefits recelved twenty years from now. It
is an established fact that people prefer goods recelived
now to goods received later. This 1s the reason a per-
son will spend a dollar now rather than 1lnvest it and
receive a dollar and six cents a year from now, It 1s
also known that opportunitiles exist in which a dollar
invested now can be made to be worth more than a dollar
in the future. In a free economy, the interplay of
people's attlitudes toward dollars now and dollars
received in the future, and the opportunities for
bustmessmento turn some of their present resources
into a more highly valued resocurce in the future deter-
mines the interest rate. FPeople's time preferences
determine the amount of savings, and opportunlities for
investment at a profit determine the amount of invest-
ment. At equilibrium, savings must equal investment
and together the two determine the interest rate. In
this situation, a businessman will invest 1in a project
only if the rate of return is at least as high as the
rate which he could obtaln from the bank. As long as
he can make more money, he will keep borrowing from the
bank until the interest reaches the level at which he
has no investment opportunities with a higher return
than the interest rate. At this point, the Interest
rate measures the opportunity cost of a dollar; that
is, if the interest rate 1s 5%, the value of the oppor-
tunities foregone by employing a dollar a year in a
particular use is 5 cents. Furthermore, those people
who prefer $1.05 a year from now to $1.00 now would
inerease their savings to a peoint where they preferred
to spend the next dollar now rather than recelve
$1.05 a year from now, Similarly, those who preferred
$1.00 now to $1.05 a year from now would borrow money
up to the point where $1.00 now is worth exactly $1.05
a year from now.

In this situation, a businessman would invest only
in those projects which had a return on his investment
of greater than 5 cents per dollar-year of capital in-
vested. We assert without proof that the profit maxi-
mizing businessman would determine such projects by cal~
culating the present value of the investment, which is
given by:
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0

where R, is the revenue received in year n and Cp

15 the costs incurred in year n exclusive of interest
charges, 1 1s the interest rate, and N is the lifetime
of the project. Preof can be found in any economics
textbook, Those investments which have a positlve
present value, V, have a higher return on capital
than the interest rate and should be undertaken with
borrowed money 1f necessary. Those investments which
have a negative present value have a lower return on
investment than the interest rate and should not be
undertaken., If a businessman has only opportunities
with negative present value, he maximizes his return
by putting his money 1n a bank.

We are now going to assert that if an economy
wishes to operate efficlently -that 1is, maximlze the
size of the economic ple, then 1t should behave in
exactly the same manner in evaluating its public
investment, That 1s, it should evaluate future costs
and benefits of each alternative and determine each
alternative's net present value using the opportunity
cost of capital as the 1interest rate. In other words,
government should undertake those projects and only
those projects where the presenft value of the benefit
is greater than the present value of the costs, The
reason is that such projects are more hlghly valued
than the output that could be received from some other
use of the same resources.

We note in passing that this argument implies the
use of the same interest rate in determining the
present value of public investment as of private in-
vestment, If a higher interest rate is used by govern-
ment than is used by private projects, projects will
fail to be adopted which are more highly valued by the
cltizens than private projects which will be undertaken.
Conversely, if an interest rate lower than the private
interest rate is used in evaluating publiec investment,
then government will undertake projects whose capital
could be put to more highly valued uses in the private
market.
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Iv, 3. Difficultles in Choosing an Interest Rate

The above argument assumes no inflation, no risks
and no 1nterference in the capital market. In actualilty,
inflation, uncertainty and government capital controls
are the order of the day in the developing economy,
For all these reasons the market interest rate may not
reflect either the opportunity cost of capital or the
citizenry's time preference. Assuming that we are
going to use present value in evaluation of publiec
expendlitures, the problem then becomes how do we
determine the true opportunity cost of capital in the
face of these three problems or, in the words of the
last sectlon, how do we determine the shadow price
of capltal?

Inflation presents no real problem, provided the
rate of inflatlon can be estimated. One can elther
then deduct the inflationary rate from the market
interest rate, obtalning the inflation free interest
rate, and evaluate costs and benefits at present. prices,
or one can escalate the future costs and benefits
according to the Inflationary rate ,and leave the 1n-
flatlonary rate in the interest rate ;wWhich willl wipe
out automatically the escalation 1n cost and benefits.
The results are identlcal. Generally, it 1s simplest
to value costs and benefits at their present prices
and use the inflation free interest rate. This is
the approach we shall use in the next chapter.

In the market when one makes a loan or pursues an
investment, one is not certaln of getting repaid in
exactly the manner that one expects., Therefore, banks
and buslinessmen in general demand a higher rate of
return the more risky an lnvestment. The subject of
Investment under risk is a whole area in itself which
we cannot go into here. Suffice it to say that the
Interest rate to which we were referring above 18 the
riskless interest rate which, in a market economy,
economists gage by the rate charged very well
established customers whose repayment is almost a
certainty, the sorcalled prime rate,

In general, the governments of developing countries
have seen fit to establish a number of restrictions over
the capital market that effectively interfere with the
borrowing and lending process and which make even the
prime rate an unreliable indicator of the opportunlty
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cost of capital. In such cases, economists have re-
course to large-scale planning models similar to the
ones described in the discussion of the shadow price
of foreign exchange,through which they estimate the
net productivity of capital given an allocation of
resources that would maximlze the country's,or at
least the model's, objective functlon,

Investigation of the Chilean economy through
models such as these indicate polnts to an inflation
free oppertunity cost of capltal of about 12%, and
this figure 1is generally accepted by Chlle's planners.
Hence, this is the interest rate we will use in evaluating
the present value of possible investments in FPC in Chile.
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IV. b, Unemployment and the Shadow Price of Labor

Labor may be the one other resource to which it
1s necessary to apply a shadow price. If some of
the labor used for the production of FPC would not
otherwise be employed, then the cost to the economy
of utilizing this resource will be less than his
wage. Under competitive full employment, if one
must pay a person $2.00 an hour, it is because he
would be worth $2.00 an hour in some other use.
The wage rate and the shadow price are the same;
unemployment , however, is the situation where, at the
market wage rate, the supply is greater than the
demand. In this situation, glven free competition
the wage rate would decrease. However, for a variety
of reasons 1t may not do so in an actual economy.
If thls is the case, when one hires a person, one
has to pay the market rate, yet the opportunity cost
to the economy of this person's employment 1s the wage
rate that would exist under free competition, which
may be considerably lower. From the point of view
of effielency, of maximizing the size of the economic
ple, 1t 1s this opportunity cost or shadow price which
should be used i1n evaluating a project's cost. Thils
is the proper way to handle unemployment. In extreme
cases, the shadow price of labor may be close to zero.

As in the case of foreign exchange and capital,
the shadow price of labor can be estimated by either
attempting to measure what the wage rate would be
under free competition (relevant to close-to-free-
market economies)or by calculating the dual of the
labor constraint in planning models of highly con-
troelled economies.

In evaluating unemployment and the shadow price of
labor, one must avold confusing a declining industry
with unemployment, The New England fishing industry
1s not a healthy industry. Yet, there is little or
no unemployment in this industry. In fact, the New
England flsheries are suffering from a rather severe
labor shortage. Three out of five Boston trawlermen
are over 55. Attempts to entice ghetto unemployed to
sea have been unsuccessful. The Boston boats average
280 days at sea and the average fisherman logs 267 days
at sea (102). In comparison, a full time U.S. worker
averages 245 days per year on the Job. The difference
in hours worked would be sti1ll greater, In this
sector of the fishlng industry, the demand for labor
is hlgher than the supply.
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Similarly, we shall see that the major labor re-
sources which would be used in the production of FPC
in Chile are currently fully employed. <Since our
analysis concentrates on the New England and Chilean
situations, we shall not be faced with the problem
of unemployment, and thus the problem of estimating
the shadow price of labor given unemployment,in
this report., However, it may be relevant to the
analysis of FPC production in places other than
New England or Chile, or it may be relevant to
either of these areas. It appears that such a situa-
tion may exist on the West Coast,where immigrants and
first generation Yugoslavs and Portugese who formerly
fished the now defunct California sardine have few
alternative employment opportunitles due to the lack
of cultural assimilation.
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Iv, 5e Unemployment of Capiltal

One sometimes hears the term unemployment of
capltal referring to, for example, fishing boats
which are laid up for lack of work. Thls 1ls cer-
tainly a form of unemployment, the supply 1s greater
than the demand, but there is a very important diffenr-
ference between thils situation and laber unemployment.
In the case of labor, a market wage rate exists which
i1s different from the opportunity cost of labor, which
difference supplies misinformation as to the rest of the
economy swhich values labor at the wage rate and not
at its opportunlty costs. Thus, misinformation will
in general result 1n inefficlient resource allocations
by the market. Hence, there 1s a valld slze-of-the-
economic-ple reason for government intervention in
this market to correct the inefficlency.

