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PROTEIN-CALORIE SUPPLEMENTATION AND 
POSTNATAL PHYSICAL GROWTH: A REVIEW OF 

FINDINGS FROM DEVELOPING COUNTRIES 1

Reynaldo M artorell2, Aaron Lechtig  s, Charles Yarbrough 2, 
Hernán Delgado 1 and Robert E. K le in 3

Institute of Nutrition of Central America and Panama 
(INCAP), Guatemala, C.A.

SUMMARY

The literature on the effects of protein-calorie supplementation on physical 
growth rates in height and weight is reviewed. Only studies carried out in 
moderately malnourished children from developing nations are considered. Two 
main questions are asked: 1) Do changes in protein-calorie intake cause 
changes in growth in these children, and 2) How does the  im pact on growth 
of supplemental foods vary with changing protein-calorie amounts of the sup­
plement and of the home diet? Although, the experiments reviewed were shown 
to have a series of lim itations, it was concluded that protein-calorie supplemen­
tation is causally related to  growth. Moreover, the evidence reviewed suggests 
that the relative contribution of calories and proteins to the association depens 
upon which nutrient is lim iting in the home d ie t  That is, if  proteins are 
lim iting, proteins and not calories are apparently beneficial for growth rates. 
On the other hand, if  calories are lim iting, calories alone seem to improve 
growth rates. This suggests tha t before expensive supplementation programs 
are instituted, one should firs t investigate which nutrients are most lim iting  
in the home d ie t
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INTRODUCTION

Protein-calorie malnutrition (PCM) is the major nutritional 
problem in children of developing nations. While severe forms 
of PCM (kwashiorkor and marasmus) affect less than 3% of 
all children 1 to 5 years of age, mild and moderate forms affect 
a larger number, around 75% b

Because the most common manifestation of mild-to-moderate 
PCM is physical growth retardation, most of the indicators pro­
posed to evaluate the impact of public health programs are 
based upon physical growth 2. However, while the sensitivity of 
physical growth to nutritional improvements may be easily 
demonstrated under rigidly controlled situations as in metabolic 
wards, it is not clear that such would be the case under field 
conditions. The problems of measurement as we shall see, vastly 
complicate any such field study. Consequently, considering the 
importance of this problem, the present paper reviews the litera­
ture on field protein-calorie supplementation experiments and 
their effects on physical growth in height and weight of mild- 
to-moderately malnourished children. Two main questions guide 
the literature review.

A. Do changes in protein-calorie intake cause changes in the 
growth of mild-to-moderately malnourished children?

B. How does the impact on physical growth of supplemental 
foods vary with changing protein-calorie amounts of the 
supplement and of the home diet?

Our focus on only height and weight as physical growth indi­
cators stems from the fact that these are overall indicators of 
growth widely used in public health to assess nutritional status2. 
In particular, most food supplementation experiments include 
at least these measurements. They are therefore, a common 
denominator by which the various experiments can be compared.

METHODS

More emphasis will be devoted to those studies which provide 
data regarding the protein and the calorie amounts ingested per 
day from the supplement and the home diet. Our summary will 
touch on all the following aspects:

1. The study design: number and age of subjects, dietary 
intake, nature of control groups and duration of the 
experiment.
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2. The food supplement: its characteristics, the degree to 
which it replaces home dietary intake, its distribution 
and measurement.

3. The findings: the impact observed on growth and the 
conclusions reached.

The main characteristics of the studies reviewed are pre­
sented in Table 1.

RESULTS

A. Have Previous Studies Skown that Changes in Protein 
and Calorie Intake Cause Changes in the Growth of 
Mild-to-Moderately Malnourished Children?

By 4 to 5 years of age almost all mild-to-moderately malnour­
ished children are smaller and lighter than almost any child 
from the developed nations (i.e. the population distribution 
overlaps less than 3% ). These growth differences are usually 
attributed to environmental factors, principally low dietary 
intakes and high morbidity rates. In other words, this stunting 
does not seem to be attributable to genetic factors3-4. It follows, 
therefore, that bettering the nutrition of these children should 
result in faster growth.

The literature on this subject is, in general, in agreement 
with this hypothesis. Except for a minority of studies 5' 6, most 
previous experiments, according to their respective authors, are 
suggestive of an effect of proteins, calories or both7-18. How­
ever, in evaluating each of the studies, a whole series of limita­
tions which potentially may invalidate the conclusions can be 
identified. The general nature of these is discussed below.

Measurement of the treatment

There are problems related to the reliability with which the 
independent variable, supplement intake, was measured. In 
some instances, the supplements were distributed indirectly in 
weekly supplies to the fam ily5’6. Under these circumstances, 
one does not easily know how much of the supplement each 
child really took. In most studies, however, the supplements 
w-ere given directly to the children in a fixed locale718. Still, 
some children may attend more frequently and/or eat more than 
others. Moreover, if  the supplements given to various test
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groups differ in terms of factors which may make them less 
or more attractive such as palatability or prestige, not only 
individuals but groups as a whole may markedly depart from 
what one thinks they consumed. Therefore, one needs to meas­
ure, for both test and control subjects, not only attendance but 
intake at the individual level as well.

While this was done by a few studies 8’13, the information 
with regard to individual variability was not taken into account 
in the analyses. Lastly, none of the studies reported on another 
important aspect: the reliability with which the actual intake 
of individuals was measured.

Poor reliability takes away power, so that differences between 
control and test groups may appear to be less certain than they 
really are in some instances; otherwise true differences may 
not be statistically significant. In this case, the absence of a 
finding need not necessarily mean that there was no effect; it 
simply says that the study lacked the power to establish whether 
or not an association exists.

It is interesting to note in this regard that the studies here 
reviewed, where the treatment was given in weekly supplies 
to the mother, where the poorest reliability would be expected, 
were the only ones not showing significant differences between 
test and control subjects 5> 6.

Replacement

Related to the problem of measurement of the independent 
variable is the whole issue of the supplements replacing dietary 
intake at the home. Some of the studies reviewed here did not 
measure replacement rates5’6> 9-10' 16’17. Some studies, on the 
other hand) faced this issue by relying on single dietary surveys 
in test and control subjects 18 or on single dietary surveys on 
test groups before and during the experiment8' 13. Since the 
reliability of individual dietary surveys is low 19, either large 
numbers of subjects or more frequent surveys in a small number 
of subjects are required to have sufficient power to evaluate 
the extent of replacement. For example, assuming a standard 
deviation of 300 calories, it would take a sample of 140 in each 
of the groups to show at a power of 0.80, that the mean dietary 
intake of calories of test and control subjects differ signifi­
cantly (p <  .05) by 100 calories 20. It is not surprising there­
fore, that in all studies where this problem was investigated,
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the home dietary intake of test and control groups did not differ 
significantly 8>13- 18.

If replacement of the home diet by the supplement does occur, 
the dose response in terms of growth per calorie or gram of 
protein given in the supplement will be underestimated. To 
correct for replacement, one would have to relate the amount 
of calories actually ingested above the baseline intake with 
growth.

Replacement may bring about a second kind of problem. In 
cases where the preparations given to test and control groups 
differ in terms of their attractiveness or bulk, there may be 
varying rates of replacement across experimental groups. Such 
an occurrence may introduce sources of bias which may lead 
to erroneous conclusions.

Measurement o f growth

If the equipment is calibrated and the anthropometrist is 
adequately trained, measurement of the dependent variable, 
growth, probably presents no problems given the high reliability 
of anthropometric measurements, particularly of height and 
weight21. When dealing with incremental, as opposed to attained 
values, measurement error increases given that error may occur 
at both end points, beginning and end. How “large” this error 
is depends upon the ratio of the error variance to the popula­
tion variance in incremental growth21. None of the studies 
reviewed presented the necessary data to assess these aspects.

Alternative hypothesis

Ideally, a food supplementation experiment should have at 
least two characteristics. Subjects should be randomly assigned 
to test and control groups. Secondly, the experimenter should 
set the amount of treatment to be ingested by each group at a 
specified frequency. All of this, however, is very difficult to 
do with human populations because of ethical and operational 
constraints. Most studies therefore depend upon the willingness 
of subjects to participate. This of course raises the possibility 
that the findings observed are due to factors other than the 
treatment given.

Not surprisingly, most studies drew control and test groups 
from already existing groups: attenders and non attenders to a 
preschool10, separate villagesG- 8-9-18, separate health care cen­
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ters 5, separate classes within a school12 or separate schools 7' n . 
Within these groups, in some studies the test subjects were 
those willing or permitted to participate rather than all members 
of the group 10> 1S.

Moreover, none of the above studies 5'12-18 report either what 
percentage of the group intended for study remained in the 
study, or what characteristics those not studied had with respect 
to those studied. In general, very little effort, other than 
comparing test and control subjects in terms of initial height, 
weight and age was done to assure comparability of the experi­
mental groups. Therefore, these studies512' 18 did not control 
either through their designs or data collection, for possible 
differences in factors which may affect growth and which 
potentially may explain the findings such as morbidity <4), socio­
economic status and home dietary intake as well.

A minority of studies carried out in orphanages randomly 
alloted subjects to test and control groups from matched pairs on 
the basis of initial height and w eight16’17. These studies, however, 
did not control for actual intake; thus, the bulkier control diet 
may have been consumed in lesser amounts than the high-protein 
diet (see Table 1).

In conclusion, the evidence reviewed suggests that protein- 
calorie nutrition is at least related to changes in growth. Though 
there may be strong reasons to doubt the conclusions of indivi­
dual studies, when all these experiments are viewed in total, 
negating the hypothesis that protein-calorie nutrition affects 
growth may require that the same source of bias act similarly 
across all studies. This, is very improbable as is the possibility 
that a very complicated combination of biases act in each of the 
reviewed studies.

B. How Does the Impact on Physical Growth of Supplemen­
tal Foods Vary w ith Changing Protein-Calorie Compo­
sitions of the Supplement and of the Home Diet?

The issue to be dealt with is that proteins, calories or both 
will have an impact on physical growth depending upon which 
nutrient is limiting in the home dietary intake. In this respect,

(4) Gopalan et al. 8 report that there was a measles epidemic during the
study which was associated with reduced growth in the control but
not in the experimental subjects. However, differences between control
and experimental groups, given the presence or absence of measles,
were still evident.
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two facts should be kept in mind. First, growth in weight, which 
includes growth in fat, may be responsive to caloric supplemen­
tation even when calories are not lim iting; growth in height, 
however, which is more closely related to growth in muscle 
mass, will not. Secondly, growth in height may be responsive 
to caloric supplementation when energy is limited; this stems 
from the fact that under conditions of caloric limitations, some 
of the protein may be diverted to satisfy energy needs 22.

Therefore, the expected effect on growth in height and weight, 
given the nature of the supplements and the characteristics of 
the home diet, will be as follows:

C haracteris tics  o f C harac te ristics  of th e
the  home diet n u tritio n a l in te rven tion

M ain lim iting  
n u tr ien t (s)

N early  or 
to tally  

sa tisfac to ry Calories P ro tein

Both 
p ro te in  and  

calories

Protein Calories * Yes Yes
Calories Protein Yes Yes Yes
Both Yes Yes Yes

* E ffec t on grow th  in  height, b u t n o t in  w eight.
Yes E ffe c t on g row th  in  h e ig h t and  w eigh t expected.
N o N o  effec t expected.

This scheme is seemingly hard to test given the following. In 
most populations, deficiencies generally involve both proteins 
and calories; diets being exclusively deficient in calories but not 
proteins or inversely in proteins and not calories are hard to 
find. Secondly, only one of the situations, deficiency in protein 
and supplementation with calories, would predict no effect, and 
this only in height. However, till recently, most nutritionists 
would have predicted that calories alone would not have an 
effect on height growth given that protein was thought to be the 
main limiting factor in most malnourished populations.

With the exception of the two studies which gave negative 
results under conditions where an effect would have been ex­
pected 5-6, all other studies, as mentioned previously, suggest 
an association between protein-calorie supplementation and 
physical growth 7'18.

Of the studies reporting associations, all but tw o16’17 are in 
agreement with the proposed hypothesis. Thus, regardless of 
the limiting nutrient, giving proteins and calories is associated 
with better growth 7' 10- u-18.

The best designs to test the hypothesis are those of Gopalan 
et a l8 and Malcolm 12. In the former, calories were given to
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calorie-deficient children while in the latter, protein and calories 
were given to protein-deficient children and compared to similar 
children receiving a supplement containing the same amount 
of calories but no protein (Table 1).

Gopalan’s et al study 8 found that under caloric limitations, 
calories will improve not only growth in weight but in height 
as well. In contrast, Malcolm’s study12 suggests that when not 
calories but proteins are limiting, protein supplementation will 
affect growth in height and weight while calories alone will 
affect growth in weight but not height.

The experiments of Subrahmanyan et a l lfi- 17 and that of 
Bailey7 raise an important consideration. Given a situation of 
protein-calorie limitations, would additional protein holding the 
caloric intake constant produce an effect of proteins? The 
first studies seem to indicate that they do while the second 
does not. However, the degree of caloric limitation in Bailey’s 
study 7 is more acute than in Subrahmanyan et al’s studies 18,17 
suggesting that as calories become more limiting, additional 
protein has no effect unless given in very high quantities 23> 24. 
King’s et al study11 also suggests that improving the protein 
quality in children with some degree of caloric limitation will 
also improve growth.

CONCLUSIONS
The experiments reviewed were shown to have a whole series 

of limitations which left many alternative hypotheses open. In 
spite of this, the evidence reviewed suggests that variation in 
protein and calorie intake are related to physical growth in 
mild-to-moderately malnourished children and that the true 
nature of this relationship is causal.

Moreover, the data reviewed suggest that the relative contri­
bution of calories and protein to the association is dependent 
upon which nutrient is limiting in the home diet.

The problem of growth retardation is a pervasive one in poor 
societies of developing nations s. The corrective measures usually 
undertaken in the past have taken the form of expensive high- 
protein supplementation. In this regard we would like to rein­
force the need to investigate which nutrients are most limiting 
in the home diet before such programs are instituted. We be­
lieve that in many areas of Latin America, increased consump­
tion of the home diet, which would mean increases in both 
proteins and calories, would produce important improvements 
in growth.
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RESUMEN

SUPLEMENTACION PROTEINICO-CALORICA Y CRECIMIENTO FISICO  
POSTNATAL: REVISION DE HALLAZGOS EN LOS PAISES EN DESARROLLO

Este trabajo constituye una revisión de la literatura referente a los efectos 
de la suplementación con proteínas y calorías sobre la velocidad de crecimien­
to en peso y en ta lla . Sólo se incluyen estudios de campo de países en vías de 
desarrollo, en niños con desnutrición moderada. Se plantean dos preguntas:

1. ¿Ha sido posible probar que existe una relación causal entre cambios en 
la ingesta de proteínas y calorías y cambios en la velocidad de creci­
miento, y

2. ¿Varía el im pacto de la suplementación alim entic ia  dependiendo de la 
cantidad de proteínas y calorías suministradas por el suplemento y por 
la dieta hogareña?

Se encontró que aun cuando los experimentos revisados tienen una serie de 
limitaciones, sí se puede in ferir de estos estudios que la suplementación con 
proteínas y calorías está relacionada causalmente con el crecim iento físico. 
Además, se concluye que la contribución relativa de proteínas y calorías a esa 
relación depende de cuál de los dos nutrientes es más lim itante en la dieta 
hogareña. En otras palabras, si las proteínas son las lim itantes, éstas y no las 
calorías son las que producen un mejoramiento en la  velocidad de crecimiento. 
Por el contrario, si las calorías son las limitantes, éstas por sí solas inducen 
una mayor velocidad de crecimiento. Estos hechos sugieren que antes de im- 
plementar programas costosos de suplementación, primero se debe investigar 
cuáles son los nutrientes más lim itantes en la dieta.
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SUMMARY

Nutrition during pregnancy is recognized as of great importance in public  
health, not only for the woman herself, but also for the im pact that it  may 
have on the present and future of the born child.

The pregnant state represents additional nutritional needs which have been 
estimated by expert groups, in a nutrient-independent manner. The percent 
increase in nutrient specific recommendations due to  pregnancy varies with 
each nutrient. This would mean th a t the recommended dietary “pattern” for 
the pregnant woman differs markedly from that of the non-pregnant woman, 
but this m atter needs further study and careful consideration.

In areas like Central America and Panama, where malnutrition is prevalent, 
pregnant women suffer from the same nutritional deficits as the general 
population. The main nutritional deficits are calories, protein, vitam in A, ribo-
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flavin, iron and folates. In some instances like in the case of iron and calories, 
the defic it seems greater in the pregnant women than in the population a t 
large. The studies give evidence that the new born children of malnourished 
mothers reflect in some aspects the biochemical changes found in the pregnant 
women.

