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ABSTRACT

ESTIMATING LEAST COST HUMAN DIETS IN THE

NORTHEAST OF BRAZIL WITH STOCHASTIC

PROGRAMMING--THEORETICAL ISSUES

AND POLICY IMPLICATIONS

BY

Paulo Roberto Silva

Malnutrition has been the major concern of many

nutritionists, economists and public administrators

involved in national planning and economic development

in less-developed countries (LDC's). An overall approach

to the problem usually requires resources and disciplin-

ary skills probably beyond the stocks available in those

countries. The approach has been to attack it under

different methodologies and perspectives. This study

was designed primarily to investigate the extent to

which limited purchasing power has prevented consumers

in the northeast of Brazil from meeting their minimum

nutritional requirements. Therefore, least cost diets

meeting minimum levels of nutritional allowances were

computed and compared with the actual food expenditures

and income patterns. In addition, attempts were made

to relate some populations characteristic with the total

cost of nutrition as well as to indicate least cost
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substitutions, the most expensive nutrients, and the

marginal efficiency of particular foods.

Deterministic and stochastic linear programming

were used to determine least cost diets that would meet

the minimum levels of nutritional allowances suggested

by the Institue of Nutrition at Federal University of

Pernambuco (INUFPe). The eligible commodities for the

least cost diets were mostly traditional foods and their

prices were average retail prices for November, 1973 in

the two cities studied. Standard families in Recife

and Fortaleza were the basic consumption units. Basi-

cally, all the least cost diets fell into the purely

nutritional category, that is: no conventional restraints

were required and they were designed to provide a list

of the least expensive nutrients and most efficient

combination of foods for meeting nutritional needs.

Minimum allowances for animal protein (about 45

percent of the total protein in the diet) were imposed

and the caloric level was additionally constrained by

lower and upper bounds. In addition, the amounts of B

vitamins (thiamin, riboflavin and niacin) were required

to be a proportion of the total calories in the diet.

Formally, there were not specific required amounts for

the eight essential amino acids, but excesses of each

were provided and compared with the minimum standards_

suggested by FAO. Experimentally, constraints were set
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up to explicitly account for conventional habits and

people's tastes and preferences.

It was found that actual incomes are adequate to

provide standard families in the cities studied with

minimum nutritional requirements. In addition, there

are indications that those families are inefficient in

the purchase of nutrition and that reallocation of the

actual food expenditures would improve both their

economical and nutritional status. Actual and least

cost diets differ primarily in terms of variety, costs,

and relative importance of the individual commodities

and food groups to the total costs and caloric/protein

content. Economic substitutions between traditional

and nontraditional commodities were feasible and lowered

the cost of nutrition in one of the cities studied

(Fortaleza).

The family composition effect on the total cost

and food composition of the diets was found to be quite

significant, especially for those concerned with preg-

nancy and lactancy. The family size effect merely

shows that large families are more costly to feed than

the small ones and that in such diets, by doubling or

reducing the family size by a half, the total costs of

nutrition should be doubled or reduced proportionally.

The marginal cost of the nutrients obtained as

a routine part of the linear programming solution
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indicated that although all nutrients are equally impor-

tant in satisfying minimum nutritional requirements,

they are not equally costly. Such marginal cost figures

were highly sensitive to the market prices of the com-

modities in the least cost diets and the computational

procedures used (deterministic and stochastic). In the

overall, proteins (both animal and vegetable) were costly

nutrients while fat, phosphorous, and thiamin (B-vitamin)

were costless at the margin in all least cost diets cal-

culated for the two cities studied. In the aggregate,

protein accounts for the greatest amount of total expen-

diture on food and is followed by calories associated

with the B vitamins. The other nutrients together

(calcium, vitamin A and C and iron) shared a small per-

centage of the total food expenditure as shown by the

least cost diets.

The marginal efficiency of the foods, as given

by the aggregate monetary value of the nutrients in the

foods divided by their market prices, were found to be

100 percent for milk, manioc-flour and sweet potato-

yellow in all least cost diets. Rice (in Fortaleza)

and corn meal (in Recife) also had a marginal efficiency

of 100 percent.

In another routine part of the linear programming

solution was indicated the range over which the price of

the efficient foods (that is, foods which have a marginal
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efficiency of 100 percent) could vary without being

forced out from the least cost diets. Such a range

of variability was quite sensitive to the computational

procedures used. Foods like sweet potato, dried beef,

manioc-flour, orange, rice, milk and beans—mulatinho

were the least sensitive to market price variations.
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CHAPTER I

INTRODUCTION

Widespread malnutrition may adversely affect

economic development. First of all, limited life

expectancy brought about by inadequate nutrient intakes

limits the number of productive years and thus reduces

the social return from investments in human skills [51].

Second, improper nutrition diminishes labor produc-

tivity, lowers resistance to diseases and hinders

initiative. Third and most important, malnutrition

has been one of the major causes of childhood deaths;

and for a sizeable percentage of survivors, malnutri-

tion will retard physical growth and intellectual

development, because inadequate nutrient intakes

affects bodily growth and thus physical performance.

The thesis that malnutrition may impair intel-

lectual development and affect human development has

been the major concern of many nutritionists, econo-

mists and public administrators interested in policy

questions. For instance, Berg [8] has stressed its

long-run effects as follows:



If the majority of our children do not have a

balanced diet we are producing a generation of

intellectually and physically stunted growth. And

any talk of equality of opportunity for individuals

in (such) a society has no meaning (p. 105).

There are others who have argued that mal-

nourished populations will lead to inferior labor and

intelligence. So, regardless of the amount of capital

and education that society makes available to them in

the future, the survivors will not be able to achieve

the levels of productivity that the genetic potential

dictated [6]. ‘If this is true and if malnutrition is

higher among underprivileged groups, it will lead to

lower intellectual and physical capacity for a large

percentage of the population, mainly in the less

developed countries (LDC's).

Actually, there is already an enormous public

and professional concern about the nutritional problem

and its socio-economic implications in the process of

economic development [9, ll, 27, 30, 44]. However,

the factors affecting malnutrition are highly inter-

active and mutually reinforced, so the nutrition prob-

lem becomes extremely complex. There are many different

ways to improve the nutritional status of a population.

For instance, adjustments in agricultural plans in

order to provide an abundant supply of high quality

and inexpensive food is one possibility: educating the

household toward a more efficient use of its income as



well as programs designed to raise the purchasing

power of lower income groups are obviously open alter-

natives. How far those approaches are feasible and

operative are clearly open questions since each one

will involve different administrative arrangements

and social costs and they may have quite different

political implications. Finally, it should be empha-

sized that malnutrition exists even among the developed

countries and while it is not the only problem in the

LDC's, but it is not the least relevant.

A. The Problem Setting and Its Importance

In the northeast of Brazil, which contains

28.7 million inhabitants (30.3 percent of the country's

population) and which amounts to 18.2 percent of the

total Brazilian area,1 a great percentage of the popu-

lation suffers from malnutrition [2, 10, 12, 30, 33,

60, 62]. Most of the population of the northeast

obtains an inadequate diet and shows calorie-protein

deficits.2 Vitamin A, B (Riboflavin), vitamin C and

 

1For details see: [25, Vol. 1, pp. 54-60].

2There are indications that such levels have

improved over time in the urban northeast, although

calorie-protein intakes are still low among poor people

[1]. On the contrary, it has been indicated that in

rural areas the average calorie intake has declined

in recent years from 1,800 to 1,323 a day (Time Maga-

zine, March 25, 1974, p. 42). Yet, other studies based

on either historical or clinical data have supported

the arguments above [14, 30].

 

 



fat intakes are also below the standard nutritional

requirements. Iron intakes are high, while calcium,

thiamine and niacin intakes are generally adequate

[2, 12, 60]. Infants' diets are particularly inade-

quate with respect to calories, vitamin A and C, iron,

thiamine, and niacin.

Diets in the northeast of Brazil are generally

poorly balanced for lack of meat, milk, fruits and

vegetables, since they are based on beans, meal, rice,

and brown sugar. In some areas, diseases and under-

nourishment caused by malnutrition are frequent and

child mortality rates are quite high. There is still

evidence that insufficient diets have reduced worker's

life expectancy in that part of the country.3

It is clear that malnutrition exists in that

part of the country, but the question is: why do people

there eat what they do! Chaves [12] argues that malnu-

trition in the northeast of Brazil is to a great extent

an economic problem. He suggests that improvements in

the consumer's purchasing power is crucial in order to

provide the people with good health, education and high

quality food. Lustosa [39] and Melo [41] have also

 

3Calculations made by Campbell showed that an

average person in the northeast produces just one-fifth

(1/5) as much as the typical worker of the southeast

part of Brazil during his lifetime [9, p. 4].



stressed the causal relationship between per capita

incomes and low nutritional levels in the northeast

of Brazil, and have suggested an integrated and multi-

disciplinary approach to deal with the problem, includ-

ing agricultural development, improvement in the labor

productivity, health facilities, and education.4

Provided that most of the northeast population suffers

from malnutrition because of limited incomes, and

given that the most undernourished people are poor

people, nutritional needs must be linked with the

issues of income distribution and improvement in their

economic status may be a desirable political goal.

Some have argued that freedom from malnutrition

will come only when enough of the right foods are con-
 

sumed and suggest improvements in the patterns of food

consumption to get better nutrition [19]. Such an

approach, of course, ignores the relationship between

income levels and the cost of nutrients, which can be

quite significant as well.5 For instance, in the north-

east of Brazil, it is not likely that one could induce

 

4Comments about the effect of incomes to malnu-

trition on the northeast of Brazil can also be found in

[37' pp. 3-4].

5Obviously, mere increases in income do not

necessarily result in better nutrition unless people

are taught principles of good nutrition and the house-

wife is able to obtain the necessary foods in acceptable

form at reasonable prices.



poor people to buy the right kinds of foods if they

cannot afford them.6 Provided they can, it is still

worthwhile to know how inexpensively they could obtain

nutrients and meet their nutritional requirements at

minimum cost. By providing a better use of the exist-

ing family food budget through better consumers' know-

ledge of economic diets, one can improve both the

nutritional status of the rich and the economic

position of the poor--so it may have some distributive

impact over the long run.

A related problem is the population element in

relation to malnutrition in the northeast of Brazil.7

In that part of the country high rates of population

growth followed by declining trends in mortality has

had a direct impact on family size and age structure.8

 

6In the northeast of Brazil per capita income

is far below the national average which is about 420

USA or Cr$2545.20 [2]. The problem, however, is that

a large proportion of the population is within the low

income brackets and there is evidence that the patterns

of income distribution have deteriorated over time [31].

7In a recent press interview the president of

the National Institute of Food and Nutrition of Brazil

claimed that "malnutrition affects 40 percent of the

Brazilian population and given that the rate of growth

among undernourished people is by and large superior

to the other section of the population, it would require

heavy investments in order to push forward the Brazilian

development plans," [27, p. 57].

8The estimated figure was 2.3 percent a year

for the last decade [24].



Provided that nutritional requirements vary

with age, differences in family structure and composi-

tion will affect the total daily nutrient intake.9 It

is quite obvious that the total cost of nutrition will

rise with increased family size, but the effects of

composition and age structure have not been examined

over time. Therefore, it may be relevant to know the

least-cost adjustments to changes in family size and

structure. In addition, it might be worthwhile to

investigate to what extent a high dependency ratiolo

depresses per capita incomes and prevents the largest

and poorest families from adequately meeting their

basic nutritional needs.

Finally, it has been recognized that a great

percentage of poor people would be better off if adjust-

ments in agricultural plans reduce the cost of nutrition.

An assessment of the problem, however, needs to be made

in terms of the relevant costs, because the market

prices of foods in themselves may not reflect accurately

the true cost of scarce nutrients. Smith [50, 51] has

emphasized that agricultural development plans aimed to

 

9This is especially true among families with

pregnant and lactant women because they would require

nutrient supplementation.

10The dependency ratio is measured by the por-

tion of the population at working ages (age group 15-65)

in relation to the total number of people in such a

population [5].



have a major impact on the reduction of nutritional

deficiencies must take into account the marginal

efficiencies of particular foods as sources of nutri-

ents. The idea is that the ultimate agricultural

plans must be defined and based upon some dietary

standards, together with prices and a scientific

assessment of the kinds and qualities of the foods

needed to promote good health and efficiency. The

marginal efficiency criterion assigns high value to

nutrients that are expensive to replace through the

market, and knowledge about the marginal cost of

nutrients gives useful indications of how better plans

can be formulated and implemented in order to find

sources of economic nutrition.

B. Objectives of the Study

The overall objective of this study is to evalu-

ate the extent to which limited purchasing power has

prevented consumers (in the northeast of Brazil) from

meeting their minimum nutritional requirements. There-

fore, the first step can be accomplished by relating

family income levels and the proportion of income spent

on food with the minimum cost diet. Also, an attempt

will be made to evaluate the effect of family structure

on the cost of nutrition. Based on the outlined objec-

tives and results obtained, major policy implications



will be summarized and used as a basis for recommendations

to both consumers and public administrators.

More precisely, the objectives of this research

can be stated as follows:

1. To determine least cost diets for a standard

family and compare them with actual patterns

of food expenditures and per capita incomes.

To determine the most expensive nutrients,

given predetermined nutritional requirements

and the marginal efficiency of foods in the

least cost diets.

To determine the effect of family structure

on the total minimal cost of nutrition.

To determine the extent to which food price

patterns can change, without affecting the

stability and composition of the minimum

cost diets.

Based on (1), (2), (3), and (4), to show

the major policy implications for meeting

nutritional needs in the most economical ways.

Study Design and Thesis Organization

1. Scope of the Study

a. Selected Survey Areas

This study is concerned with the urban northeast

and more precisely it involves two of the most important

cities in that part of the country--Fortaleza and Recife.

They are both capitals of states (Ceara and Pernambuco,

respectively), and besides their active roles as

political-administrative centers, they still have a

relatively strong influence on the whole northeast
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region due to their economic dynamism. Due to their

geographical characteristics (they are both coastal

cities), they are subject to a widely varying climate

throughout the year.

The industrial sector is rapidly growing in

both cities, but given the steady, natural rate of

population growth and rapid influx of people to the

coastal areas (rural-urban migration), it has not been

able to provide sufficient employment to absorb the

growing labor force. The population and income

patterns are also quite similar in these two cities.

The 1970 Brazilian Demographic Census has estimated a

population of 857,980 and 1,060,611 inhabitants for

Fortaleza and Recife, respectively. Their rates of

population growth (5.0 and 3.1 percent) are much above

the northeast and Brazilian averages (2.3 and 2.7 per-

cent, respectively) and in addition, a large percentage

of the population is under the fifteen year age group

(about 40 percent).11

Income levels are low in both cities and the

income distribution is highly skewed. For example, in

the city of Fortaleza about one-half of the total popu-

lation received only twenty-five percent of the total

 

llBasic Sources: The Getulio Vargas Foundation

[60] and Censos Demograficos dos Estados do Ceara e

Pernambuco, 1970 (FIBGE):
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income, while in Recife only twenty-four percent of the

total income was shared with fifty-one percent of the

total population [1, 31.12 In addition, it has been

reported that a considerable proportion of income is

spent on food, especially among the poor people who

spent about seventy-five percent (average for the two

cities) of their total income on food consumption.13

There is also a great deal of similarity in the food

consumption patterns for these two cities as shown in

the Northeast Bank Consumer Budget Studies [3, 4].

However, there are indications that the diets are more

diversified in Recife than in Fortaleza although for

both cities,most of the basic nutrients (proteins and

calories) come from five or six major sources.

 

12It is based on 1964-68 data, although there

are evidences (at least to the Northeast region as a

whole) that such a pattern has not changed or even

getting worse over time.

13Notice that in Fortaleza, where the people

in the lowest income groups spent eighty percent of

their income on food consumption, items like beef,

cereals, fish, vegetables and dairy products account

for eighty percent of such expenditures. Given such

a consumption pattern, if one assumes that this seg-

ment of the population suffers from malnutrition, it

obviously implies that the prevailing incomes have

really imposed a low absolute level of food consump-

tion, as has been emphasized [36, 114].
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Concerning their nutritional status, historical

data and clinical studies14 have stressed the popula-

tion nutritional deficiencies in both cities, ranging

from gross undernutrition to sub-clinical malnutrition,

especially among infants [14, 30, 33, 41]. Surprisingly,

in the urban Northeast where the access to social and

medical services are supposed to be better than in the

rural areas, infant mortality rates shifted from 140.6

and 165.3 to 152.0 and 205.7 for Fortaleza and Recife,

respectively, during the period 1969-70.15 Yet, in the

city of Fortaleza, a survey undertaken by the secretary

of health has indicated that the percent of infants

(aged 1-4 years old) who died showing symptoms of

 

14In the overall there are three major ways to

perform a scientific evaluation of the nutritional

status of a population: dietary, biochemical and clini-

cal.' The dietary approach is focused on the average

nutrient intakes by comparing them with some standard

or predetermined levels, and it just indicates the

nutrient intake for a specific point of time. The bio-

chemical approach reflects the nutrients stored in the

tissues in the relatively recent past and concentrates

on analysis of blood and urine. The clinical studies

are more general (although not less important) and they

are focused on the prevalence of symptoms or physical

abnormalities which are close indicators of malnutrition

or undernutrition such as: height-weight age rela-

tionships, skin lesions and spots, decays, depigmenta-

tion, parasitic diseases and other infections. It must

be emphasized that all of these methods are really

complements rather than substitutes.

15Those figures refer to mortality rate per

1,000 infants under one year of age [25, Vol. 1, p. 79

and 26, Vol. 2, p. 64].



13

malnutrition was considerably high. For example:

among two hundred children who died in the four

hospitals sampled, about one hundred eighty four

(92 percent) has showed symptoms of malnutrition [17].

b. Some Methodological Issues

This study is addressed toward some policy

questions pertaining to improving the nutritional

status of the population in the urban Northeast.

Obviously, any policy prescription beyond the scope

and sampled area could be quite arbitrary, although

it does not mean that the results obtained in this

research cannot be used as a basis for policy recom-

mendations.

Public administrators concerned with agricul-

tural and nutritional plans are usually interested in

determining the nutritional needs of their populations.