In the case of unutllized capital, such as a
laid up fishing boat, no such misinformation exists.
The fisherman is well aware of the marginal costs
of taking his boat to sea and will do 80 as soon as the
revenues from so dolng are greater than the cost .
There is little or no difference between percelved
costs and opportunity costs,and no need for govern-
ment action to correct inefficliencies. Of course
any analysis of possible uses of presently unemployed
boats (for example, the calculation of the cost of
raw material for FPC) should use only the marginal
costs associated with the boats'employment. The
original construction costs and other past outlays
are irrelevant to such an analysis.
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CHAPTER V

THE ECONOMICS OF FPC IN A DEVELOPING COUNTRY -CHILE

Introduction

This chapter deals with the specifics of a
particular developlng country, Chile. It was clear
at the outsetthat we could not properly analyze the
value of FPC for all, or even a representative spectrunm,
of develeoping countries. We have decided, instead, to
select a particular country and use it as an example
of how one should evaluate the economic feasibllity of
FPC in any developing country. Chile was selected
because it is the country for which the most complete
cost data are available, for which the relevant shadow
prices have been reliably estimated, and where almost
all of the few market studies of FPC which have been
completed were undertaken,

In addition, Chile is a country which appears to
be rather well suited to the implementatlon of FPC,
It has a large supply of convenlently avallable fish
‘while almost any other supplement would have to be
imported with scarce foreign exchange. It has an
ongolng government food distribution plan, an effec-
tive government interest in FPC, and government concern
about overcoming protein deficlency. The native diet
1s wheat based, which is deficlient in lysine, an amlno
acld which FPC has 1n abundance.
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V. l. The Need for Protein in Chile

In 1961, the Interdepartmental Committee on Nu-
trition for National Defense (10lc) conducted an ex-
tensive survey of the nutritional status of Chile.
Its report indicated that 2900~3000 calories and
80 grams of crude protein per person were avallable
per day for consumption (at retail outlets) in Chille
in 1961. This was well in excess of FAO requlrements.
However, a careful survey of the actual diets of
1300 non-commissioned military personnel and 5300
lower and middle income civillans indicated that
25% of thls food was not actually consumed. The
civilian populatlion was averaging 2200 calorles per
capita a day. The intake varied geographically,
but the most slgnificant variations were with re-
ference to soclio-economic status. The report stated
that 37% of the families were gettlng less than
2000 calories per day and 28% were receiving
less than 54 grams of protein, with an average
protein efficlency of .48. This is about 3 grams
per person less than the FAO/WHO estimated re-
quirements.*

Figure V shows the 1965 income distribution in
Chile according to reference (103). If we define
our target family to be 1n the lowest 5 percentile
with respect to income, we see that this famlly 1is
earning about 100 escudos per month.** The average
number of people per family 1in this income group is
about 5. Figure VI shows the expenditure on each
category of foodstuff. There appear to be some
inconsistenclies in this data, for according to them
our 100 escudo per month family 1s spending 120
escudos per month on food, However, assuming that
relative values are correct, a combination of these
data with the average prilces of the various foodstuffs
results in a diet made up of:

* This statement is overly pessimlstlc in that 1t does
not account for the increase in proteln efficlency
which results from mixing various food in the diet.

%% Ideally, the choice of target famlly would depend on
a cost beneflt analysis. _
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Bread 26,9%

Vegetables 11.7
Sugar 7.7
Spaghetti 3.6
Flour 3.2
011 3.8
Fruit 6.6
Potatoes 7.8
Milk 28.7

This 1s Chilean Mixed Dlet No. I used in Chapter III,.
A3 noted there, if an Infant obtains his recommended
number of calories from thils dliet, he will obtain
not only the FAO/WHO estimated reference protein
requirements, at least before processing losses, but
0% more than these requlrements,

An alternate Chilean dlet was obtained from re-
ference (104) where the average Chllean dlet was
described. We arbitrarily left out the meat and
dalry products from this diet, obtalning the following
diet, which is Chllean Mixed Diet No, II in the
Chapter III1 analyses:

Bread
Vegetables
Sugar
Farinas
Legumes
Fruit

011
Potatoes

(W8
k.

=
Orvw Qo O Moo
- - L » L ] - L] L]

v o0 =1 o

)]

Obviously, nelther of these approaches to deter-
mination of the diet of the target group is satisfac-
tory, one being based on lnconslstent data and the
other on a heroic assumption. They are meant to be
exemplary rather than substantive estimates of the
target group's diet.

We cannot emphasize too strongly that if Invest-
ment in FPC or in any other protein supplement 1ls being
contemplated, the diet and the variation iIn dlet of
the target group must be determined with a great deal
of care, It is quite possible that the group with
which one 1s concerned 1s lacking in calorles rather
than protein, or is lacking 1n protein only because
it is not receivingsufficient calories from its usual
diet. Also, careful determination of the limiting
amino acld must be made before any Jjudgment with
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respect to synthetic fortification can be made.
Pinally, even discarding synthetic amino acid
fortification for the moment, the attractiveness
of the other alternatives will depend on the
basal diet. In Chapter III, we saw that sun-
flower seed flour showed up very poorly on an
all-wheat diet but was quite competitive on
Chilean Mixed Diet I.
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V. 2. The Demand for FPC in Chile

The acceptability of deodorized FPC in Chile
has already been reviewed in Section I1II.3. 1In
addition,in Chapter IIl we saw that supplements -
tion of either of the Chilean diets to 200% of the
FAO requirements for a 10 month old child would
requlre only about 5% FPC in the wheat in the
diet. (The lower income Chilean consumes about
half his calories in wheat.) As detailed in
Chapter III, FPC in these quantities appears
to have 1little effect on the acceptability
of bread and pasta. Supplementation of pasta
alone, which would have the advantage of avoiding
some of the processing losses in bread, would be
more lncome specific, since expenditures on pasta
decrease as Income increases. There 1s also the
added advantage that the wheat in pasta, which
would be replaced by PFPC, is imported semolina,
which is over twice as expensive as the wheat
in bread. However, levels of supplementation
in excess of 15% would be required due to
the low percentage of pasta In the diet. The
tests to date Indicate it is unlikely that this
level of supplementation could be maintained
without significant decreases in acceptability
to the consumer.

An alternative worthy of consideration is
tc supplement pasta to the maximum lewvel possible
with no significant decrease in acceptibility,
perhaps 7 to 10%, and make up the difference through
bread supplementation., It is worth noting that
this is a situation in which FPC's lack of solu-
billty may be an advantage. If a soluable supple-~
ment such as synthetie lysine 13 added to pasta,
which 1s cooked 1in excess water, then very signi-
ficant processing losses c¢an occur.

Experiments iIn Korea with a synthetic supple-
mentation of macaroni indicated that 60% of the
lysine added was lost in the cooking water (104a).

The fact that Chileans will eat products
supplemented with FPC without complaint is a
necessary but not sufficient condition for success-
ful distribution of FPC. The real question is:

How much will they pay for it?
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Since FPC adds 1little ¢r nothing to the func-
tional qualities of the focd, the target group
Chilean will pay a positive amount for FPC only
if: a) he 1is convinced the additional nutrition
is worth 1t, and b) he has no other choice.