INTRODUCTION 

Public Health Significance of Nutrition in  Pregnancy

Shortly after beginning my efforts to write an appropriate 
introduction for this presentation I gave up my hope to be 
original. The reason was the realization that the importance of 
maternal nutrition has previously been treated so much and so 
well. Through my reading, I came accross the thoughts of the 
Technical Group of PAHO on "Maternal Nutrition and Family 
Planning in the Americas” 1 and could not resist quoting from 
one of its statements:

“Nutritional needs increase during pregnancy and lactation, 
and pregnant and lactating women form an important vulnerable 
group, exposed to special risks if  their dietary needs are not met. 
In nearly all communities, the mother is chiefly responsible for 
care within the family of infants and dependent children, and 
poor maternal nutritional status may have serious consequences 
for such children. Since the mother is the necessary link between 
any health service and the fetus and young child, maternity and 
child health services should be combined.

From the immediate nutritional point of view, the maternal 
diet should provide sufficient of the nutrients required to main­
tain the mother and the fetus in good health during pregnancy, 
to support an adequate flow of breast milk without detriment to 
maternal nutritional reserves, and finally, to maintain maternal 
health between pregnancies. Yet it should not be forgotten that 
the children of today are the parents of tomorrow. The mainte­
nance of a good nutritional state among growing children and 
adolescents is therefore a most important, possibly the most 
important, aspect of long-term nutritional policies”.

Nutritional Needs Due to Pregnancy

No one would question the fact that the nutritional needs of 
women of reproductive age are substantially increased during 
pregnancy. Expert groups responsible for drawing recommended
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dietary intakes have recognized this, and derived “allowances 
for pregnancy”. In general the basis for these extra allowances 
are the physiological needs of the pregnant organism plus the 
necessary materials that ought to be accumulated for a normal 
product, plus, mainly in the case of calories, a reserve recognized 
to be necessary for lactation.

Data derived in such ways by different expert groups and 
committees of WHO and FAO were adapted to the Central Amer­
ican population in its environment^, to produce the daily dietary 
recommendations presented in Table 1.

TABLE 1

DAILY DIETARY RECOMENDATIONS 
INCAP, 1973

P r e g n a n t1 A llow ance
N utrien t (2nd & 3 rd N o n ­ for %

tr im este r) p reg n an t p regnancy Increase

Energy (kcal) 2400 2050 350 17
Protein (g) 60 45 15 33
Calcium (mg) 1100 450 650 144
Iron (mg) 28 28 — —
Vitamin A (fxg) 900 750 150 20
Thiamine (mg) 1.0 0 .8 0.2 25
Riboflavin (mg) 1.3 1.1 0.2 18
Niacin equiv. (mg) 15.8 13.5 2.3 17
Ascorbic acid (mg) 50 30 20 67
Folate (free) (¡ig) 400 200 200 100
Vitamin Bis (¡¿g) 3.0 2 .0 1.0 50

1 >  18 y rs old.
Incap  74-1

Tables like this should not be presented without a statement 
about their meaning and interpretation: with the exception of 
calories, the recommended figures represent intakes considered 
necessary to satisfy the metabolic needs and maintain health in 
practically all persons in a specified group. This means that they 
should not be used as the only and absolute criterion to judge 
nutritional status of individuals. Deviations of individual intakes 
from the recommended figures are only suggestive, and are 
meaningful only as guidance to determine the types of further
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information needed regarding past nutrient intake, clinical evi­
dence, nutritional biochemical characteristics and growth and 
development. Since recommendations are set up at the upper 
level of the distribution curve of requeriments most individuals 
consuming them would be amply covered in theory.

For calories the situation differs fundamentally. Because it is 
fully recognized that the consumption of more energy than 
actually spent is underisable, the estimated average requirement 
of the population is the recommended figure for the non-preg­
nant woman. For the pregnant woman, however, the Committee3 
took a more liberal approach, recognizing that “a safe level of 
energy intake is a basic requeriment to ensure satisfactory nu­
trition for the fetus and breast-fed infant”. The recommended 
intake therefore is set to provide for a storage through preg­
nancy of about 36,000 kcal as adipose fat reserves.

The last column of this Table is puzzling. It indicates that if 
the diet of the woman before pregnancy is adequately supplying 
all the nutrients in amounts and proportions according to the 
recommended intakes, then a simple increase in pregnancy of 
17% in consumption of that diet to satisfy the increase in caloric' 
need, would leave in deficit several nutrients, particularly cal­
cium, ascorbic acid, proteins, folate and vitamin B12. It implies 
the need for a drastic change in the dietary 'pattern during preg­
nancy. It makes one wonder if this peculiar pregnancy pattern is 
real or the outcome of the relative enthusiasm and success of 
specialists in some nutrients over others.

Table 2 presents the results of an excercise carried out to 
estimate in practical terms how a pregnant woman in a typical 
rural village in Guatemala could fill her dietary gap due to 
pregnancy. It can be seen that four spoonfuls of black beans, 
two tortillas, half an ounce of cheese, half of a tomato and one 
leaf of cabbage would accomplish the job leaving an unimportant 
deficit in calcium and niacin and a notorious deficit in vitamin A. 
The foods were selected among those available to the community 
which form part of their regular diet. Under these ecological 
conditions, the gap in vitamin A cannot be filled but by sup­
plementation. The last horizontal line of the Table gives an 
“upper limit” estimate of cost. Between 6 and 7 Quetzales (1 
Quetzal =  1 U.S. Dollar) would be spent in the last 6 months 
of pregnancy for these extra foods.
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NUTRITION OF PREGNANT WOMEN IN CENTRAL
AMERICA

Dietary Intake Patterns and N utrient Intake

Following is an account of some studies which have been done 
at INCAP about dietary patterns and nutrient intake of women, 
as these may be affected by pregnancy and lactation.

Beteta and Flores4 carried out in 1963 a dietary survey to 
assess directly the nutrient intake of pregnant and lactating 
mothers in a Guatemalan village. At the same time they collected 
data on the general population. A lower adequacy was noticed 
for the lactating women. Observation of the actual intakes rev­
ealed that in general this was caused by their higher recommended 
allowances rather than by a lower consumption. An exception is 
vitamin A, in which case, both a decreased consumption and an 
increased recommended allowance resulted in a very low ad­
equacy. In the case of this nutrient, pregnant women are in the 
same situation. In general, therefore, the pregnant women in­
creased their nutrient intake in this village, to compensate for 
the increased demand, with the exception of vitamin A; but the 
lactating women did not.

A similar conclusion with regard to pregnancy is derived from 
the study conducted later (1967-68) by Flores et al. 5 in two “la­
dino” villages in the rural area of Guatemala. Table 3 summarizes 
these findings. In this study the data were collected by monthly 
24-hour recalls in a longitudinal way and the results are pooled 
from the two villages for the first, second and third trimesters. 
The general trend in both villages is an increase in food consump­
tion during the last two trimesters. This comprises mostly corn 
and vegetable foods representing an increment in caloric intake 
of around 400 cal/day over the 1500 cal being consumed during 
the first trimester. This was accompanied by a variable increase 
in the intake of other nutrients. Animal protein was stationary 
at a low level of intake or even tended to decrease in one of the 
villages. Please notice that, calories, iron, riboflavin and vitamin 
A are, of the nutrients estimated, those in most marked deficit. 
Calories are definitely more deficient than proteins; the intakes 
would be insufficient even for a non-pregnant non-lactating wom­
an. An interesting piece of information is the consistent decrease 
in food intake in the lactating woman in relation to the third 
trimester of pregnancy which translates into about 200 calories 
but proportionally affects more drastically riboflavin, vitamin A 
and vitamin C. The reasons for this are unknown but the fact
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suggests a change in dietary pattern which may have cultural 
roots. The three last vertical columns correspond to 43 rural low 
socioeconomic children of Guatemala also, and they are included 
for the sole purpose of illustrating the fact that the relative 
adequacy figures are surprisingly similar to those for the preg­
nant mother: the same nutrients occupy the positions of larger 
deficits principally calories, vitamin A and riboflavin. This em­
phasizes the position of the Technical Group of PAHO on Mater­
nal Nutrition and Family Planning in the Americas 1 who stated: 
“It is unrealistic to consider the nutrition of pregnant and nurs­
ing mothers in isolation. They are members of their family 
groups and of their social environment. Public health measures 
should therefore be directed toward the improvement of nutri­
tional conditions in societies as a whole, as well as in family 
groups”. .

The question of whether the dietary pattern is changed by 
women during pregnancy was also investigated in a qualitative 
study by Arroyave et al. 6 in Guatemala. They surveyed 14 preg­
nant women of each, the high socioeconomic and the low socio­
economic groups. The women in the high socioeconomic group 
changed their pattern more, introducing more milk, eggs, fruits 
and vegetables and reducing cereals and fats. This change sug­
gests the influence of nutrition education. In the low income 
group few women changed their pattern and more their total 
food consumption. The only frequent change was an increase in 
fruits.

With the extensive data collected during the Central American 
Nutrition Survey 7 we have made a comparison of the adequacy 
of caloric intake of families who had pregnant and/or lactating 
women among them, with those families without. To express the 
results in some standardized manner we have calculated the per­
cent of families in each category who had an adequacy of 75% 
or less compared with the weighted recommended allowances. 
The effect is shown in Table 4. The presence of pregnant women 
resulted in a lower adequacy in 4 countries. It is obvious that the 
effect observed may be caused by (a) the increased recommended 
allowances of pregnancy and lactation combined with a decrease 
in absolute nutrient intake; and (b) by the increased recom­
mended allowances with no increase in nutrient intake to com­
pensate for the higher demand. In the case of lactation at least 
the data previously discussed (Table 3) indicate that the expla­
nation is that given under (a). Whatever the case, the results 
emphasize the need to give attention to this problem through 
nutrition aducation and supplementation programs.
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TABLE 4

ADEQUACY OF CALORIE INTAKE OF FAMILIES WITH PREGNANT 
OR LACTATING WOMEN COMPARED TO THOSE WITHOUT

(Rural Area, 1965-67)

(Percent of families with an adequacy of 75% or less)

Fam ilies w ith  
p re g n a n t

Fam ilies w ith  
lac ta tin g

All fam ilies 
w ithout

Guatemala 14 18 12.0
El Salvador 33 26 16.0
Honduras 24 43 31.0
Nicaragua 25 49 24.0
Costa Rica 50 37 28.0
Panama 28 36 15.0

Incap  75-1153

Biochemical-Nutritional Characteristics

The following is a review of the studies which have been 
carried out by INCAP on the nutrition of pregnant and lactat- 
ing women. In 1958 Arroyave et al. 8 reported an investigation 
of the riboflavin nutritional status of pregnant women from a 
low-medium socioeconomic group in Guatemala City. The samples 
were 38 mothers attending the prenatal care clinic of the Social 
Security Institute. At the time of the study all were between the 
27th and the 32nd weeks of pregnancy.

To judge the state of riboflavin nutrition the subjects were 
submitted to a “load-retention test”, which consisted in the 
parenteral administration of 1 mg of pure riboflavin and the 
measurement of the absolute quantity of the vitamin excreted in 
the urine during the following 4 hours. The results are shown 
in Figure 1. It was concluded that only 13 of the 33 women had 
excretions compatible with adequate intakes of riboflavin, that 
is, 4-hour excretions of 200 jug or higher. Six of them retained 
over 90% of the injected dose, indicating high “insaturation” of 
the tissues. The Figure also illustrates, as point of practical 
importance, the close relationship between the intake of animal 
food sources of riboflavin, principally milk, with “tissues satura­
tion”, indicating the minor role which the vegetable foods of the 
diet play as sources of this important vitamin.
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In another investigation reported in 1960, Arroyave et al. 6 
compared some biochemical-nutritional indices between two 
groups of pregnant women: forty-seven women from the low 
socioeconomic level (Amatitlan, Guatemala) and 26 of high socio­
economic level (Guatemala C ity). This study, which included the 
three trimesters of pregnancy showed significantly lower levels 
of red blood cell riboflavin, serum vitamin A and carotene, hemo­
globin and hematocrit, for the low socioeconomic group. The 
total serum proteins did not differ. Albumin was not determined.

Beaton, Arroyave and Flores 9 made an attempt to find changes 
in plasma proteins and their paper and starch-gel electrophoresis 
fractions which would indicate inadequate protein nutrition in 
pregnant women of low socioeconomic level. The findings were 
compared with those in pregnant women of the high socioecono­
mic group. The values were found essentially the same in both 
groups. The authors suggest several possible explanations: “1) 
due to nutritional and physiologic adaptations, dietary protein 
requirements do not increase appreciably during pregnancy and 
lactation; 2) protein intake, although frequently below the recom­
mended levels, was sufficient, even in the low socioeconomic 
groups, to meet the added requirements of pregnancy and pro­
longed lactation; 3) the methods employed were not sufficiently 
sensitive to detect the effects of a dietary inadequacy”.

Beteta4 in his study of a group of pregnant women of a low 
socioeconomic ladino rural village in Guatemala, found biochemi­
cal evidence of inadequate riboflavin intake, that is, low urinary 
riboflavin excretion and reduced levels of red blood cell ribo­
flavin. Furthermore, he found a pattern of plasma free-amino 
acids suggestive of an inadequate protein intake, as shown by a 
low ratio of valine/glycine (Table 5). It is interesting that the 
new born children from these mothers (cord blood) also showed 
this alteration indicating an effect of the nutrition of the mother. 
The significance of this finding in terms of the nutrition and 
development of the fetus may be of importance.

In a recent study being conducted at IN'CAP with the objective 
of determining differences in placental composition in two groups 
of urban mothers of low and high socioeconomic level in Gua­
temala 10, a number of biochemical and physical measurements 
were taken in order to characterize the subjects’ nutritional 
status. The socioeconomic level was defined by the monthly family 
income, environmental sanitation of the house and educational 
level of the mother. Both groups were matched for age, parity, 
interval with the previous delivery and absence of severe, disease 
during pregnancy. Only the uncomplicated full-term pregnancies
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resulting in male newborns were included. Special attention was 
given to five nutrients which were expected to be discriminatory 
variables in the diets of the two groups: proteins, calories, vita­
min A, riboflavin, iron and folic acid. The selection was made 
on the basis of the dietary and nutritional findings of the popula­
tion at large to which the pregnant belonged. Some pertinent 
results of this study will be discussed here in some detail.

Protein, calories. The distribution of urinary excretion of 
urea per gram of creatinine shown in Figure 2, was significantly 
different between the two groups when a value of 4 g urea N /g  
creatinine was taken as the discriminatory level. A rationale, 
derived a posteriori from basic nutrition concepts, gives biolo­
gical meaning to the ratio of 4 g urea N /g  creatinine: the 
urinary urea N/creatinine ratio determined in “fasting” urine 
from pregnant women ingesting their recommended allowance 
of ideal protein could be predicted like th is: the safe level of 
ideal protein intake for a 55 kg woman is 29 g /d a y 3. For the 
Central American woman weighing 51.1 kg the need is 27 g /d a y 2. 
To this, 9 g/day are added for pregnancy during the second and 
third trimesters.

27 +  9 =  36 g/day

With this low intake about 70% of the urinary nitrogen is 
expected to be urea N 1114. Therefore, 36 X 0.7 =  25.2 g protein 
equivalent. Then, 25.2/6.25 =  4 g urea nitrogen. One can estimate 
that the desirable creatinine excretion per 24 hours of the wom­
en would be about 1.0 g. The average plus 1 S.D. for the high 
socioeconomic women is 1.0 g of creatinine per 24 hours. There­
fore, an excretion of urea N of less than 4 g /g  creatinine (or 24 
hr) is undesirably low.

An immediate biochemical consequence of the above is a 
marked highly significant difference in the Whitehead’s plasma 
non-essential/essential amino acid ratio which is obviously ab­
normally elevated in the women of the low socioeconomic group 
as shown in Figure 3. The results of the previous study already 
mentioned are further documented and confirmed, demonstrat­
ing unequivocally that the amino acid ratio of the newborn is 
also markedly affected by the nutrition of the pregnant woman. 
The difference is also highly significant (P<0.01) and is also 
shown in Figure 3.

A gross manifestation of this nutritional limitation in proteins 
should be revealed by physical measurements, but of course, other 
deficiencies, particularly caloric, confound the interpretation. The
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TABLE 6

SERUM PROTEIN FRACTIONS IN PREGNANT WOMEN AT 
DELIVERY IN TWO SOCIOECONOMIC GROUPS

Socioeconomic
level

A lbum ins 
(m g/100 ml) a.!

Globulins

oc2
(m g/100 ml)

ß y
N 18 18 18 18 18

High X
SD

3.28
0.294

0.43
0.100

0.92
0.245

1.14
0.190

1.25
0.243

N 30 30 30 30 30
Low X

SD
3.49
0.222

0.44
0.055

0.91
0.127

1.31
0.193

1.15
0.253

t 2.50* 0.37 0.017 3.09** 1.41

* P  <  0.05. 
** P C 0 .0 1 .