The conventional procedure has been to assume certain

minimum nutrient requirements (on a per capita basis)

and extrapolate to the population as a whole. Such a

procedure is not truly incorrect, but it is imprecise

because it ignores the population's demographic pattern

which is quite important in determining total nutrient

requirements, either to a country, region or even to a
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16 This is especially true because the popula-family.

tion (or family) composition has a considerable influ-

ence on the total amounts of each nutrient to be

required. Economists and nutritionists working in

this field and interested in policy questions, are

usually dealing with the problem of setting up minimum

nutrient requirements in order to attain some economic-

nutritional objectives.l7 Again, the procedure has

been quite arbitrary because it does not take into

account some of the population characteristics such as

age, structure, sex composition, physiological state,

etc.

Such a consideration leads to the use of a

representative or standard family as a basis to estab-

lish minimum nutrient requirements and calculate the

least cost diets. Such a representative family is

focused on the prevailing demographic pattern and

population characteristics in both cities such as size,

sex and age structure. The average family sizes were

estimated to be 5.1 and 5.4 for Recife and Fortaleza,

respectively and the age-sex composition is stratifed

as seen in Table 1.1.

 

16Obviously, one may be interested in specific

sections of the population (example: low or high income

groups) whose size and structure departs from the general

population pattern. Yet, it may be interesting to per-

form a sensitivity analysis in order to see how changes

in the average patterns (age, structure, sex, physio-

logical state) would affect the cost of nutrition.

17See, for example [1, 19, 50].
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Table 1.1. Age and sex composition pattern of the

standard family (Northeast of Brazil).

 

W

  

 

Recife Fortaleza

Age groups

Males Females Males Females

% % % %

0 - 4 16 13 16 14

5 - 9 15 12 15 13

10 --14 12 ll 12 ll

15 - 49 47 53 48 52

> 49 10 ll 9 10

 

Basic Source: Table A-lO (Appendix A).

Another methodological development in this research

involves the use and comparison of two computational

procedures, that is: the conventional (deterministic)

linear programming technique and its stochostic ver-

sion. The idea, however, is not merely to show the

weakness of the conventional method, but to indicate

some other alternatives to deal with the problem, as

well as to show how to improve its analytical power

(standard method) under special circumstances.

The last concern here is probably philosophical

rather than methodological. It is felt that in many

LDC's where population and income distribution are

sensitive political issues, a common denominator has
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to be found in order to compare and evaluate different

plans and policy strategies. To provide a minimum

nutritional level for a family is highly desirable and

an acceptable social objective. So, it may be used as

a basis to set up a poverty line (subsistence level)

and/or a point of departure to improve the socioeconomic

status of the poor. In other words, poverty is defined

by the economic incapacity of a family to feed itself

adequately. Given such an objective basis, governments

would be more prepared to provide the right amounts of

subsidies needed to satisfy other basic family needs

such as education, health, housing and so forth.

2. Types and Sources of Data

a. Commodity_List

The commodity list used to compute the minimum

cost diets relies to a great extent on the Northeast

Bank consumer budget studies as well as on information

gathered from nutritional experts in the region [48].

The total commodity list included was subdivided into

seven categories: cereals and products, roots and

tubers, meat, poultry and fish, eggs and milk products,

legumes, fruits and vegetables, and fats and oils and

miscellaneous. Such a list is supposed to be representa-

tive in each city, since it rested upon actual and

observed dietary behavior with respect to habits, taboos
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and food expenditure patterns. The eligible commodity

list used to determine the minimum cost diet in each

city is confined to those foods consumed by at least

18 Thetwenty percent of the households in each city.

use of conventional foods as a basis to calculate

least cost diets has been suggested [50] and it is

used in this research to take into account population

tastes and preferences. However, the possibility of

least cost substitution, between the traditional and

other available foods in the region was also considered

in this study.

b. ;Nutritive Content of

Foods

The food composition values (proteins, calories,

..., vitamins), are technical information and they are

usually obtained from food composition tables, expecially

prepared by nutritionists. Because the Brazilian food

composition table is quite incomplete and the Northeast

food composition table is still under development at

the Institute of Nutrition at Federal University of

Pernambuco (INUFPe), a variety of sources were used in

order to get the nutrient and aminoacids content of the

foods used in this research [48].

 

18Based on the Northeast Bank Consumer Budget

Studies [3, 4].
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c. Nutritional Requirements

The nutritional requirements to be met in the

computation of the minimum cost diets are based on the

recommendations made by INUFPe. Such recommendations

are supposed to be minimum levels for health for indi-

viduals engaged in a regular work activity in the North-

east of Brazil. Needless to say, that such a standard

varies with sex, age, physiological state, climate

conditions, etc., and that the minimum requirements may

not be applicable to all individuals. In addition, it

should be emphasized that the suggested levels are

actually adjusted data from many other specialized

sources such as Food and Agricultural Organization

(FAQ), World Health Organization (WHO), and Instituto

Nacional de Nutricion (Colombia).

When determining least cost diets, the conven-

tional procedure has been to constrain the model with

the minimum dietary allowances, but in this study

additional constraints (bounds and ratios) were set up

in order to make the nutritional model more realistic

and operative. Aggregations and additional adjustments

were performed in order to take into account sex-age

differences in nutritional requirements as well as

allowances for lactation and pregnancy (see Appendix

Tables A-l, 2, 3, 4, 5, and 6). The age group pattern

used in this research is the following: 0-4, 5-9,

10-14, 15-49 and greater than 49 years old.
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d. Commodity Prices
 

There is already a relatively well established

market information system in the Northeast of Brazil,

but just now they are presently operating only at

wholesale level. Therefore,there are no time series

data for food products at retail level in that part of

the country.19 This research used cross-sectional

data collected by graduate assistants of the Department

of Agricultural Economics at Federal University of

Ceara, directly from retailers during the period

of November 15-25, 1973. The area sampled included

only retailers spread around the several local super-

markets, and to a great extent the data represent

average prices paid by local consumers.

3. Plan for the Dissertation

The following chapter contains a brief overview

of some of the studies which have been undertaken in

recent years. Chapter III deals with the theoretical

framework used to approach the diet problem. It con-

tains the conventional and an extended formulation of

the problem including a stochastic version.

 

l9 . .

. There are some market studies and price

information at retail level [58, 59]. However, those

studies just included cereals as well as fruits and

vegetables and the prices refer to 1972.
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Chapter IV presents the various results and

analysis of this study. Chapter V contains conclu-

sions, limitations of the study and suggestions for

needed research.



CHAPTER II

REVIEW OF LITERATURE

Literature on least-cost diets is far less

extensive than other topics in the economics of nutri-

tion related to economic development. However, some

relevant work has been done and this chapter is con-

cerned with some of the past studies that have been

undertaken in this specific area. It is not intended

to be an exhaustive review of all past studies on least-

cost diets and related topics.1 Instead, it is a

summary of the major work in this field with special

emphasis on methodological procedures and research

achievements. It also attempts to show the relation-

ship of the privious studies to this research, the

ways in which they differ, and their possible contri-

butions to this study.

Economists concerned with nutrition and economic

development have dealt with problems of least-cost diets

 

1Although the nature of the problem is essen-

tially the same if one is dealing with animals or human

beings, literature on least-cost feed mixes for animals

will not be included in this chapter. As a matter of

fact, many of the basic procedures and the same program-

ming techniques have been used in solving both types of

problems.

21
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since 1941, when Cornfield formulated the problem of a

minimum cost.diet mathematically.2 Later on, even be-

fore the discovery and development of the simplex

method by Dantzig, Stigler computed two diets for an

active man weighing 70 kilograms and living in a large

city [57]. Stigler's food list included about 70

commodities. The price quotations were averages of

many large cities. Stigler did not use mathematical

programming to determine the cost of his diet and his

daily allowances for nutrients were based on the 1943

version of Recommended Dietary Allowances by the

National Academy of Sciences, U.S.A. [42].

Beckman, in 1959, was the first author to

consider amino acid requirements (at least indirectly)

by computing a subsistence diet as a classroom exer—

cise. His diet was computed on a per-capita basis for

a male 45 years old. Both traditional and nontraditional

foods were included in the commodity list. Minimum

daily requirements were based on the 1958 Recommended

Dietary Allowances [43] and the prices were average

retail prices for 1959 in two specific cities of the

United States.

 

2The reference to Cornfield's work is found in

Smith [50, pp. 12]. It should be emphasized that the

studies related with economical diets started even

before the 1940's [57, pp. 213].
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Three Yugoslavian.authors have been quoted as

the first ones to consider the minimum cost diet matter

in a broader perspective by comparing their physiologi-

cally required diets with actual food expenditures.3

Linear programming was the analytical tool used by the

authors in such a study. They concluded that a typical

family of four was unable to buy the physiologically

required diet at the time of.the research. After these

pioneer works, the major development in this area of

the economics of nutrition has paralleled the gradual

expansion of mathematical programming techniques and

the growing concern for nutritional problems as related

to economic development.

A book written by Smith [50] in 1963 seems to

be the first concise and comprehensive statement about

the methodology, analytical tools and the importance

of determining least-cost diets for human beings. In

Chapter II of this book, Smith presents one of his first

nutritional models which was devised for a family of

three (45 year old male and female and their 18 year

old daughter) for four weeks. The model included a

list of traditional foods consumed by families in East

Lansing. The prices were average prices paid by 176

families who participated in the Michigan State University

 

3The references to these other two pioneer works

(Beckman and the Yugoslavians) are also found in Smith

[50. PP- 13. 14l-
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consumer panel. Structurally, such a model still falls

within the conventional patterns, but by setting up a

range for the caloric content in the diet it departed

from the old formulations and represented an improve-

ment in terms of nutritional theory. In the book the

author goes beyond a simple least-cost diet formulation

by opening the.subject towards other theoretical and

practical issues such as: diet palatability,'costs of

habits and preferences, minimum cost substitutions of

foods, and marginal efficiencies of foods and the

effects of seasonality on the total cost and composi-

tion of the diets.

Again, Smith, in a subsequent study [52],

improved his basic formulations, especially with

respect to the protein allowances to be considered in

determining the least-cost diets. He shifted away from

the conventional method of setting up minimum allow-

ances for proteins (in quantitative terms only) and

started to develop a model which would provide the

calculated least-cost diets with proteins of a specific

quality or range of qualities.4 Because the protein

quality depends mainly on its amino acid pattern, he

 

4Protein quality is an attribute of the protein

per gg by itself. The efficiency of utilization will

depend on both the quality and the quantity of protein

in the diet, along with the adequacy of the total diet,

environmental conditions and the physiological state of

the recipient [17, p. 65].
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included additional constraints in order to assure

that the diet would provide an appropriate amount of

fully utilizable protein.5. Still a further extension

brought about by Smith, at that time, was to make

adjustments in order to make sure that no tryptophan

would be diverted from tissue formation for use in

the synthesis of nicotinamide.

Finally, recognition that the efficiency of

any protein in tissue formation depends on both quan-

tity and quality, together with the adequacy of the

diet as a whole, made Smith bring an additional

improvement on previous work and come up with a diet

model with protein quality variable [56]. At the

present time, it seems to be the most advanced and

consistent formulation of the problem, because it was

devised to determine simultaneously the most economi-

cal combination of quality and quantity of protein in

the diet. The model defines and starts from the

structure of a fully utilizable protein, but in addi-

tion, it takes into account the quantitative relation-

ship between protein and calories in the diet.6 The

 

5A fully utilizable protein is defined as a

protein which contains the essential amino acids in

the required proportions [56].

6As mentioned before, the efficiency of utili-

zation of the proteins depends not only on its amino

acid pattern, but also on other factors present or

absent in the total diet (see footnote 4).
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model has been applied.empirically in Nigeria twice

where the nutrition restraint is just a portion of a

general model that.includes.agricultural production

activities. More precisely, the author was concerned

with determining the set of agricultural activities

which provides acceptable levels of nutrients in the

most economical way [53, 55].

Out of the United States many of the studies

have been referred to in the literature. One of these

studies is not published in English, but it is listed

in the bibliography as an additional source for those

who may have access to it [66]. Two other studies

were conducted by Fonseca [22, 23] in India and both

were concerned with the cost of an adequate diet for

an industrial worker class family consisting of the

father, mother and two children below the age of

fourteen. The study covered over forty industrial

centers in India and its major objective was to pro-

vide a basis for determination of a need-based wage

for a family unit. Minimum daily requirements were

set up by National Nutritional Advisory Committee and

linear programming was the technique used to calculate

the minimum cost diets. Seventeen food items usually

consumed by the industrial workers were initially

selected and the diets were calculated at both 1960
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and 1967 prices. The author found that calorie and

calcium requirements have been fulfilled precisely,

while the quantity of the other nutrients were above

the minimum requirements. Sensitivity analysis was

performed in order to evaluate the seasonality effect

on the total cost and composition of the minimum cost

diets. In addition, the calculated minimum cost

diets were added together with other needs of the

worker (clothing, housing.and miscellaneous) and used

as a basis for determining.minimum wages in the studied

areas.

Several important studies have been made in

Latin America during recent years. Florencio [19],

the first nutritionist to work on the problem, used a

linear programming nutrition model to determine the

efficiency of food expenditures among working-class

families in eight cities in Colombia. The model design

follows conventional patterns, although it handles the

caloric and B vitamin content of the diet more accur-

ately than conventional versions.7 Another departure

from the conventional model was to set up protein

allowances on two levels depending upon the biological

 

7Conventional versions mean the straight-

forward mathematical statements of the nutritional

problem as referred to in other studies and inter-

mediate textbooks [l, 13, 47].
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value of the diet. In this research the data about

daily nutritional requirements was provided by the

Instituto Nacional de Nutricion, Colombia, complemented

by the dietary standards formulated by National Research

Council in the United States. The least-cost diets

were calculated on a family basis, and the nutritional

allowances were computed by summing up the individual

allowances for the average number of persons eating

per day. In computing this average the number of per—

sons eating each meal was weighed by the relative

importance of the meal.8 Among the major findings

was that it was found the working-class families spent

sufficient money to buy adequate nutrition but failed

to obtain the necessary nutrients because a signifi-

cant portion of their food expenditures was spent for

nonnutritional objectives. Some of the foods in these

calculated least-cost diets had marginal efficiencies

of 100 percent; i.e., the aggregate monetary value of

their nutrients was equal to their market price.

In another Colombian study, the IIT (Instituto

de Investigaciones Tecnologicas, Bogota, Colombia)
 

calculated least-cost diets for twenty cities around

 

81n determining the magnitude of the nonnutri—

tional component of food expenditures, the author used

the concept of a standard family made up of six persons

including an adult male, a pregnant female and four

children with ages ranging from one to nine years.
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the country [32]. The diets were calculated on a per

capita basis (by specific age groups), constrained by

ten nutrients and the essential amino acids. Addi-

tional constraints were imposed in order to limit the

maximum amounts of specific foods in the least-cost

diet, domestic supply of foods and the amount of

calories to be provided in the diet. The data on the

nutritive value of foods were derived from two major

sources: the Colombian Food Composition Table and the

FAO Amino-Acid Content of Foods. Nutritional daily

requirements were the recommended allowances for the

Colombian population made by the Instituto Nacional

de Nutricion, and the prices were yearly averages for

1971. The research was primarily designed to serve as

a basis of a multidisciplinary approach to malnutrition

in that country and many other related points were

investigated such as: the effect of changes in food

prices in the composition of the least-cost diets, the

effect of marketing margins on the total cost of the

diets and the possibility of reducing the total cost

of the diets obtained by introducing nutritional

supplements (synthetic amino acids, enriched foods and

new agricultural varieties).

Still in Colombia, two other papers by Florencio

and Smith [20, 21] have showed the following: (a) the
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families failed to obtain an adequate nutrition because

given the levels of expenditure about 23 to 63 percent

of the money went for nonnutritional objectives; (b) by

using three-fifths of the actual amount of money spent

on food, the families could have bought a least-cost

diet which would have provided the same amount of

nutrients: (c) the percentage contribution of the

various food groups.in the total food expenditures

differ considerably in the actual and the calculated

least-cost diets: (d) cereals were the major source of

calories and proteins for both actual and the least-

cost diets; (e) family size and composition had little

effect upon the composition of the least-cost diets,

while city-to-city differences were quite significant.

Prices for foods used in determining the least-cost

diets for the 38 families included in these studies

were provided by the Colombian Departamento Adminis-

trativo Nacional de Estadistica and the food composi-

tion data was obtained from a food composition table

prepared by the Instituto Nacional de Nutricion

(Bogota).

In Brazil, at least three studies in this field

must be mentioned. The first was done by Langier [34]

in 1967 and it dealt primarily with a method to measure

the nutritional contribution of different foods and
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obtaining economical diets.9 It is claimed that

linear programming requires mathematics probably

beyond the training of nutritionists and that its

use in LDC's can.be additionally constrained because

of the costs and shortage of computers and skilled

personnel. Yet, contrary to linear programming, such

a method can provide a measure of the nutritional

contribution of food, whether or not the resources

available permits the full set of nutritional require-

ments to be met.10 An empirical application

of the method was performed to obtain economical sup-

plementary diets for families with deficient nutri-

tional intake in four villages in the Northeast of

Brazil.

The basic data used in Langier's research were

derived from a field survey conducted by nutritionists

of the Brazilian Ministry of Health through the period

1959-61. Information concerned with the nutrient

 

9A more concise statement about Langier's

method can be found in [35, pp. 13-45].

10The author's statements may be very true at

the time of his research but they are far beyond being

generalized. He even did not show how inexpensive and

efficient his method should be if one is dealing with

about 100 commodities and 15 to 20 restrictions. In

addition, the idea that linear programming is not a

feasible technique under resource unavailability be-

cause the people cannot buy the least-cost diets,

frequently ignores the possibility of getting govern-

ment subsidies in order to improve the economic status

of people in the low income class.
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content of foods and.the recommended allowances were

derived from several Brazilian sources. Langier's

method is rather intuitive and it consists of a

sequence of decision rules which, carefully followed,

will lead to an economical diet close to the least-

cost diet obtained by linear programming as shown in

Chapter V of his.dissertation..

Still in the Northeast of Brazil, the North-

east Development Bank in a consumption budget study

including five cities in the urban northeast, used

linear programming to determine least-cost diets [1].

The nutritional model used was again of the conventional

type11 and the study was very aggregative, with respect

12
to some of the basic data used. Nutritional daily

requirements as well as the nutrient content of foods

were derived from several sources, including the ICNND13

 

11See footnote 7.

12This was specially true with respect to the

price figures since that the data used were extrapolated

from one city to all other cities together. Such a pro-

cedure of course can completely invalidate the results

obtained, provided that a considerable city-to-city

price variation exists. In other words, it is quite

possible that the calculated diets are not really the

least-cost diets for most of the other cities.