The first consideration is relevant to the
consideration of commerical marketing of FPC
under competition. At present, there are only
5 handful of cases of the successful marketing
of anutritional food in a developing country.
They are:
Pronutro in South Africa - Although thils is the
most profitable of our examples, it hardly
qualifies, since only black South Africa can
be described as developlng, and the bulk of the
sales are golng to middle income whites. Initlal
attempts to market directly to blacks ended in
failure, although after acceptance by the whites,
the product 1s beginning to achleve significant
sales to blacks.
Incaparina in Guatemala and Ce¢lombla - Incaparina
has been successfully introduced in Guatemala
with the help of a widespread government-alded edu-
cational program. This example points out that
with sufficient promotlion and careful preparation
of the supplement in view of local economles and
tastes, successful introduction of protein supple-
mentation can be accomplished through the free
market. However, less government cooperatlon
{(non=financial) was received in attempts to intro-
duce Incaparina in surrounding Central American
countries and they have nct succeeded. Quaker
Oats was successful in pilot marketing in a single
area in South America, although this effort
received little cooperation from the government.
While now moderately successful, it has yet to
return a profit to its originator,

These examples indicate that with proper promotion,
free market supplements can, with conslderable diffia-
culty, succeed. However, since education and adver-
tising programs are expensive, (U.S. food processors
spend 10% of the retall price malntaining an already
established demand for a product) the alternative
of making protein supplementation a legal require-
ment suggests 1tself. The next guestion becomes:

If supplementation 1slegally required, should the
program be subsidized by the government or should
the cost be carried Torward to the consumer ? If
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the target group's price elasticity for the supple-
mented product is low ( a change in the price of
wheat results in little or ne change in the amount
of wheat purchased by the target iroup), then

the only differences between the two alternatives
invelves distributional considerations: who pays
the costs? However, if the price elastlcity of
wheat 1s high for the target group, the alter-
native of letting the user pay the costs will

be less effectlve nutritionally, for the change

In price willl result in a decrease in the amount
consumed by the target group.

Flgure VI indicates that the income elas-~
ticity of bread of the 100 escudo a month family
1s .2; that 1s, a 1% increase in income will
lncrease the amount of bread purchased by .2%.
This 1s a lower 1limit on the price elasticity,
for clearly the amount of bread purchased will
respond more rapidly to a change in the price
of bread than it will to a change in income.

We expect that in a single grain country like
Chile, even a poor man would be unlikely to
decrease his total expenditures on wheat with

a rise in the price of wheat. Even if he kept
his expenditure the same, decreasing the zmount
bought in exactly the same proportion as the
rise in price, required protein supplementation
might be better than doing nothing at all, pro-
vided the population was recelving enough calories
For example, supplementation of wheat to meet
the 100% FAC reference requirements outlined in
Chapter TII would imply about an 8% Increase in
the retail price of bread which, assuming that
the target Chililean operated so as to keep his
bread expenditures unchanged, would imply an

8% Increase in the amount of wheat consumed.
Thus, the net effect of this alternative would
be:

a) at least the low income portions of the
peopulatlon would have their caloric in-
takes cut by 4% since wheat constitutes
about half the calories in the diet,

b) the target group would have its utilizable
protein Increased, assuming that this group
was recelving sufficient calories (even
after the change in wheat consumption.)
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If prior to the price rise, the target group 1s
receiving only marginally sufficient amounts of
calories, then this alternative makes very little
sense, because the bulk of the added protein will
simply be converted into calories. If more than
sufficient calories are being consumed, this alter-
native may be politically attractive in that 1t
regquires no additional investment in food by the
economy and no additional revenue for the government.
Cur judgment, however, is that since protein de-
ficlency is almost always coupled with marginal

or less than marginal caloric intake, thls alter-
native will almost always be less attractive

than the alternative of government subsidy of
supplementation which we are about to discuss.

In particular, 1n Chile the surveys indlcate

that calorie deficiency 1s as prevalent as

protein deficiency.

Both the expense of an educational and pro-
motional campalgn and the deleterious effects of
the consumers! altering their purchases away from
the supplemented foods can be avoided 1f the govern-
ment decides to subsidize proteln supplementation.
This has the political disadvantage of requiring
revenue which in general will be ralsed almost
entirely from people who will not benefit from
the program, This alternative implies a redis-
tribution of income towards the malnourished child
which however ethically pleasing, may not bhe
politically implementable.

If 1t 1s, it 1s almost certalnly to be pre-
ferred nutritionally to the alternatives of user
costs,

As we saw 1n Chapter III, the country might
be able to do still better with some form of se-
lective supplementation, of which the most attrac-
tive policy, in our minds, 1s government subsidized
supplementation of baby food.
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V. 3. The Costs of FPC Produced in Chile

The purpose of this section is to substantiate
the FPC price used in Chapter 1I and III and to
indicate how a developing country should go about
evaluating the costs of domestic FPC production.

Our Chilean FPC prices are based on a

200 tons-per-day input plant using the Bureau
of Commercial Fisheries' solvent extraction
process as modifled by Southwest Engineering
Company. The cost flgures are based on South-
west Englneering's quoted prices for processing
equipment, and the Chilean costs are based on
a study by H, Briones y Cla, S.A.C.I., in support
of General Oceanology's study of FPC in Chile for
the Agency for International Development (104b),
The plant that Briones costed was to be located
at San Vincente in the Talcahuano region, 200

miles south of Santiago. 1In this area there is
* a seasonal abundance of the local hake which is
now converted into fishmeal and expoerted at
about 5 cents a pound, or 1 cent a pound for
raw material. Thus, this fish earns foreign
exchange., This 1 cent per pound 1s based on
the market exchange rate. The shadow price of
foreign exchange in Chile is about 30% higher
than the market exchange rate.

Assuming that this resource is currently
being harvested at or close to its maximum sus-
tainable yileld, the true cost to Chile of trans-
ferring the fish from fishmeal to FPC 1s the loss
in forelign exchange, about 1.3 cents per pound
at the shadow price of foreign currency, minus
the savings in fishmeal processing costs, plus
any additional costs associated with landing
the fish in condition to be made into human-
grade material rather than fishmeal. We Judge
the savings in fishmeal processing costs to
be less than 1/2 cents per pound of input, and
that the additional costs assoclated with more
careful handling will be of roughly the same
order of magnitude, but still smaller. General
Oceanology estimates the latter costs at about
$6 per ton. Therefore, for our purpose, we have
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considered the latter two effects a wash and the
loss 1n foreign exchange as the opportunity cost

of the raw material in Chile. This may be slightly
pessimlistic.

Briones' estimate of the variable costs of FPC
are given in Table XXXV. We indicate variable
costs of $285 per metric ton, or 13 cents per
pound. Table XXXV also gives the salary costs,
These are all local currency expenditures and
thus have been evaluated at the exchange rates.
Note that full employment has been assumed, Salary
costs are based on a l2-month year. However, the
fish are in the locality only during the spring
and summer. Therefore, output 1s predlicated on
a 150-day year.

The capital investment for this FPC plant
is given in Table XXXVI, One of the things
which is often overlooked in discussions of
domestlc versus foreign supplements 1s that do-
mestic proauction often implies a substantial
expenditure 1n foreign exchange 1n order to
import processing equipment, etc. In Table XXXVII
these foreign exchange transactions are marked
with asterisks, and the corresponding expendi-
ture increased by 30% to reflect the price of
foreign exchange. In this case, capltal in-
vestment at the market exchange rate is estimated
to be about $3.3 mlllion, Two thirds of the
investment requires expendltures In dollars and
has been adjusted accordingly. With these ad-
justments’the true capital cost of the Chilean
plant is about $4 million.

Both the annual costs of the plant will be
inecurred and the output wiil be received through-
out the life installation . Therefore, accordirg
to the discussion of Chapter IV. 3., we must dis-
count both future costs and benefits according
to the shadow price of capital, the interest rate.
This present value analysls requlres three things:
the interest rate, the life of the facility, and
the salvage value of the plant at the end of its
useful 1life, All three of these gquantities are
unknown, Therefore, 1t 1s comforting that the
unit cost of the FPC is not particularly sensitive
to them over a wide range of reasonable choices.
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TABLE XXXV

PRODUCTION COSTS
VARIABLE COSTS

$/Metric Ton = (1.1 U,S, Tons)

Raw Fish (Hake) $191.00
Solvent Loss 12,94
Electrical Power 19.50
Fuel 0il 47.50
Water 2.20
Bags (Polyethylene Lined) 4,00
Production Loss & Contingency B.40

$285.54

FIXED COSTS

onth

Supervision $ 4,350
Qffice 2,210
Lab Technicians 1,200
Malntenance Personnel 1,900
Others 2,300

14 Productions Workers
@ $60/mo. plus benefits 4,540
Maintenance Expenses 2,000
Property Tax 4,700
Insurance 2,350
$ 30,200
Tctal fixed costs per year $362,400
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TABLE XXXVI