TABLE 7

Incap  75-1155

SERUM PROTEIN FRACTIONS IN CORD BLOOD IN 
SOCIOECONOMIS GROUPS

TWO

Socioeconomic
level

Album ins 
(m g/100 ml) « i

Globulins

Ot 2
(m g/100 m l)

ß y

N 20 20 20 20 20
High X

SD
3.23
0.336

0.18
0.170

0.38
0.071

0.46
0.090

0.98
0.208

N 30 30 30 30 30
Low X

SD
3.38
0.400

0.20
0.055

0.41
0.120

0.50
0.185

1.10
0.182

t 1.43 0.52 1.11 1.05 2.18*

* P < 0.01.
In cap  75-1154
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TABLE 8

PERCENT OF WOMEN W ITH DEFICIENT AND LOW SERUM 
FOLATE LEVELS

Group
“ D efic ient” 

(< 3 .0  ng/100  ml)
“ Low”

(3.0-4.9 ng/100 m l) O rig in

High Socioeconomic:

Pregnant
(9)

0 % 11% Guatemala
City

Low Socioeconomic:

Pregnant
(121)

17% 41% Guatemala
City

Non-pregnant
(535)

33% 34% Rural Central 
America

Figu res in paren th esis  a re  num ber o f cases.
Incap  74-6

weight for height of the women of the low socioeconomic group 
is significantly lower 10, and the tricipital skinfold thickness is 
also lower10, which indicates a deficit in caloric adequacy. The 
creatinine excretion per 24 hours is a reflection of total muscle 
mass. In Figure 4 the values are shown. The distribution of the 
values is not normal and, accordingly, instead of comparing the 
means, it appeared more appropriate to compare the distribu­
tions of the values. For the purpose, a set reference point was 
chosen, namely the median value for the high socioeconomic 
group. The proportion of values below this reference point in 
the low socioeconomic group was compared with the expected 
value of 50%. A difference was found, as 22 out of the total of 
29 low socioeconomic women fell below the reference value. This, 
of course, could be normally due to the difference in height of 
the women, since the averages are 150 cm for the low and 162 
cm for the high socioeconomic groups, respectively. This ques­
tion may be resolved by expressing the creatinine excretion per 
centimeter of body height (Fig. 5). When this is done, a dif­
ference persists in favor of the high socioeconomic group, indicat­
ing a relative protein depletion in the low socioeconomic group.

If the caloric reserves (adipose tissue) were the same in both 
groups, one would expect the creatinine coefficient (mg creatini-



ARCHIVOS LATINOAMERICANOS DE NUTRICION 143

ne/kg) to be also lower in the low socioeconomic women. The 
results are shown in Figure 6. The difference in the distribution 
of values tested as described before, shows the opposite, that is, 
in the low socioeconomic group, the proportion of creatinine coef­
ficients above the set reference point (74%), is significantly 
larger than 50%. These higher creatinine coefficients for the low 
socioeconomic group indicate that the lower weight for height of 
these women is due partly to a decreased protein mass, plus an 
even more drastic decrease in caloric reserve. All these data 
demonstrate the effects of a caloric limitation in the dietary 
intake of the women of low socioeconomic level.

The plasma protein fractions (Tables 6 and 7) indicate that 
the calorie-protein deficit noted has not resulted in an abnormal 
picture. In fact, practically all the fractions tend to be higher in 
the low socioeconomic women, but the difference is significant 
only for albumin and beta globulin. This normal or increased 
plasma protein in chronically undernourished pregnant women 
has been described before and is attributed to a reduction in the 
physiological increase in blood volume characteristic of the last 
stages of normal pregnancy °. It could be that a relative pre­
dominance of caloric over protein deficit is responsible for this 
“maintenance” of the plasma protein picture, in the same manner 
as in marasmic children 14.

Vitamin A. Average serum retinol levels of the mothers 
during delivery and the corresponding cord blood are presented 
in Figure 7. The high socioeconomic group had higher values but 
while the difference in the pregnant women was highly sig­
nificant, in the corresponding cord bloods it was not when as­
sessed by “t” test. Nevertheless, the distribution of the cord 
blood values points to a marked difference. For general popula­
tions, values below 10 fig/ 100 ml are considered “deficient” 15. 
Although this criterion may not be directly applicable to cord 
blood, no better criterion is available. On this basis, 11 out of 
30 cases (37%) in the low socioeconomic group, while only 3 
out of 20 (15%) in the high socioeconomic group, are in the 
“deficient” category.

Figure 8 illustrates the relationship between the retinol levels 
in the mothers’ serum and those in the cord blood serum. There 
is a tendency towards a correlation which did not reach sig­
nificance. However, the analysis by arbitrary discriminatory 
intervals of the womens’ values indicates that as these increase, 
the cord blood values increase also, but at a lower rate. This 
interesting relationship indicates a placental barrier to retinol,



144 ARCHIVOS LATINOAMERICANOS DE NUTRICION

perhaps as a protecting mechanism to the sensitive tissues of the 
fetus against unfavorably high concentrations of retinol.

Riboflavin. The data from previous studies discussed already 
had given evidence of inadequate riboflavin in the diet. Since 
the urinary excretion of this water-soluble vitamin is related to 
intake16, it was measured in the two groups of women and 
related to the excretion of creatinine. Figure 9 compares the 
distribution of the results showing that more than half of the 
values of the low socioeconomic group fall in the inadequate 
categories 15 while 90% of the values in the high socioeconomic 
group are either “acceptable” or “high”. The difference is highly 
significant. Although the functional and clinical consequences of 
this for the mother of the child were not measured, it is obvious 
that the dietary supply of riboflavin to the mothers of the low 
socioeconomic group is notoriously below desirable levels.

Anemia studies (iron and folates). The problem of anemia 
in the population of Central America was evaluated during the 
nutrition survey 7, and the data obtained permit a comparison 
of pregnant women with their non-pregnant/non-lactating coun­
terparts. The results show that pregnant women in all the six 
countries have a higher prevalence of iron deficiency indicated 
by the degree of transfering saturation. This is hown in Figure 
10.

The role that folate nutrition may be playing as a limiting 
nutrient in the etiology of anemias in the populations of the area, 
and particularly in pregnant women, has been investigated at 
INCAP by V iteri17. For the general population, the evidence 
points to the fact that folates are limiting in the diets but that 
their deficiency does not manifest itself hematologically because 
iron is the first limiting factor for hematopoiesis giving a micro­
cytic hypochromic picture. When iron is administered to these 
people the already low folate blood levels fall even further and 
folate becomes the limiting hematopoietic nutrient.

Pregnant women are not an exception to this. In the low socio­
economic group the percent of cases with a “deficient” (< 3  
ng/100 ml) and “low” (3-4.9 ng/100 ml) serum levels was very 
high in an urban group of pregnant women attending a public 
hospital in Guatemala 10’17 as shown in Table 8. The data in 
non-pregnant low socioeconomic women 7 are included to show 
that the prevalence of “deficient” and “low” values is also very 
high, but the sample is not quite comparable since the latter 
comprises all the Central American rural area. Of nine pregnant 
women belonging to the high socioeconomic urban group in
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Guatemala City10 none had “deficient” serum levels and only one 
was with a “low” value.

In conclusion, iron seems to be the first hematopoietic limit­
ing factor, its deficiency obscuring the manifestations of folate 
deficit in the body. This is true for the general population of 
adults and it reflects in the pregnant women.
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Urea nitrogen/creatinine ratio in pregnant women of two socioeconomic
groups in Guatemala.
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Fig. 3
Non-essential/essential serum amino acid ratio (N E/E) of pregnant 

women and cord blood in two socioeconomic groups.
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Socioeconomic group 

^Third day after delivery
Incap 74-7

Fig. 4

Creatinine excretion in women of two socioeconomic groups in Guatemala.
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■'■Third day after delivery
Incap 74-8

Fig. 5

Creatinine excretion per centimeter of body height in women of two
socioeconomic groups in Guatemala.
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Socioeconomic group 

^Third day after delivery

Fig. 6

Creatinine coefficient in women of two socioeconomic groups in Guatemala.

Incap 74-10
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(t = 3.62) (t = 1.91)
( 1) At delivery
** «P < 0 . 0 1

Incap 73-1689
Pig. 7

Serum vitamin A in pregnant women and cord blood in two 
socioeconomic groups.
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Socioeconomic level

. Mothers (pg/100 ml)
Ratio

Number_________ Mothers___________ Cord* blood Cord/mother
Lim its X X ■ (H

11 0 - 2 9 2 2 .2 9 .8 41

28 3 0 - 4 9 39 .2 13.0 33

9 50 - > 68 .4 15.3 22

Incap 75-699

Fig. 8

Serum vitamin A in pregnant women and cord blood of two 
socioeconomic groups.
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(1)Just before delivery 
** PC0.01

Fig. 9
Incap 73-1687

Urine riboflavin of pregnant women of two socioeconomic groups.
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Costa Rica 

El Salvador 

Honduras 

Nicaragua 

Guatemala 

Panamá

Costa Rica 

El Salvador 

Honduras 

Nicaragua 

Guatemala 

Panamá

1 Panamá second trimester of pregnancy

Incap 74-57
Fig. 10
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Percent of pregnant women with deficient transferrin  saturation (<15% ), 
in Central America and Panama (1965-1966).
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RESUMEN

NUTRICION DURANTE EL EMBARAZO 
Estudios en Centro América y Panamá

La nutrición adecuada durante el embarazo es de gran importancia en salud 
pública, no sólo en función de la m ujer misma, sino tam bién por el impacto 
que ello pueda tener sobre el presente y futuro de su hijo. El estado fisiológico 
del embarazo representa mayores necesidades nutricionales, las que han sido 
estimadas por grupos de expertos que han dictam inado sobre nutrientes espe­
cíficos, considerados en general independientemente unos de otros. El aumento 
porcentual en las recomendaciones para cada nutriente debido al embarazo 
varía de uno a otro en magnitud. Esto significaría que el patrón dietético  
recomendado para la mujer embarazada difiere notablemente de aquél esta­
blecido para la mujer no embarazada; esta observación, sin embargo, amerita 
mayor estudio y cuidadosa consideración.

En áreas como la de Centro América y Panamá donde prevalece la desnutri­
ción, las mujeres embarazadas sufren de los mismos déficits nutricionales que 
la población general. Los principales déficits nutricionales en esta zona son 
los de energía, proteínas, vitam ina A, riboflavina, hierro y folatos. En algunos 
casos, como en el de hierro y energía, los déficits parecen ser mayores en la 
mujer embarazada que en la población general. Los estudios comentados en 
este artículo arrojan evidencia de que los niños recién nacidos de madres 
desnutridas reflejan en algunos aspectos las alteraciones bioquímicas que se 
encuentran en la mujer embarazada.
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ACTIVIDAD DE CREATIN-FOSFOQUINASA EN SUERO: 
ANALISIS DE LA INFORMACION SUMINISTRADA POR 

DIFERENTES FORMAS DE EXPRESION DE LOS 
RESULTADOS1

Nelda E . Marrillo, de Parada, M aña E . Río  2 y  Juan C. Sanahuja

RESUMEN

La utilidad de la determ inación de CPK en suero para el diagnóstico y 
evaluación de la malnutrición humana se estudió m ediante un modelo ex­
perimental con ratas subnutridas alim entadas con dietas de bajo contenido  
proteico o desequilibradas en su composición de aminoácidos. El estudio  
sistemático de las variaciones de CPK en suero de rata en relación con la 
dieta, se llevó a cabo poniendo un énfasis especial en la calidad de la 
información suministrada por cuatro formas distintas de expresión de la acti­
vidad enzim àtica. Los resultados obtenidos se expresaron como: 1) Actividad  
especifica, 2) Actividad por mi de suero, 3) Actividad total circulante y 
4) Actividad total por 100 g de peso corporal. El análisis estadístico de los 
resultados demostró: a) La actividad expresada por mg de proteína o por mi 
de suero no guarda concordancia con los fenómenos fisiológicos que se sabe 
son inducidos por la ingestión de las dietas experimentales a nivel del 
músculo; por lo tanto, estas dos formas de expresión deben ser descartadas 
en estudios de malnutrición. b) Cuando se expresan los datos como actividad  
total en suero, la información aportada es s im ilar a la que provee el índice 
Creatinina/Talla de más fácil realización, c) La expresión a peso constante 
demostró ser la más adecuada para proporcionar información acerca de la 
masa muscular de animales bajo condiciones controladas de experimentación. 
La necesidad de conocer: volumen plasmático, edad, peso real e historia previa 
del paciente, la hacen inaplicable a estudios en humanos.

INTRODUCCION

El músculo es uno de los tejidos que se ve más afectado por 
la malnutrición proteica. Se han propuesto varios métodos para

1 Departamento de Bromatologia y Nutrición Experimental. Facultad de 
Farmacia y  Bioquímica. Universidad de Buenos Aires. Buenos Aires, 
ARGENTINA.

2 Miembro de la Carrera de Investigador Cientifico. CONICET. Argentina. 
Recibido: 29-10-1975.
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evaluar el estado nutricional de los individuos midiendo el de­
sarrollo muscular, ya sea por métodos físicos 2 o bioquímicos; 
así, la excreción urinaria de creatinina, expresada como “índice 
creatinina/talla” 3, ha demostrado guardar- una buena correla­
ción con el grado de depleción muscular.

La creatin-fosfoquinasa (CPK)-ATP: creatina fosfotransfe- 
rasa (E.C. 2.7.3.2.), localizada en músculo es la enzima respon­
sable de la captación y almacenamiento de la energía utilizable 
en la contracción muscular. Los niveles enzimáticos normales 
en suero son muy bajos y sólo aumentan notablemente cuando 
el músculo se destruye en forma masiva, como por ej., en la 
distrofia muscular y en el infarto cardíaco. En esos casos su 
determinación provee un dato específico y altamente sensible.

Distintos autores han intentado evaluar los cambios que se 
producen en la actividad de esta enzima en suero como conse­
cuencia de factores nu tri ció nal es, pero los datos obtenidos no 
resultan coherentes y sus interpretaciones son contradictorias4’5 0. 
Las discrepancias mencionadas podrían deberse a que las formas 
en que fueron expresados los resultados no son las más adecuadas 
para las características de una enzima que se está midiendo en 
un lugar diferente de aquél en el que cumple una función co­
nocida.

El presente trabajo fue diseñado con el objeto de llevar a cabo 
un estudio sistemático de las variaciones de la actividad de CPK 
en suero en relación con la dieta, con un énfasis especial en la 
calidad de la información suministrada por las distintas formas 
en que los resultados de actividad enzimàtica pueden ser expre­
sados.

Para realizarlo se utilizó un modelo experimental con ratas 
subnutridas realimentadas con dos tipos de dietas: de bajo con­
tenido proteico y desequilibradas en su composición de amino­
ácidos. Trabajos anteriores utilizando estas dietas, demostraron 
que las mismas inducen alteraciones en los procesos de madura­
ción tisular en las ratas que las ingieren; por ejemplo, se han 
observado cambios en la composición corporal7 y particularmente 
una disminución en la excreción de creatinina por efecto de las 
dietas desequilibradas 8. Puede decirse que utilizando estos tipos 
de dietas se mimetizan algunas características bioquímicas pre­
sentes en los cuadros de malnutrición humana 7’8-9 y presuntiva­
mente la actividad de la CPK podría verse modificada por la 
ingestión de este tipo de dietas.
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M A T E R I A L E S  Y  M E T O D O S

E n  todos los experimentos se usaron ratas de la cepa W istar 
alimentadas “ad libitwn” desde el destete (25 d ías). Los anima­
les que ingirieron las dietas experimentales fueron llevados pre­
viamente a un estado de subnutrición, mediante el procedimiento 
de duplicación de la camada durante el período de lactancia10.

Paralelamente se utilizaron grupos controles constituidos por 
ratas normales (6 a 8 crías por madre) alimentadas durante el 
transcurso de la experiencia con la dieta sto ck 1 de nuestro vivero, 
que contiene 24,6 g % de proteína (N  X 6,25) y  0,8 g % de 
lisina disponible.

Las ratas se alujaron en grupos de tres por jau la  con fondo 
cribado. Los anímales se sacrificaron a los 25 (tiempo 0 ), 40 y 
60 días de edad por decapitación, después de un período de 4 
horas de ayuno.

L a  actividad de C P K  en suero se determinó siguiendo el mé­
todo general de H ughes13. Se expresó: 1) como actividad espe­
cífica mmoles de creatina formada/mg de proteína sérica; 
2) como mmoles de creatina formada/ml de suero; 3) como 
actividad total, mmoles de creatina formada por volumen sérico 
total del animal y  4) como actividad total/100 g de peso corporal 
de la rata.