13Interdepartmental Committee on Nutrition for

National Development [33].
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research and other Brazilian studies. The food list

included about 37 commodities and the prices were

averages paid by local consumers in one of the cities

at the time of the research. The diets were calcu-

lated on a per capita basis and some comparisons

between the income levels of the household with

the expenditures.on-a nutritionally and physiologically

acceptable diet were performed. They found that ribo-

flavin was the most expensive nutrient for the urban

northeast-~it costs about Cr $80.00/mg, and it was

followed by fat, protein, vitamin C, calories and

14 At least at the time of the researchvitamin A.

urban income levels were referred to as sufficient to

buy enough of the right foods in that part of the

country.

Finally, Patrick and SimOes [46] conducted a

study on least-cost diets in the State of Goias (City

of Cristalina) in 1969. Using linear programming the

authors calculated least-cost diets for three socio-

economic groups and compared them with their food

expenditure patterns and incomes.15 Minimum daily

 

14The relative importance of fat (high cost)

compared with the other nutrients may be explained by

the high level of nutrient requirement imposed, which

was 77 gm/person/day.

15The available reference does not show the

mathematical formulation of the problem, but it seems

to be of the conventional type (see footnote 7) with

additional restrictions to deal with consumers' tastes

and preferences.
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requirements were based on the recommended dietary

allowances given by the National Research Council,

U.S.A. [43]. The diets were calculated for a family

16 The total cost of theof six for a one-week period.

least-cost nutritional diets including restrictions to

reflect.the consumer's tastes and preferences were

reported to be 50 percent higher than the basic one,17

and the savings obtained by adopting the least—cost

diets were quite substantial.for all socioeconomic

groups.

In summary, there is a considerable overlapping

and similarity in the objectives and methodological

procedures used by several authors, especially in the

field of applied research.18 However, this does not

mean that these studies are irrelevant as a methodo-

logical basis for those interested in the economics

of nutrition. At least they have suggested additional

explorations in the methodology as well as how the

 

16There is no indication about family composi-

tion and how the total family nutrient intake was

computed.

17That is, the initial least-cost diets,

which were calculated without such restrictions.

18Exceptions must be made for Langier's work

which is unique and essentially methodological as well

as some of Smith's later work (both theoretical and

applied) dealing with mathematical nutritional models

to calculate least-cost diets.
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research results in this field can be used as a basis

for policy recommendations.

None of these studies attempted to define a

representative or.standard.family based on demographic

patterns.19 The general procedure was to assume a

standard family size and/or given that to assume a

certain age structure and family composition as a

basis to calculate.the least—cost diets.20 Such a

procedure, although.not incorrect, is not the most

appropriate way to handle the problem, especially if

one is interested in answers to questions concerned

with the population as a whole.21 Secondly, in spite

of the importance of the demographic factor for many

LDC's, the effect of population structure on the total

cost of the least-cost diets has either not been

emphasized or has been overlooked in all the studies.

 

19That is, a family which is representative in

terms of size, age structure and sex composition.

20Some have argued that the standard family

should be as representative as possible, but even those

never used the population demographic characteristics

to determine it [21, p. 225].

21According to nutritional theory, dietary

allowances varies with age and sex along with other

physiological and environmental conditions. So, given

the population structure by assuming an identical

pattern for a family of a known size, one can determine

precisely the average nutrient intake for a family,

state, region or country.
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Additional comments must be directed to the Brazilian

studies where the models used turned out to be very

crude simplifications of the nutritional problem

involving the determination of least-cost diets; i.e.,

they just follow the simplified mathematical formula-

tions of the problem with no explicit recognition on

the foundations of the nutritional theory.



CHAPTER III

THEORETICAL FRAMEWORK FOR

DETERMINING LEAST COST

DIETS

Minimum cost diets constrained by nutritional

requirements implies the allocation of limited resources

in order to meet desired objectives. The problem can be

handled adequately by mathematical programming techniques.

Needless to say, the widespread use of the linear pro-

gramming technique to approach the diet problem is not

a requirement by itself. There are many practical as

well as theoretical reasons to use it, although in some

circumstances other programming techniques such as non-

linear programming, stochastic programming, etc. may be

appropriate.

As mentioned in Chapter II, attempts to formu-

late a low-cost diet come from the early 1940's, even

before the discovery of the mathematical programming

technique. At that time Stigler [57] formulated a

nutritional diet problem and determined the types and

amounts of each food which would satisfy the daily mini-

mum nutrient requirements at very.low cost (not a

minimum!). More recent attempts at formulating diets

37
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for human beings using linear programming have met

great acceptance among nutritionists and economists

who are interested in nutritional problems [1, 19, 32,

46, 50].

A. The Standard Mathematical Formulation

of the Diet Problem
 

The standard linear programming approaches to

the diet problem include both the deterministic and
 

stochastic versions. The first one has been emphasized
 

in many intermediate textbooks [13, 18, 28, 47, 63] as

a classical example of a linear programming problem,

and it has been used in practical research to determine

minimum cost diets [1, 19, 32, 50]. The stochastic1

approach has been the concern of more advanced papers

[15, 16, 40] and some applications have been made to

determine animal least-cost feed mixes [7, 65].

In any event, the mathematical statement of

this programming problem (low cost feed mixes or human

diets) involves a set of simultaneous linear (or non-

linear) equations and/or inequalities which represent

 

1The word "stochastic" is quite general and in

a linear programming formulation it can refer to both

the objective function and/or the constraints. Here

such a term applies specifically to the special case

in which the elements of the technology matrix may be

subject to random variations.
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the restrictions of the problem and

attained, that is:

P X + P X + . .

MIN C 11 22

subject to the conditions:

x+...ax

l
v

11 l 12 2 1n n

a21xl + a22x2 + ... aann 3

amlxl + am2X2 + ... amnxn Z

and

x1 3

x2 3

O . X >

n —

or more concisely:

MIN C = ZP.X.

J 3

subject to:

(l) xj,s .: 0

n

(2) 2a > b

an objective to be

(j=l, 2......,n)
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Where:

C = the total expenditure on foods purchased.

P. = the unit price of jth food.

x. = the.unknown.quantity of the jth food to be

.3 purchased or consumed.

m = the number of nutrients.

the number of foods.:
3 ll

ai. = the.amount of ith nutrient supplied by a unit

3 of the jth food.

b. = the required level of ith nutrient.

Such a linear programming structure is determinis-

tic in nature, i.e., it is assumed that both the objective

function and constraints are not subject to stochastic

variations. However, the need for taking into account

the random variations in the input-output coefficients

(aij's) has been recognized, because the nutrient con-

tent of the inputs may be subject to significant varia-

tion [7, 16, 65]. Technically speaking, the food

composition tables are based on estimates of the true

mean composition which is not fully known. Nutritionists

recognize that food composition varies from sample to

sample and, therefore, one may take-into account explicitly

when trying to meet specified nutritional requirements.

Empirically there are also strong reasons for taking

into account the aij's variability. For instance, most

of the LDC's do not have food composition table and to a
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great extent they have relied on many different sources

in order to get.the nutrient content of their foods.

However, when even the experts in the field do not know

what is the best source to use, the choice of the appro-

priate data becomes just a matter of judgment. Given

this fact, one way to handle the problem is perhaps to

combine all of the available information (most commonly

used in that particular country or region), and get an

average as well as the degree of variability (variance).

In any event, the problem can be handled pro-

perly, by converting the conventional deterministic

constraint into a probabilistic one, by requiring that

the probability of a certain nutrient (for example:

proteins, calories, . . . etc.) in the final mix to be

equal to or greater than a certain minimum. Mathemati-

cally, if gaijxj is denoted as the sum of the quantities

a..xj provided by each food, one should replace the con-

1]

ventional constraint:

n

gaijxj Z bi' (l=l, 2...,m)

and rewrite it as follows:
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P { } = the.probability that the sum of the ith

nutrient on jth food equals or exceeds bi'

l - e. = the required minimum probability.

8. = the probability that a given nutrient is

below the constraint level, bi'

aij' xj and bi have the same meaning as before.

By assuming that the aij's are independent

n

random variables and that Zaijxj is normally distri-

n j n

buted with mean of Xxjuij and variance 2x.zczij, that

j j

n n n 2 2

is: 2a..x. is N (2x.u.., 2x. 0 ..), it can be converted

j 13 j J l] j J 13

into a standard normal distribution Z N(0,l) and the

expression (1) will take the equivalent form:

 

r- n 2

b1 — ngulj

(2) P(z> 3 =1-e.

““22 1/2 1
(2x. 0 ..)

. j 1]

C J 

If one takes Zo to be 1 - 81 first quantile of Z

i.e.: P {Z 3.20} = l - c then (2) implies,
1

 

2Note that l - 5i is the required minimum prob-

ability and for any value of 51 there is a corresponding

Z value in the standardized normal curve (it will be

labeled here as w). Such Z values are negative for any

confidence level (1 - a.) greater than .5 and positive

for any (1 - 81) < .5. l
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n

b1 - nguij

n J < Zo

(Xx? 0?.)1/2

J 1]

 

_ 2 1/2

bl ijuij _<_ IPQX Uij)

J J

n n

— 2x .. < w(2x 0?.)1/2 - b.
lj'— . 13 1

J J

n n

2x u-. > b. - ¢(2x26?.)1/2
J 13 - j 13

J J

and it follows that:

n n 3
2 2 1/2

X ..x. + 2x.o.. > b.(3) .“13 3 wt. 3 13) ._ 1

J 3

3Note that the chance constraint (3) may also be

written as follows: n n 2 2 1/2

nguij Z'bi - w‘ngoij) , where w

is assumed to be negative for any (1 - 5i)>’-5° Also

observe that in such an expression the covariances among

the nutrients (i = 1 ... m) contained in the foods j and

k (j + k), i.e.: g :Oijoikxjxk is assumed to be zero. In

other words, it is assumed that the nutrient content of

the foods in the diet are not interdependent. Although

such an assumption deserves some qualification, there is

in practice other reasons for assuming that, as for

example, the lack of the covariance data and the compli-

cations which may arise in the computational procedures.
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The detailed stochastic programming model would

be written as follows:

subject to the conditions:

2

x1E(all) + x2E(a12) + ... an(a1n)i-w[%l Var(all)+

1/23b2 2
+ x2 Var(a12) + xn Var(alnfl

1

2

x1E(a21) + x2E(a22) + ... an(a2n)-+w x1 Var(a21)+

2 2 1/2
+ x2 Var(a22) + xn Var(a2na .3 b2

x1E(am1) + x2E(am2) + ... an(amn)+-w x12Var(aml)+

+ xZZVar(am2) + anVar(amn)] 1/2 _>_ bm

and:

x1 3 0

x2 3 0

. . xn Z 0

or

MIN C = ZPij (j=1,2 ..... ,n)

subject to:
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l x. > 0( ) 3 _

n n
2 1/2 ._

(2) ijulJ + w(§x oij) 3 bi (1-1,2.....,m)

J 3

where:

n n

2x u.. = £x.E(a..)
. 1 . 1J J J J J

n n

Zx?o?. = £x.Var(a..)
. j 13 . j 13

J J

u.. = the mean content of ith nutrient in the jth

13 food.

1 the variance of the ith nutrient contained in

3 the jth food.

0

II

E
- II a value of Z corresponding to P(Z Z'w) = l-ei,

where Z is N(0,l).4

Pj’ xj and bi have the same meaning as before.

It must be noticed that the sample means and vari-

ances are actually used to estimate “ij and OIj' the true

population values. In addition, it must be emphasized

that the stochastic linear programming version departs

from the deterministic one in two major points. (i) The

conventional linear programming (LP) problem is turned

into a nonlinear programming (NLP) with a linear objective

 

4Similarly for small sample sizes andca-‘s unknown,

the student's t distribution can be used in plage of the

standard normal.
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function and nonlinear constraints.5 (ii) The introduc-

tion of a standard deviation in the new constraint,

which will cause the average level to be above the mini-

mum level.6 One practical and economic implication of

such a transformation is that it will increase the total

cost of the diet, because more of all or some food will

be required to meet the new specified level, bi'

B. An Extended Linear Prggramming

Formulation to Approach the

Diet Problem

 

 

The stochastic version as shown earlier can bring

an improvement in the deterministic LP formulation,

mainly because the aij's (input-output coefficients) are

subject to significant variation. In the overall, how-

ever, both are still very crude simplifications of the

diet problem from a nutritional theory viewpoint. For

instance: in many cases the quantity of a nutrient

needed cannot be specified without knowing the quantity

of other nutrients: i.e., the bi's cannot be specified

 

5There are alternative solution techniques for

this NLP problem. Some have suggested to keep the solu-

tion within the LP framework by linearizing the variance

[7]. Panne and Popp [65] have used Zoutendijk's method

of feasible directions to solve it, and still another

alternative solution has been suggested by Evers [16].

6See footnote 3. In addition, note that such

a new constraint will increase the LP tableau by one row

and one column.
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_a priori, and in order to determine them one needsto

impose additional constraints. A typical example is

the B vitamin requirement which depends upon the calorie

content in the diet. An additional problem arises with

respect to palatability constraints as well as with the

calorie/protein allowances in the diet.

The approach to dealing with the palatability

constraint in this study was quite pragmatic, mainly

because some of the suggested ways to deal with it be-

come increasingly complicated when the commodity list is

large.7 To get a minimum cost reasonably palatable diet

we have relied on conventional foods as well as on actual

dietary behavior with respect to habits, tastes, and food

expenditures in the Northeast region. .On the other hand,

in this research the protein/calories allowance was

approached as follows:

1. Model A

First, the possibility of random variations in

the protein/calorie content was considered so the

 

7One practical way suggested to deal with the

palatability in the diet is to impose some maximum or

minimum allowances for certain kinds of foods, which

are supposed to come in the food mix [61]. As a matter

of fact, such a procedure can work relatively well in

formulating animal feed mixes, especially when the

number of inputs involved is quite small. Still a more

theoretical approach to the problem would be to use an

"index of desirability" as developed by Wolfe [50,

pp. 29-30]. The problem here, of course, is how to get

the fatigue functions.
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corresponding stochastic constraint was turned into a

probabilistic one. Secondly, protein requirements are

specified in terms of total and animal protein and minimum

levels were set up for each one. Such a procedure was

based on the foundations of nutrition theory as well as

some empirical evidence about price and food production

patterns in the Northeast of Brazil. For instance:

protein from plant sources is deficient in certain essen-

tial amino acids,8 specially lysine, tryptophan and

methionine, while protein from animal sources is a rich

source of all of these. Provided that the cost of plant

protein is usually lower than the cost of animal protein,

by letting free the required amounts of each kind of pro-

tein the results would probably be.a diet which is not

nutritionally adequate to maintain nitrogen balance

and normal growth.9

 

8Protein is a composite of several related sub-

stances called amino acids. The amino acids can be

broken in two major groups: the essential and the

nonessential amino acids. For an adult man, eight amino

acids are essential: isoleucine, leucine, lysine,

methionine, phenylalamine, threonine, tryptophan and

valine. The infant.requires all of these plus histidine.

9Someone would ask why a similar restriction was

not imposed to plant protein. The answer is straight-

forward, that is: because plant protein is cheaper than

animal protein it would come out in the diet anyway, and

probably in a greater amount than the animal protein, in

order to fulfill the general requirement for total pro-

tein.
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Finally, the total calories to be provided in

the diet by this model are constrained by an upper and

lower bound, and the right amount is determined inside

the model.10 In addition, other constrainst were im-

posed (in a ratio form) in order to deal with the

calories and B vitamin minimum allowances, i.e., the

amount of thiamin, riboflavin and niacin will be deter-

mined simultaneously together with the amount of calories

to be provided in the diet. Therefore, the nutritional

model can be written as follows:

MIN C = ZP.x. (j=1,2,...,n) Make C the total

3 3 expenditure on

foods as small as

possible.

subject to:

(l) x. No negative quan-

3 tities of food

can occur.

I
V 0

11 n n 2 2 1/2
2 2a .x. + Zx.c .() jljj 1M.) j)

H

[
v 6
‘

There is a prob-

ability (say 95

percent) that the

total protein in

the diet will

exceed the required

amount b1.

 

10Excess of calories will be either wasted or

stored as fat--so this can be physiologically harmful.

For this reason and other computational advantages, it

was established a range within the total calories in the

diet can vary.

11Restrictions (2) and (3) as well as (6) and

(7) were linearized by a proxy method [7, p. 615], in

order to keep the solution of the system within the

linear programming framework.
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(3)12 .2 a

F1

.x. + w( 2 xiogj)l/2 1: klb There is a prob-

23 J ability of (say

95 percent) that

the animal pro-

tein in the diet

will be at least

a proportion k1 3

of the total re-

quired protein

in the diet.

(4) Zai.x. (i=3,4...8) 3' b. The total amount

j 3 3 l of each of six

nutrients shall

equal or exceed

the required

amount of each.14

(5) Ea .x. - x = 0

There is a prob-

ability (say 95

percent) that

the total calo-

ries in the diet

shall be equal

or greater than

the minimum

caloric allow-

ance b(i+1)'

(6) Ba .x. + (p(2x.c2

j j

 

12Observe that ai- and a2- all refer to the pro-

tein nutrient in food j. On the 3ther hand, the subscript

j runs from (l...n) for total protein, and it runs from

(l...k) for animal protein. In addition, note that in a

general matrix form, each variance term will increase the

matrix by one row and one column, so the subscript i will

take the appropriate value according to its position in a

row.

13The k values in this model (k=l,2,...4) are

given constants and they will be specified according to

the nutritional objectives to be attained.

14These nutrients include: fat, calcium, phos-

phorous, iron, vitamin A and vitamin C.



 

n n
15 2 2

(7’ galljxj + I“'5’5'0‘11
J J

n

(8) §a12jxj - x<n+2)

(9) x<n+2) - k2 x(n+1)

n .

(10) §a13jxj - x(n+3)

(ll) x(n+3) - k3x(n+1)

(12) Za14jxj - X(n+4)

15Observe that a9j

calories, i.e., a9j = ale
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)1/2

' aloj

=3

b(1+2)

|
v <
3

u

t
o

and allj

llj'

There is a prob-

ability (say 95

percent) that

the total calo-

ries in the diet

should be equal

or less than

the maximum

caloric allow-

ance b(i+2)'

The quantity

x(n+2) of the

thiamine needed

to go with the

calories in the

diet, shall be

equal or greater

than a propor-

tion kg of the

calories in the

diet.