BREAKDOWN CAPTTAL INVESTMENY X 1,000

Equipment Erections
Process Equip. $ 1500 x foreign Industrial Equip. $ 60
Flectrical " 83 x Bollers & Steam Equip. 19
Boiler & Steam " m Electrical Equip. 3
Spare parts 86 x $ 110 1local
Electrical 4g Structur_es & Foundations
Freight -Foreign 207 x Fish Conveyor $ 1
Local 68 Pipe Bridge 3
Bldg. Ventilation __ 6 Fish Comminution 8
$2,140% Process Equip. 19
#(foreign 2,017
Local 123) Solvent Recovery Founds. 2
Boller House ' g
Constructions
: Tanks 56
Brine Storage Basin $ 15 $98 local
Pavements for Bldgs. 20
Technical Services
Building-Plant 36
Local Englneering 50
Lab 5 _ :
Forelgn Engineering 15 x
Warehouse 34 $ B0
Boller House 12 Pre~-Start Up Expenses
Electrical Bldg. 4 Company Expenses (Legal) ¢ 15
Guard House 4 Construction Control Ofe. 32
Lockers, Rest Rooms Operation Crew Payroll 25

1
$ 134 all local

Persomel Tralning in USA 100 x
Industrial Services

Start-Up Expenses 86

: 14
Water Tanks, Plpes $ Interest on Construction 140

Sewage 5 $ 398
Process Pliping 21 ’
$ 03 a1l local
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TARLE XXXVII

CAPITAL INVESTMENT - FOREIGN AND LOCAL CURRENCY

x 1,000
Local Currency Forelgn Currency
Site Prep 3$ 63 -
Equipment 55 $ 1,810
Construction ' 134 -
Industrial Services 43 -
Erection 110 -
Structures & Foundatlons 98 -
Technical Services 50 15
Pre-Start Up 298 100
Contingency 126 107
Preight 68 207
$ 1,045 $ 2,239

Investment at Shadow Price of Forelgn Exchange (x 1,000)

Local Currency $1,035

Forelgn Currency 2,239
30% Shadow 671
$3,955
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Table AXXVIII gives the unlt price of FPC
at which the present value of the FPC operation
is zero for a number of interest rates and life
spans ,under the assumption that the salvage value
of the plant at the end of its 1life is zeroc. This
latter assumption 1s certainly conservative, butb
shouldn't be critically sc. Only about 300,000
gollars would be spent on the site, which can be
expected to be worth something at the end of ten
or twenty years. All the other capital invest-
ment, primarily the processing equipment, can be
expected to be worth little more than its scrap
value, which after discounting, will be insigni-
ficant. Thus, our results should not be sensi-
tive to salvage value,

TABLE XXXVIII
UNIT COST OF FPC

AS A FUNCTION OF INTEREST RATE
AND INVESTMENT LIFE

Q 5 8 12
20 Years 19.8¢ 21.1¢ 22.2¢ 23.5
10 Years 21.8¢ 23.3¢ 24 .2¢ 25.4

With respect to the other two varliables, as
Table XXXVIII shows, there is not a great deal
of variation. As noted earlier, our estimate
of the present opportunity cost of capltal in
Chile is 12%. We feel that a 1l0-year life span
on most of the equipment is reasconable. Hence,
we have chosen to use 25 cents per pound as
the estimated opportunity cost of domestic
production of FPC in Chile,
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V., 4, Summary of Chapter V

The purpose of thls chapter was to survey
the nutritional situation in Chile, to polnt out
some of the acceptability, distributional and
financial considerations which must be considered
with respect to protein implementation in a parti-
cular national context, and to estimate the oppor-
tunity cost of domestic production of FEC 1n Chile.

We noted that the basic nutrition problem in
Chile is one of inequitable and 1lnefficlent dis-
tribution rather than lack of resources, that the
price elasticity of the target group family for
the supplemented product should be an important
consideration in government versus market financing,
and argued that the opportunity cost of FPC in
Chile will be about 25 cents per pound when forelgn
exchange transactlons are valued at the shadow
price of foreign currency.

Given this price, the analysis of Chapter 111
indicates that at present in Chile, FPC 1s at
best marginally competitive with other proteln
sources in terms of nutritional efficlency and,
under most distribution schemes, is considerably
more expensive than the most efficient alternative.
This conclusion is based on production and proces-
sing costs and ignores promotional and distribu-
tional considerations. It also assumes that Chile
attempts to maximize social welfare in deciding
on the use of her foreign exchange.

If Chile arbitrarily decides to use only
domestic protein sources in her supplementation
programs,then FPC is, 1ln most situatlons examined,
more efficient than sunflower seed flour, the
other alternative, even when the forelgn currency
transactions implied by domestic productior of
FPC are valued at the shadow price of forelgn
exchange.
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CHAPTER VI
THE ECONOMICS OF FPC IN A DEVELOPED COUNTRY

VI.1l The Demand for FPC in Canada and the United States

The slze and characterlistics of the market
for FPC in the United States is generally re-
garded as the key to the domestie FPC problem.
There can be no doubt that the market for FPC
is by far the single most important set of un-
knowns 1in determining the profitabllity of
domestic FPC operation. There appear to have
been three serious studies of the demand for
FPC 1In the United States. Two are proprietary
and the third is lncomplete.

The two proprletary studies have been con-
ducted by Cardinal Proteins, Inc. and by Oceanic
Development Corporation. Apparently, in the view
of these organizations, the results of both of
these studies were positive, for Cardlnal 1s
firmly committed to a substantial lnvestment in
FPC at Canso Nova Scotla; and Oceanilc Development
claims it has decided to build a 200 ton per day
input plant in BajJa, California in 1970, adding
200 tons per day capaclty 1n each of the three
succeedling years. This implies that Oceanic
foresees a market for more than 25,000 tons of
FPC by 1974. Both these plants will produce
FPC by solvent extractlon; Cardinal via a
modified isopropanol process, and COceanlc by
the Viobln Process.

Cardinal is presently estimating its price
at about 35 cents per pound and Oceanic envisions
a price of 25 cents per pound. We must emphasize
that the Cardinal operation is much closer to
fruition than the QOceanlc, the latter presently
exists only in the minds of its promoters.

The non-proprietary study is being conducted
by the University of Cornell under Bureau of
Commercial Fisheries sponsorship and results will
not be avallable until Spring of 1970.
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There can be no doubt that there is a tremen-
dous market for protein in the United States and
that a very small penetration c¢f this market per-
centage-wise would support a rather large FPC in-
dustry. However, it is more than a little difficult
to foresee just where this penetration will occur
given the present functional qualities of solvent
extracted FPC. FPC is a cheap source of animal
protein for nutritional purposes. However, the
United States is presently producing four times
its protein requirements from a nutritional stand-
point. This 1is not to say that everybody is re-
ceiving sufficient protein, but rather that those
groups who are not receiving their nutritlonal
requlrements are deficient for institutional
reasons. Furthermore, 1t is not clear that
FPC has any properties which will allow it to
overcome these distributlonal problems more
easily than already existing protein sources:

. Nonetheless, several of the suggested markets
for FPC are based on its nutritional charcteristics.
They include: 1) pet foods, 2) institutional dlets,
3) geriatric and reducing diets, and 4) high proteln
snacks.

Producers of pet foods have found 1t profitable
to include animal proteins in some of their pro-
ducts. Fishmeal is regarded as unsuitable for
this purpose because of its smell , and therefore
an extracted fish product 1s preferred.

Furthermore, there is evidence that a signi-
ficant portion of canned pet foods is consumed
by humans in this country, perhaps as high as
25% (105). Thus, canned pet food generally has
to meet human standards with regard to sanitation
and toxicity. Hence, the argument for a market
for human-grade FPC in pet foods,

Institutions such as nursing homes,which
operate under severe budgetary restrictions may
be able to use FPC's nutritional characteristics
in concocting diets which maximize nutritional
effectiveness subject to these flnancial constraints.
It should be noted that FPC will be 1n cirect com-
petition with oilseed flours in this market angd
on the basis of our earller nutritional analysis,
we are not sanguine about the outcome unless the
institution in question arbitrarily rules out
non-animal sources,
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Some diets require a very high percentage
of protein to calories. These include geriatric
regimens and weight loss diets. FPC's reference
protein density is practically unmatched. However,
there are a number of other proteln sources,
specifically the ollseed flours, whcse reference
protein to calories ratios qualify them for this
purpose. Thus, unless the producer could convince
consumers there is something special about FPC's
reference protein, we would have something similar
to the above institutional dlet situation with
the important exception that we are dealing
with people whose incomes allow them the luxury
of consuming FPC when they could obtain the same
nutritional effect from non-animal sources. Also,
FPC's concentration may be an important advantage
in concocting an acceptable high proteln diet,
for more of the bulk of the product can be devoted
to components which enhance the product's taste
and appearance.