Las proteínas séricas se determinaron por la  reacción de B iruet 
según el método de Weichselbaum modificado por D ittebrandt12, 
al solo efecto de expresar los resultados como actividad específica 
de la enzima. E n  lotes apareados por dieta, edad y peso, se lle­
varon a cabo las determinaciones de volumen plasmático según 
el método de L . W a n g 13, usando azul de Evan s y  bajo anestesia 
de uretano (1 g/kg de peso corporal).

Dietas

E n  el Cuadro 1 se detalla la composición de las dietas experi­
mentales utilizadas, así como también el contenido en proteínas 
y en lisina disponible de las fuentes proteicas utilizadas: yema 
do huevo desgrasada, lactoalbúmina y  gluten de trigo.

L a  dieta E Y  contenía yema de huevo desgrasada en cantidad 
suficiente para aportar 4,38 g % de proteínas y  fue suplementada 
con L-lisina hasta una concentración de 0,4 g % de lisina dis­
ponible. L a  dieta LA contenía lactoalbúmina hasta una concen­
tración de 4,00 g % de proteína y 0,2 g % de lisina disponible.

1. Forramez. Molinos Río de la Plata.
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La dieta LG  contenía lactoalbúmina aportando 0,1 g % de 
lisina disponible y gluten de trigo, aportando 0,2 g % del mismo 
aminoácido con un contenido total de 11,50 g % de proteínas.

La dieta YG  contenía yema de huevo desgrasada aportando 
0,2 g % de lisina disponible y gluten de trigo aportando 0,2 g % 
del mismo aminoácido con un contenido total de 11,50 g % de 
proteínas. En las dietas LG e YG el desequilibrio se logró por el 
agregado de gluten de trigo cuya proteína es pobre en el amino­
ácido esencial lisina con respecto al contenido en los otros amino­
ácidos y se verificó de acuerdo al criterio de Río y Sanahuja por 
el método de las curvas de consumo 14. La dieta LG se comportó 
como menos desequilibrada que la dieta YG, aun cuando el con­
tenido de lisina y el porcentaje de proteína completa de la dieta 
LG fue menor que el de la dieta YG.

El contenido de nitrógeno se determinó por el método de Kjel- 
dhal15 y la lisina disponible por el método de Carpenter modifi­
cado por Ragabendar Rao et al.16.

RESULTADOS Y DISCUSION

Efectos de las dietas experimentales sobre la ganancia de peso 
en los animales:

En la Figura 1 se muestran las curvas de crecimiento de los 
animales controles y experimentales; el aumento de peso de los 
animales que ingirieron las dietas en estudio fue significativa­
mente menor (p<0,05) que el de las ratas controles a lo largo 
de todo el período experimental.

Los grupos alimentados con las dietas LG e YG  aumentaron 
significativamente más (p<0,01) que los que ingirieron las die­
tas LA  y E Y  respectivamente. Comparando el efecto producido 
por las dos últimas dietas nombradas, se observó que la dieta 
E Y  indujo un aumento de peso, mientras que la LA  se comportó 
como dieta de mantenimiento, ya que el peso final de los animales 
no fue significativamente distinto del peso al destete.

Todas estas diferencias en la ganancia de peso se observaron 
independientemente de que en forma similar a experiencias pre­
vias 7, el consumo total de las dietas no mostró diferencias sig­
nificativas.

Efecto de las dietas experimentales sobre la actividad de CPK:

En clínica médica los cambios de actividad de CPK en suero 
se expresan habitualmente como unidades de producto formado



1 6 6 ARCHIVOS LATINOAMERICANOS DE NUTRICION

Edad (dies)

Figura 1. Curva de crecimiento de los animales alimentados con las dietas
control (------ ) y experimentales: E Y  ( -------- ) ;  LA  (xxxxx);
LG ( ......... ) e YG  (........... ).

en la unidad de tiempo, por mg de proteina o por mi de suero. 
Estas formas de expresión resultan de utilidad en casos de des­
trucción de masa muscular en que los valores de C P K  en suero 
aumentan en forma notable.

E n  las F iguras 2A  y B  se muestran los resultados obtenidos 
en este trabajo expresados en las formas antes mencionadas. E n  
ellas se ve que ni el estado de subnutrición previo ni las dietas 
utilizadas indujeron cambios de magnitud en la actividad enzi­
màtica. Esto  se debería a que no hubo en ningún caso destruc­
ción m asiva de tejido muscular, sino una pérdida paulatina de 
la masa muscular funcionante; esta pérdida se produciría con­
comitantemente con otras alteraciones fisiológicas y bioquímicas, 
tal el caso de los cambios de volumen plasmático que se han 
observado en los animales alimentados con las mismas dietas
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Figura 2. Actividad de CPK en suero de ra ta  en función de la edad: 
A) jumóles de creatina/m g de proteina sérica; B) inmoles 
de creatina/m l de suero.

empleadas en este trabajo 19, así como también en otros casos de 
malnutrición experim ental20 y  hum ana21 • 12 que aparecen en la 
literatura.

Por esta razón es de interés ensayar la validez de la  expresión 
como actividad total de C P K  en suero, es decir teniendo en cuenta 
el volumen plasmático.

Los datos expresados como actividad total circulante en fun­
ción de la edad y  del peso así como los valores del volumen plas­
mático, se muestran en el Cuadro 2. Los resultados permiten 
detectar un marcado efecto de la subnutrición inicial sobre la 
actividad de la enzima, ya que los animales subnutridos presen­
taban a los 25 días de vida (tiempo 0) una actividad total sig­
nificativamente menor (p<0,05) que los respectivos controles. 
Además, en todos los animales que ingirieron las dietas experi­
mentales los valores de C P K  total fueron significativamente 
menores (p<0,05) que los de los respectivos controles a cualquie­
ra de las edades estudiadas.
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En los animales que ingirieron la dieta control la actividad 
enzimàtica aumentó al aumentar el peso hasta alcanzar un valor 
que permaneció constante a partir de los 40 días de vida.

Los lotes alimentados con la dieta E Y  se apartaron de lo nor­
mal a partir de los 40 días de vida en que la actividad total no 
continuó ligada al incremento de peso. Los alimentados con la 
dieta de bajo contenido proteico LA  se mantuvieron con una 
actividad relacionada al peso, por supuesto por debajo de lo nor­
mal para la edad. Los lotes que recibieron las dos dietas desequi­
libradas mostraron a los 40 días de vida, actividades que no 
fueron significativamente diferentes entre sí a pesar de la gran 
diferencia de peso observada, y muy por debajo de la actividad 
de las ratas normales del mismo peso. Además, pese a que a los 
60 días de vida los lotes E Y  y LG tenían pesos similares, la 
actividad total de CPK circulante en el lote LG fue significativa­
mente menor que en el E Y  (p<0,05).

Estos resultados ponen de manifiesto la falta de correlación 
entre la actividad total de CPK y el peso de los animales expe­
rimentales; por lo tanto, se consideró oportuno eliminar la va­
riable peso y expresar la actividad de CPK circulante por 100 g 
de peso corporal en función de la edad, como se muestra en la 
Figura 3.

1.1«

O»

flL7<

CONTROL

i i

i
40 00 20 40 00 40 00 

id (dia»
29 40 00 20 40 00

Figura 3. Actividad de CPK en suero de rata en función de la edad: 
mmoles totales/100 g de peso corporal.

1.7
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Del análisis de esta figura se desprende que la disminución en 
la actividad de CPK observada en los animales subnutridos no 
sería atribuible únicamente al menor peso de los animales a los 
25 días de vida, ya que al expresar los resultados a peso cons­
tante se mantuvieron las diferencias entre ambos lotes, control 
y subnutrido. Por otra parte, cuando se analizan los valores de 
la actividad de CPK en los distintos lotes se aprecian diferencias 
en los perfiles delineados por los extremos de las barras que no 
pueden explicarse mediante un análisis matemático sencillo. Esto 
podría deberse a la incidencia en el modelo experimental, de una 
serie de variables : dieta, edad, peso y estado nutricional previo. 
Ello hace necesario un análisis estadístico complejo de los datos 
obtenidos, que considere sus influencias individuales, así como 
también sus posibles interacciones.

Análisis estadístico:

La disposición de los datos es la de un diseño incompleto no 
ortogonal que puede analizarse mediante los parámetros del si­
guiente modelo lineal no aditivo y de efectos fijos:
Y (m> = n (m) + a (m) +j8<m) +  (aB) <m) -f-e*™' , donde

i j k  * i '  j  1 ij u k  7

que desglosa la “respuesta” (m-ésima forma de expresión N° m 
de la actividad enzimàtica) Y<™> correspondiente a la k-ésima
rata de edad i que se somete a la dieta j. Esta descomposición 
contiene cuatro términos constantes y uno aleatorio; Y (m) se

Ijk
escribe como la suma de un nivel “basai” inespecífico p.(m) que 
sólo depende de la respuesta Y(m); en un efecto principal de la 
edad a (.m) ; en un efecto principal de la dieta /3(.m) ; en un término
de interacción (que será distinto de cero si el efecto de
la acción de uno de los factores depende de los niveles del factor 
restante) y en el término aleatorio el1"' normalmente distribuido,

t i  k

con una media nula y varianza A 2 constante para cada res-m
puesta Y (m>.

En nuestro experimento observamos la “respuesta” Y (m) (para 
m = l en /xmoles/mg de proteina, para m =  2 en mmoles/ml de 
suero, para m = 3  en mmoles totales y para m =  4 en mmoles por 
100 g de peso corporal de la rata) que cada unidad experimental 
produce ante una determinada combinación de los factores A 
(edad) y B (dieta). El primer factor tiene tres niveles (que
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llamamos i; para i = l  tenemos la edad del destete, para i = 2  los 
40 días y para i —3 los 60 días de v id a), el segundo factor tiene 
cinco niveles (que llamaremos j ;  para j = l  tendremos la dieta 
control Forram ez, para j  =  2 la  dieta EY; para j  = 3  la dieta LA; 
para j= 4  la dieta LG y  para j= 5  la dieta YG) y  en cada com­
binación particular (i, j )  de niveles de ambos factores se recoge 
una cantidad variable K u = 0,4,5,6,7,8,10 de observaciones.

P ara  detectar la significatividad de las diferencias entre los 
efectos principales de dieta y  edad se utilizó el método de Schef- 
f é 23, con coeficiente de confianza 0,95; las relaciones no expli- 
citadas no resultaron significativas al nivel p<0,05.

Se debe tener en cuenta que en este diseño estadístico los 
efectos de un factor se deben promediar sobre los niveles del 
otro cuando las interacciones de ambos no puedan despreciarse, 
y que la dieta stock se considerará como otra dieta experimental 
más, ya que su carácter de control es irrelevante para los pro­
pósitos del presente análisis.

Los resultados del análisis estadístico muestran que en cual­
quiera de las cuatro formas en que se expresaron los resultados, 
la actividad de C P K  varió significativamente con la  edad 
(p<0,0005). Promediando los datos obtenidos con todas las die­
tas, a la edad del destete las actividades fueron significativa­
mente menores que a los 40 días de vida. Todas las formas de 
expresión de los resultados utilizadas muestran interacciones 
significativas entre edad y  dieta (p <0,0005) ; esto implica que 
el modelo estadístico no puede considerarse aditivo en ningún 
caso y  que no basta superponer un efecto de dieta a otro de 
edad para explicar las observaciones experimentales; por con­
siguiente, la acción de una dieta depende esencialmente de la 
edad y recíprocamente la actividad enzimàtica a una determi­
nada edad depende de la dieta ingerida. E s ta  existencia de 
efectos recíprocos entre edad y dieta se manifiesta geométrica­
mente en la falta de paralelismo entre los cinco perfiles repre­
sentados por los extremos de las barras que se muestran en las 
Figuras 2 y 3, correspondientes a las cinco dietas en estudio.

Con respecto a cada forma de expresión utilizada, el análisis 
dio los siguientes resultados:

1) y  2) Expresión de actividad por mg de proteina y  por mi de 
suero: (F ig u ra  2A  y  B )

Para  cada dieta, los cambios de actividad enzimàtica expresa­
dos por mg de proteína o por mi de suero en función de la edad, 
fueron sim ilares; en ambos casos la  dieta E Y  provocó un cambio
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en la actividad que fue significativamente mayor que los indu­
cidos por las dietas control LG e YG, mientras que el efecto de 
la dieta LA  resultó significativamente superior a los de las dietas 
control e YG.

Las inferencias que resultan del análisis de estas formas de 
expresión no son coherentes desde el punto de vista fisiológico, 
ya que indicarían que la actividad enzimàtica de los animales 
alimentados con las dietas desequilibradas se encuentran más 
cerca del comportamiento observado con la dieta control que la 
de los animales alimentados con las dietas de bajo contenido 
proteico. Este hecho se halla en contradicción con lo observado 
en trabajos previos 7-8'9 donde se demostró que las dietas des­
equilibradas en aminoácidos producen alteraciones mucho más 
severas en la maduración tisular y cambios en la composición 
corporal de los animales que las ingieren.

3) Expresión como actividad total:

Esta forma de expresión de la actividad, como mmoles totales, 
exhibe diferencias entre los animales alimentados con cualquiera 
de las dietas experimentales y la dieta stock, aunque no permite 
discriminar entre dietas experimentales. Sin embargo, el análisis 
estadístico realizado sobre los datos obtenidos en las condiciones 
controladas de este experimento, permitió detectar diferencias 
significativas entre las respuestas a las dietas E Y  y  LA.

Los datos obtenidos con los animales controles sugieren que la 
actividad total de CPK es proporcional a su masa muscular fun­
cionante. Las diferencias de actividad observadas entre los ani­
males controles y experimentales, estarían en concordancia con 
las diferencias previstas entre sus masas musculares. Los resul­
tados obtenidos con los lotes experimentales indicarían que en 
ellos la masa muscular es semejante independientemente de la 
diferencia de peso.

4) Expresión como actividad total/lOOg de peso corporal:

Al estudiar el efecto de la edad, expresando los resultados a 
peso constante, observamos que esta forma de expresión fue la 
única que mostró diferencias significativas entre las actividades 
a los 40 y 60 días de vida, y además que, al promediar los datos 
obtenidos con cualquiera de las dietas la media al destete fue 
significativamente superior a la media obtenida a los 60 días 
de vida.

Al analizar los datos desde el punto de vista de la influencia 
de las dietas observamos que los efectos de la E Y , LA  y control
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no fueron significativamente diferentes; además, estadísticamen­
te se pudo discrim inar entre el efecto de las dietas de bajo con­
tenido proteico y la dieta YG, que es la más desequilibrada de 
las dos estudiadas.

Estas observaciones son concordantes con estudios anteriores 
de composición corporal9; las dietas de bajo contenido proteico 
tienen un efecto prim ario sobre el crecimiento, pero el proceso 
de maduración corporal no difiere significativamente del de los 
animales alimentados con la dieta stock, y  esa sería la razón por 
la cual la actividad de C P K , expresada a peso constante, no 
difiere de la de aquéllos. E n  cambio, los animales que ingieren 
dietas desequilibradas crecen sin que la relación N /H 20 de su 
tejido muscular siga los patrones normales de maduración y  ello 
se exterioriza mediante la disminución de la  excreción de creati- 
nina cuando se la  expresa por unidad de peso. Trabajos previos 8 
demostraron que en los animales que ingirieron la dieta YG la  
creatinina urinaria  disminuye de 37,0 mg/kg de peso al destete, 
a 19,0 mg/kg de peso a los 45 días de vida, siendo este compor­
tamiento sim ilar al observado en la actividad de C P K  por 100 g 
de peso corporal.

E sta  última form a de expresión, por lo tanto, sería la  de 
mayor capacidad de discriminación en la  comparación mutua de 
dietas experimentales.

Conclusiones

Haciendo una comparación de la información aportada por 
cada una de las cuatro formas de expresión analizadas en este 
trabajo, resulta evidente, a) que cuando se expresa la actividad 
de C P K  por mg de proteína y/o por mi de suero, no guarda 
concordancia con los fenómenos fisiológicos inducidos por la 
ingestión de las dietas experimentales. Valores absolutos de 
actividad bajos o altos, no indican ni estado nutricional defici­
tario ni recuperación del mismo, porque la actividad enzimàtica 
no es sólo dependiente del grado de nutrición sino también de 
la edad y  además porque edad y  dietas presentan interacciones 
significativas. Por lo tanto, aun conocidas todas las variables 
que afectan la actividad de la  C P K  en suero, resultaría impo­
sible interpretar una determinación individual. De esto se deduce 
que ninguna de estas expresiones es la  adecuada cuando se pre­
tende utilizar esta enzima para evaluar estados nutricionales. 
Estos resultados confirm arían la hipótesis previa de que la in­
coherencia de los datos existentes en la  literatura deriva de que
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éstas son las formas en que habitualmente se los expresa.
b) que cuando se expresan los datos como actividad total en 

suero, es posible distinguir el efecto de la malnutrición pero no 
los grados de la misma. Conocida la volemia, esta forma de 
expresión tal vez permitiría el seguimiento longitudinal durante 
la recuperación si se contara con los estándares normales. Sin 
embargo, no aportaría otra información que la que surgiría de 
la evaluación antropométrica o de la determinación de otros 
índices bioquímicos de más fácil realización como, por ejemplo, 
el “ Indice creatinina/talla” 3.

c) que la expresión a peso constante, que demostró ser la más 
adecuada bajo condiciones experimentales, quedaría limitada a 
este campo, ya que para su interpretación también sería necesa­
rio conocer el volumen plasmático, la edad, el peso real no afec­
tado por cuadros de desequilibrio hídrico, así como la historia 
previa del paciente.