The quantity

x<n+3) of the

.riboflavin needed

to go with the

calories in the

diet shall be

equal or greater

than a proportion

k of the calo-

ries in the diet.

all refer to
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(13) - k l
v

04x(n+l) The quant1ty x
x(n+4) (n+4)

of the niacin

needed to go with

the calories in

the diet shall be

equal or greater

than a proportion

k4 of the calories

in the diet.

(14) 2a..x. (i=15,16...22) The total amount

j of each of the

eight amino acids

shall be equal or

exceed zero.

[
v o
»

Deterministic vs. probabili—

tic constraints (a theoreti-

cal digression)

The mathematical solution of the nonstochastic

restrictions (2) and (3) in Model A implies a simul-

taneous fulfillment of the two conditions or stated

requirements. However, by making them as chance con-

straints, this is not necessarily true, because the

probability of fulfilling simultaneously all of those

conditions is not implied by the fulfillment of each

condition separately. For instance, if one denotes

restrictions (2) and (3) in Model A as follows:

 

16Given that restrictions (1) through (13) are

fulfilled, by introducing restriction (14) an excess is

left over. Such an excess compared with the suggested

pattern of amino acid requirement, make possible to

show how adequate is the calculated least cost diet,

in providing all of the essential amino acids.
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n

Zalj J = A + V = total protein in the diet.

k

Za2.x. = A = total animal protein in the

J 3 diet.

The objective is to minimize some objective

function C = Zijj j = (l, 2 ... n) subject to:

A + V = bl

A = klbl

By solving this system simultaneously, mathematically

it should get the feasible region; that is, all of the

above conditions should be mathematically satisfied.

Now, let A be the event that restriction (2)

will be satisfied. The probability of the occurrence

of event A can be stated as follows:

P (A + V Z.b1) = l - 81 or

n

P (gal-3.xj Z bl) = l - 81'

Also, let B be the event that restriction (3)

will be satisfied. The probability of the occurrence

of event B can be stated as follows:

P (A Z-klbl) = l - 61 or

k

P (2.2a2j j): klbl) = l - 51.

J
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The probability that both conditions will be simul-

taneously fulfilled is given by the intersection of

17
A and B and one should denote such event as D.

P (A+V_>_blpA:klb1)=l-€lo

In other words, Event D implies a more stringent side

condition than the restrictions represented by events

A and B separately. The practical implications of

this are that by changing those restrictions to chance

constraints we can get quite different results depend-

ing upon how we define the nature of our constraints.

The important point is that for a given probabilistic

level, fulfilling simultaneously those two restrictions

(2 and 3) implies normally that one would have met each

one separately, but the opposite is not true. For in-

stance: in order to be 95 percent confident that the

restrictions (2) and (3) would be fulfilled simul-

taneously, one should impose a higher confidence level

(say x > 95 percent) for each restriction separately.

The burden of proof for this argument is given

by a fundamental law in statistics known as DeMorgan's

Law [38], which states the following:

If there are n_events, called A1, A2 ... An

the probability that all of them occur simul-

taneously is greater or equal to one, minus

the sum of the probabilities of A1 complement,

plus the A2 complement + . . . plus An comple-

ment.

17

 

In statistical notation it implies P (ArlB).
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In other words:

(4) P (Alr\A2...nAn) 1- [P (Alc) +P (Azc)+...P (Anc)].

So, if there is a requirement that all of the

previous restrictions represented by events A and B

should be fulfilled simultaneously at least 95 percent

of the time, it would require each restriction to be

satisfied 97.5 percent of the time. For example,

given that:

P(A)_>_l-el=.975=P(Ac)_<_eli.025

P(B)_>_1-e =.975=P(BC)_<_e 3.025
1 1

it follows according to expression (4) that:

P (AnB): 1 - I} (Ac) + P (BCEI

> 1 - [.025 + .025]

3 .95

Therefore, DeMorgan's Law provides an intuitive

and pragmatic way to overcome the problem since it is

possible to attain a satisfactory probability that all

of the restrictions are fully satisfied by imposing

higher confidence levels for each of them.

Similarly by fulfilling separately restrictions

(6) and (7) in model A at some probabilistic level (say
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l - e = .95) does not imply that both restrictions

1

will be fulfilled simultaneously at least for the same

confidence level. To simplify, let the total calories

n n

prov1ded by the diet (Zalojxj = galljxj) be equal X a

standard normally distributed random variable, that is,

"X" is N(0, 1). Therefore, it follows that:

b . -u

_ X-u (1+1) _ 18

Assuming 1 - 81 = .95, expression (a) implies

finding the area to the right of Zo under the standard

normal distribution curve, that is:

P(—l.645_<_Z_<_0)+P(Z:0)

= .45 + .50

= .95

(1,, P0,... ,=P arise—2)? _P(Z<z,
—(i+2) c— o _ —o

Assuming 1 - 81 = .95, expression (b) implies

finding the area to the left of Zo under the standard

normal distribution curve.

 

18
Note that Zo has been labeled w along this

chapter.
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P (z 5 1.645)

P (0

I
A 251.645) +P (z50)

P (0

I
A Z.< 1.645) + P (Z > 0)

.45 + .50

= .95

On the other hand, toasatisfy simultaneously

restrictions (6) and (7) would correspond to find the

area under the normal distribution curve as follows:

(c) P

implies

 

(b(i+1) i x -<— b(i+2))

b . -u b -u
P (1+1) < X-u (1+2)

Again, assuming 1 - e .95, expression (c)
1:

finding the area in between -Zo(-l.645) and

Zo(l.645) under the normal distribution curve, that is:

taneous

p (-l.645 : z _<_ 1.645)

p (o 5 z _<_ 1.645) + p (-1.645 _<_ z 5 0)

2P (0‘: 2‘: 1.645)

= .90.

Therefore, as it has been shown before, the simul-

fulfillment of conditions (6) and (7) at least

95 percent of the time would require setting up a higher

20* (20* > ZO) value, for each of those conditions
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separately. In other words, in order to make sure that

each condition would be satisfied 95 percent of the time

one should set up a 20* value for each one equal to

1.96.19

2. Model B

Original plans were to use both the deterministic

and stochastic versions of this model20 for determining

the least cost diets. However, data and other resources

constraints made difficult both applications, specially

the stochastic version which would require specific com-

puter programming and other basic information probably

beyond the actual stage of knowledge of nutrition theory.21

It has been suggested, however, that it may be worthwhile

to present the theoretical developments, mainly because

the basic model is supposed to be one of the most advanced

and consistent formulations of the problem up to the

. 22 . . .

present time. A detailed expos1t1on of the

 

lng the student "t" distribution is used, such

a value will also depend upon the number of degrees of

freedom.

20"A Diet Model with Protein Quality Variable,"

by Smith [56].

21For example: the covariance between the amount

of utilizable protein and the total protein in the food.

22Also it will provide a chance to other people

to apply it, as soon as the data becomes available.
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deterministic version of this model is given by Smith'

[56], and so, we shall concentrate on its basic founda-

tions, and use them as a basis to convert the determin-

istic version into a stochastic one.

As described in Chapter II, the unique charac-

teristic of the basic model (A Diet Model with Protein

Quality Variable) is that the protein allowance in the

diet is made up as a function of both its quantity and
 

quality. It was grounded on the foundations of nutri—

tion theory which asserts that the efficiency of any

protein in tissue formation depends on both attributes

(quality and quantity) together with the adequacy of

other components (example: calories) in the diet.

Therefore, in such a model, the protein allowance is

a function of its amino acid pattern (the proportion

among essential amino acids and the ratio of essential

to nonessential amino acids) as well as the protein/

calories concentration of the diet.

It is also argued that for a protein to be com-

pletely utilizable in tissue formation it must contain

all of the essential amino acids in the right proportions,
 

and must be a part of a diet which has an adequate

quantity of calories. Therefore, the basic formulation

starts by defining the structure of a fully utilizable
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protein23 that economizes the use of the essential amino

. acids. It is made by stating the proportions in which

the essential amino acids (as well as the ratio among

essential to nonessential amino acids) should occur in

the diet (Table 3.1).

Table 3.1. The amino acid composition of a fully

utilizable protein (U).24

W

 

Amino acid Proportions (kp)

(grams per 100 grams of protein)

Lysine 4.000 (kl)

Total Sulfur-Containing Amino Acid 1.712 (k2)

Methionine 1.712 (k3)

Threonine 3.168 (k4)

Tryptophan .992 (k5)

Unspecified Amino Acids 88.416 (k6)

Total 100.000

 

Source: Smith [56].

 

23"That is, all the protein that is absorbed is

fully utilizable" [56, p. 973].

24"It is assumed that one hundred grams of this

fully utilizable protein will contain 32 grams of the

essential amino acids. So, if these 32 grams are dis-

tributed in the proportions found in hen's eggs, 11.584

grams will consist of the five essential amino acids

listed in Table 3.1, and the remaining 80.415 (including

20.416 grams of essential amino acids) are labeled as

unspecified amino acids."
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However, even if all protein consumed is fully

utilizable (to say, its amino acid pattern is perfect)

net protein utilization25 may be less than 100 percent,

because part of the protein absorbed may be used for

energy production rather than for tissue formation.

Therefore, the exact quantity of fully utilizable pro-

tein (U) is determined endogeneously and the amount to

be provided will be in between the total amount (quantity)

of food protein in the diet and a minimum which will

depend upon the quality of the total protein and the

calories/protein percent in the diet. Mathematically

the protein-calories segment of the model can be written

as follows:

System of Equations 1

n

(i)26 £a1.x. = 6 Provides a predetermined

j J 3 amount of calories.

n

Za2.x - U ‘3 0 Provides food protein at

3 3 least equal to the quan-

tity of fully utilizable

protein.

n

Za .x - k U > 0 Provides the minimum
33 j l ‘—

amounts of each of the

following amino acids:

n lysine, sulfur—containing

amino acids, methionine,

threonine and tryptophan.

M m

I

x
:

c
:

l
v 0

 

25Net protein utilization (NPU) is defined as

the percentage of actual nitrogen (protein) intake which

is retained by the body for maintenance and/or growth

[56, p. 972].

26The amount of calories to be provided is

assumed to be a known constraint.
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27n
(11) ZaijJ - k2U ‘: 0

n

- >ZanxJ k3U __ 0

n

— >Za7jxJ kSU __ 0

So, given a fixed dietary allowance f,28 the

amount of fully utilizable protein can be determined

by a simultaneous solution of equations (iii) and (iv).

 

... 29 - _ Zt
(111) r — T075

(iv)3o Z = (100: U + 8) (1 _ 7.6 t)

c

where:

f = the amount of reference protein required (in gm

per person/day).

t = the total amount of protein (in gm per person/

day).

 

27The k values (p=1,2...5) correspond to the

essential amino acids ratios given in Table 3.1.

28? stands for reference protein which is defined

as a protein which is completely utilizable for anabolic

purposes [56, p. 972].

29Expression (iii) requires that the actual amount

of total protein with a net protein utilization of 100

percent to be equivalent to r grams of reference protein.

3o"Expressions (iii) and (iv) together relate the

reference protein requirement to the total quantity of

protein, its quality, and the proportion of the total

calories in the diet that the protein provides" [56, p. 976].
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Z = the net protein utilization (in percent).

U = a fully utilizable protein (in gm per person/

day).

5 = the total amount of calories to be provided

(in kcal).

Then, by setting 7.6/5 = , and solving (iii)

and (iv) simultaneously, we get

(v) U(1 - at) + .08t (l - at) = E

And finally the deterministic model (protein/

calories segment) will be completed by incorporating

expressions (1), (v) and the identity Xazjxj=t31 into the

system of equations 1, i.e.:

System of Equation 232

 

1 . > 0( ) xJ

n —

(2) $23le) = c

n

3 Z .x = t( ) jazj J

31
Such expression merely states that the total

food protein is equal to the amount of fully utilizable

protein (U) and nonutilizable protein (S), i.e.,

Zazjxj = U + S. Also note that a2j = a3j.

32The requirements stated here must be fulfilled

along with other requirements as one can see at the end

of this chapter.
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n

‘4 z .x. - U>0( ) jaBJ J _

(5) (l-at)U + .08(1-at) f

n

(6) Za4jxj - k1U :_0

n

(7) Eaijj - k2U Z 0

n

(8) Zanxj - k3U‘: 0

n

(9) Za7jxj - k4U Z 0

n

(10) Zaijj - kSU-Z 0

So far the emphasis has been in the basic Smith's

protein quality model, specially its protein/calories

segment. As observed throughout this exposition, such a

33 but from now it willmodel is deterministic in nature,

be considered the possibility of extending it, by convert-

ing their protein deterministic constraints into a prob-

abilistic one. However, in this nutritional model to make

such a conversion throughout constraints (4), (5)...(10)

two major difficulties arise:

 

33This is true with respect both to the ai-'s

coefficients and the elements on the right hand Side,

but the primary concern here will be the firstones,iueu,

the elements of the technological matrix.
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(a) The first one is that U being defined as

a function of t one must determine the mean and variance

of U as a function of the mean and variance of t; that

is, given:

 U = f(t) = - .08t (5)

one can get:

Taylor's

E(U)
55 ..

E (m) .08E(t)

 

  

expansion of f(t) at point t=to will lead to:

(to)
= _. l _ fl

f(t) f(to)+(t to)f (to)+(t to)f 2! +

E on":
_ -008t + -008 -t + 000

1 0”:0 o (l-at )2 ] [ o]
o

- - art

i;§:7--.oet + “rt 2 - ———————§ -.oet+.08to

o (l-at ) (l—at )
o o

- - art

r art 0

1-at + ———————— .08t

o (1-ato)2 (l-ato)

- - _ - _ _ 2
r(1 ato) + art arto .08t(1 ato)

 

(l-ato)2

- - - - 2
r rato + art arto .08t(1 ato)
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(l-ato)



 

 

E - ZGEt a;

= + t - .08t

(l-at )2 (l-at )5
o 0

Now: Let

E - Zaft -

2 o = ¢1 and ———3£——§ = d2.

(l-ato) (l-ato)

So, the expectation and variance of U = f(t)

can be written as follows:

E[f(t)] E(¢l + ¢2t - .08t)

E(¢l) + ¢2E(t) - .08E(t)

= ¢1 + ¢2“t ' '08“t

¢1 + (¢2-.08)ut = E(U) (6)

And:

Var[f(t) 1 E [¢1-E(¢1)] 2+¢§E [t-E(t)] 2+.082E [t-E(tfl 2

_ 2 2 2' 2
— ¢2 at + .08 0t

2 2 2 _

(ez + .08 )ot — cU (7)

Now, restriction (4) on the deterministic protein

quality model is written as follows:

(4b) 2a .x. - U > o.

1'
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The expression 4H: is a, linear combination of two

independent random variables, and by assuming that

n

both 2a3jxj and U are normally distributed with means

2'3 . n222
x.u3., u and variances 2x. 03. ,c 0' one can construct

jjjU '3]

a third variable which is also N(u 02¢). In other¢I

words, the restriction (4b) would appear as a chance

constraint equivalent to expression (3) on page 7

that is:

+ woz(4c) )1/2 3 0
“<1 ¢

where:

n

E Ba .x. - U)(j 3J ]14¢ EM)

n

= E(§a3jxj) "' E(U)

n

= ngE(a3j) " E(U)

n

= fiijBj - [$1 + ((1)2 - 008))Jt]

“t “U

and:
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2 2

0¢=E[¢-E(¢)]

=Var(¢)

n

= Var Z . . - U(.333)!J )

J

n n

= Var 2a x. + Var U - 2 Cov U 2a .x.t3“) () (..3”)

J 3

n2 2 2 2 2
= §x 3jc 3j + (¢3 + .08 )ot - ZooUct

34

_ 2 2 _ 2 2 1/2

— ct + not 29(c Uc t)

And finally expression (4c) will become:

1/2 35
2 2 2 2

(4d) ut uU+wot+oU Zotouot) _>_o

(b) The second difficulty arises because

restriction (5) in the deterministic protein quality

model is nonlinear in both the variables U and t. Such

a nonlinearity would make the problem extremely compli-

cated mainly because U and t are not independent random

variables. To overcome this problem, Taylor's expansion

can be used to linearize such an expression in both U

and t as follows:

 

34In this expression u = ($2 + .082) and 0 stands

for the correlation coefficient between U and t.

35Remember that in such expression 02 = no =
U t

2 2 2

(¢2 + .08 )o t'
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Let's denote the condition (5) as a F(U,t), and

make:

(5a) F(U,t) = (U + .08t) (1 - at) to be linearized at

the points U = U0 and t = to. So it follows:

_ _ .EE - 1E
F(U,t) — F(Uo,t0) + [(U U0)8U] U0,t0 + [(t t0)3t] U0,t0

%% = 1 - at

GE

Let:

83': 0.08(1 - at) - (U + 0.08t)a

F(U,t) = [U0 + 0.08to] (l-ato) + (u-uo) [l-at0]+

+ (t-to) [0.08(1-at0) - (Uo+0.08to)é] =

_ _ _ 2

+ U - U - aUt + U at +

0 0 0 0

+ (t-to) 0.03 - a0.08t0 — an - 0.08toe] =

_ _ 2 _ —

— U0 + 0.08tO 0.08ato + U U0

- aUt0 + [U.08 - an - 0.16t0€]t

2 _

_ 2 _ _
- 0.08at0 + anto + U(1 ato) + (0.08

- U a - 0.16toa)t
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(.08t0 + Uo)ato = A

(l-ato)U = B

(.08-an-.l6toa)t = C

And it follows that:

(5b) F(U,t) = A + BU + Dt

Given that F(U,t) is linear in both U and t, by taking

the exprectations and variances of F(U,t) one will con-

vert it into a change constraint, that is:

p [F(U,t) 3_E:] = 1 - e1

Since expression (5b) is a linear combination

of independent and normally distributed random vari-

ables, it can be replaced by another random variable

2
F which will be also N(uF,o F). Then the new func—

tion would appear in its chance constrained form as

follows:

1/2 _
>r(Sc) 11F + r(ozF)



71

where:

u(F) = E(F)

= E(A + BU + Dt)

= A + BE(U) + DE(t)

n

= A + B [%1 + (¢2 - .08)u£] + D ngHZj

= A + BuU + Dut

and

02F = E[F - E(F)]2

= Var(F)

= Var(A)+B2 Var(U)+D2 Var (t)+2 Cov (Ut)

_ 2 2 2 2 2 2 2 2 1/2

— B [(4) 2+.08 )c t] + D (c t)+2o(o Uo t)

2 _ 2 2 2 2 2 1/2

c F — B (0 U) + D (o t) + 20 (0 Uat)

By substituting E(F) and Var(F) in expression

(5c) we will finally get the chance constraint written

as follows:

2 2 2 2 2 2 1/ 1/2 -
(5a) A+BuU+Dut+xp B (c U)+o (c t)+2p(c Uc t) 2] 3r

Expressions (6), (7) ... (10) in the basic

deterministic model can be handled in the same way as

36
expression (4): i.e., provided that they are linear

36

 

See development of the expression (4) on pages

30-32.