The high protein snack market would be strictly
a Madison Avenue approach,in which the producer
would attempt to convince the consumer that he
should pay more for an FPC supplemented snack,
such as a potato chip, because of the additional
protein it would supply. FPC's concentration
and its relatively exotlc name may make thls a
profitable venture.

Tt has also been suggested that FPC might
find a substantial market in the processed meat
field such as sausages and meat patties., In this
regard, it is interesting to note that the sausage
industry distinguishes between functional protein
and filler protein. Functional protein 1s requlired
to have texture, binding power, and taste, and pre-
sently 1s comprised of meats for which the 1ndustry
pays 40 cents per pound of protein and more.
Filler protein is expected to supply little more
than bulk. Currently, the industry uses by-products
associated with the packing industry which are
available at about 3 cents per pound or about
10 cents per pound of protein. Presently, FPC
cannot compete with functional protein on the basis
of 1ts properties nor with filler protein on the
basls of its costs (106). If, however, FPC's
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funetional properties, particularly with respect
to binding power, which natural fish protein has,
could be Improved, 1t would open up a tremendous
market for the product#

In short, as best we can summarize the present
state of the knowledge with respect to the domestic
marketability of FPC:

(a) There is at least one and probably two
groups of inventors who are prepared
to risk several million dellars on
the existence of at least a small
market for present solvent extracted
FPC at a price between 25 and 35 cents
per pound;

(b) However, it appears that FPC's nutri-
tional qualities do not necessarily
guarantee it a domestic market in a
gountry where overnutrition is as
big a problem as under-nutrition;

(ec) Furthermore, present solvent extracted
'FPC's organocleptic qualities or lack
of same severely handicap 1ts abilities
to substitute for expensive protein
sources in processed foods; and

(d) On the other hand, with improvement in
functional properties such that FPC
can begin to compete with meat products,
rather large markets will become avail-
able,

* Very recently, the Federation of Hokkalido Filsheries
Cooperative Assoclatlons in Japan announced plans
to sell FPC made from Alaskan pollack as an additive
to artificlal meat made from soybeans, in whichmarket
it will be in competition with surimi, a minced
meat made from whale or pollack flesh. This appears
to be an attempt to compete with a functional proteln
over which FPC has a conziderable z2ost advantage.
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These non-conclusions illustrate the present
state of knowledge,and we look forward to the results
of the Cornell study and the Cardinal effort with
considerable interest, Fortunately, for the purposes
of this study, our uncertainties about the domestic
market are not particularly relevant to the question
of what role the government should play in the de-
velopment of FPC. This point will be argued in
Chapter VI, (3, First, we shall survey the state of
knowledge with respect to the costs of domestic
production of FPC.
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VI. 2. The Cost of Producing FPC in a Developed Country

Solvent Extracted FPC

At present what little experience that exists
with respect to producing FPC in a developed country
is based on solvent extraction. A.I.D. was able to
contract with Alpine Geophysical Assoclates, Inc.
in 1968 for 1000 tons of hake bhased FPC produced
by the Viobin method at Y42 cents a pound. The
company was unable to supply the material and
the contract has been terminated. Cardinal
Proteins, the Canadian firm whlch 1s presently
bullding a 200-ton per day 1input plant in Nova
3cotla, claims that it will charge 35 cents
a pound for 1its product but has no firm com-
mitment to do so. Oceanic¢ Development Corporation,
which regards 1tself as firmly committed to con-
struction of a 200ton/day plant based on the
Viobin process and the Californla anchovy in
Baja, California, during 1970, estimates 1its
price at 25 cents per pound (105b), This figure
1s even more problematical than the Cardinal quote,
which 1s based on a Canadlan Federal grant
covering almost 20% of the capital costs.

There have been four relatively recent
non~proprietary studies of the cost of pro-
ducing FPC in developed countries.

1) The Bureau of Commerical Fisheries original
study in 1966 (91) of a plant similar to
the proposed Aberdeen installation.

2) A study by a Canadlan group, Rescurces
Engineering,in 1967 authored by Holder,
Kidd, Mayar and Ross (107).

3) A study conducted by Southwest Englneering
as part of their effort to sell FPC pro-
cessing equipment (108),

4) A study by a Montreal Consulting Firm
{Surveyor, Nenniger, and Chenervert) in
1968 of the potential of FPC plants 1in
eastern Quebec for the provincial govern-
ment (19).
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The capital costs from these four reports
are compared in Figure VII, The Bureau of Com-
merclal Fisheries study (91) i1s somewhat out of
date!s This report predicted a capital cost
(not including land) of $900,000 for a 50 ton
per day 1input plant. The actual constructlon
bid on the 50 ton per day Aberdeen installa-
tlen was twice that amount.

In 1969, Cardinal Proteins, af<er signing
processing equipment contracts, reported a
capltal cost of close to $5 million on its
200 ton per day input plant at Canso, Nova
Scotia. Thus, it appears that both the Sur-
veyar and SWECO capltal costs are optimistic.
Holder et al. are less sanguine than the cost
reported by Cardinal Protein. Their estimate
includes a 35% allowance for management and
interest and contingencles during construction
which, while perhaps prudent, almost certainly
makes their estimates overly pessimistie in
terms of 1968 prices.

For our analyses of a 200 ton per day input
plant, we will use the $5 million figure.
Assuming a ten year equipment 1life time, a 5%
inflation free interest rate, that the plant
operates an equivalent of 260 full capacity
days, which the Cansc operation hopes to obtaln,
present value analysls 1ndicated that the capl-
tal costs equal 4 cents per pound of output. This
1s less than 20% of the total cost of the product
s¢ that errors 1n capital <costs are unlikely
to be critical in the final analysis. We note,
however, that slnce these costs are not 1lndepen-
dent of output, the assumption of 260 full capa-
city days 1s important and in fact the unit capi-
tal costs will wvary inversely with the throughput.

Figure VIII shows the processing costs as
a function of scale of input. Once again 3Surveyor
and Sweco are in general agreement, the BCF figures
are quite low, and Holder et al. are pessimistic.
Holder et al.,point out that most of the processing
costs, malntenance, administration, et cetera will
not vary with short term wvarlations in output,
In fact, only fuel, solvent, waste dlsposal and
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TABLE XXXIX

VALUE OF ATLANTIC COAST GROUNDFISH*®

Species

Hake

Céd

Haddock

Cents per pound

Year Landed Value Marketed Value
1962 2.4 3.3
1963 2.8 4,6
1964 3.1 6.5
1965 2.8 -———
1966 3.3 ———
1962 3.2 6.8
1963 3.4 7.9
1964 3.9 8.2
1965 k.1 -
1966 by -——
1962 4,2 10.3
1963 5.4 13.6
1964 5.9 1k4.6
1965 6.5 ——
1966 7.1 ———

#Derived from Dominion Bureau of Statistics data;
1966 data are preliminary.
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packaging costs can be changed with short term
varlations in the output. These amount to about
four cents per pound. Examining the varlous
analyses we felt that production cost of about
12 cents per pound, assuming 260 day operation,
In 1970 prices would be within 2 or 3 cents

of the actual cost reallzed. Once agaln the
bulk of these unit costs will vary inversely
with the actual throughput.

Raw Material Costs

Perhaps the most basic fact of life with
respect to FPC production is that 1t takes
about 6.6 pounds of whole fish to produce 1
pound of FPC, As a result, raw material costs
are the most 1important variable in the produc-
tion of FPC, Gilven a 200 ton plant and our es-
timates of unlt capltal and processing costs, the
followlng Table indicates the variatlion in cost
of the output wlth raw materlial costs

COST CF FISH 1¢/1b. 2¢/1b. 3¢/1b. 4¢/1b,
COST OF FPC 23 " 29 M 3% " by m

The Cost of.East Coast Hake

Table XXXIX shows the landed value of three
Atlantlc Coast groundfish 1n Canada for the years
1962-1966. It should be clear that the value of
hake is rising rapidly. As Chapman has pointed
out, hake is regarded as a first class food fish
In Europe and has been extensively fished in the
last five years. It can hardly be called an
unutilized resource anymore. Thus, 1f FPC 1is
to be based on hake, FPC must compete for this
raw material with a varliety of other uses.
Furthermore, hake is a demersal fish and as
such must almost always be caught by trawling.
Trawling is an expensive business. Holder et al.
estimate that on the East Coast a modern
trawler can land groundfish such as hake at
3.7 cents a pound hefore proflt and at 5 cents
a pound given a ten percent profit after taxes, .
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We tend to agree wlth Holder who comments that

"It i1s difficult to see the landed cost of ground-
fish specles in Canada at 1less than 3 cents per
pound." Presently East Coast American fisherman
are not competlitive with their Canadlan counter-
parts, so that this flgure may be regarded as

a lower bound cn New England costs. In sum,

we do not see the production of hake based FPC

on the East coast at less than 35 cents per pound,
assuming relatively continuocus operation.