La información aportada por este modelo experimental nos 
permite concluir que la determinación de CPK en suero no pre­
senta valor real para la detección y evaluación de la malnutrición 
humana, aun cuando bajo condiciones muy controladas puede 
proporcionar información sobre la masa muscular funcionante de 
los animales de experimentación.

SUMMARY

“SERUM CREATIN-PHOSPHOKINASE ACTIVITY: ANALYSIS OF INFORMATION 
PROVIDED BY DIFFERENT WAYS OF EXPRESSING THE DATA”

An experimental model with undernourished rats fed experimental diets 
containing either imbalanced proteins or low amount of well balanced proteins 
was used to evaluate the utility of serum CPK activity determination in human 
malnutrition. Special attention was given on the information provided by four 
ways of expression of the enzymatic activity. CPK activity was expressed as; 
1) Specific activity, 2) Activity per ml serum, 3) Total activity per rat and 4) 
Total activity per 100 g body weight Statystical analysis showed: a) Activity 
expressed per mg serum protein or per ml serum did not agree with the known 
physiological phenomena induced on muscle by the experimental diets: CPK 
activity values expressed in these ways are not useful in malnutrition studies, 
b) Serum total activity of CPK per rat provides a similar information to the 
creatinin/height index, which is easier to perform, c) Total CPK activity per 
100 g body weight demonstrated to be adequate to provide information about 
muscle mass in rats under controlled experimental conditions. However, it is 
not possible to use this form of expressing CPK activity in human malnutrition, 
because it would be also necessary to know.- plasma volumen, age, actual body 
weight, clinical and the nutritional background, etc., of the patient for an 
accurate interpretation of results.
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SUMMARY

This paper summarizes the initial phase of an effort to develop semiquanti- 
tative methods for nutrition and health planning. The general approach is  to 
utilize the methods of systems analysis and operations research where 
appropriate, but the emphasis is on developing a simplified, approximate 
analysis that government planning groups could conveniently apply in evaluat­
ing various potential programs for attaining specific nutrition and health 
objectives, while satisfying certain constraints (e.g., budget, facilities, per­
sonnel).

An essential element of the analysis is  a model that provides an approximate 
description of malnutrition (inadequate growth, as indicated by weight for 
age) and mortality in terms of those variables that can be affected by
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intervention programs. We have concentrated initially on using the results of 
two INCAP longitudinal studies to develop models relating the incidence of 
malnutrition (second and third degree on the Gómez scale) to age and previous 
growth, including birth weight. The two studies cover rural Guatemalan 
communities with considerable variability in ethnic, socioeconomic, and 
ecological conditions. Because they are tentative, the resulting models arp 
discussed only qualitatively and not quantitatively.

The models may serve as baselines to estimate the consequences of potential 
programs aimed at different target groups, such as pregnant women and 
chiloren whose weights at birth or thereafter fall below prescribed levels. 
The possible benefits of using models of this nature in nutrition and health 
planning are discussed.

INTRODUCTION

Within the developing countries there is an increasing recog­
nition of the need for health planning methodologies that are 
more systematic and more quantitative than those now em­
ployed 112. Improved methodologies are essential to insure that 
planning groups will be able to utilize more effectively the 
limited resources that are available for raising the health status 
of the population. But health planning is an extremely complex 
process involving many possible goals and variables, a wide 
variety of potential programs, interrelations with other sectors 
(e.g., agriculture, education, economics), political considera­
tions, and cultural factors.

There have been several attempts to develop detailed math­
ematical methodologies 0 (3). These generally are too complicated 
for most planners, and they usually require data that are una­
vailable and extremely costly to obtain. This severely restricts 
their usefulness to the health planner of a developing country. 
On the other hand, even the critics of these analyses would 
agree that some steps must be taken to develop a more quanti­
tative planning methodology.

The long-range objective of our project is to develop a health 
planning methodology that is sufficiently simple to be readily 
understood and applied by planners, while at the same time 
being sufficiently detailed to provide useful semiquantitative 
results for guiding the selection of the most effective programs. 
Although we propose to employ the concepts and techniques of

6. For references to these attempts, see p. 105 of Hilleboe et a l.2; also 
see articles in PAHO 4.
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systems analysis 7 where appropriate, the primary emphasis is 
on simplicity. As a consequence of this emphasis, we realize 
that the resulting methodology will not be completely compre­
hensive or highly accurate; however, it will hopefully include 
many of the most important aspects of the problem.

We suggest that the planning process may be described con­
veniently in terms of the components shown in Fig. 1:

1. Goals. It is generally agreed that a planning group 
cannot proceed without having a clearly-defined set of goals, 
described in quantitative terms and to be reached in a given 
period of time (e.g., to reduce infant mortality by 50% within 
10 years) 5. These goals are selected at a higher government 
level, but it is the planners responsibility to see that the goals 
are reasonable and clearly defined. The definition of quantita­
tive goals is at the same time the very first decision to be taken 
in the process of health planning, and the most important one.

7. The term “systems analysis” is used here in its most general sense;
i.e., it includes operations research, simulation techniques, decision 
analysis, econometrics, and mathematical optimization methods.

OPTIMAL
PLAN
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One of the roles of the planner —and of the analyst— is to 
provide adequate information to assist the political decision­
maker in making1 the best choice of goals.

2. Constraints. The possible means for attaining these goals 
are restricted by various constraints, such as those relating to 
availability of resources (funds, facilities, trained personnel, 
supplies) and availability of adequate technologies, as well as 
constraints relating to political and cultural factors. These 
constraints are classically separated into “intra-sectorial con­
straints” , i.e., those within the health system, and “extrasec- 
torial” ones. The planner must decide which constraints are 
most important and how they can be included in the decision 
process, either explicitly or implicitly.

3. Potential Programs. Since there are a vast number of 
potential programs that could be considered as possible candi­
dates for attaining the prescribed goals, the group must limit 
its considerations to a reasonable number of programs. This 
elimination process is influenced by the nature of the goals and 
the constraints, and also requires the group to make qualita­
tive estimates of which programs appear to be most promising.

The three components commented upon so far (goals, con­
straints, and potential programs) can be expressed in terms of 
variables which, in principle, can be interconnected by means of 
equations representing their mutual interplay. This is the role 
of the other two components of Fig. 1 (models and mathematical 
analysis).

4. Models. In order to compare the relative attributes of 
the various potential programs, the planners must be able to 
estimate the expected performance of each program (i.e., the 
level of contribution of each program to the prescribed goals 
for different levels of inputs of resources). These estimates 
require the development of “models” , i.e., approximate math­
ematical descriptions, of: (a) the dependence of the outputs of 
a program on the inputs (investments of resources); and (b) 
the influence of these programs outputs (e.g., lower risk of 
malnutrition) on the prescribed goals (e.g., reduce infant mor­
tality by 50% within 10 years).

5. Mathematical Analysis. A principal objective of the plan­
ner is to design an “optimal plan” , i.e., a specific combination 
of programs that has the highest probability of meeting the 
prescribed goals, while minimizing expenditures of the most 
scarce resources and also being consistent with the other con­
straints. Generally, this design step is most conveniently ac­
complished with a mathematical analysis that interrelates the
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models, goals, and constraints in terms o f an evaluation para­
meter that may involve costs, effectiveness, efficiency, number 
of persons affected, or other measures of performance. The 
analysis might be linear programming or a simulation method. 
Clearly, the practical implementation of the analysis would be 
greatly facilitated if  analytical results for a wide range of 
variables could be presented in terms of generalized graphs and 
tables, thereby minimizing the necessity of complex computations 
by the planner.

Although it might appear from this description that each of 
these five components should be considered separately in the 
order given above, this would not be the most effective approach 
in an actual planning process. Instead, some aspects of the 
components should be considered simultaneously because of 
strong interrelationships (e.g., constraints and mathematical 
analysis); furthermore, we expect that the planning group will 
decide to modify the initial details of the components after other 
components are developed and a more accurate view of the over­
all problem evolves.

In previous studies we have considered various aspects of the 
application of 'systems analysis to the planning of nutrition- 
related programs in developing countries 6'8. One of our recent 
studies9 illustrates how a simple model of malnutrition and 
mortality for children below 4 years of age could be utilized in 
an approximate analysis of the expected consequences of nutri­
tion intervention programs. This preliminary illustration mo­
tivated the present study to develop a more satisfactory model 
of malnutrition, i.e., of inadequate growth as expressed by the 
weight of children at various ages. Specifically, we have attempt­
ed to develop models that would help the planner to see more 
clearly the consequences of intervention programs that affect 
the growth of children in different age intervals (including the 
prenatal period) or that are restricted to children with low birth 
weight. The models are based on available results of detailed 
long-term prospective (longitudinal) studies conducted by 
INCAP 1012 in rural Guatemala. For thorough discussions of 
these data, publications by Mata et a 1. 10’ 11 and Lechtig et 
al. 12 may be consulted. In the present paper we concentrate on 
the modeling procedures and several illustrative applications, 
since the models are not yet sufficiently refined to warrant 
detailed interpretation and application.

Although malnutrition is only one of the many health prob­
lems encountered in developing countries, it is considered to be 
among the most important and serious problems for children
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during the first two or three years of life 1S. We expect that the 
modeling procedures developed for malnutrition will prove to be 
useful in studies of other health problems.

DESCRIPTION OF MALNUTRITION MODEL

The primary purpose of the models in this study is to illustrate 
the potential usefulness of such models in the planning of pro­
grams for improving the growth of preschool children. With 
this purpose defined, the next step is to determine what choice 
of variables appears to be most meaningful.

Dependent Variables

One of the most widely accepted indicators of inadequate 
growth of preschool children is the Gomez classification of the 
prevalence of malnutrition M. The PAHO Interamerican Study 
of Mortality in Infancy and Childhood 13 has shown that children 
in specific age intervals whose weight falls below 75% of the 
mean weight of children of the same age and sex in an eco­
nomically advanced area (i.e., children in the second or third 
degree of malnutrition according to the Gomez classification) 
have higher risk of death than those with adequate growth. It 
is recognized that growth depends on morbidity as well as on 
diet, but is relatively independent of genetic differences in the 
first few years of l i f e 15.

We shall adopt the percentage of children with weight below 
75% of the standard as a dependent variable of the model al­
though it has certain deficiencies, especially for children over 
2 years of age18. The mean weights of children in Denver17 will 
be used as the standard because of the large size of the sample 
and the convenient form of the published data.

The prevalence of babies with low birth weights (^2.5  kg) 
will be adopted as the second dependent variable because of its 
proven value as an indicator of unfavorable prenatal conditions 
that result in higher risks of malnutrition, morbidity, and mor- 
ta'ity in the postnatal period n . Low birth weight is an indicator 
of fetal malnutrition resulting from inadequate health and nu­
trition of the mother before and during pregnancy u- 12; it is 
recognized that there are many non-nutritional problems that 
can also lead to low birth w eight1S.

Deaths were not included as dependent variables because it 
would have complicated considerably a model aimed mainly for
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illustration, and also because the data available do not include 
a sufficient number of deaths to allow for safe conclusions. In  
a previous study, however, we have described a  very approximate 
way of including this fa cto r9, and we plan to develop an im­
proved mortality model that may be combined with the present 
model to remove this limitation.

Independent Variables

Selection of the independent variables is extremely difficult 
because there are so many factors that strongly influence the 
dependent variables (prevalence of malnutrition and low birth 
weight), and many of these factors can be changed by interven­
tion programs. A t present, the data available are not sufficient 
for adopting independent variables relating to the detailed causes 
of malnutrition (e.g., duration of breast feeding, nutrient content 
of supplemental diets, incidence of infectious diseases, social 
stimulation). Therefore, we w ill adopt the following gross var­
iables: (1) risk  of low birth weight; i.e., the probability of an 
infant having a birth weight of 2.5 kg or less; (2) risk  of 
malnutrition in any age in terval; i.e., the probability of a child’s 
weight falling below the prescribed “malnutrition level” during 
a specific age interval; and (3) the probability of recovery; i.e., 
the probability of a child’s weight rising  above the prescribed 
“malnutrition level” during the age interval considered. A s will 
be described later, the magnitude of each of these variables may 
be changed by various types of intervention programs.

Structure of Model
The choice of variables suggests that the structure of the 

model should include the following characteristics: (1) two clas­
ses of children, one w ith birth weights of 2.5 kg or less (the 
"low birth weight class”, denoted by L B W ) , and the other with 
birth weights above 2.5 kg (the “acceptable birth weight class” , 
denoted A B W ); (2) two nutritional states of the children in 
each age interval, one corresponding to weights equal to or below 
the 75% level of the reference population (the “malnutrition 
state”, denoted by M ) , and the other to weights above this 75%  
level (the “acceptable nutritional state” , denoted A ) ; (3) several 
age intervals w ithin the period 0 to 2 years of age.

The model is based on these characteristics together with the 
following sim plifying assumptions:

1. The nutritional status of a child at a particular age de­
pends only on the child’s birth weight class (L B W  or A B W ) and
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nutritional status at the immediately-preceding- age (i.e., not on 
the child’s nutritional status at any earlier ages). Th is is the 
assumption of a Markov process 19, and it greatly simplified the 
model by having only two nutrition states in each age interval, 
rather than numerous states corresponding to different histories 
(sequences of previous nutritional states). We are unable to test 
the validity of this assumption with the available data because 
there are not enough cases in many of the different histories.

2. The removal of children from the model due to deaths is 
being neglected at this moment, as already mentioned.

The mathematical development of the model is presented in  
the Annex. F o r the sake of illustration, and in  order to avoid 
the use of mathematical symbols, we w ill use actual figures 
based upon the IN C A P  studies.

M O D E L  O F  G U A T E M A L A N  IN D IA N  V IL L A G E

During the past 10 years IN C A P  has conducted a detailed 
longitudinal study of the growth and health of young children in 
a Guatemalan highland community, Santa M aría Cauqué. The 
data indicate that the birth weights and subsequent growth of 
the children are extremely poor, and morbidity, especially diar­
rheal diseases, is severe. Consequently, the infant mortality rate 
is high, being about 100 per 1,000 births. (F o r  a more detailed 
description of the nature of the community, the study, and the 
data, see Mata et al. 1967 and 1974 10’ u ).

We have analyzed the data for Santa M aría Cauqué to obtain 
estimates of the independent variables of the malnutrition model. 
A s of February, 1972, there were 438 children with birth weights 
recorded, and 185 of these had low birth weights. Therefore, the 
risk  of low birth weight is 185/438 =  0.42, while the probability 
of having acceptable birth weights is 0.58. (See F ig . 2 ). The 
number of L B W  infants having data available on their weights 
at 3 months of age is 145, and 40 of these have weights that 
classify them as being malnourished. Consequently, the corre­
sponding risk  of malnutrition is, in this case, 40/145 =  0.28. The 
chance that a L B W  infant w ill have an acceptable nutritional 
status at age 3 months is therefore 0.72. The corresponding 
probabilities for children born with an acceptable weight (A BW ) 
were found to be 0.03 and 0.97, respectively. A s can be seen, the 
probabilities of being malnourished at 3 months vary widely 
according to the birth weight.
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AGE

(MONTHS)

Incop 74-817
F i g .  2

Malnutrition model (0 to 6 months) with variables evaluated from the 
longitudinal data for Santa María Cauqué.

Some of the L B W  children who are malnourished at 3 months 
will recover and attain acceptable nutritional status at 6 months 
(0.15 of them, while 0.85 w ill remain malnourished). Sim ilarly, 
0.16 of the children with L B W  who are adequately nourished at 
3 months w ill be found malnourished at 6 months. The corre­
sponding figures for the children born with an acceptable weight 
are 0.08, 0.92, 0.05, and 0.95, respectively, as shown in  F ig . 2.

The same is obtained for all other age intervals (see F ig . 3 
for the fully developed model for Santa M aría Cauqué). The  
final result is  that we have a sufficient set of equations to 
calculate the dependent variables (prevalence of malnutrition at 
various ages, and the prevalence of low birth weight children) 
if the values of the independent variables are known.

The two birth weight models (L B W  and A B W ) shown in  
Fig. 3 can be combined into one malnutrition model. The result 
is presented in F ig . 4.