72

combinations of independent random variables, a third

function can be constructed expressing them in chance

constraint form as follows:

I1 n n

2 2 2 2 2 2 2 1/2 1/2
2 . ..-k + 2x.o..+k c —2 Xx.o..c > 0

i=rx3u1] p110 w[j J 13 P U 0(j J 13 U) ] '-

And finally the complete stochastic version of the pro-

tein quality model can be written (along with the other

requirements) as follows:

MIN C 2P x. (j=1,2...,n) Make C the total ex-

x J penditures on food as

small as possible.

subject to:

(l) x. > 0 No negative quantities

3 _' of food will be pur-

chased.

n —

(2) Sal-x. = c The total calories in

j J J the diet shall be

equal to some speci-

fied minimum caloric

allowance.

(3) Za2.x. = t The total food protein

' 3 J in the diet must be

equal to the utilizable

plus nonutilizable pro-

tein, i.e., t = U + S==

Zazjxj.

(4)37 - -t c? 4— 2 - i b b' 'ut “U u t c U There s a pro a 111ty

(say 95 percent) that

the diet will provide

2 )l/ZJl/Z > 0 food protein at least

U ._ equal to the quantity

of fully utilizable

protein in such a diet.

2

- 2p(o to

 

n n

37Remember that ut==Zx.u2j and 02 ==ij202_ t ..

J J J 23
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(5) pai-Buua-Dut4-w 82(02U)4- There is a prob-

ability (say 95

_ percent) that the

4-D2(02t)4-2p(02U02t)l/?]1/2 Z r diet will provide

the fully utiliz-

able protein re—

quired to attain

a reference prg-

tein level of r

or more.

38 " n 2 2 .
(6) Zui.x.-k uU4- 2x.ci. + There 1s a prob-

j 3 J p j 3 J ability (say 95

percent) that the

diet will provide

+ k2 UZU - 2p(2x2.oj2_.02U)1/2 1/2 the required mini-

p 3 J mum ratio of

lysine, the sul-

._ fur-containing

(1—4,5...7) .3 0 amino acids,

methionine and

threonine.

ability (say 95

percent) that the

2 2 diet will provide

+ k c — the minimum ratio

of tryptophan for

use in fully uti-

n 2 2 02 )1/2]1/2 11zab1e protein

j .

n n22
(7) zu8jxj - kqu + w ij c . There IS a prob-

or for conversion

to nicotinamide.

+ 100n > b The total amount

of nicotinamide

shall be equal to

or exceed the re-

quired amount b9.

 

38Remember that the k values (p=l,2...5) corre-

spond to optimum ratios among the essential amino acids

as defined by the structure of a fully utilizable protein

in Table 3.1

391t is based on the conversion ratio of 60 mg.

of tryptophan to 1 mg. of nicotinamide.
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n

(9) Zai.x. (i = 10, 11 ... 15) bi The total amount

j 3 J of each of the

other six nutri-

ents shall equal

or exceed the

required amouns

of each (bi).4

 

40These nutrients include: calcium, phosphorous,

iron, fat, vitamin A and vitamin C.



CHAPTER IV

PRESENTATION AND ANALYSIS OF

THE RESULTS

This chapter focuses on the presentation and

analysis of the results obtained in this research.

Inferences and conclusions are drawn from results

which were evaluated under two different methods:

deterministic and stochastic. This was considered

to be relevant because some of the results obtained

by the two methods differ significantly and lead to

different policy implications.

The mathematical models (either the determin-

istic or stochastic) from which the results were

generated were designed to provide one with a list

of the least expensive and most efficient combination

of foods for meeting nutritional needs. However, by

limiting the number of eligible commodities to only

those commonly eaten in the cities studied, palatability

and people's tastes and preferences have been indirectly

75
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considered.1 The basic results and policy implications

to be derived from this study must be confined to the

areas and population sampled, i.e., standard families

in Recife and Fortaleza.

The subsequent sections describe and analyze

more specifically the results obtained through the

computer programming routines.

A. Least Cost Diet vs Actual Diets
 

1. Total Costs and Patterns of

Food Expenditures

Comparisons of the actual food expenditures

with the costs of the least cost diets using both the

deterministic and stochastic models are provided in

Table 4.1. Actually, these are total monthly costs

adjusted for family size and composition in each of

the cities. Except for one case (Fortaleza-stochastic),

the actual food expenditures by the people in the low-

est income group exceeded the amount needed to obtain

the minimum required nutrients intake. The cost dif-

ferential is more significant in Recife (rangihg from

Cr $147.18 to Cr $236.99 per month), than in Fortaleza

where the total cost of the least cost diet happened

 

1As a matter of fact, even the purely nutri-

tional models have some nonnutritional (or cultural)

components on it. In this study conventional restraints

(requirements dealing with specific amounts of certain

foods) experimentally were set up in order to evaluate

their effects on the total cost of nutrition.
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to be sometimes higher than the actual food expenditures

(Example: Cr $390.55 against Cr $343.87/month). Such

city-to-city variations may be explained by the amounts

of nutrients actually provided relative to the minimum

dietary allowances required in the least cost diets for

each city. For example: Table 4.2 shows that actual

diets in Fortaleza are providing most of the nutrients

below the minimum required levels, while in Recife at

least six of those nutrients (proteins, phosphorous,

iron, thiamin, vitamin C and fat) are exceeding the

minimum required amounts.2 Then, actual food expendi-

tures in Fortaleza are relatively lower to Recife and

the calculated least cost diets merely because the

families are eating less of each of the essential

nutrients.3

However, if one defined efficiency in the pur-

chase of nutrition as the ability to obtain the necessary

nutrients in the least costly way, low-income families

in both cities were inefficient, that is, they are

either buying more or less than the minimum required

amounts of each of the nutrients--so they are spending

more than they should. The calculated least cost diets

based on purely nutritional objectives have shown that

 

2Actually, to provide nutrients above the minimum

required may be harmful and uneconomical, although it is

a more acceptable social standard than to prevent people

from satisfying their minimum needs.

3This is true even for those nutrients which

have been provided in excess such as phosphorous and fat.
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reallocation of the actual food expenditures would

improve actual dietary patterns to meet family nutri-

tional needs at low cost.

Tables B-1 and B-2 in the Appendix show the

percentage contribution of the various commodities

grdups to the total costs in the actual and in the

least cost diets calculated for both cities. Total food

expenditures among the lowest income families in Recife

and Fortaleza were allocated in seven major categories

as follows: cereals and products (16 and 21 percent

for Recife and Fortaleza, respectively), meat, fish and

poultry (45 and 42 percent), eggs and milk products (4

percent in both cities), roots and tubers (6 and 4 per-

cent), fats and oils (2 and 4 percent), vegetables, and

fruits (l8 and 13 percent) and finally the miscellaneous

group which apportioned 9 and 12 percent of the total

expenditures in each of the cities.4

Total expenditure allocation in the least cost

diets varies depending upon the methodological procedure

used: For instance, in Recife the highest amount of the

total expenditure was allocated to the cereal group, and

it ranges from 34 percent (under method I) to 41 percent

(under method II). Contrary to the actual diets in which

the proportion of incomes allocated for legumes, fruits,

 

4The miscellaneous group includes sugar, coffee,

and doce (jellY).
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and vegetables is quite significant (18 percent), in the

least cost diet for Recife such a percentage was relatively

small (a maximum of one percent in the deterministic

model). In Recife, one of the primary differences be-

tween the two types of diets is that no money was allo-

cated for the purchase of fats and oils or to those

items included in the miscellaneous group such as sugar,

coffee, and doce (jelly). There are also considerable

differences in the kinds of foods as well as in the pro-

portion of the total expenditures allocated with indi-

vidual foods in those diets.

In Fortaleza the divergence in the patterns of

food expenditures between the actual and the calculated

least cost diets is still great. For example, the com-

modity group including meat, fish, and poultry, which

accounts for 42 percent of the money allocated in the

actual diets, was excluded in the least cost diet. The

same is true for fats-oils and miscellaneous items which

all together accounted for 16 percent of the total expen- ‘

ditures in the actual diets. Among other differences

between the two types of diets, are the proportion of

money allocated among the several commodities groups and

the percentage of income devoted to individual foods

within each food group. Foods like beef, lard and

coffee, which accounted for a high proportion of the
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total expenditures within their respective groups, turn

out to be uneconomical foods in the least cost diets.

Table B-3 in the Appendix shows the percentage

contribution of the several commodities groups to the

total calories and proteins in both actual and least

cost diets computed for standard families in Recife.

One of the primary differences between the two diets

was the exclusion of the commodities group including

fats-oils and miscellaneous items, which together pro-

vided 20 percent of the total calories in the actual

diets. The cereal group is still the most important

source of calories (more than 45 percent of the total

calories provided), although the single largest source

of that nutrient shifted from bread (19 percent) to

cornmeal-white (49 percent under method I and 69 percent

under method II). In both diets, the roots and tubers

group was the second major source of calories, and

manioc flour is the single largest component accounting

for 14 percent in the actual diets against 28 and 12

percent in the calculated least cost diets. In Recife,

the percentage contribution of the several commodities

groups to the total protein in the two diets is quite

divergent and it can be summarized as follows: the

meat-fish-poultry group is no longer the most important

source of protein, and is replaced by the cereal group
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in the least cost diets (calculated by both methods I

and II). Eggs and milk products also turn out to be an

important source of protein in the least cost diets (22

and 25 percent of the total, respectively). On the

other hand, the legumes-vegetable-fruit group decreased

sharply in importance as a source of protein in the

least cost diet, making up a maximum of 2 percent of

the total proteins required.

Table B-4 in the Appendix indicates the percent-

age contribution of the several commodities groups to

the total calories and proteins of the diets, which

would provide all the essential nutrients for a standard

family in Fortaleza. Again, one of the primary differ-

ences between the two types of diets was the exclusion of

meat-fish-poultry, fats-oils, and miscellaneous groups

which together provide 31 and 25 percent of the total

calories and protein in the actual diets. In addition,

the legume-vegetable-fruit commodity group contribution

to the total calories and protein in the least cost

diets decreased sharply.

The cereal group improved its relative position

as a source of both calories and proteins. That is, it

shifted from 33 percent (calories) and 29 percent (pro-

tein) in the actual diets to a minimum of 55 percent

(calories) and 42 percent (protein) in the least cost
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diets. Also, the eggs-milk commodity group which

accounts for a small percentage of the total protein in

the actual diets, sharply increased its relative position

by shifting from 8 percent to 42 and 46 percent, respec-

tively (methods I and II) in the least cost diets. The

patterns showing the changes in the individual's commod—

ity contribution to the total calories and protein

within each group seems to remain stable except for the

food group roots and tubers in which potato has been

replaced by sweet potato (white).

B. Deterministic vs. Stgghastic

Formulation (Methodfil vs.

Method II)

 

 

Under method I (deterministic linear programming)

whether or not a specific food or set of foods A, B, ... ,

C will enter in a least cost diet will depend basically

on two things: the food prices relative to its nutrient

content are relative to the minimum required in the diet.

Thus, at the extreme case, if there are only two eligible

foods (A and B) for a particular diet and one (say, food

A) is cheaper than the other and has more of all of the

nutrients, the cheapest diet would consist solely of

food A. Food B would be inefficient and it will not

enter in the diet under those conditions, no matter what

the proportions of the dietary requirements may be.
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Under the stochastic formulation (method II),

variability is allowed and the cheapest diet would not

necessarily consist solely of food A. Actually, it should

be the case if besides the two previous conditions

stated (low price and high nutrient contentL.the nutri-

ents contained in Food A are also subject to lower

variability than Food B. Provided that it is not true,

a trade-off will occur and the cheapest diet may consist

solely of Food A, or Food B, or some combination of the

two. The argument, of course, holds for any set of

foods, and overall such a variability component may

change the composition and the total cost of the least

cost diets.5 For example: Table 4.3 shows the changes

in the total cost and food composition when the caloric/

protein vector is subject to random variations. Thus,

in Recife it would cost Cr $89.81 more for a standard

family to get all nutrients and the required amount of

calories and proteins at least 95 percent of the time.

In addition, amounts of milk and manoic-flour are reduced

by more than a half while chicken practically replaced

dried beef as one of the sources of animal protein.

Also, tomatoes, macaroni, and oranges become efficient

 

5In this study only the protein/calorie vari-

ability has been taken into account. Both were assumed

to be normally distributed random variables, with a prob-

ability of meeting the requirement of 95 percent.
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Table 4.3. Foods in the least cost monthly diets, pro-

viding the standard families in Recife and

Fortaleza with the minimum nutrient intake.

Consumption City 1 City 2

activities (Recife) (Fortaleza)

(foods in

and L.C.D.) Method I Method II Method I Method II

 

Kg/fibnth Kg7month Kg/month kg/month

Chicken -- 8.95 -- --

Milk 57.74 28.86 33.52 42.41

Eggs -- 17.34 25.79 28.29

Dried beef 4.47 -- -- --

Rice -- -- 53.48 77.98

Macaroni -- 9.83 -- 3.03

Sweet potato __ __
(white) 10.03 55.29

Sweet potato

(yellow) 13.47 12.69 12.10 7.12

Cornmeal

(white) 46.37 60.57

Manioc flour 27.27 12.92 6.79 --

Beans __ __ __ 32

(mulatinho) '

Beans

(macassar) '99 1’12

Tomato -- .10 -- 52.26

Orange -- 1.44 -- --

Total monthly

C°St °f the 241.66 331.47 265.28 290.55
L.C.D.(in

Cr 5)
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foods when random variations in both protein and calo-

ries are allowed to occur. Such a pattern of substitu-

tion combined with the information given in Table 4.4

seems to suggest the following: due to its high

variability (50.3 and 27.9 percent), dried beef becomes

an inefficient source of both animal protein and calo-

ries, while chicken, eggs, and macaroni now turn out to

be an inexpensive source of both nutrients. Manioc-

flour is an inexpensive food, but because it provides

essential calories and shows a high coefficient of

variation (43 percent), other potential sources of this

nutrient (Example: macaroni and cornmeal-white)

partially replace it. Tomatoes and oranges, although

subject to higher caloric/protein variability than

beans (macassar) turn out to be economical foods under

method II, probably to offset the sharp decrease in the

amount of sweet potatoes (yellow), the richest source

of vitamins A in that diet.

In Fortaleza, the change in total costs and

substitution patterns also seem to be closely related

to the random variations in the protein/caloric vector.

For instance, the total cost differential between the

two methods is Cr $105.27/month. The amount of rice

increased by almost 50 percent and macaroni turns out

to be an efficient food under the stochastic formulation.
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Needless to say, rice and macaroni have compara-

tively lower coefficients of variations for both calories

and protein than other close competitors foods (example:

sweet potato-white). Both manioc-flour and sweet potato

(white) were omitted in the optimal solution, and a

trade-off between the two varieties of beans (mulatinho

and macassar) has occurred.

Table 4.5 is an extention of Table 4.4, and shows

the effect of different probability constraint patterns

on the total costs and composition of the least cost

diets, calculated for a standard family in Recife. The

least cost diets so far, fall into two major categories,

i.e., those with no random or stochastic component

(deterministic), and others in which both calories and

protein are assumed to be random variables (stochastic).

Such cases may be labeled as PC and PC to indicate the

presence or absence of random elements, and the differ-

ences in costs and food composition associated with each

one were quite significant. The next step was to inves-

tigate the effect of each probability constraint

(calories or protein) on the total cost and composition

of the least cost diets. To begin with, the cost differ-

ence is still significant when the probability constraint

is taken one at a time, i.e.,; it would cost Cr $20.69/

month more for a standard family in Recife to purchase

an adequate diet that, on the average, would provide all
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nutrients, plus the required amount of calories at least

95 percent of the time. On the other hand, if protein

rather than calories is the nutrient required by the diet

at least 95 percent of the time the associated costs

would be still higher, that is, Cr $54.31/month. In this

study the total costs of the least cost diets were more

sensitive to random variations in proteins than to calo—

ries. It is tobe expected that the higher the number

of nutrients subject to random variations, the higher

should be the cost of the least cost diets. Total costs

also must be higher when the variability of the nutrients

of the foods in the solution is high. In any event,

decisions about what nutrients are allowed to be random

variables and how much should be paid are probably a

matter of personal preference and will depend on the

families' utility risk preference functions. A conserva-

tive family perhaps will be willing to pay a high price

for an adequate diet in which the important nutrients

are allowed to be below the minimum required only five

percent of the time. On the other extreme, there will

be families which are not willing to pay any additional

cruzeiros for such a risk factor.

As shown before, the food composition of the

least cost diets varies significantly when the determin-

istic constraints are converted into a probabilistic one.
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Because the extreme cases (PC and FE) were already dis-

cussed, two other intermediate situations should be

emphasized. Label CF is chosen to indicate a least cost

diet in which only the caloric vector is allowed to be

stochastic. And PC stands for a least cost diet in

which the protein content of the food is subject to some

variability (see Table 4.5). As the patterns have indi-

cated, a diet in which both calories and protein are

probability constraints, should be more costly and selec-

tive with respect to these sources of nutrients than one

which does not impose any kind of restrictions. It is

obvious that the patterns should hold true, for those

cases in which one or another nutrient variability is

allowed to occur, i.e., the least cost diet labeled C?

on Table 4.5 should be more selective with respect to

the sources of calories, and to a lesser extent with

respect to the sources of proteins because no additional

costs are charged against it. The reverse must hold

true for the least cost diet labeled PC, probably because

the variability component will increase the per-unit

cost of such a nutrient relative to the other.

[The figures on Table 4.5 (column PC and CF)

support the arguments above. For example, in the least

cost diet with the caloric probability constraint, dried

beef appears to be an economical food, but it is excluded
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from the optional solution when the protein probability

constraint was imposed. In spite of its high caloric

variability, it is relatively low compared with the pro—

tein variability (27.9 vs. 50.3 percent) which makes

such a food a more costly source of protein than calo-

ries. Yet, in the least cost diets with caloric prob-

ability constraint, five main sources of calories are

included (macaroni, manioc-flour, cornmeal-white, sweet

potatoes-yellow), most of the calories have been provided

by those foods with the lowest coefficient of variation

(the first three commodities). Cornmeal-white continues

in the optimum solution even if calorie probability con-

straint is imposed and manioc-flour, although with a low

coefficient of variation, was excluded probably because

of its high relative price. Such patterns also can

explain the high amounts of sweet potato (yellow and

white) in the PE diets when the variability component

seems to be offset by the low prices and protein content.