The important phrase here is relatively
continuous operaticn. According to BCF reports,
Alpine never paid meore than $46/ton for hake for
1ts A.I.D. FPC contract and sometimes considerably
less. Yet it was unable to make money at 42
cents per pound of FPC. Even allowling for severe
management problems, this example polints ocut the
importance of regular supply. In order tc ensure
a regular supply, one wlll have to be wiliing
Lo pay the bulk of the costs of supporting a fishing
fleet rather than something approaching the op-
pertunity costs of an already operating fisherman
who happens across a school of hake. In other
words, one can almost always get the price that
one wants for fish if one 1s prepared to walt,
but one can also go broke waiting.

The Cost of West Coast Hake

The situatlon appears to be considerably
different on the West Coast. A recent survey
under the direction of Professor James Crutchfield
at the Unlversity of Washington (109) indicates
that, assuming an optlmally organized West Coast
hake fishing, the price for hake at the processors
can be expected to be about $22/ton with substantial
profit to the fisherman. Professor Crutchfield
also indicates that a considerably more regular
~catch can be expected on the West Coast than on the
East Coast.

This report assumes both the employment of
an efficient boat and that the industry is somehow
regulated so that the fishing activities of one
boat do not affect the profitability of the cothers.
Thils is not presently the case and would
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requlre forthright government intervention to
achieve in view of the rather large economic rents
involved. (Professor Crutchfield indicates a
marginal cost of $16/ton.} Unregulated fishermen
observing the differences between price and mar-
glnal costs would atfempt to overfish the resource
with the now-familier inefficlencies.

This scenarioc is relevant to ancother argument
relating to FPC. Government support of FPC 1is
sometimes Justiflied on the grounds that a domestic
FPC 1ndustry would correct some of the inefficiencies
prevalent in the exlsting fishing industry. Do-
mestic FPC production by itself, however, would
merely place another demand on our fish resources,
whilch demand would be subject to the same economic
problems, principally the fact that fish 1s not
private property until caught, which give rise
to Inefficiencies 1in other sectors of the industry.
1f one wishes to correct misallocation of resources
within the fishing industry, certainly a worth-
while aim, one should do so directly by economically
rational regulation, license fees, taxation, etc.
rather than through the support of a research program,
which, 1f successful, wlll create another fishing
regulation problem, and which, if not successful,
will have no effect on the industry at all,

In any event, given efficlent government
regulation, it appears that the cost of FPC on the
West Coast hake may go as low as 20 cents per pound
assuming 300-day operation at capacity. A more
conservative estimate assuming 240 day operation
at capaclty mlght be 25 cents per pound. Note
that even if the former price were achieved, this
does not mean that Chile should import FPC from
the U.8.; for Chile would have to expend foreign
exchange on the purchase and then the 20 cents
per pound filigure should be modified according
to the 30% premium Chile should be willing to pay
to avolid forelgn currency losses. In terms of °
the analyses of Chapter II, in this case, the
true cost to Chlle of importing 20 cents per pound
FPC is 20 X 1.3 or 26 cents per pound, which is
more than our estimate of the true cost to Chile
of domestic production, 25 cents per pound.
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The Cost of New England Herring

Herring, mackerel and capellin, an oily, herring
11ke fish that Is found off Nova Scotia during
certaln parts of the year, present a somewhat dif-
ferent problem from East Coast hake. New England
fishmeal producers are presently offering $17-3%20
per ton for herring and mackerel for flshmeal
to American fishermen with almost no takers. This
is a little less than a penny a pound. The pro-
ducers therefore receive thelr raw materlal ir-
regularly from foreign fishermen at sea fcr which
they pay $16/ton to the fishermen, and they estimate
the transfer and subsequent transportation of the
f1sh to shore costs $3/ton.* In short, oily school
fish is available on an opportunity basis at about
a penny a pound,

However, these fish are caught by purse seining.
Seining is a much more weather sensltive operation
then trawling. It becomes marginal in sea state 3.
Furthermore, the coefficlent of variation in the
catch 1s much larger. A seiner can only fish tightly
schooled fish and spends an average of 20 hours
hunting to one hour fishing. The catch per net set
can vary from nothing (20% of all net sets) to
100 tons (110) (10% of all net sets) with an average
of about 25 toas. As a result, landings of f{ish
caught by seining present a much more irregular
pattern than trawler landings with consequent
stralns on the processing plant's storage capa-
bilities.

Furthermore, this penny a pound fish usually
arrives at dockside 1n rather poor condition.
During the summers, it can be decomposed %o a
soup. In order to make human grade FPC from this
fish, considerably more care in handling, shorter
trips and more careful sanltation would be required.
This will add substantially to the cost of the fish.
. We feel that a cent and a half per pound ls a rea-
sonable lower bound on the estimate of the cost of
East Coast herring and other pelagic fish at dock-
gside in condition for the manufacture of human
grade FPC.

* Illegal direct landings are not unheard of.
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West Coast Anchovy

Another domestic resource which has received
some attention 1s the California anchovy. The
University of Washington estimates that this fish
could be landed at about $16 per ton by day boats
operabting out of the United States. Once agaln,
this figure assumes a rationally organized industry.

This is the resource which Oceanic Development
Corporation hopes to exploit operating out of Baja
Californla. Oceanic Development 1s currently
estimating that the final price of 1ts product
wlll be about 25 cents per pound. This 1s somewhat
more than the unit costs we would predict if the
Unlversity of Washington analysis is correct,
especlally In view of the lower labor costs
assoclated with Mexican coperation. Presumably,
Oceanlc's estimated price lncludes a prudent
margin for uncertainties and takes cognlzance
of the fact that, if Oceanlc Development's market
analysis 1s correct, it wlll be operating in a
seller's market for some time.

In summary, a price of a penny per pound for
West Coast pelaglcs seems a reasonable estimate
provided the 1ndustry 1is economically regulated.
This would lead to arn FPC cost of about 20 cents
per pound. Thus, 1t appears that a West Ccast
based FPC industry wlll have substantial advan-
tages over an East Coast operation. Tlime restraints
on cur sftudy did not allow us to investigate the
Gulf Coast situation.

Other Sources of Raw Material

The Cardinal Proteins plant in Cansc will be
located next door to a presently established fish
processing plant. Cardinal expects to meet one
third of 1ts dally requirement for raw material
by flumlng trimmings directly from the processing
plant. Presently, these trimmings are used in
fishmeal production and thus have a market value
equlvalent to the herring and other oily fish
above. Therefore, Cardinal Proteins will be able
to bld them away from the fishmeal producers at
about a penny a pound. However, thilis material
is considerably superior to fishmeal fish from
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the polnt of view of the FPC producers, having
been handled under sanitary conditions, belng
non-olly, non-bony, and white. Therefore, it
would behocove Cardinal Proteins tc obtailn

a long term committment from the suppllers

of the trimmlings before production starts,
lest it find itself buying one third its

Input from a monopolist who could extract from
it a conslderably higher price than that paild
by fishmeal producers.

In our opinlon the abllity to obtain fish
trimmings is one key to the expected profitability
of the Cardlnal Protelns operation at the 35 cent
per pound price, the other key being the avalla-
bility of a market for its product. Fish trim-
mings will allow Cardinal to produce one third
of its oufput at an average cost in the c¢rder of
23 cents per pound including capital costs.
Gardlnal expects to obtain the rest of its
input from a comblnation of trawlers and seiners.
We do not expect 1t to make a great deal of money
on its trawling operation. The profitablility
of the seining operatlon wilill depend on the
regularity with which 1t can furanish fish.