M O D E L  O F  L A D IN O  C O M M U N IT IE S

IN C A P  also is conducting a longitudinal study of four rural 
Guatemalan communities 12 in which the people are predomi-
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Fig. 3

A1

Malnutrition model (0 to 24 months) with the variables evaluated from 
the longitudinal data for Santa Maria Cauque.
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Fig. 4
Malnutrition model form ed by combining th e  two birth w eight models shown

in Fig. 3.
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nantly “ladinos” , that is, people who do not use Indian dress and 
languages and do not follow Indian traditions. These communities 
provide a valuable contrast to Santa M aría Cauqué because their 
socioeconomic condition is higher, with the consequences being 
much lower prevalences of low birth weight babies (0.14 vs. 
0.42) and of malnutrition (0.21 vs. 0.69 at age 2 years), plus a 
lower infant m ortality rate (approximately 50/1,000 vs. 100/ 
1,000 live b irths). Because of these differences between the 
ladino and Indian communities, it is expected that the respective 
models for these communities w ill aid in  developing a more 
general model that, with minor adjustments based on cross- 
sectional data, will provide an approximate description of com­
munities for which such detailed data are not available. A  general 
model of this nature would be valuable in government planning 
efforts in which a variety of communities are considered. A l­
though we have not yet attempted to formulate a general model, 
we are encouraged by the observation that the dependence of 
prevalence of malnutrition on age is qualitatively sim ilar for the 
ladino and Indian communities (F ig . 5 ), although there are 
substantial quantitative differences. Th is observation suggests 
that it may be possible to formulate a general model in terms of 
several “sim ilarity parameters” that could be evaluated for any 
community in terms of data that are either presently available 
or readily measured.

In  the longitudinal study of the ladino communities, several 
different interventions have been implemented and monitored 20. 
Consequently, the longitudinal data are a potential basis for 
developing models of these interventions. A s a first step, we 
have concentrated on modeling only the intervention of reducing 
the prevalence of low birth weight babies by means of a caloric 
supplement to women during pregnancy. Since the details of this 
intervention are described and analyzed in previous publica­
tions 12, we w ill go directly to the prelim inary model in F ig . 6 
that has been developed by a procedure sim ilar to that described 
in Section 3 and in the Annex. A t present, this model extends 
only to 6 months of age because other interventions complicate 
the situation after that point.

The pregnant women are, for reasons explained elsewhere 12, 
divided into two groups:

AS (“acceptable supplementation”) =women who have consumed 20,000 
or more supplementary calories during pregnancy

IS (“inadequate supplementation”) = women who have consumed less 
than 10,000 supplementary calories during pregnancy
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AGE (MONTHS)
Incap 74*820

Fig. 5
Comparison of the age dependence of the prevalence of malnutrition in 

ladino and Indian Guatemalan communities.

The IS  group is taken as the reference group, since their 
average consumption of supplement is sufficiently low to be es­
sentially negligible relative to that of the A S  group. The variable 
Ce in F ig . 6 represents the effective coverage of the supplemen-
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tation program, i.e., it is defined as the fraction of pregnant 
women who consume 20,000 or more supplementary calories.

A s may be seen in F ig . 6, the effect of the supplementation 
program is to reduce the risk  of low birth weight from 0.176 to
0.107. Although the intervention produces a substantial change 
in birth weight, analysis of the existing longitudinal data in­
dicates that supplementation during pregnancy does not have a 
statistically significant effect on the postnatal growth of children 
of comparable birth weights during the first 6 months. This 
result is consistent with the assumption of a Markov process 
described previously, and it allows us to disregard the supple­
mentation category of children’s mothers after birth weight has 
been determined. Th is represents a considerable simplification

AG E
(Y EA R S )

m; AÎ M,

.8 0 .9 3

m2* m2 A2

Fig. 6
In c a p  74-821

Malnutrition model with variables evaluated from longitudinal data for 
Iadino communities in Guatemala. Included is an intervention th a t provides 
a fraction (Ce) of the pregnant women with 20,000 or more supplementary 

calories during pregnancy. AS: 20,000 Cal. IS: 10,000 Cal.
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in the model, since it would be necessary to have four states at 
birth (i.e., L B W  + IS , L B W  + A S , A B W  + IS , A B W  + A S ) if  
there were a significant dependence of postnatal growth on sup­
plementation during pregnancy.

Although the model in F ig . 6 is very preliminary, it does serve 
as an example of the possible role of modeling in nutrition plan­
ning. Specifically, with a model of this type it would be possible 
to compute the prevalence of low birth weight and the preva­
lences of malnutrition at 3 and 6 months of age for different 
levels of effective coverage, Ce. These results, together with an 
estimate of the dependence of the cost of the program on the 
level of Ce, would enable a planning group to perform a cost- 
benefit or cost-effectiveness analysis of the intervention.

IL L U S T R A T IV E  A P P L IC A T IO N  O F  M O D E L

We now consider an oversimplified illustration of the potential 
use of malnutrition models in health planning efforts. Although 
numerical values w ill be used in this illustration in order to 
prevent it from being too abstract, these values should not be 
considered to be accurate or realistic since the present model 
ignores several important factors, such as the loss of children 
by deaths.

Consider a hypothetical situation in which a planning group 
is attempting to compare the relative benefits of the following 
three potential intervention programs for a population sim ilar 
to that of Santa M aría Cauqué.

1. Birth Weight Intervention that reduces the risk  of low 
birth weights by 50% , i.e., from 0.42 to 0.21, without influenc­
ing significantly the values of any other variables in the model 
(Fig . 2 ). A  supplemental feeding program for pregnant women 
is a possible example of this type of intervention12, although we 
would expect that it might also affect the values of other varia­
bles in the model.

2. Risk Intervention in which the risk  of becoming malnour­
ished is reduced by 50% for children between 0 and 24 months 
of age, while the chances of becoming or remaining well nour­
ished are increased correspondingly as described in the Annex. 
Possible examples of the type of intervention are programs that 
reduce diarrheal disease (e.g., improved water supply) or that 
improve the weaning diet (e.g., nutrition education, supplemen­
tary feeding). However, for both examples we would expect that 
there might also be changes in  other variables, such as the 
recovery probabilities.
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3. Rehabilitation Intervention  that results in the recovery of 
50% of those malnourished children who would have otherwise 
continued to be malnourished in the particular age interval. An 
example of this type of intervention is feeding plus nutrition 
education through nutrition rehabilitation centers31, but we 
expect that such a program might also affect the risk of mal­
nutrition. Since these centers usually do not accept children below 
9 months of age, we will only consider the intervals between 9 
and 24 months.

The results shown in Fig. 7 were calculated by modifying the 
models in Figs. 3 and 4 in the manner described above. The
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Incop 74-822

Illustration of the effects of three hypothetical interventions on the prev­
alence of malnutrition for 0 to 2 —year— old children. (Calculations based 

on the preliminary model of Santa Maria Cauqué).
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average prevalence of malnutrition for a particular intervention 
is proportional to the area under the corresponding curve in the 
age range being considered. By measuring these areas, we have 
calculated the degree to which each intervention reduces the 
prevalence of malnutrition. The results are presented in Table 1

TABLE I

REDUCTION OF THE PREVALENCE OF MALNUTRITION 
BY THREE HYPOTHETICAL INTERVENTION PROGRAMS

Type of in te rven tion
P ercen t reduction  of m a ln u tritio n  

age ranges
fo r th ree

3 to  12 
m onths

12 to  24 
m onths

3 to  24 
m onths

Birth weight 14 5 7
Risk of malnutrition 46 37 39
Rehabilitation 10 40 32

for three age ranges: 3 to 12 months, 12 to 24 months, and 3 to 
24 months. Results of this type would be useful to a planning 
group because they indicate the relative benefits of the potential 
interventions in different ranges of age. We will not attempt to 
draw definite conclusions from these results, since they are based 
upon a very preliminary model and therefore serve only to il­
lustrate the procedure. Furthermore, a meaningful comparison 
of the interventions would require that we include program costs 
in the calculation to obtain results in terms of a cost-benefit or 
cost-effectiveness ratio. An additional need is to include mortality 
in the model so as to be able to compare the interventions on 
the basis of both malnutrition and mortality; in this case, the 
true value of the birth weight intervention would be more ap­
parent.

DISCUSSION AND CONCLUSIONS

This preliminary study describes a possible method for de­
veloping simple models for health planners. In the particular 
case considered, a tentative model was developed of the depen­
dence of the risk of malnutrition on birth weight and on age 
of children below two years of age.
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AGE
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M*2 A *2 m2 A 2
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12 —
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Fig. 8
Incap 74*823

Malnutrition model for children with low hirth weight (LBW) and ac­
ceptable birth weight (ABW).
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Although the quantitative details of the models are not ex­
pected to be highly accurate, we believe that the study serves 
to illustrate several points:

1. Models of this type can provide a clear view of the epidem­
iology of malnutrition in the population under consideration. 
For example, the present results for Santa Maria Cauque clearly 
show: (a) the important role o f low birth w eight11; (b) the 
relatively high probability of low birth weight babies attaining 
acceptable weights by 3 months of age 8 (10); (c) the high risk of 
malnutrition for children between 6 and 18 months of age, in­
dependent of whether or not they had low birth weights.

2. In a very preliminary manner we have illustrated how the 
models may be used by health planners to evaluate, on a semi­
quantitative basis, the relative benefits of different potential 
interventions.

3. Data obtained through long-term prospective studies are 
extremely important to the development of planning models.

We believe that attempts to develop simple models will lead 
to more effective communication between research groups and 
planners by indicating which factors are most influential. A 
likely consequence is that such attempts will provide a useful 
feedback that will guide future research efforts by indicating 
the type of the information that is most essential to planning.

Our future plans are to refine these models by more thorough 
analysis of a larger collection of data, and to attempt to develop 
a general model that can be applied to communities for which 
longitudinal data do not exist. We also plan to include an ap­
proximate model of the dependence of child mortality on mal­
nutrition. The combined model of malnutrition and mortality 
would then be utilized in an analysis involving cost-benefit or 
cost-effectiveness ratios. A final step would be to test the utility 
and accuracy of the models by applying them in a real situation 
that begins with selection of interventions and continues through 
the final evaluation of the performance of these interventions.

8. To a small extent this high recovery probability is influenced by the 
fact that, for the Denver standard used herein, the definition of low 
birth weight (^ 2 .5  kg) is more severe that the definition of mal­
nutrition. Specifically, 2.5 kg corresponds to 78% of the Denver mean 
birth weight, rather than 75%.



1 96 ARCHIVOS LATINOAMERICANOS DE NUTRICION

A C N  O W L E D G E M E N T S

This work was supported in part by the Kellogg Foundation, 
the National Institute of Child Health and Human Development 
(Contracts NOl-DH-2-2737 and PH43-65-640), and the Pan  
American Health Organization. The participation of R . E .  Stick- 
ney was made possible by a Faculty Fellowship from the National 
Science Foundation ( S E E D  Program ).

M A T H E M A T IC A L  D E V E L O P M E N T  O F  T H E  
M A L N U T R IT IO N  M O D E L

The properties of the model w ill be described by proceeding 
step by step through part of F ig . 8. R ibw represents the risk  of 
children being born with low weights (^ 2 .5  k g ), while R ftbw is 
the probability of them having acceptable birth weights (> 2.5  
kg). Since the sum of these two probabilities is 1, they are not 
independent and we may therefore express one in terms of the 
other; e.g.,

The risk  of L B W  (low birth weight) children being malnour­
ished at 3 months of age is denoted by R *mi, where the subscript 
ml signifies malnutrition during the first age interval, and the 
superscript * is added to distinguish the risks of the L B W  class 
from those of the A B W  class, since these may differ substantial­
ly. The remainder of the L B W  children w ill have acceptable 
nutritional status at 3 months, and this is represented by the 
probability

The fraction of births that result in L B W  children who are then 
malnourished at 3 months is simply equal to the product of the 
risks for each of these steps:

A N N E X

(1)

Rri — 1 R  ml (2 )

Mi — Ribw R ml (3)

Th is fraction corresponds to the prevalence at 3 months of age 
of malnourished L B W  children based on the total number of 
births (L B W  + A B W ).
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By similar reasoning, the prevalence at 3 months of acceptably 
nourished LBW children is

A i =  Rib«- R rt (4)

With the help of Eqs. (2) and (3 ), this may be rewritten in 
the form

a \  R„,w -  M*i (5)

which may also be derived from the fact that the sum of A*x 
and M’\  must equal Ribw, corresponding to the fractions of 
births that are in the LBW class.

Some of the LBW children who are malnourished at 3 months 
will recover and attain acceptable nutritional status at 6 months, 
with the probability being denoted by R*r2; the others will be 
malnourished at 6 months also, with the risk being

R m2 =  1 -  R T2 (6)

Therefore, the prevalence of malnourished LBW children at 6 
months is

* * * * * '
M 2 =  M i E M2 t  A 1 R <22 (7)

where A*1 R*c, represents the contribution to M*, of children 
who were acceptably nourished at 3 months but become malnour­
ished by 6 months of age, with R*,., denoting the risk corre­
sponding to this step. By substituting Eqs. (5) and (6) into Eq. 
(7) we obtain

M*2 =  m \ (1 -  R*r2) +  (Ribm -  M*l) R* 2 (8)

which is a more convenient form because we prefer to express 
all equations in terms of the three input variables we selected 
in the text, or in terms of quantities, such as M*t, which re­
present a combination of the independent variables (e.g., see 
Eq. (3). The same form of equation is obtained for M*i at all 
other age levels, so it is convenient to rewrite Eq. (7) in a 
generalized notation,

M j — M i—i (1 -  R ri) +  (Ribw -  M i_i) R ci (9)
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where i may be any of the age levels, and i - 1  denotes the 
preceding level. The generalized expression for A*i is simply

A i =  Hibw — M t (10)
A similar set of equations may be derived for the class of 

children with acceptable birth weights, the only difference being 
that Ribw is replaced by Rabw The result is that we have a suf­
ficient set of equations to calculate the dependent variables 
(prevalence of malnutrition at various ages, and the prevalence 
of low birth weight children) if the values of the independent 
variables (Ribw, Rot, and Rrl) are known.

The procedure for using longitudinal data to estimate the 
values of Rjbw and Rcl was described in the text. A different 
procedure was used to calculate the recovery probabilities, Rri, 
because the number of children recovering is so small in some 
age intervals that the results are not statistically significant. 
This procedure utilizes Eq. (9 ), which may be rewritten in the 
following form by solving for R*ri :

r  rl =  1  L _  [ M*,- R*d (Ribw- M*_i) ] (11)
' M*i_i

(Note: this equation applies also for Rri, the probability for 
ABW children, if Rlbw is replaced by Rabw and the asterisks (*) 
are omitted). Ribw and R*cl are evaluated by the procedure 
described before, and we obtain M*( and M*i_t from a cross- 
sèctional analysis of the longitudinal data to determine the pre­
valence of malnutrition at each of the age levels in the model. 
The principal advantage of this approach is that it insures that 
the values of the dependent variables (prevalences of malnutri­
tion) of the model will be equal to the cross-sectional results 
of the longitudinal study when the values of the independent 
variables (Ribw, R*ci, R*n, Rei, and Rri) are set equal to those 
calculated by the foregoing procedures.

After evaluating the independent variables by these proce­
dures, the values of the other variables (e.g., Rmi and Rai) in 
the model may be calculated by means of the equations derived 
before. The resulting values based on the longitudinal data for 
Santa Maria Cauqué are shown in Fig. 3. The arrows for the 
recovery step have been omitted in several age intervals because 
the values of Rrl were zero.

In the case of interventions that do not influence birth weight 
nor use it as an indicator of high-risk children, it is unnecessary
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to have a model consisting of separate sub-models of the L B W  
and A B W  classes. In  such cases it  is fa r  more convenient to use 
a single model (e.g., F ig . 4) that combines both the L B W  and 
ABW  children.

In the text we illustrate how the independent variables may­
be estimated for two types of rural Guatemalan communities 
from available data.

RESUMEN

ANALISIS DE SISTEMAS EN LA PLANIFICACION DE SALUD Y  NUTRICION: 
UN MODELO APROXIMADO QUE RELACIONA PESO AL NACER Y EDAD, 

CON RIESGO DE CRECIMIENTO DEFICIENTE

El presente trabajo resume la fase Inicial de un esfuerzo por desarrollar 
métodos semlcuantitativos para el planeamiento de programas de nutrición y 
de salud. Su enfoque general es utilizar, cuando se considere conveniente, 
métodos de análisis de sistemas y de investigación de operaciones. Principal­
mente, sin embargo, se hace énfasis en el desarrollo de un análisis aproximado 
simplificado, que los sectores gubernamentales de planificación podrían aplicar 
fácilmente en la evaluación de varios programas potenciales para lograr obje­
tivos específicos en nutrición y salud, satisfaciendo a la vez ciertas restriccio­
nes (por ejemplo, presupuesto, facilidades, personal).