In addition, sweet potato (yellow) seems to be the major

substitute for carrots which is a good source of vitamin

A, but with high calories/protein coefficients of varia-

tion (20.3 and 26.1 percent).

Finally, it must be emphasized that even in the

stochastic formulation, the relative prices of the foods

continue to play a major role in the selection of the

foods that will be in the optional solution. For example,
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rice which is a rich source of calories, turns out to be

an economical food in Fortaleza but it does not enter in

the least cost diets for Recife where its market price

is 40 percent higher. The nutritive content and vari-

ability are the same in both cities, but the difference

in relative prices between rice and other competitor

foods makes it an inefficient food in one of the cities.

Therefore, whether or not a specific food enters in the

final solution depends on the price of the food, its

nutrient content, and the variability of nutrient content.

C. Least Cost Substitutions in

the Least Cost Diets

This section deals with the most economical way

of introducing a new set of foods excluded from the ini-

tial commodity list. Because all other characteristics

of the diet remain the same, such a minimum cost substi-

tution will indicate what foods or set of foods could be

economically replaced. For a country or region experi-

encing shortages of those foods already in the least

cost diets, such a kind of adjustment is obviously an

open alternative, i.e., knowing some of these efficient

foods will be useful to agricultural planners and

administrators because they indicate where the emphasis

must be placed in order to meet nutritional needs in

the most economical way. To be realistic, the substitutions
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should not drastically affect actual consumption patterns.

Therefore, the potential foods to be considered should

be confined to those commodities already (or potentially)

available in that specific place or region.

The initial commodity list included about 51

items in Recife and 41 in Fortaleza. Such a list was

extended to include 15 more items in Recife and 9 in

Fortaleza.

Table 4.6 shows the least cost substitutions when

a new set of foods is included along with the basic list

provided to Recife and Fortaleza. The new least cost

diets were computed by methods I and II, and both are

supposed to provide standard families in both cities with

the minimum nutrient intake. In Recife little comment is

needed. Under method I no economical substitutions were

performed, and none of the potential foods considered

were efficient enough to replace those commodities

already into the optimal solution.6 Under method II,

minor adjustments were performed in the amounts of the

foods already in the basic least cost diet, but the magni-

tude of the cost reductions is quite insignificant, i.e.,

Cr $.04/month.

 

6This is not to say that such a food can not be

more efficient than those appearing in the commodity

list but not included in the least cost diets.
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In Fortaleza. the adjustments were quite

significant, especially under method II, where the total

cost of the least cost diets was reduced by 21 percent.

Under method I the cost differential resulting from the

least cost substitutions was much lower (Cr $13.14/month)

but it can be considered significant if compared with the

results for Recife where no minimum cost substitutions

were performed. Overall, there were significant adjust-

ments in the quantities and kinds of the commodities

involved. However, the computer routine used in this

study for computing the least cost diets does not allow

a precise evaluation of the qualitative and quantitative

nature of the adjustmentsundertaken. So, in spite of

the indication that item-for-item replacements occurred.

it is not plausible to assume that the substitution

pattern follows such a straight fashion. Instead, it

is more likely to be a result of an overall adjustment

in the quantities and kinds of all foods included in the

optimal solution.

The city-to-city variations may be explained by

the number and kinds of foods involved, as well as by

difference in relative prices between foods previously

included in the optimal solution and those added to the

basic commodity list. Within cities relative price

differences are probably the most significant factor.

Under method II. the least cost substitutions are
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additionally affected by the magnitude of the variability

component of the foods included in the final solution.

D. The Cost of Satisfying Additional

Requirements

 

Many least cost diets computations require

additional restraints besides the minimum physiological

requirements. Examples include constraints of the con-

ventional types (maximum and minimum amounts of certain

foods, complementary restraints. etc.). and they are

primarily designed to force the diet into a pattern

which corresponds to the conventional consumption

habits. Still others have used additional constraints

which may well fall into the purely nutritional category.

Such constraints include imposing minimum amounts of the

essential amino acids in the least cost diets. Econo-

mists and nutritionists have emphasized the need for

introducing this kind of restraint and the arguments

rely on both empirical and theoretical grounds, i.e.,

it is argued that an adequate diet must provide all of

the eight essential amino acids. Restrictions imposed

on the minimum amount of total protein is no guarantee

that the amino acid requirement will be fulfilled. The

amount of protein in a least cost diet can be derived

either from animal or vegetable sources, but because
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they have a different amino acid pattern an inexpensive

but inadequate diet may result.7

Two of the least cost diets had conventional

restraints besides the purely nutritional requirements.

The conventional restraints were set up as follows: The

least cost diets should include minimum amounts (and

sometimes maximum) of ten commodities mostly consumed

by the households in the two cities studied. The two

least cost diets for standard families in Recife and

Fortaleza were computed by method I, and the effect of

such restraint was to increase the total cost of the

least cost diet in Recife and Fortaleza (relatively to

the least cost diet with only purely nutritional objec-

tives) by 32 and 24 percent, respectively.8

In Fortaleza, even when conventional restraints

are applied, milk continues to be an efficient food along

with eggs. rice. sardines and squash. Manioc flour, sweet

potato (yellow and white) come out at the maximum amounts

allowed, and they also can be considered as economical

 

7This is especially true if the protein require-

ment is not broken into the two sources (vegetable and

animal) and one happens to be much cheaper than the

other one.

8The restraint types as well as the foods included

in such least cost diets are shown in Tables C-1, C-2 in

the Appendix C.
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foods.9 The fact that beef, bread. crackers, biscuits.

beans (multatinho and macassar). sugar and coffee were

forced into the least cost diets at the minimum amounts

required indicates that they are not economical foods.

In Recife, where the same kind of constraints

were imposed, milk, dried beef, macaroni, carrots, manioc

flour, corn meal and sweet potato (white and yellow) are

among the most efficient foods. On the contrary, coffee,

bread, rice, beef, tomato, lard, onion, and corn meal

turn out to be uneconomical foods. It is obvious,

though. that variety to satisfy conventional consumption

habits can be provided. but it will impose additional

costs. How far one can go will depend upon the marginal

benefit (utility) and the marginal costs (desutility).

imposed by both nutritional and nonnutritional require-

ments. i.e., for some people the benefits and costs

accruing from certain conventional constraints in the

model are subjectively weighted in terms of the utilities

provided (satisfaction) and the costs incurred (desutility)

 

9If the restraints are purely nutritional, any

food in the optimal solution is considered to be effi-

cient. If conventional restraints are imposed some of

the foods in the optimal solution may or may not be eco-

nomical, in a sense that the aggregate value of the

nutrients is not equal to their market price. Strictly

speaking, if bounded restraints are imposed and the

amounts of foods provided happen to be over the minimum

level they are economical foods. On the other hand, if

the provided amounts just correspond to the minimum

required. they are not efficient foods.
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The amino acid requirement was handled indirectly

in this research, i.e., instead of requiring minimum

amounts of each one, they were required to be equal or

greater than zero. However, provided that other nutrient

requirements must be satisfied, an excess (slack) of all

were obtained. Table 4.7 shows the amino acid and pattern

obtained in the least cost diets compared with the mini-

mum allowance suggested by FAO [17]. In Recife the

amounts of amino acids provided by the least cost diet

calculated by method I are below the required levels.

except for Isoleucine and Leucine. Actually. because

the Phenylalanine allowances suggested by FAO includes

tyrosine. and the data used in this study does not. the

figures provided are not really comparable.10 In Recife,

the amounts of amino acids provided by the least cost

diets computed through method II have fulfilled all the

requirements, including Phenylalanine if the I.I.T.

minimum allowances are taken into account.

In Fortaleza, under method I. provided that

tyrosine is excluded, the only underfulfilled require-

ment is lysine. On the other hand, under method II, all

of the suggested levels have been overfulfilled. The

 

10In the I.I.T. study [32], minimum allowances

for Phenylalanine without Tyrosine were set up. Based

on the allowances suggested. the minimum amounts of such

amino acids should be 231541 and 245160 mg. for Recife

and Fortaleza, respectively.
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fact that Model II has provided a least cost diet in

which most of the requirements were satisfied. while

method I does not is not conclusive, but it raises some

interesting questions, that is, perhaps both the rela—

tive and absolute level of total protein in the diet

are crucial in providing all of the essential amino

acids required by nutritional standards.

E. Least Cost Diets and Income

Patterns

 

Per capita annual incomes in the Northeast of

Brazil is very low. It is about half of the Brazilian

average which is U$A 420.00. In addition, there is a

considerable range of variation between states, and

within states, between rural and urban areas, and also

economic groups. Needless to say, the income distribu-

tion issue, although very important, should not be

overemphasized. because the absolute size of the incomes

may be as important as well. Actually, this is a very

fundamental issue but not always understood. That is,

it is quite possible to improve the population nutri-

tional status by changing one or another, although

improvements in both has been unusually accepted as

being the most desirable social political goal.

If the objective is to make it possible for the

standard family to consume the recommended nutritional
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requirements, then the family must have a minimum income

equal to the least cost diet. If pure nutrition is the

only objective, average families in Recife and Fortaleza

would be required to spend Cr $241.66/month (Cr $331.47)

and Cr $265.28/month (Cr $390.55), respectively, in the

purchasing of all essential nutrients that they need.11

Or, Cr $47.38/month (Cr $66.95) and Cr $49.12/month

(Cr $76.57) in each city would be required for an indi-

vidual to feed adequately himself.12 Those figures

imply that in spite of being low, the actual levels of

income (Cr $106.05/month) are more than enough to buy

13 It also impliesthe minimum nutrient requirements.

that reallocations in the actual patterns of food expen-

ditures to buy the least cost diets in Recife would

represent an annual net savings of Cr $551.64 per person

(or Cr $316.80 if method II is used in the computation

of the diet). In Fortaleza, reallocation of actual

food monthly expenditures to buy the least cost diets

would be costly at least in one of the cases (under

method II) since the total cost of the calculated least

 

11The figures in parentheses refer to the cost

of the least cost diets calculated by method II.

12The per capita figures were based on the

average family size of 5.1 and 5.4 in Recife and Fortaleza,

respectively.

13Based on the exchange rate: Cr $1.00 - .1650

U$Ao
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cost diet is greater than the actual amounts of money

actually spent.14

The results presented here should not be over-

emphasized for several reasons: first. per capita

incomes are average figures and they may cancel vital

differences between various sections of the population.

In other words, although such incomes may be representa-

tive for the region as a whole, it may be plausible

that the lowest income group in those two cities is

getting incomes below the estimated average level.

Secondly, people buy foods not only to satisfy minimum

physiological requirements--the desire for variety, and

other cultural factors are also important and may push

such costs upward quite significantly. Third, the data

used to represent actual food expenditures in both

cities were derived from a consumer survey conducted

several years ago, and adjusted to 1973 prices. It is

likely that changes in the patterns of consumption have

occurred throughout this period. Fourth, and more

important, although good nutrition is one of the basic

human needs. there are others like good health, educa-

tion, housing which may be desirable goals as well.

Provided that income levels are low and because people

 

14As a matter of fact, although more costly.

such a diet would be nutritionally more efficient, be-

cause it has been providing all of the essential nutrients

at the required amounts. In this sense, changes in the

actual expenditure patterns would be still economical.
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are more likely to maximize satisfactions by the pur-

chasing of all those basic needs (nutrition, education,

health, etc.) together. some trade-offs must occur, i.e.,

instead of purchasing them according to some ordering

criteria (for example, good nutrition first, education

second, and so forth) people may be induced to get all

of them simultaneously and end up having each of these

below the acceptable levels.

Perhaps governments rather than the individuals

themselves must take the major responsibility in solving

this ordering problem, but ranking all people's needs

accordingly. If good nutrition happens to be ranked

first. the least cost diets may be an appropriate basis

to define the amounts of government subsidies needed to

fulfill other basic human needs.

F. The Marginal Cost of the Nutrients

in the Least Cost Diets

 

 

Some of the methods used to determine the cost

of the nutrients contained in a food are quite arbi-

trary.15 The failure is mainly because the weights

attached to evaluate the value of the nutrients are

inaccurate and to a great extent do not reflect man's

 

15For a detailed exposition, see [34. 50].
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need for each of them. Another crucial and related

problem has been the measure of the most economical

sources of particular nutrients. It comes out because

foods usually provide much more than a single nutrient

and not always the same food is an inexpensive source

of all of them. Fortunately, linear programming allows

one to evaluate what nutrients or set of nutrients are

more costly in providing some nutritional objective.

It also provides a meaningful measure about the most

economical food16 to be included in a least cost diet.

Table 4.8 shows the marginal cost of the scarce

nutrients in the least cost monthly diets providing

standard families in Recife and Fortaleza with the

minimum nutrient intake. Actually, they represent the

costs of adding one unit of a particular nutrient in

those diets, holding the other nutrients' level con-

stant. In satisfying the minimum dietary allowances,

the least cost diets usually provide an excess of some

of the required nutrients. Those are the "costless"

nutrients because they exist in excess. There are no

additional costs in providing extra units of each of

them (the marginal or opportunity cost is zero).17

 

16By definition, foods included in the optimal

solution are more economical than those excluded ones.

In addition, among the excluded foods there are some

considered more economical than the others (for details.

see section on marginal sufficiency of foods).

17This is true as far as one keeps the allowances

increasing by less than the amount of the nutrient excess.
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Table 4.8. Marginal cost of the scarce nutrients in the

least cost monthly diets for standard fami-

lies in Recife and Fortaleza (Northeast of

 

 

 

 

Brazil).

Marginal cost Marginal cost

Nutrients (Recxfe) (Fortaleza)

Method I Method II Method I Method II

Proteinsa

Vegetable (gm) .0104 .0067 .0099 .0427

Animal (gm) .0112 .0341 .0261 .0519

Calcium (mg) -- .0001 .0001 .0006

Iron (mg)b .0003 -- .0088 --

Vitamin A (lOOIU) .0530 -- -- .0200

Vitamin C (mg) -- .0021 -- --

Calories

(100 kcal)

Gross caloriesc .0300 .0400 .0215 -.0500

B vitamins (re-

quired for 100 .0100 .0500 .0223 .1300

kcal)

Net calories

(100 kcal) -0200 -.0100 -.0008 -.l800

aThe marginal cost of the total or unspecified

protein is the marginal cost of the vegetable protein

plus the marginal cost of the animal protein.

bI.U. = stands for international units (1 I.U. =

6 micrograms beta-carotene).

cThis refers to the marginal cost of calories

plus the B vitamins associated with them.
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On the other hand. there will be nutrients which come

out at the minimum level because they are scarce and

difficult to obtain at given market prices. In Recife,

for example, proteins (animal and vegetable). vitamin

A, iron, calories and B vitamins (riboflavin and

18 In order to provideniacin) are costly nutrients.

extra units of each of them the total cost of the

least cost diets should be increased by their respec-

tive marginal costs. Holding other things constant,

by increasing the animal protein allowance in one gm/

day the total cost of the least cost diet would go up

by approximately Cr $.010 /day. However. there will

be no marginal costs in providing extra units of

calcium, phosphorous, fat, vitamin C and thiamin (under

method I) because these are costless nutrients. Because

the amount of B vitamins in these least cost diets is

tied to the caloric level, two marginal costs actually

have been provided. One is the cost of adding extra

units of calories alone (net calories), and the other

is the marginal cost of calories and B vitamins (ribo-

flavin and niacin) together. If the ties between

calories and B vitamins are broken, it would cost

Cr $.010 less to provide an extra unit of calories in

the diet calculated for Recife. It would cost Cr $.030

if the B vitamins have to be provided.

 

18Under method II iron and vitamin A were dropped

out while calcium and vitamin C became costly nutrients.
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The marginal cost of the scarce nutrients to be

provided for a standard family in Fortaleza is also

shown in Table 4.8. Under method I proteins (animal

and vegetable), calcium, iron, calories and one of the

B vitamins (niacin) are the costly nutrients. Here. if

calories have to be provided alone (without the B vita-

mins) it would be a costless nutrient.19 However,

being provided with the B vitamins under the required

proportions turns out to be costly. Nutrients like

phosophorous. fat, vitamin A, vitamin C and the two

other B vitamins (thiamin and riboflavin) are costless

nutrients. At the margin. the total costs of the least

cost diets could be decreased if the initial amount of

proteins, iron, calcium, and calories associated with

the B vitamins (each one at a time) is reduced by one

unit.

The marginal cost of the nutrients calculated

for both cities under method II closely follows the

patterns shown by method I although some major points

should be mentioned. First. some of the nutrients

with a positive marginal cost now turns out to be cost-

less (Example, iron in both cities and vitamin A in

Recife). There are also cases in which the nutrients

 

19Actually, it implies that additional units of

calories would lower the cost of the diet.
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were costless under method I but not under method II

(Example. calcium in Recife and vitamin A in Fortaleza).

Second. the marginal costs of the nutrients computed

for both cities are initially higher under method II.

Third, the figures for both proteins and calories

actually represent an adjusted marginal cost, after

allowing for nutrient variability. Finally, in Recife.

net marginal cost of calories was always negative,

although they are positive if the B vitamins must be

provided along with the calories.

Although the marginal cost figures from a

purely nutritional model provide a consistent measure

of the relatively scarcity of the nutrients required

in a diet, the units in which they are ordinarily mea-

sured are arbitrary and not related to the quantities

required by the body [50]. It has been suggested that

a more meaningful way to show the relative importance

of each of the nutrients in a diet is by evaluating

them as an aggregate, i.e., the way in which total

expenditures are allocated among the several scarce

nutrients.20 Thus, for a standard family in Recife

and Fortaleza. the most costly requirement to be ful-

filled under method I is protein which accounts for

 

20This is easily obtained, if one multiplies

the marginal cost of the nutrients by the amount of

the nutrients required in the diet.
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57.9 and 61.7 percent of the total expenditures in two

cities (see Table 4.9). Calories alone apportined 28

percent of the total expenditures in Recife. but in

Fortaleza it turns out to be a costless nutrient (Cr

$-2.8) unless it is required to come along with the B

vitamins (Cr $77.9 or 29 percent). A relatively high

amount of the total expenditures has been allocated to

B vitamins in both cities (Cr $33.00 in Recife and Cr

$77.9 in Fortaleza). Calcium. vitamin A, vitamin C,

and iron apportioned no more than 1.1 and 10 percent,

respectively, of the total expenditures in the least

cost diets calculated for both cities.