From thls cursory study of the cost of the
production of solvent extracted FPC three things
are clear:

a) the cost of FPC 1s primarily a function
of the cost of the raw material, and
regularity with which it can be supplied.

b) the cost of hake based FPC will be
considerably higher than the cost of
FPC based on pelagle fish on both the
East and West Coast. This differential
will be prohlibitively large on the East
Coast.

c) A crucial polnt which 1s missing from all
the analyses that we have revliewed is that
they don't take into account, the fact that
in general the raw material will not be
avallable on a sfteady basis throughout
the fishing year.
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Thls last polint 1s especially true on the
East Coast. A4 large herring seiner on the East
Coast can catch 200 tons a day, but its average
catch will be one fifth that amount. Thus, a
200 tens a day plant would regulire an average of
five selners to support it. Such a system must
be able to cope wlth recelving several days' raw
material inventory in a few hours. This Implies
storage costs and intermittent periods when
the plant 1s unable to operate at full capacity.
The total effect of thls variaticn in the catch
has not been treated by past analyses and seems
to have been underemphasized in the Canso operation
whlch 1s allowing only 200 tons storage capaclty.
As a fArst guess, we belleve 1t 1s conservative
to estimate that the costs due to varlabllity in
the catch will add at least 20% to the above
East Coast flgures. The penalty for varlability
appears to be considerably less on the West
Coast. Means are belng developed to analyze
thls problem properly. The flsherles simulation
program belng developed by the Instrumentation
Laboratory at M.I.T. wlll alliow detalled study
of the effect of the varigbillty in the catch
on total system costs., Unfortunately, this
valuable tool was not operatiocnal in time for
this study.

The Cost of Solubllizing Solvent Extracted FPC

Several 1lnvestigators have studied the problem
of producing a2 soluble product from solvent extracted
FPC. The most advanced of these efforts 1s that
undertaken by Tannenbaum and Wang at M.I.T. This
Involves hydrolysing the FPC with an enzyme. Prof.
Tannebaum esftimates that the final cost of this
process wlll be about 5 cents per pound of output.
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Vi. 3. The Role of the Pederal Government in the
Tomestlc Productlion oi FFPC

We have seen that it 1s impossible to make
any firm conclusion about the present domestic
marketabl1lity of FPC; and further,that our estimates
of the costs of FPC are extremely sensitive to
the costs of the raw material, another variable
which exhibits considerable variation. As a
result, any prediction about how soon a domestlc
FPC industry wlll become economically viable
would at best be an educated guess.

At this point, 1t 1s necessary to return
to the basic purpose of this report namely, to apply
economic direction as an input to the determina-
tion of what form federal support of FPC should
take,if any. We wlsh to argue that we can make
certain statements about this gquestion without
an answer to the profitablility of a domestiec FPC
Industry, which answer we presently do not have.
We shall do so by assuming that the propertiles
of FPC are such that 1t can be made to be a
competitive product on the domestic market.

Let us for the moment assume that FPC 1is
likely to be a competitive product on the
domestic market. This fact in itself 1s not
sufficient grounds for government support of
fish protein concentrate, In order for a
government attempt to accelerate the rate
of development of FPC above that which would
occur under ordinary market pressures to be
justiflied, there must exist benefits which
would accrue from this earlier development of
FPC which are not properly reflected in the
market processes.

Several such benefits have been suggested
in the past. It is the purpose of the remainder
of this section to distingulsh between economically
valid and economically invalld rationales for
government support of FPC either directly or in-
direetly through support of research and development
of FPC.
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The Effect of FPC on the Domestic Fishing Industry

Perhaps the most commonly stated non-market
benefit of domestic production of FPC 1s the effect
that an FPC industry would have on the domestic
fishing industry. We note that this point has
to be made very carefully and, as it is usually
stated,it is invalid, In a full employment
situation, which generally obtains in the
American economy, the effects of government
investment on the suppliers of the inputs to
that investment cannot be counted as a benefit
of the government program. In cost-benefit
language, these are secondary benefits and, in
the national accounts, they wash out. If one
pays a fisherman $3.00/hour for FPC raw material,
then presumably he was worth $3.00/hour in some
other use which he can no longer perform, Put
another way, given full employment, there 1is
no reason to distingulsh between the benefits
of government FPC investment to fishermen and
the benefits which will accrue to processing
equipment manufacturers.

Now, it 1is possible for structural unemploy-
ment in the fishing industry to exist even though
the economy as a whole 1s at or close to full
employment. This does not appear to be the
case in the New England flshing industry where
a recent study (109a) was unable to distinguilsh
any significant differences between employment
in fishing and any other weather sensitlve oc-
cupation, and where there is a government spon-
sored program aimed at supplying more fishermen.
On the West Coast, some structural unemployment
exists due to lack of cultural assimilation of
Yugoslav and Portugese fishermen, combined with
the decline of the sardine industry. This
implies that as far as efficlent operation
of the economy 1is concerned, the employment
of these fishermen should be valued at the
opportunity costs, which will be lower than the
wage rate, and government programs which make
these costs of hiring a fisherman %o the
operation equal to these opportunlty costs are
indicated. However, support of FPC is an ex-
ceedingly indirect means of attempting to
achieve this equalization of wage rate and
opportunity costs,.
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We feel that more direct and more effective
means of tackling specific unemployment problems
In the fishing industry exist than the
support of research on FPC. Of course, 1f
research on FPC does result in an earlier de-
velopment of an FPC industry,and if this earlier
development does result in a reduction in the
costs of a government program almed at tackling
this unemployment, then this differential in
costs 1s properly accounted a benefit of the
research program. This is the tenuous argument
upon which those who link FPC research and domes-
tic fishing unemployment depend. We have made
no attempt to quantitively evaluate the expected
magnitude of this effect, but we believe that
the reasoning outlined above indicates that
frequently i1t may have been glven too much
welght.

A similar line of reasoning relating
FPC research and development to the fishing
industry arilses from the fact that there may
be valld reasons for government support of
fishermen above that resulting from free
market forces. For example, the country
may Judge it desirable to maintain a cer-
tain level of activity 1n certain interna-
tlonal fisheries so that we can maintain in-
fluence on the agreements through which these
fisheries are regulated. Such agreements are
necessary 1n view of the fact that, since
private property rights cannot be established
on fish until they are caught, unregulated com-
petition results in overfishing.

Suppose this is the case and the country
wishes to maintain a certalin level of fishing
activity. This in 1tself is not an argument
for government investment in FPC,for it is
not difficult to show that, if fishing
activity is the true objective, it 1s always
at least as efficient to support that activity
directly than by supporting an industry which
uses that activity as an input and legally
tylng that industry to the fishing activity.
Once again, direct solutions to a particular
problem, in this case fishing activity, are
preferred to indirect support.
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However, once agaln, if the government
supported FPC development program results in com-
petitive FPC production earlier than would result
without government investment; and if, without
ald or legal protection, the American fisherman
can successfully compete with foreigners in supplying
raw material to this FPC industry; and if we assume
that we would have subsidized the fishing activity
anyway for the non-market benefits associated with
fishing activity; then the extent to which the
earlier development of the FPC industry reduces
the costs of the fishing subsidy program is pro-
perly a beneflt of the government effort. Once
again, this argument is clearly a good deal dif-
ferent from that ordinarily offered in relating
the domestic fisheries and FPC promotion,and
requires much more careful reasoning.

The extent to which a going domestic FPC
industry would reduce the subsidy of domestic
fishermen in this situation is not at all elear.
We have seen that to be economic FPC must be
based on non-food fish and, wlth few exceptions
(the highly seasonal menhaden industry) American
fishermen have shown themselves to be unable to
compete with foreign fishermen in supplying this
type of fish. Purthermore, as fishermen are
qulck te point out, the amount to which the
country has been willing to subsidize fishermen
for whatever reasons is not large, therefore
any reductlon of subsidy payments which would
result will necessarily be small, Finally, a
domestic FPC industry will see 1ittle point
in paying more for fish than the domestic fish-
megl industry is presently willing to pay. The
fishing subsidies payments with an FPC industry
will differ from what they would be without
this industry, but with the existing fishmeal
industry{which would exist cn a much higher
scale 1f the country were willing to subsidize
fishermen to the point where they could regularly
supply this industry with fish at say $20 per ton).
In summary, we do not belleve the marginal effect
on flshing subsidles resultlng from a a domestic
FPC industry will be large unless the country
decides to support its domestic fishing in-
dustry at levels markedly hlgher than the
present.
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In sum, the arguments for government sccelera-
tion of the development of FPC on the grounds of
i1ts effects on the fishing Industry are not particu-
larly persuasive from an economist's point of view.