Un elemento esencial del análisis es un modelo que aporte una descripción 
aproximada de la desnutrición (crecimiento inadecuado, como el que indica el 
peso para la edad) y mortalidad en términos de las variables susceptibles de 
ser afectadas por programas de intervención. Inicialmente los esfuerzos en este 
campo se han concentrado en utilizar los resultados de dos estudios longitudi­
nales del INCAP para desarrollar modelos que relacionen la incidencia de la 
desnutrición (segundo y tercer grados según la escala de Gómez) a la edad y 
al crecimiento previo, incluyendo peso al nacer. Los dos estudios cubren co­
munidades guatemaltecas que varían considerablemente en cuanto a condicio­
nes étnicas, socioeconómicas y ecológicas. Puesto que son tentativos, los mo­
delos propuestos se comentan sólo cualitativa y no cuantitativamente.

Los modelos pueden servir como base para estimar las consecuencias de 
programas potenciales dirigidos hacia diferentes grupos, tales como mujeres 
embarazadas y niños cuyo peso al nacer o después del nacimiento caen por 
debajo de los niveles prescritos. Se comentan ios posibles beneficios que pue­
den derivarse del uso de modelos de este tipo en la planificación de salud 
y nutrición.
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RESUMEN

Se estudió en terneros en rápido crecimiento, la composición química y el 
valor nutritivo de la pulpa de café deshidratada al sol y almacenada por 7, 13 
y 17 meses, y de pulpa ensilada durante 4, 10 y 14 meses, que luego se des­
hidrató al sol.

No se produjeron cambios en la composición química durante el almacena­
miento de la pulpa de café deshidratada, pero en la pulpa ensilada sí se 
observó un descenso en el contenido de fibra cruda y un alza del extracto 
libre de nitrógeno.

Se realizaron tres experimentos de crecimiento empleando tres grupos de 
terneros raza Holstein de 3 a 5 meses de edad, con un peso promedio de 
95 kg en el primer y segundo ensayo, y de 130 kg en el tercero. En el primer 
ensayo se usaron 18 animales, y 24 en los dos restantes. En cada caso los 
animales se dividieron en tres grupos asignados al azar a cada uno de los
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siguientes tres tratamientos: el control, que contenía 48% de cascarilla de 
algodón, y dos tratamientos consistentes en raciones con 30% de pulpa de café 
deshidratada ó 30% de pulpa ensilada, incluida en substitución d la cascarilla 
de algodón. Básicamente, la diferencia entre los tres experimentos consistió 
en el tiempo de almacenamiento o ensilaje de la pulpa. En todos los casos el 
aumento ponderal inducido por las raciones con pulpa de café (1.00, 0.90, y 0.98 
kg/día y 1.06, 0.94 y 1.08 kg/día, respectivamente) fueron significativamente 
menores (P<0.05) que aquéllos resultantes de administrar la ración control 
(1.21, 1.08 y 1.19 kg/día). Asmismo, se observó una merma en el consumo de 
las raciones que contenían pulpa de café, pero la eficiencia de conversión 
alimenticia fue similar en todos los tratamientos. El rendimiento de los terne­
ros que consumieron pulpa ensilada fue superior al de los alimentados con 
pulpa deshidratada, especialmente en el tercer experimento en el que las ga­
nancias de peso de los primeros ocurrieron con rapidez significativamente 
mayor (P<0.05).

Se concluye que el tiempo de almacenamiento no modifica el valor nutritivo 
de la pulpa de café para ganado bovino y que el ensilaje es un proceso ade­
cuado para almacenar este material y posiblemente también para mejorar su 
valor nutritivo.

IN T R O D U C C IO N

Hoy día existe mucho interés en utilizar la pulpa de café como 
alimento para animales con el propósito de reducir los costos 
de producción de carne para consumo humano, y evitar, a la  
vez, la contaminación ambiental que este subproducto agrícola 
ocasiona5. S in  embargo, uno de los problemas que presenta la 
utilización de la pulpa de café en ese sentido es su alto conte­
nido de agua, lo que dificulta su manejo, transporte y almace­
namiento, elevando su costo.

E l  trabajo que aquí se presenta persigue la búsqueda de 
posibilidades de procesar la pulpa de café por deshidratación o 
ensilaje, con el objeto de lograr una mayor eficiencia no sólo en 
cuanto a su manejo y transporte, sino también en lo que res­
pecta a la utilización de este desperdicio agrícola en el campo 
de la nutrición animal. Con este objetivo en mente se estudiaron 
los efectos de diferentes períodos de almacenamiento sobre la  
composición química y el valor nutritivo de la pulpa de café, 
deshidratada o ensilada previamente, para terneros rumiantes 
en rápido crecimiento dentro de un sistema intensivo de pro­
ducción de carne.

M A T E R IA L E S  Y  M ET O D O S

Los experimentos se realizaron en la F inca Experim ental del 
IN C A P , situada en el altiplano de Guatemala a 1,480 metros
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(5,151 pies) sobre el nivel del mar. L a  pulpa de café se obtuvo 
en dos partes al momento de ser procesada en un beneficio co­
mercial ubicado en la m isma región. L a  prim era parte se adqui­
rió en el mes de octubre de 1971 y  fue de inmediato deshidra­
tada al sol por tres días y almacenada en bolsas de papel duran­
te un período de 7, 13 ó 17 meses. L a  otra parte, que se obtuvo 
en el mes de enero de 1972, fue parcialmente deshidratada al 
sol para reducir su contenido de humedad a cerca de 65% antes 
de ser ensilada en un silo de trinchera con el agregado de 5%  
de melaza. Se almacenó en esta forma por períodos de 4, 10 y 
14 meses, y luego fue deshidratada al sol.

L a  pulpa seca procesada por ambos métodos se molió en un 
molino de martillos a un grueso de 20 mallas antes de utilizarse 
para la elaboración de las raciones N 9 2 y N1- 3, cuya compo­
sición se muestra en el Cuadro 1. L a  ración N9 1 sirvió como 
control en tres experimentos de crecimiento efectuados con ter­
neros rumiantes raza Holstein de 3 a 5 meses de edad y cuyo 
peso promedio fue de 95 kg en los primeros dos ensayos, y de 
130 kg en el tercero. Estos animales fueron criados artific ia l­
mente mediante un sistema de destete precoz en la  misma F in ca  
Experimental y, antes del estudio su alimentación consistió de 
un concentrado iniciador y fo rra je  seco. L a  diferencia entre los 
ensayos radicó básicamente en el tiempo de almacenamiento de 
la pulpa de café, deshidratada o ensilada. E n  el prim er caso se 
utilizó pulpa deshidratada y  almacenada durante 7 meses, y

CUADRO 1

COMPOSICION PORCENTUAL DE LAS RACIONES EMPLEADAS 
EN LOS ENSAYOS DE CRECIMIENTO

Ingredientes i
T ratam ien tos

2 3
H arina de algodón 15.0 15.0 15.0
Afrecho de trigo 15.0 15.0 15.0
Melaza de caña 20.0 20.0 20.0
Minerales * 1.0 1.0 1.0
Urea 1.0 1.0 1.0
Cascarilla de algodón 48.0 18.0 18.0
Pulpa de café deshidratada ** — 30.0 —

Pulpa de café ensilada y deshidratada *** — — 30.0
* Composición de la  m ezcla de m inerales: hueso molido, 28.6% ; carbonato  de calcio,

28.6%; c loruro  de sodio, 28.0% ; azu fre , 13.0%; y m inera les m enores, 1.8%.
** Ensayo 1: a lm acenada po r 7 m eses; ensayo 2: alm acenada p o r  13 m eses; ensayo 3:

alm acenada p o r 17 meses.
*** Ensayo 1: ensilada p o r 4 m eses; ensayo 2 : ensilada p o r 10 m eses; ensayo 3: ensilada

por 14 meses.
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Peso in ic ia ! 

Peso fina l 

(kg>

Experim ento N o. 1

9 5 .3 ~  95 .5  95 .5

215 .0  195.1 200.0

Aumento de 
peso, día

1.2!i

i 1.00b
W/É
W//á/mm
W//Á<380
W/Mmm
W///È

1
¡ S
11?

Experim ento  No. 2

9 3 .8  9 3 .6  93 .6  

2 0 0 .6  183.1 188.1

1 .08 °

Experim ento No. 3

130.9 130.9 131.5

224.8 208 .4  216 .5

1 .19 °

Período
experimento! 99 d ios 99 d ía s 79 d ios

D ie ta  control

30°é de pulpo de ca fe  deshidratada 

30°é de pulpa de co fe ensilado  

b, y c  L a s  le tras ¡ndicon d ife re n c ia s  estad ísticam ente  s ig n if ic a t iv o s .

W a p  75*894

F ig u r a  1
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Experim ento No» 1 Experim ento No. 2 Experim ento No. 3

E f ic ie n c ia  de 
conversio'n del 

alimento
6.74 7.21 6 .65 6 .94  7 .44  6 .93 . 7 .65 7 .85 6.86

8 .22

Consumo de 

alím ento/dfa

(kg)

7.56

9.10

Control

: 30% de f 

30% de pulpa de cafe' ensilad a
Incap 75*893

Figura 2
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Al final de cada tratamiento y  en lo que respecta a los pará­
metros bioquímicos, se obtuvieron los resultados que se exponen 
en el Cuadro 4. Como los datos lo revelan, las cifras para nitró­
geno de urea, proteína y albúmina fueron prácticamente cons­
tantes en todos los tratamientos; no sucedió así en el caso de la  
glucosa y  los ácidos grasos libres, ya  que hubo una mayor va­
riación en los resultados, pero sin traducirse en ninguna ten­
dencia significativa.

DISCUSION

Los resultados referentes a la  composición química de la pul­
pa de café que se obtuvieron en este estudio son muy sim ilares 
a los de Bressani et al. 14, y  Bressani, Estrad a  y Jarquín 15 ex­
cepto en el contenido de fib ra  cruda, que fue un poco más alto 
en este caso. Asimismo, los valores de cafeína y  taninos son com­
parables a los encontrados por Jaffé y  O rt iz16. Los únicos 
cambios notables que se produjeron durante el período de ensi- 
laje fueron la disminución de fibra cruda y  el aumento de 
extracto libre de nitrógeno, lo cual coincide con los datos noti­
ficados por Choussy17.

E l  contenido de cafeína prácticamente no sufrió cambios du­
rante los últimos diez meses de ensilaje y  almacenamiento. 
Desafortunadamente no se analizó la pulpa fresca antes de ser 
sometida a los diferentes procesos. Por este motivo no se pudo 
establecer si hubo o no variación en el contenido de cafeína 
durante los primeros siete meses de tratamiento.

E n  los tres experimentos se encontró que la pulpa de café, ya  
fuese ensilada o almacenada, produjo una menor eficiencia 
alimenticia en los animales, hallazgo que coincide con los resul­
tados obtenidos por Jarquín y colaboradores13 y por Braham  
et al. 18 con dietas usando fórmulas similares.

Bressani y colaboradores14 en sus estudios con ratas, encon­
traron que el almacenamiento produjo un descenso en el conte­
nido de cafeína de la pulpa, de 0.90 a 0.45%, lo cual indujo a 
su vez una disminución del efecto adverso de la pulpa sobre 
el crecimiento de los animales. S in  embargo, en el presente caso, 
los valores de cafeína fueron más bajos y se mantuvieron cons­
tantes durante todo el período en que se realizaron los ensayos 
de crecimiento.

L a  falta de efectos significativos de la pulpa de café sobre la 
concentración de metabolitos en el suero sanguíneo no coincide 
con los resultados de Braham  y  colaboradores 18, que indican un
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aumento de ácidos grasos libres en terneros que recibieron 30 
a 48% de pulpa en la dieta. E n  el presente estudio, la concen­
tración de estos metabolitos permaneció dentro de los límites 
considerados como normales para animales rum iantes19; no 
obstante, las variaciones de los resultados con respecto al pro­
medio fueron amplios como lo muestra el error estándar en el 
Cuadro 4. Esto puede ser atribuido al “stress” a que fueron 
sometidos los animales en el momento de la punción, lo cual 
puede inducir la descomposición de la grasa del tejido adiposo 
y aumentar la concentración de ácidos grasos libres en la  
sangre20. E n  base a estos hallazgos, se recomienda un control 
más severo durante la obtención de las muestras de sangre a  
fin de evitar al máximo todos aquellos factores susceptibles de 
alterar los resultados.

SUMMARY

COFFEE PULP AND COFFEE HULLS. XII. EFFECT OF STORAGE 
OF COFFEE PULP ON ITS NUTRITIVE VALUE FOR CALVES

Coffee pulp, dehydrated and stored for 7, 13 and 17 months or ensiled for 4, 
10 and 14 months, was studied in calves with a rapid growing rate. Storage of 
dehydrated coffee pulp did not affect its chemical composition, but ensiling 
reduced crude fiber and increased its nitrogen free extract content after 10 
and 14 months.

Three growth trials were carried out with Holstein calves averaging 95 kg in 
the first and second trials, and 130 kg in the third. Eighteen calves were used 
in the first trial and 24 in each of the other two. In each trial the animals were 
divided into three equal groups and randomly assigned to one of the following 
treatments: control, which contained 48% cottonseed hulls, and the other two, 
with 30% dehydrated coffee pulp or 30% ensiled coffee pulp. Basically, the 
difference between trials consisted in the time of storage or ensiling of coffee 
pulp.

In all trials, weight gains of calves fed coffee pulp (1.00, 0.90 and 0.98 kg/day, 
and 1.06, 0.94 and 1.08 kg/day, respectively) were significantly lower (P<0.05) 
than the weight gains induced by the control ration (1.21,1.08 and 1.19 kg/day). 
Feed intake was also lower, but feed conversion ratio was higher for those 
rations containing coffee pulp. Calf performance was better with ensiled than 
With deydrated coffee pulp, particularly in the third trial, where the differences 
in weight gains were significantly higher (P<0.05).

It is concluded that storage time does not change nutritive value of coffee 
pulp; and that ensiling is an adequate process for storing pulp during coffee 
harvesting, and, possibly also, for improving its nutritive value.
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ARGENTINA

Determinación de Ag, Cu, Pb, Sn, 
Fe, Ca, Zno, Mg, K, y Mn por 
espectrofotometría de absorción 
atómica en conservas de tomates. 
—C. Acatini, S. N. Berman, 0. 
de Colombo, O. Fondo. (Labora­
torio de Investigaciones y Con­
traverificaciones, Dirección Ge­
neral de Saneamiento. Municipa­
lidad de la Ciudad de Buenos Ai­
res). Rev. de la Asociación Bio­
química Argentina. 40, 175-183, 
1975.

Vistos los lim ites establecidos en el 
Código A lim entario Argentino para algu­
nos elementos (Ag, Cu, Pb, Sn, Sb, Zn) 
y la sensibilidad hallada en determ ina­
ciones por espectrofotometría de absor­
ción atómica, de esos y otros elementos 
que consideramos de valor en los aná­
lisis de alim entos, se los agrupó de la 
siguiente manera:

19 grupo: Ag, Cu, Pb, Sn, Sb, Fe, Mn. 

29 grupo: K.

39 grupo: Ca, Zn.
49 grupo: Mg.

Se trabajó sobre conserva de tom ate. 
La muestra se licúa y homogeiniza, se 
le agrega HCI, se centrifuga y se filtra; 
en ella se determ inan los elementos del 
primer grupo. Para los del segundo se 
la diluye al décim o. Para determ inar los 
del tercer grupo se pesa 1 g  de tom ate, 
se le agrega soluciones de EDTA y  Sr, se 
lleva a 100 mi con agua destilada y  se 
filtra. Para los del cuarto grupo se usa 
esta solución diluida al décim o y  con 
agregado de EDTA y  Sr.

Para m in im izar las interferencias fís i­
cas y quím icas se trabaja utilizando  
como m atriz tom ate en condiciones se­
mejantes al envasado al que se le agre­
gan los standards y  se traza la curva de 
calibración de cada elem ento.

Se mencionan las condiciones más fa­
vorables para la determ inación de cada 
uno de los elementos, la sensibilidad ha­
llada y la precisión del método.

The effect of fa t deprivation on the 
allosteric inhibition by fluoride 
of the (Mg2+)-ATPase and 
(N a+ + K +)-ATPase from ra t 
erythrocytes.—Ricardo N. F a­
rias, Adriana L. Goldemberg and 
Raúl E. Trueco. (Departamento 
de Química Biológica, Instituto 
de Ciencias Químicas, Ciudad 
Universitaria, Córdoba, Argen­
tina). Archives of Biochemistry 
and Biophysics, 139, 38-44. 1970.

It  has been found that the ATPases 
(ATP phosphohydrolase, EC 3.6.1.3) from  
rat erythrocytes are Inhib ited by P - .

Allisteric type of kinetics with n =  2.1 
fo r the (Mg3+)-ATPase and 2.8 for the  
(Na+ +  K+)-ATPase have been obtained  
for the inhib ition by P - .