The amount of the total expenditures allocated

with the scarce nutrients under method II is also shown

in Table 4.9. As has been indicated, proteins continue

to share the highest amount of the total expenditures,

followed by vitamin C (in Recife) and vitamin A (in

Fortaleza). On the other hand, net calories turn out

to have a negative net contribution to total expendi-

tures, and in Recife, it is true even when it is asso-

ciated with the B vitamins. Allowing more calories and

more variability would be less expensive and the net



Table 4.9. Aggregate value of the scarce nutrients in

the least cost monthly diets for standard

families in Recife and Fortaleza (Northeast

of Brazil).

  

Aggregate value Aggregate value

 

 

 

 

  

Nutrients (Recife) (Fortaleza)

Method I Method II Method I Methodlfli

Cr;§—_—_CYM$ Cr‘S Cr §——

Proteins

Animal 51.8 33.4 51.9 223.0

Vegetable 87.7 139.1 111.6 221.5

Calcium -- 8.2 8.7 52.0

Iron .6 -- 17.9 --

Vitamin A 2.3 -- -- 92.4

Vitamin C -- 14.5 -- --

Calories

Gross caloriesa 99.2 136.2 75.1 -l98.4

B vitamins 33.0 191.8 77.9 179.6

Net calories 66.2 -55.6 —2.8 -378.0

Total monthly cost

of the L.C.D. (in 241.6 331.4 265.2 390.5

Cr $)

 

aAs referred on food note b. Table 4.8.

b

errors on the significant figures.

Obtained by difference because rounding off
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contribution of calories is to reduce the cost of the

diet in Fortaleza.21

G. The Marginal Effigiency of Foods

It has been established that the marginal cost

measures of the nutrients in the least cost diets pro-

perly represent the true cost value of the nutrients

contained in a specific food. because it is really an

opportunity cost. Thus, the scarce nutrients have a

positive opportunity cost but there is no opportunity

cost at all for those abundant nutrients. Such an

opportunity cost can be multiplied by the amounts of

each nutrient required in the diets and added together

in order to get an aggregate monetary value of the

nutrients in a food dividing by its market price, it

turns out to be a number (or a percentage if multiplied

by 100) and it has been referred to in the literature

as an adequate index to measure the marginal efficiency

of the foods in a least cost diet [50]. Thus, a food

in which the aggregate value of their nutrients is

 

21Actually. there is a trade-off between the

cost of meeting a minimum requirement for calories with

B vitamins subject to low variability and the burden

imposed by calories consumed because they use up valu—

able opportunity for calorie consumption. The net result

turns out to be negative in this case. implying that re-

laxing the upper constraint imposed to calories would

lower the cost of the diet.
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equal to its market price has an efficiency at the mar-

22 On the other hand,gin equal to one (or 100 percent).

a food in which the aggregate value of its nutrients is

smaller or greater than its market price will have a

marginal efficiency smaller or greater than one. Foods

with marginal efficiency equal to zero merely means

that the aggregate value of its nutrients is worthless

and if such a food is forced into the diet. it would

increase the total cost by the right amount of its

market price.

A more unusual, although plausible, situation

is that one in which foods are having a negative marginal

efficiency. The interpretation in such a case, although

more difficult, can be easily understood at the extreme

cases. For example, assume that a food (say lard) has

a marginal efficiency equal to zero. Thus, if such a

food is free and is forced into the diet. no additional

cost would be incurred. However. if lard happens to

have a negative marginal efficiency (instead of zero)

it would increase the total cost of the diet even though

it can be provided freely. As a matter of fact, by

forcing lard into the diet. it will require that other

foods are also added, and provided that those foods are

 

22Theoretically, the marginal efficiency of a

food is a real number ranging from minus infinity to

plus infinity.
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costly. the net effect will be an increase in the cost

because the substitute foods are more expensive than

the originally selected foods.

Table 4.10 lists the marginal efficiency of a

set of foods in both cities, computed through methods I

and II. Without going into the details, it should be

mentioned that any food included in a least cost diet

with purely nutritional objectives23 has a marginal

efficiency of 100 percent. That is, the aggregate

monetary value of the nutrients contained in those

foods is just equal to their market prices.24 This

means that all foods shown in Table 4.10 have a marginal

efficiency less than one (or less than 100 percent), or

none turns out to be economical because the aggregate

monetary value of their nutrients was smaller than

eitherftheir market price or zero. More precisely.

foods like beans, eggs, coffee (in Recife) and chicken,

beans (mulatinho) and butter (in Fortaleza) were not

included in the diet because the expenditures required

to buy any of these would be greater than the monetary

value of the nutrients that they contain. Yet, some

 

23Purely nutritional diets, as referred to in

this study, are those designed to satisfy purely nutri-

tional objectives, that is. minimum nutrient physiological

requirements. This is not to say that other factors like

bulk, total weight or even palatability can not be con-

sidered nutritional objectives as well.

24For more detailed explanations and formal proofs

of this statement see [19, p. 113 and 50].
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foods like bacon, butter, and yam (in Recife) and

butter, coffee . . . and vegetable oils (in Fortaleza)

would not be economical even though amounts of each of

them were to be provided freely.

As indicated in Table 4.10, negative marginal

efficiency is more frequent in those least cost diets

computed by method II. This should be the pattern,

however, because in this case the process of obtaining

the aggregate monetary value of the nutrients makes

allowances for the variability component. Actually.

the mean nutrient content of a food can be interpreted

as a benefit, while its variability is truly a cost.

If a food shows a positive, zero or negative marginal

efficiency, it will depend upon the magnitude or sizes

of these two effects together (the mean nutrient con-

tent and its variability).25 If variability is assumed

to be zero as in the deterministic formulation (method

I), the second effect drops out and the only remaining

term is that accounting for the mean. There are occa-

sions, however. in which the benefits become a cost

(or a negative benefit) such as occurred with butter,

 

251t can be shown that any food with a mean

nutrient content (say, i), will have a negative mar-

ginal efficiency as long as its variability (5x) times

the allowed confidence level (2 or t value) is greater

than such a mean.



119

26 In this specific case thecoffee and lard in Recife.

three mentioned foods just provide one or two nutrients

(example: calories and fat) and they may force other

foods out of the diet. So even if they are free, the

combined or aggregate costs of all nutrients contained

in the complementary foods would be positive and in-

crease the total cost of the diet. Also of interest

are the patterns showing the marginal efficiency of the

foods (on Table 4.10) calculated by methods I and II.

For instance, in Recife, none of the five most efficient

foods under method I is included in the list when method

II is used. Yet bread, which is the fifth most efficient

food at the margin under method I (79 percent) turns out

to be a very inefficient food under method II (-66 per-

27 In Fortaleza the patterns are more stable,cent).

where at least two of the most efficient foods under

method I (chicken and salt water fish) are also efficient

ones. when variability is allowed to occur. In addition.

none of the most efficient foods under method I were

found to be among the most inefficient under method II

and vice versa.

 

26Obviously, if such a benefit is negative under

method II, the overall effect would still be great. since

the variability effect is always negative.

27As pointed out before, this is probably due to

its high protein/calorie variability.
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Smith [7] has used the term Stigler's gap to

indicate the difference between the price of the com-

modity and the value of the nutrients that it contains.

According to him, this is a measure of the contribution

of the nutritional and nonnutritional components of

the total expenditure and it is paid to satisfy peOple's

preferences and other nonnutritional objectives rather

than the nutritional ones. Thus, the purchasing of the

foods listed in Table 4.10 can be interpreted roughly

as a measure of the nonnutritional component of the food

expenditure since none were economical enough to be in

the calculated least cost diets. In other words, if

only the nutritional component of the total expenditure

on food matters. none of those foods should be purchased.

And the proportion of family incomes spent on the pur-

chasing of such foods may be interpreted as an index of

inefficiency because part of that is not being used to

meet nutritional needs.

Finally. it is important to notice that some of

the most inefficient foods listed in Table 4.10 (Example,

coffee, sugar, doce, etc.). are ranked among the first

items actually consumed by the households in both cities.
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H. Effects of Family Size and Com-

position on the Total Cost of the

Least Cost Diets

 

 

Table 4.11 indicates how changes in family

structure will effect the total cost and food composi-

tion of the least cost diets. The family structure

effect was evaluated by holding family size constant

and stratifying it into three major categories as

follows: a family with no pregnant or lactant women.

and two others including either a pregnant or a lac-

tant woman. The age effect on the total cost and

composition of the least cost diets was computed by

taking the standard family and dividing it in two major

groups. The young (with 75 percent of the persons below

the age of 15 and 25 percent over 15 years old) and the

old in which at least 75 percent of the people are over

15 years old. The pregnancy and lactancy effect on the

total cost of the diets were confined to the city of

Recife and it was evaluated under both methods I and II.

As shown in Table 4.11, both pregnancy and lac-

tancy effects on the total costs are quite significant,

ranging from Cr $250.70 to Cr $367.70/month and Cr

$259.04 to Cr $428.04/month for methods I and II,

respectively. Although the effect is more significant

under method II, the overall pattern is very consistent

in both cases. That is, in the Northeast of Brazil it
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is more costly (Cr $11.51 and Cr $19.85/month under

method I)28 to provide adequate diets to families which

have either a pregnant or a lactant woman. It also

shows that to provide an adequate diet to a family with

a pregnant woman would cost Cr $8.34/month (Cr $60.34)

less than to feed the same family with a lactant woman.

Some of the cost differentials between families with

either a pregnant or lactant and those who show this

pattern are quite obvious. The differences between

pregnancy and lactancy nutritional costs can be addi-

tionally explained by the quantity and quality of the

nutrient supplementation as well as the extension period

involved in both cases. For example, lactancy require-

ments with respect to calories, proteins, vitamins A,

B and C are usually higher than those to pregnancy. In

addition, lactancy is assumed to extend by a period of

six months. while pregnancy nutrient supplementation

was confined just to a half of that period (4 1/2

months). The cost differentials between methods I and

II, is due to the variability component which is assumed

to be zero under the deterministic formulation.

The pregnancy and lactancy effects on the pat-

terns of food composition seem to be quite significant

 

28

method II.

Or Cr $42.09/month and Cr $102.43/month under
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as shown in Table 4.11. It is important to notice,

however. that under method I the composition patterns

concerning the kinds of foods involved is quite stable.

The major adjustments performed involve the amounts

rather than the quality of the foods in the least cost

diets. With minor exceptions, the quantities of milk.

dried beef, cornmeal-white. sweet potatoes (white and

yellow) and manioc flour are usually higher in the

diets calculated for families with either pregnant or

lactant women.

Under method II the lactancy and pregnancy

effects on the food composition of the least cost diets

were much more significant. Major adjustments were

performed either in the quantities or in the qualities

of the commodities involved. Allowing variability in

the nutrients of the foods usually required not only

high amounts of each food, but also different kinds and

combinations of the foods in the least cost diets. For

example, bacon for the first time is brought into the

least cost diets, probably to satisfy additional fat

and caloric requirements of pregnancy and lactancy.

The major structural change in both lactants and preg-

nants diets is the high amounts of tomato and oranges

and the complete exclusion of both varieties of sweet

potato.
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In Table 4.11, the total cost and food composi-

tion of least cost diets for a young and old family are

shown. The cost differential between these two diets

is quite significant. That is, in the Northeast of

Brazil, old families would be more costly to feed than

young families (23 and 44 percent higher. under methods

I and II, respectively). Again, the quantitative dif-

ferences on the dietary allowances accounts for the

major portion of the cost differential, although under

method II. the allowances for variability can be as

significant as well. Therefore. as one should expect.

the change patterns involving either the amounts and

kinds of foods were much more significant under method

II.

The procedure used to categorize the families

in this research (young and old), along with the basic

age structure used, may ignore some real effects on the

total cost of nutrition for these two particular types

of families. For instance, the first age group (0-4)

could be broken into two other categories so that the

category 0-4 years is less than one. and between one

and four years old. Infants aged 0-1 usually require

very special nutrient supplementation and because of

their age, they cannot be exposed to the same commodi-

ties and dietary patterns as other people in the family
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unit. Therefore, although such a cost differential was

quite significant, it is not conclusive and its impli—

cations cannot be evaluated without a careful assessment

of the families capacity to feed itself. Given the struc-

ture of the young family defined here (75 percent below

age 15 years old) it will impose a definite constraint

in its capacity to generate enough income and getting

all the essential nutrients that they need. In other

words, in spite of the higher costs involved. it is

very likely that the old families would be much better

off than the young ones.

Due to the nature of the linear programming

solution and the assumptions made about family structure,

the effects of family size on the total cost of the least

cost diets are quite obvious. That is, given the linear-

ity assumption of the mathematical model used, doubling

or reducing the size of the family by a half. one should

either increase or reduce the cost of the diets propor-

tionately. Therefore, provided that family age structure

and sex composition do not change. the size effect will

be reflected entirely on the amounts of the nutrients

needed, and the costs of the diets will change propor-

tionately. As one should expect, the food composition

pattern is also the same among all the least cost diets.

with their amounts changing proportionally.
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Although straightforward, such results have

some implications mainly to policy makers in less

developed countries concerned with population issues

and family planning programs. For instance. it shows

that if only minimum physiological requirements must

be satisfied. there are no economies of scale in provid-

ing families of different sizes with all of the nutri-

ents that they need.29 More precisely. economies of

scale may be possible if wastes in consumption or non-

nutrition factors are explicitly considered. but it

would never come out if physiological requirements are

the only thing to be taken into account. Obviously,

there is a reason to fully accept such no economies

of scale argument in the real world. First of all.

family structure is very likely to change when family

size changes; second, there is enough evidence that

people are willing to pay for both the nutritional and

nonnutritional components contained in a food or set

of foods. Third. and more important, one can not ignore

real economies of scale which may accrue from low wastes

in consumption as well as the pecuniary economies derived

 

29Obviously, such a conclusion deserves some

theoretical qualifications, i.e., first, such no econo-

mies of scale is actually an assumption, not a fact; and

second, the total cost curves, although assumed to be

linear, can experience discontinuous decreases under

certain ranges or limits for family size.
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from the high amounts of food purchased when a family

gets larger and larger.

I. Price Range over Which the Optimal

Solution Holds

As mentioned earlier, the marginal efficiency

of foods which are included in the least cost diet is

100 percent. This is because the aggregate monetary

value of their nutrients is equal to the market price.

It has also been indicated that the marginal efficiency

of any food will vary as the price of the food varies.

That is, foods which are sufficiently economical to be

included in the optimal solution may not remain under a

different set of market prices. Then, it may be worth-

while to know under what range of prices those economi-

cal foods will remain in the least cost diets.

Such information may provide interesting in-

sights for agricultural and nonagricultural planning

agencies concerned with questions about food price

policies and its implications for both consumers and

producers. The price range over which the economical

foods will remain in the optimal solution shown in

Table 4.12 was obtained by a routine part of the linear

programming solution of the least cost diet problem.

Within cities, the price range differentials

observed for the same commodity is by and large due to
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differences in the computational methods used (deter-

ministic and stochastic). Between cities, they reflect

differences in market prices along with their prices

relative to other commodities included and excluded

from the optimal solution. Some foods are more stable

to price variations than others, and the patterns seem

to be quite different between the two methods used.

Within cities, the patterns still differ considerably

between commodities or even for the same commodity.

For example, in Recife under method I, milk would be

driven from the optimal solution if its market price

goes up by more than 9 percent (or Cr $1.20/Kg), but

under method II. it is an efficient food as long as

its market price does not increase more than 10 percent

(or Cr $1.21/Kg). Still, in Recife, the most stable

commodities are: sweet potato (yellow)--70 percent;

dried beef--23.5 percent and manioc flour--13.6 percent.

Manioc flour is still among the most stable commodities

when method II is used, and it is followed by orange--

23.0 percent, and sweet potato (yellow)-—10 percent.

The figures for Fortaleza closely follows the

overall patterns observed in Recife, where a consider-

able range of variation is observed between methods

and the commodities involved. Then. under method I,

manioc flour together with rice and milk, are among the
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most stable commodities, and they would remain as economi-

cal foods as long as their market prices do not go up

more than 93. 22 and 17 percent, respectively. Under

method II, however, milk is a highly stable commodity,

and it is followed by rice and beans (mulatinho) which

would remain in the optimal solution if their market

price does not increase by more than 34.3 and 31.0

percent, respectively. In summary, the information

provided by this computer routine can be very useful

for policy makers concerned with both agricultural and

nonagricultural commodities. In other words, the know-

ledge about the most economical foods and how market

price variations will affect the stability of the least

cost diets, may provide an objective basis for decision

makers setting up and implementing price policies more

consistent with other development goals.



CHAPTER V

CONCLUSIONS, LIMITATIONS OF THE STUDY

AND RECOMMENDATIONS FOR NEEDED

RESEARCH

This chapter is divided into two major sections.

The first summarizes the results obtained and their

major policy implications. Section two presents the

limitations of this study and recommendations for improv-

ing future research by both economists and nutritionists.

A. Summary and Conclusions

Most of the purely nutritional diets provided

in this study have indicated that it is possible to

improve the actual nutrient intake levels, even among

the lowest income group. Actual food expenditures were

shown to be inefficient when compared with the least

cost diets. There are also indications that actual

incomes can be better allocated to meet family nutri-

tional needs at lower cost. This leads to the conclu-

sion that families in both cities are not efficient in

the purchase of nutrition, that is, they have not been

132
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able to provide themselves with all essential nutrients

in the most economical way.

The economical waste as reflected by the dif-

ference in the patterns of food expenditures for actual

and least cost diets, seem to have imposed a high eco—

nomic burden, especially for those families in the

lowest income levels. Computations of least cost diets

allowing conventional constraints to take into account

tastes and preferences support this argument. that is.

although those factors affect one's expenditure on food,

they cannot account for the total inefficiency in the

system. Ignorance about most efficient foods and the

knowledge about adequate dietary allowances seems

equally important. Yet. changes in the conventional

consumption patterns were found to be economical in at

least one of the cities studied. Economical substitu-

tions between traditional and nontraditional commodites

may lower the cost of nutrition in that part of the

country.1 In Fortaleza, for example, where the quali-

tative and quantitative nature of the adjustments were

more significant, beef liver, sardines, squash and

cabbage turn out to be very efficient foods.