Support of FPC on the Grounds That Competitors Are
Supported

The United States federal government offers
large scale support to almost all the potentlal
competitors of FPC, and in particular to milk.
This support takes the form of not only purchasing
programs and basic research, but also in recent
years the Department of Agriculture has played
a major role in new product development for the
food processing industry. Given the widespread
support of the food industry, it 1s argued that
it would be inconsistent for the gonvernment
not to support the development of FPC, including
product development and demonstration of 1ts
marketability.

. There are two possible lines of reasoning
here and 1t 1s necessary to distinguish them,

for one 1s economically invalld and one is
economically valid. The economically invalid
argument 1s the one from precedent. The

fact that the government makes diseconomic
investments in one area is no argument for

a similar investment Iin another area. Toc be
consistently wrong is not be be preferred to
belng lnconsistently wrong. At the same time,
the authors cannot help noting that, 1f at least
certain agricultural support programs are a
disbenefit on net (a propositlon which we have
not argued but our blas 1s clear) then this dis-
beneflt 1s of far greater magnitude than any
which would occur from a slightly off-target FPC
program. The argument which we used against
supporting fishermen through FPC cbvlously
applles equally well to supporting dalry farmers
through butterfat subsidies and to other agri-
“cultural sectors as well. The only difference

is that in the latter cases 1t involves hundreds
of millions of dollars, but in the former at most
several million. In this report, we are appi
analyses to the government FPC program which

have not been applied elsewhere. Our guess 1s
that, 1f they were so applied, some of these other
programs would show up much worse than the FPC
effort.
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The second and more economically valid line
of reasoning 1is that, given that government support
of all of FPC's domestic competitors is an incontes-
table and probably unchangeable fact, a possible
means of correcting the misallocation of resources
that results from this support is to also support
FPC. That 1s, one imagines what the allocatiocn
would be with no support programs, convinces one-
self that FPC would be competitive in such a situ-
tion, and then supports FPC to the level requlred
to restore FPC to the posltion it would have under
pure competition without government interference,
This 1s a valld argument, The burden of proof
on its advocate 1is to demonstrate that a) FPC
would be competitive In a free market at the prices
that would then prevall, and that b) the benefits
from correcting the misallocation outweigh the
disbenefits of moving still further from the
market process, and that c¢) the support program
one argues for will Indeed achieve the competitive
market allocation efficiently.

This would be an extremely difficult argument
to make quantitatively and we have not attempted
1t. Nonetheless, its possible validity must be
kept 1n mind in making policy decisions with
respect to FPC.

Removal of the FDA Restrictions on FPC

A more direct means by which the government
can interfere with an efficient allocation of
resources 1s by legislating against a product
which would have a place in that allocation.

Given that such leglslation exists, it is clearly
economic forgovernment to fake action to remove
that restriction. If FPC is to find a domestic
market in human foods, 1t will be as an additive
to highly processed products. The FDA prohibition
agalnst domestic distribution in less than one
pound packages effectlvely removes FPC from its
only possible human food market. Furthermore,

the restriction to hake and hake-]ike fish can
increase the unit cost of FPC by over 50% as we
have seen. The requirement with respect to fluoride
content 1increases the costs still further, but

it is of considerably less Importance. Both the
non-toxlelty and the nutritional value of FPC have

-182-



been amply demonstrated,and the fact that FDA allows
any kind of marketing implles that 1t accepts these
facts. The argument for the cne pound restriction
then rests on the idea that without this restric-
tion, even if the product was labeled zs containing
FPC the consumer would not always know what he is
eating, and, i1f he dild, he would not consume it,.
This argument is necessarily based on the fact

that the FDA has the responsibllity of preventing
people from eating voluntarily unknown, beneficial
ingredients. It would be difficult for the FDA

to accept this responsibllity, for the consumer
often chooses to be unaware of what processed

foods are comprised. Rather he relies on the

FDA and similar agencies to make sure that these
foods contain nothing harmful, and then judges

the product on its final appearance to him rather
than 1ts compositlon., If he 1s interested in the
composition, he reads the label or asks the

waiter,

Even given that the FDA has this responsibility
which it so rarely chooses to fulfill, the FDA's
argument must also rely on the fact that the
consumer who chooses not to read the label would
not eat FPC were it explained to him that he is
eating a product containing 80% high quality
protelin, 15% minerals with substantial vitamin
content, 5% water,.a very low percentage
of fats and an extremely low number of bacteria,
made from whole fish, This 1is perhaps possible
but the burden of proof would seem tc be on the
FDA and as yet they have presented no evidence
speaklng to this point. It would be easy to
test this proposition in the market place.

The FDA argues by analogy that if they were
to accept FPC as an additive they would have
to accept a bacteria free, stable, nutritious
supplement made out of say, whole rat. We
suggest that with suitable labeling this is
indeed the case. Whether or not people found
Ssuch a product distasteful would be made quickly
evlident In the market place. A restaranteur
who attempted to mislead his customers would
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take the same kind of risks and face the same kind
of laws which he faces whenever he misrepresents
his product. We suggest that 1if these laws are
I1nadequate, then make them better; but the final
test of acceptablllity should be left to the people.

Arguing against the FDA regulaticn is not a
very Interesting exercise. The peint 1s that if
the FDA ruling is diseconomic, that 1s, inconsistent
with public's utilities, then government action
to correct thils situation is patently valid. We
believe this to be the case, and support further
actlon by the BCF to remove the remaining res-
trictions which, we reiterate, are as economically
restrictive as direct prohibitlon. Recent indi-
cations are that the FDA 1s becoming Iincreasingly
sympathetic to thls vlew, and we lock forward
to the 1lifting of the restrictions. This action
will be doubly beneficial in that 1t will-

a) allow a potentially economic commodity

to fend for itself in the market places

b) remove an artificiality which has cast

a less than benign influence on a well
intentioned and potentlally exceedingly
fruitful research and development effort.
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Government Support of Basic FPC Hesearch as a Public
Good

Information is a public or collective good.
That is, one man's consumption of a piece of infor-
mation does not prevent another man from consuming
1t*, It is both well known and easy to demonstrate
that the private market will allocate less than
the optimal (sometimes much less) amount of re-
sources to a public good, for a partlicular pri-
vate investor can enjoy only a small portion of
the possible benefits of the informatlon he pro-
duces. On this fact rests the most baslic and,
in our view, the most persuasive grounds for
government support of research into fish protein
concentrate., We have seen that if the price of
FPC can be reduced or its functional properties
improved, it could play an important role in
worldnutritionor find a place in the competitive
market place in the developed countries. No
private investor would be expected to invest
in the development of the technology required
to make these improvements possible, for he would
find that he could enjoy only an extremely
small part of the beneflts of this investment,
should it prove fruitful. There is a clear-cut
and, in view of the world nutritional situatlon,
urgent need for government investment in the
development of this baslc technology. We feel
that there exists a substantial probabllity of
achieving the improvements necessary to make
FPC a positive contributor to the welfare of the
citizens of the developed as well as the un-
developed countries. Expenditures on a reasoned,
broad-based research program would be one of the
better investments this country could make.
For example, research into microbiological processes
in which the microorganisms utilize the fish oll
as the source of carbon and energy as in Demailn
(110) is clearly warrented, Furthermore, research
into aqueous extraction processes is certainly
indicated. Means of stabilizing not completely
fat free fish products should receive high
priority.

. There are several definitions of the term public
good in use in the literature. This sentence
will serve as our definition in this report.
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The product of this research, the public¢ good,
is basic Information on possible processes, not
FPC 1tself., A research program based on this
argument would concentrate on generating the basilc
Informatlion pertinent to FPC processes and dis-
seminating thls informatlion to industry to do with
as they will., If this information base leads to
a competitive product, then Industry and the
developling countries wlll not be long in dis-
covering this fact.

We feel that in toto this publlc good argument
points toward and supports a well funded government
research and development effort in FPC. However,
conslderable care must be exerclsed to avoid in-
vestments which are better left to the private
market. Any pllot plant operatlons should care-
fully weight the 1ncreased reallism assoclated with
larger scale against the concomltent increase in
cost and Inflexlbllity.
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