 

-

1To be precise, the word "nontraditional" should

not be applied fully. because the commodities involved

have been usually consumed by the families in the two

cities.
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Although very low (about 20 U$A or Cr $1272.12/

year on the average), actual levels of per capita in-

comes are adequate to provide standard families in

Recife and Fortaleza with their minimum physiological

requirements. To buy adequate nutrition. it would cost

Cr $47.38 (Cr $66.95) per person per month in Recife

and Cr $49.12 (76.51) in Recife.2 Compared with the

actual levels of per capita incomes (Cr $106.50/month),

such a figure implies that 46 to 63 percent of the actual

income in Recife and 46 to 71 percent in Fortaleza

should be allocated to the purchasing of nutrition.

There are no major indications that the actual levels of

income would prevent consumers in both cities from buy-

ing all the essential nutrients that they need.

Obviously, for those below the average income levels

or those willing to pay for other components of the

total food expenditure (e.g.. cultural), a much higher

proportion of their incomes should be spent on food.

For instance, it was shown that the costs of least cost

diets allowing conventional restrictions rather than

the purely nutritional ones, would be 32 and 42 percent

higher than those calculated to satisfy purely nutri-

tional objectives. Policy makers using minimum nutri-

tional standards as a basis for establishing poverty

 

2The figures in parenthesis refer to the total

costs computed by method II.
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lines, have to decide whether or not to satisfy peoples'

conventional habits and preferences must be explicitly

accounted among their socioeconomic goals.

Overall, all of the least cost diets obtained

in this study are poor in variety. This pattern is

quite consistent with other studies in which linear

programming has been used to determine the least cost

diets based on purely nutritional objectives. The shifts.

however, would not drastically affect the conventional

consumption patterns in both cities because they involve

merely changes in the proportions of the foods already

eaten. In Recife, for example. it means a shift from

foods like bread. beef, butter, vegetable oils and

coffee to cornmeal (white), dried beef, chicken, milk,

eggs, beans (macassar) and tomatoes. In Fortalezo the

families would spend relatively more on rice, eggs,

sweet potatoes (white and yellow), tomatoes and less on

bread, beef, milk, manioc flour, coffee and both varie-

ties of beans.

Obviously, the least cost diets in this study

would never be acceptable to all families in Recife and

Fortaleza, at least in the short run. However. knowing

the most economical foods would provide guidelines to

public administrators by indicating where emphasis must

be placed with regard to agricultural production plans

and nutrition education. For example. milk turns out
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to be a highly efficient food, entering in all least cost

diets computed in the two cities studied. including

those allowing conventional constraints to take into

account explicitly traditional consumption habits. Corn-

meal (white) and manioc flour (in Recife) and chicken.

rice and sweet potato (yellow) (in Fortaleza) also are

economical foods in most of the calculated least cost

diets. Such results have both agricultural and non-

agricultural policy implications. that is. nutrition

educational programs indicating the kinds and right

amounts of foods to be purchased in both cities would

improve the allocation of the scarce resources in a

sense that consumers would pay less for better nutri-

tion. Yet adjusting agricultural production plans

toward those patterns may bring an efficient allocation

of the scarce resources to advance both agricultural

and nutritional targets. Obviously. it should not be

ignored that the macro effects on agricultural output

and prices resulting from simultaneous production of

certain food stuffs. For example: adjusting agricul-

tural production forward the suggested patterns may be

unfeasible because it is beyond the region or country's

production possibility. Yet, given that the adjustment

lags in both demand and supply, such an adjustment will

result in low or high prices, which either desertimulate

producers or make the foods more expensive and unecono-

mical to be included in the least cost diets.
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In Recife the least cost substitutions indicat-

ing which set of foods could be economically replaced.

showed that none of the potential commodities considered

(lobster, shrimp, beef liver. Visceras. sardines, mar-

garine, bananas and garlic) were efficient enough to

replace milk, chicken, dried beef, sweet potatoes (white

and yellow), etc., present in the basic least cost

diets. In Fortaleza, however, some of the potential

commodities considered (beef liver. Visceras, sardines.

squash and cabbage) entered in the new optimal solution

either by replacing or altering the quantities of the

other items in the diet. The least cost adjustment was

quite significant, and it ranged from Cr $13.14 per

month under method I to Cr $83.10 when the computations

were performed by method II.

The family composition effects on the total cost

and food pattern of the least cost diets were significant.

especially those concerned with pregnancy and lactancy.

It would be costly to provide the essential nutrients to

families which have either a pregnant or a lactant woman.

Yet. the lactancy effect which reflects a long period and

relatively higher nutrient daily supplementation seems

to be most significant. The age effect on the total cost

of nutrition, although significant. cannot be conclusive

for the purpose in view, mainly because it cannot be

evaluated without a careful assessment of the family's

economic ability to purchase the right foods. In
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addition, the basic age structure pattern used in this

study ignores some of the real age effects on the total

cost of nutrition, such as the infant group (aged 0-1)

which deserves special attention with respect to both

quantity of the daily supplementation and the kinds of

the commodities to be provided in the least cost diet.

Because of the assumptions and the nature of

the linear programming solution, the family size effect

on the total cost of nutrition is obvious. The total

cost and amounts of each food in the diet will increase

or decrease proportionally, when family size is in-

creased or decreased accordingly. To put it another

way, there are no economies of scale in providing the

right foods to families of different sizes, when the

diets have purely nutritional objectives. Given the

linearity assumption of the mathematical model used.

doubling or reducing the family size by a half, one

would double or reduce proportionally the total cost of

the least cost diets. Obviously, such a conclusion

deserves some qualification, because it is not a fact

but a result of the assumptions (linearity of the total

cost function and constant family structure) implicit

in the computation of the least cost diets. Policy

makers concerned with population issues may be inter-

ested in using this information in order to determine

the right amounts of subsidies required to feed large
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families or when there are persons under a special

physiological state (pregnancy or lactancy). They may

also be interested in constructing indexes relating

the families capacity to generate income and the total

cost of nutrition. Yet, by relating family size with

the amounts and the total cost of obtaining all the

essential nutrients, one can fairly well indicate an

optimum family size given the country or region produc-

tion possibilities.

The marginal cost of the nutrients calculated

in this study indicated that although all nutrients are

important in satisfying minimum dietary standards. they

are not equally costly. The marginal figures computed

were sensitive to the market prices of the foods in the

least cost diets as well as to the computational pro—

cedure used. Because these marginal cost figures

reflect opportunity costs, they can provide guidelines

for an efficient allocation of the scarce resources.

That is. efforts should be devoted to supplying addi-

tional amounts of the nutrients which have an opportunity

cost greater than zero. In Recife, the proteins (ani-

mal and vegetablebrvitamin A, iron, calories, plus the

B vitamins (riboflavin and niacin) were among the

costly nutrients. Those patterns changed a little

under method II, in which calcium became an expensive

nutrient at the margin, while vitamin A and iron turned
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out to be costless. In Fortaleza the costly nutrients

were: proteins (animal and vegetable) calcium, iron

and calories associated with niacin (under method I).

Under method II. vitamin A became a costly nutrient and

iron turned out to be costless. Nutrients like fat,

phosophorous and thiamin (B vitamin) were costless

nutrients in all least cost diets calculated for

Recife and Fortaleza.

In the aggregate protein accounted for more

than 50 percent of the total expenditures in both

cities. Calories associated with the B vitamins are

usually sharing the second greatest amount of the

total expenditures on food in both cities. except in

Fortaleza (under method II) where such a nutrient com-

ponent turns out to have a negative contribution. That

is, by allowing more calories in such a diet, one would

actually lower the total cost of nutrition. The other

nutrients together like calcium, vitamin A, vitamin C

and iron are sharing a small part of the total food

expenditures as shown by the least cost diet (a maximum

of 10 percent).

As mentioned before, foods like milk, manioc

flour and sweet potato-yellow (for both Recife and

Fortaleza) were found to be highly efficient foods

(marginal efficiency equal to 100 percent), by entering

in the optimal solution for almost all of the least

*cost diets calculated in this study. Other foods like
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beans—~mulatinho, eggs. carrots, pepper . . . fish--

salt water . . . beans--macassar (in Fortaleza) also

were found to have a high marginal efficiency (al-

though less than 100 percent) in the basic diets cal-

culated for standard families in those two cities.

Policy makers may find it worthwhile to identify which

foods are most efficient in meeting the population's

nutritional goals and use them as guidelines for pro-

duction and nutritional plans. They may need to know

which foods excluded from the optimal solution are

the most efficient in order to estimulate both pro-

duction and consumption. On the contrary. they may know

what are the less efficient commodities which provide

the population with all the essential nutrients. For

instance, it was found in this study that some of the

foods largely consumed by families in these two cities,

such as sugar, coffee and doce (jelly) are highly inef-

ficient with marginal efficiencies ranging from 1 to

-681.0 percent.

The range over which the price'of the efficient

foods could vary without driving them out of the least

cost diets was sensitive to market prices as well as to

the computational procedures used in this study (methods

I and II). In Recife, sweet potato (yellow), dried beef

and manioc flour (under method I) and orange and sweet
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potato--yellow (under method II) are among the most

stable commodities. They would remain economical

foods unless their market price variations are exces-

sively high. On the other'hand. in Fortaleza, manioc

flour, together with rice. milk and beans--mulatinho

are the commodities least sensitive to market price

variations. The potential use of such information is

obvious. Knowledge about the most economical foods

along with their degree of stability to price varia-

tions will indicate the best price policy strategies

to achieve both targets of production and population

nutritional goals.

Finally, it should be pointed out that the

results obtained in this study differ quite substan—

tially depending upon the computational procedures used

(deterministic or stochastic). Allowance for variabil-

ity in the nutrient content of the foods (calories and

proteins) has been reflected not only on the total

cost, but also in the qualities and quantities of foods

in the least cost diets. The patterns of least cost

substitutions, the marginal cost of nutrients. the

marginal efficiency of the foods and the commodity

stability to market price variations are also sensitive

to changes in the methodological procedures used to

compute the least cost diets. The effect of probability

constraints on the total cost and food pattern of the
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least cost diets is still quite significant even when

it was broken into its two major components: calories

and proteins. In other words, allowing either calorie

or protein variability to be random variables would be

more costly than diets in which the variances of the

nutrients contained in a food is assumed to be zero.

The effects, however, are not additive and one would

expect that the higher the number of the nutrients

subject to random variations, the higher should be the

effect on the total cost and composition of the least

cost diets. Given that food nutrients variability is

consistent with both theory and empirical evidence, a

mathematical model designed to take this into account

should be more operative in the real world and probably

more relevant to serve as a basis for policy recommen-

dations.

B.‘Limitations of the Studykand

Suggestion§_for'Needed'

Research

Although a number of conclusions have been drawn

from this study, both the limitations and recommenda-

tions for future research should be emphasized. The

limitations and suggestions for needed research are con-

cerned with both the methodology and the basic data

used in this study. The following paragraphs present

the limitations and suggestions that researchers in this
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field should consider improvement of analytical power

and the basis for policy recommendations. Limitations

and recommendations are as follows:

1. The sampled area in this study was confined

to the urban northeast, where habits. foodstuff supplies,

commodity prices, consumption and income patterns may

differ quite significantly from rural areas. Therefore.

that the policy prescriptions should be confined to the

population and sampled areas. Extending the sampled

area to include both the urban and rural northeast could

provide a wider basis for policy prescriptions and recom-

mendations.

2. The commodity list and the actual consump-

tion patterns considered in this study were confined to

a Northeast Bank Consumers Budget Survey, undertaken

several years ago. Thus, it is very likely that the

patterns have changed appreciably, either because of

price rises of certain foodstuffs or changes in con—

sumer's habits and preferences. Because the purely

nutritional diets should be consistent with actual

consumers habits, such a consumer's budget survey must

be up-dated and extended to both urban and rural con-

sumers.

3. The commodity prices used in this study are

cross-sectional data for November, 1973. Therefore, the

commodity bundle on the least cost diets calculated in
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this study reflects a relative price structure for that

particular point of time. Efforts to improve the actual

market information system (at the retail level) and

providing time series data of all commodities seem to

be feasible and need to be considered. This would

permit an identification of the change in total costs

and food composition of the diets due to seasonal adjust-

ments in commodity prices.

4. In this study it was implicitly assumed that

all commodities included in the matrix would be avail-

able for purchase by consumers in both cities. Even-

tually, some of the commodities would be in shortages

or may be completely absent from the market at certain

times of the year. To be realistic. one must try to

select a commodity list which fits in both consumption

and production patterns.

5. The income patterns used in this study are

per capita averages and are assumed to be representative

for the northeast region as a whole. As such they may

ignore vital differences in income levels between states,

rural/urban areas or even among the various sections of

the population. Accurate estimates of such income

levels to compare with the costs of least cost diets.

would provide policy makers with a more solid basis to

set up poverty lines and deciding whether or not sub-

sidies must be provided in order to fulfill other basic

human needs.
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6. Some nutritional factors, like digestibility.

volume eaten per meal, as well as wastes in cooking were

not explicitly considered in this study. Other materials

needed by the cook such as salt, spices, vinegar, etc.,

although essential to life and needed to improve palat-

ability, were also omitted in this research. Actually,

it is very unlikely that salt and condiments would come

out in the optimal solution of the purely nutritional

diets, mainly because they do not provide many of the

nutritional elements taken into account in the model.

However, if one considers salt and condiments to be

essential to palatability, the model can be easily

extended to include specific requirements for them.

7. The proxy method used in this study to

linearize the variances in the stochastic formulation

have introduced a bias in the results. As Bender [7]

pointed out. such a bias is upward, but its magnitude

is not known. The immediate effect of such a bias is

to increase upward the total cost of the least cost

diets, since such a safety margin (the variance term)

is actually higher than it should be.

8. It comes to the limitations of the study.

In this study the minimum dietary allowances for vitamin

A, phosphorous and fat were derived from a secondary

source [19]. Provided that minimum dietary allowances

varies with sex, age, climate, working conditions,

etc., such standards may not be the most appropriate.
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if one decides to use them as a basis for policy recom-

mendations. In some cases (e.g., vitamin A) the gap

was quite significant and, therefore. a word of caution

must be called for before extrapolating and/or using it

as a basis for policy prescriptions.. As a matter of

fact, the usual procedures by nutritionists in setting

up such standards should be qualified as well. It has

been recognized that such standards vary considerably

among countries or regions in the world. and even within

countries (or regions), they are changing over time.

In other words, a least cost diet calculated at a time

period t, may not be the least expensive at time period

t + 1. In addition, most of the literature in this

specific field does not show any explicit statement of

how such standards should be interpreted (minimum sub-

stance levels!) as well or the existence and basis for

introducing safety margins in the suggested dietary

allowances.

In summary, nutritional research designed to

improve the stock and quality of the physical data

available should be encouraged. The areas requiring

more attention are those concerned with the minimum

dietary allowances and the nutrient content of the foods.

The suggested dietary allowances for the Northeast

population by INUFPe is actually an adaptation from

many specialized sources like Food and Agriculture



148

Organization (FAQ), World Health Organization (WHO)

and Instituto Nacional de Nutricion (Colombia). Also,

there is no effort indicating amino acid daily require-

ments by sex and age categories in that part of the

country.

Nutritional research involving food composition

should continue and improvements are needed in at least

three areas (i) and food composition analysis should

include not only the conventional commodities, but also

other foods (natural or synthetic) potentially avail-

able to consumers; (ii) an increase in sample size and

explicit recognition of the ranges of variability of

nutrient content of foods; and (iii) provide amino-

grams (amino acid composition) of foods.
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APPENDIX B

PATTERNS OF FOOD EXPENDITURES AND PERCENT

CONTRIBUTIONS OF THE SEVERAL FOOD GROUPS

TO THE TOTAL PROTEIN AND CALORIES

IN THE DIETS
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CONSTRAINTS
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Table C-l. Least cost monthly diets for a standard family

in Recife, Northeast of Brazil.1

W

 

 

Amounts required Amounts in

. . . . (Kg/month) the L.C.D.

Consumption actiVities -—

Minimum Maximum(::;;:::g) Rank

.Beef - 8.1 -- 8.8 = Min.

Lard .4 -- .4 = Min.

Milk* -- -- -- --

Dried beef* -- -- -- —-

Rice 5.5 -- 5.5 = Min.

Bread 18.6 -- 18.6 = Min.

Macaroni* -- -- -- --

Cornmeal (white)** 1.0 3.3 3.3 = Max.

Cornmeal (yellow) 1.0 3.3 1.0 = Min.

Sweet potato (white** 2.3 3.2 3.2 = Max.

Sweet potato (yellow)** 2.3 3.2 3.2 = Max.

Manioc flour** 5.5 12.8 12.8 = Max.

Beans (mulatinho) 1.5 -- 6.7 > Min.

Beans (macassar) 1.5 -- 1.5 = Min.

Onion 1.7 -- 1.7 = Min.

Tomato 4.3 -- 4.3 = Min.

Carrots* -- -- -- --

Sugar ll.7 -- 24.2 > Min.

Coffee 2.7 -- 2.7 = Min.

 

1The total cost of the least cost monthly diet is

Cr. $351.47.

*Foods with a marginal efficiency equal to 100

percent.

**Foods with a marginal efficiency greater than

100 percent.
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Table C—2. Least cost monthly diets for a standard

family in Fortaleza. Northeast of Brazil.1

W

Amounts required Amounts in

 

 

(Kg/month) the L.C.D.

Consumption activities 4 .

Minimum Maximum(::;:;::g) Rank

Beef 7.9 -- 7.9 = Min.

Milk* ' -- -— 17.2 --

Eggs 1.8 -- 5.5 Min.

Sardines* -- -- 6.3 --

Rice 12.7 -- 21.8 > Min.

Bread 10.5 -- 10.5 = Min.

Crackers .3 -- .3 = Min.

Biscuits .3 -- .3 = Min.

Sweet potato (white)** .8 1.8 1.8 = Max.

Sweet potato (yellow)** .8 1.8 1.8 = Max.

Manioc flour** 2.2 12.2 12.2 = Max.

Beans (mulatinho) 5.3 -- 5.3 = Min.

Beans (macassar) 5.3 -- 5.3 = Min.

Bananas (prata) 3.5 -- 3.5 = Min.

Bananas (comprida) _ 3.5 -- 3.5 = Min.

Sugar 10.7 -- 10.7 = Min.

Coffee 2.7 -- 2.7 = Min.

Squash* -- -- 24.2 --

 

1The total cost of the least cost monthly diet is:

Cr $371.10.

*Foods with a marginal efficiency equal to 100

percent.

**Foods with a marginal efficiency greater than

100 percent.
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