In  anim als fed  fat-defic ient d ie t the  
value of n fo r the (Mg3+). ATPase 
changed from 2.1 to Í.4  and fo r the  
(Na+ +  h+)-ATPase from  2.7 to 1.5. 
When these anim als were then fed fat- 
suffic ient diet th e  value of n increased 
to the normal values.

Th e possibility that changes in the  
unsaturated fatty acid composition of the  
erythrocyte membrane were responsible 
for the  changes in th e  value of n is 
discussed.

Allosteric changes of p-nitrophe- 
nylphosphatase from ra t erythro­
cytes in fa t deficiency.—Adriana 
L. Goldemberg, Ricardo N. F a­
rias and Raúl E. Trueco. (Depar­
tamento de Química Biológica, 
Facultad de Ciencias Químicas, 
Universidad Nacional de Córdo­
ba, Ciudad Universitaria, Córdo­
ba, Argentina). The Journal of 
Biological Chemistry, 247, 4299- 
40304. 1972.
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The kinetic  properties of the p-nitro- 
phenylphosphatase of red cell ghosts 
from rats fed fat-su ffic ient and fat- 
deficient diets were investigated. W ith  
this system the enzyme shows hyper­
bolic saturation curves. In the fat-suf­
fic ient case, positive cooperativity with  
n<1.5 for F -  were observed.

Evidence for a different allosteric tran­
sition in the p-nitrophenylphosphatase 
from fat-defic ient rats is supported by 
the follow ing facts: (a) values of n>1.5  
in F -  inhibition and (b) nonsigmoidal 
kinetics for k<- activation w ith n<1.5.

In the activation by H+, the hetero­
tropic effect of F -  and of the substrate  
alters the values of n and K„ _ in fat- 
deficient rats but in fact-sufficient rats 
the corresponding effects is only on the  
K0 5 values.

Arrhenius plots for the p-nitrophenyl­
phosphatase between 7 and 45° showed 
for the enzym e from fat-su ffic ient rats 
an inflection point a t 30°; for the p-nitro- 
phenylphosphatase for defic ient anim als  
two inflection points were observed, one 
at 30° and another at 37°.

Evidence is presented showing that in 
fat-defic ient rats the p-nithophenylphos- 
phatase of the red cell ghost has an 
allosteric transition d ifferent from  the  
corresponding controls.

The allosteric transitions from 
membrane-bound enzymes: Be­
havior of erythrocyte acetylcho­
linesterase from fat-deficient 
rats.—Roberto D. Morero, Ber­
nabé Bloj, Ricardo N. Farias and 
Raúl E. Trueco. (Instituto de 
Química Biológica, Facultad de 
Bioquímica, Química y Farmacia, 
Universidad Nacional de Tucu- 
mán, Chacabuco 461, San Miguel 
de Tucumán, Tucumán, Argenti­
na). Biochimica et Bioyphysica 
Acta, 282, 157-165. 1972.

The allosteric behavior of acetylcholin­
esterase (acetylcholine hydrolase, E.C 
3.1.1.7) from red cell ghosts of rats fed 
fat-suffic ient and fat-defic ient diets was 
investigated. Allosteric type kinetics with  
n =  1.6 have been obtained for the in­
hibition by F — in rats fed a fa t-su ffic ient 
diet. In anim als fed a fat-defic ient diet 
the values of n changed from 1.6 to 1.0. 
When these anim als were then fed a fa t- 
suffic ient d iet the values of n shifted  
from 1.0 to 1.6. This in vivo reversion 
was obtained a fter 8 days of refeeding.

Two types of changes in the values of 
n were obtained in vitro in fat-deficient 
rats: (1) from 1.0 to 1.6 by solubilization 
of the membrane-bound enzyme with 
Triton X-100, (2) from 1.6 to 1.0 by re­
constitution of the m em brane-like struc­
ture from  the soluble enzymatic prepar­
ation. The possibility that the structure 
of the m em brane could be responsible 
for the changes in the phenomenon of 
phenotypic allosteric desensitization in 
the m embrane-bound enzymes is dis­
cussed.

Allosteric transitions and mem­
brane-bound ATPase from rat 
tissues: The effect of rat depri­
vation on the allosteric inhibition 
by fluoride.—Adriana L. Goldem- 
berg, Ricardo N. Farias and Raúl 
E. Trueco. (Departamento de 
Química Biológica, Laboratorio 
de Microbiología, Facultad de 
Ciencias Químicas, Universidad 
Nacional de Córdoba, Córdoba, 
Argentina). Biochimica et Bio- 
physica Acta, 191, 489-493. 1973.

In rats fed a fat-suffic ient diet, ATP- 
ases (ATP phosphohydrolase, EC 3.6.1.3) 
from heart, kidney and brain microsomes 
showed allosteric kinetics for the inhibi­
tion by F - ,  w ith values of n =  2.0. In 
rats fed a fat-free diet, the values of n 
for the ATPases changed from  2.0 to 1.0 
in heart and kidney microsomes. When 
these anim als were then fed a fat-suffi­
c ien t diet the  values of n reached the 
control values. In brain microsomal ATP­
ases no m odification of the values of n 
were found between both groups of ani­
mals. The regulatory properties of the 
m em brane on bound ATPases are dis­
cussed.

Membrane lipid fatty acids and 
regulation of membrane-bound 
enzymes. Allosteric behaviour of 
erythrocyte Mg2+-ATPase (Na+ 
+  K+)-ATPase and acetylcholin­
esterase from rats fed different 
fat-supplemented diets.—Bernabé 
Bloj, Roberto D. Morero, Ricar­
do N. Farias and Raúl E. Trueco. 
(Instituto de Química Biológica, 
Facultad de Bioquímica, Quimica 
y Farmacia, Universidad Nacio­
nal de Tucumán, Chacabuco 461, 
San Miguel de Tucumán, Tucu­
mán, Argentina, and Laboratorio 
de Microbiología Industrial, De­
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partamento de Tecnología Far­
macéutica, Facultad de Farmacia 
y Bioquímica, Universidad Na­
cional de Buenos Aires, Junín 
956, Buenos Aires, Argentina). 
Biochimica et Biophysica Acta, 
311, 67-79. 1973.

Studies were earned out to determ ine  
the Hill coefficients for th e  inhibition by 
F - of the erythrocyte m embrane-bound  
Mg^-ATPase, (Na+ +  K+)-ATPase and  
acetylcholinesterase from rats fed w ith  
seven different diets. Five groups were  
fed with d ifferent natural fats or oil sup­
plements, one w ith  a hydrogenated fa t  
supplement and the other w ith  fat-free  
diet. The responses o f the  red cell fa tty  
acids to dietary fats were recorded. The  
values of n for the inhibition by F -  of 
the three enzymes revealed a particu lar 
and different behaviour In each group. 
Correlation between the fa tty  acid com ­
positions o f erythrocyte membranes and  
cooperativity of each enzyme were c a l­
culated. The results indicate th a t neither 
the essential fa tty  acid fam ily  nor th e  
non-essential ones are particularly  In ­
volved in the allosteric phenomena. The  
increase of the double bond in dex/sat­
uration ratio of fa tty  acids, which is 
taken as indicative of m em brane flu idity, 
was accompanied in an inverse manner 
by changes in allosteric transitions of 
the (N+ -(- K+)-ATPase and acetylcholin­
esterase, whereas the Mg2+-ATPase was 
not dependent on this ratio. Dim inution  
of membrane flu id ity, carried out by in 
vitro increase of its cholesterol content, 
yields confirm atory results of this regu­
latory mechanism since the value of n 
for acetylcholinesterase shifted as pre­
dicted.

These facts indicate that th e  m em ­
brane flu id ity  is a physiological regulator 
for the allosteric behaviour of the m em ­
brane-bound enzymes and that each en­
zyme exhibits a particular behavior in 
this phenomenon.

Effect of essential fatty acid defi­
ciency on the arrhenius plot of 
acethycholinesterase from rat 
erythrocytes.—Bernabé Bloj, Ro­
berto D. Morero and Ricardo N. 
Farias. (Instituto de Química 
Biológica, Facultad de Bioquími­
ca, Química y Farmacia, Univer­
sidad Nacional de Tucumán, 
Chacabuco 461, San Miguel de

Tucumán, Argentina). Journal 
of Nutrition, 104, 1265-1272.
1974.

Arrhenius plot of erythrocyte acetyl­
cholinesterase was studied a t d ifferent 
pH values in four groups of rats. Two 
groups were fed EFA-sufficient diets w ith  
lard or corn oil as the  dietary fa t. The  
other two groups were fed EFA-deficient 
diets: a basic, fa t-free  diet, and the same 
supplemented with hydrogenated beef 
fat. The Arrhenius plot o f mem brane- 
bound acetylcholinesterase from  EFA- 
suffic lent anim als was found to  have a 
breakpoint about 20° a t pH 8.0 w ith lower 
activation energy at higher tem peratures. 
The enzyme from  EFA-deficient anim als  
exhibited a breakpoint about 28°, the  
activation energies being lower than that 
of th e  enzyme from EFA-sufficient an i­
m als above and below th is  point. Solu­
bilization o f th e  m em brane w ith  Triton  
X-100 led to  a sh ift in the breakpoint and  
to an  increase in the  activation energies  
in the  enzym e from EFA-deficient an i­
m als. No changes were detected w ith  
preparations from  EFA-sufficient anim als  
a fte r the treatm ent. A fter reconstitution  
of m em brane-like m ateria l from  the  sol­
uble EFA-deficient preparation, the  dis­
tinctive enzym atic hebavior was restored. 
The results indicate th a t the  Arrhenius plot 
of the acetylcholinesterase is changes 
when the enzyme is bound to an EFA- 
deficient m em brane.

Regulation of allosteric membrane- 
bound enzymes through changes 
in membrane lipid composition.—
Ricardo N. Farias, Bernabé Bloj, 
Roberto D. Morero, Faustino Si- 
ñeriz and Raúl E. Trueco. (Ins­
tituto de Química Biológica, Fa­
cultad de Bioquímica, Química y 
Farmacia, Universidad Nacional 
de Tucumán, Chacabuco 461, San 
Miguel de Tucumán and Labora­
torio de Microbiología Industrial, 
Departamento de Tecnología 
Farmacéutica, Facultad de Far­
macia y Bioquímica, Universidad 
Nacional de Buenos Aires, Junín 
956, Buenos Aires, Argentina). 
Biochimica et Biophysica Acta, 
415, 231-251. 1975.
I. Introduction.

II . Effect of fa t-free  d iet on cooperativi­
ty o f m embrane-bound enzymes.
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III. Relationship between mem brane lipid 
flu idity and enzyme cooperativity.
A. M am m alian membranes.

1. Changes in fa tty  acid composi­
tion.

2. Changes in cholesterol content.
IV. Some properties of the cooperative 

enzymes that showed correlation with  
the m em brane lipid flu id ity.
A. Localization.
B. Dependence on the lipids for en- 

zim atic  activity.

V. Influence of m em brane integrity for 
lipid effect on the enzyme cooperati­
vity “ Macroeffector” .

V I. The application of H ill coefficient 
m easurement as a probe for m em ­
brane structure.
A. Arrhenius plots and H ill plots of 

the membrane-bound enzymes.
B. Change of m em brane flu id ity  and 

H ill coefficient in response to hor­
mone action.

V II. Speculations on the mem brane allo- 
steric control.
A. Possible general nature of mem­

brane allosteric control phenom­
ena.

B. Specific functions of the enzymes 
studied.
1. Acetylcholinesterase.
2. ATPases associated to vectorial 

ion-transport systems.
3. ATPases associated to vectorial 

electron-transport systems.

La desnutrición: un estudio clínico 
evolutivo acerca de su prevención 
y tratamiento en el lactante me­
nor.—Raúl Platero Bastos. (III 
Cátedra de Pediatría de la Uni­
versidad de Buenos Aires). La 
Semana Médica, 148 (4940), 335­
340. 1976.

Se ha realizado un estudio clin ico lon­
gitudinal con seguim iento por tres me­
ses de 50 lactantes menores desnutridos 
de todos los grados. Se trató de deter­
m inar la cantidad de calorías y  proteínas 
óptimas que se deben indicar en una 
dieta sim ple y aceptada por los lactan­
tes desnutridos separados en grupos se­
gún el grado y la edad y los incrementos  
antropométricos correspondientes así co­
mo determ inar el status laboral, habiía- 
cional y sanitario de sus fam ilias. Se 
realizó la comparación estadística entre  
los aumentos de peso mensuales según 
el grado de desnutrición previo y según

los tramos de edades estudiadas llegán­
dose a la conclusión en esta serie de 
que las diferencias no son significativas. 
Cuanto menor fue la edad del comienzo 
mejores resultados se obtuvieron y que 
el tratam iento debe ser proporcionalmen­
te más largo de acuerdo a la edad de 
capacitación. La ración calórica aceptada 
por el lactante y la cuota proteica no 
tuvo en esta casuística las diferencias  
generalm ente mencionadas resultando 
prácticam ente ¡guales en los tres grupos 
de edad y en los tres grados de desnu­
trición. En cuanto a la situación social, 
laboral y  condiciones sanitarias y  habita- 
cionales se comprueban en casi todos los 
casos graves carencias en los tres Ítems, 
reafirm ando en la opinión del autor que 
la desnutrición del lactante es una en­
ferm edad de la pobreza.

COLOMBIA

Consideraciones sobre alimentos de 
alto valor nutricional y bajo cos­
to.—Norton Young L. y Teresa 
Salazar de Buckle. Rev. Inst. 
Inv. Tecn. Bogotá, N? 91, 7-17,
1974. 9 Ref.

Contribución al estudio de los mé­
todos analíticos para la determi­
nación de fibra cruda en alimen­
tos concentrados para animales.
—-Rafael Guzmán. Rev. Inst. 
Inv. Tecn. Bogotá, N? 91, 18-31,
1974. 7 Ref.

Comparación de dos métodos para 
la determinación de residuos de 
insecticidas en alimentos.—María 
Inés M. de Cuevas. Rev. Inst. 
Inv. Tecn. Bogotá, N<? 95, 37-40,
1975. 14 Ref.

Aislado de proteínas a partir de 
tortas de algodón colombianas.—
Teresa Salazar de Buckle y Glo­
ria Silva S. Rev. Inst. Tecn. Bo­
gotá, N<? 95, 17-31, 1975. 14 Ref.

Situación actual del mercado inter­
nacional de la carne. La posición 
de Colombia. — Felipe Carrizosa 
Restrepo. Rev. Inst. Inv. Tecn. 
Bogotá, N9 95, 33-36. 1975.

Molienda fina y clasificación neu­
mática de harina de pulimento de 
Arroz.—Marco F. Bocanegra y
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Jairo A. González S. Rev. Inst. 
Inv. Tecn. Bogotá, N<? 96, 31-53. 
8 Ref.

Contribución de la tecnología al 
cumplimiento de patrones nutri- 
cionales en países en desarrollo. 
—Teresa Salazar de Buckle. Rev. 
Inst. Inv. Tecn. Bogotá, N1? 97, 
22-45, 1975. 31 Ref.

Factores económicos y sociales re ­
lacionados con la sustitución de 
trigo en pan y pastas.—Jorge A. 
Beltrán B. Rev. Inst. Inv. Tecn. 
Bogotá, N? 97, 8-21. 1975.

El papel de la agroindustria en el 
mejor aprovechamiento de los 
recursos alimentarios regionales 
y el desarrollo económico.—Ger­
mán Valenzuela S. Rev. Inst. Inv. 
Tecn. Bogotá, N? 97, 66-52. 1975.

Enteropathy in adult protein mal­
nutrition: ultrastructural find­
ings.—Edgar Duque, Hernán Lo­
tero, Oscar Bolaños, and Luis G. 
Mayoral. (Dept, de Medicina y 
Patología, Universidad del Valle, 
Cali, Colombia). Am. J . Clin. 
Nutr. 28: 914-924. 1975.

As part of a comprehensive study in 
adult patients w ith severe prim ary pro­
tein m alnutrition, je junal ultrastructural 
studies have been perfomed in nine  
adults in the malnourished state. M al­
nutrition was severe in a ll. n-Xylose m al­
absorption and abnorm al fecal fa t excre­
tion were present in most. The main ul­
trastructural abnorm alities encountered  
were: m icroviilar abnorm alities such as 
shortening, d im inished numbers, abnor­
mal positioning, branching, and m esalike  
fusion of the m icrovilli; and abnorm alities  
In. the lam ina propria characterized by 
deposits of osmiodense m ateria l and col­
lagen fibers below the basem ent m em ­
brane of the epithelia l cells  and of the  
capillaries. None of the aforem entioned  
findings were noted in our control cases. 
These ultrastructural a lterations of se­
verely malnourished adults are nonspe­
cific, since they  have already been de­
scribed in other enteropathies frequently  
encountered in the tropics.

Enteropathy in adult protein mal­
nutrition light microscopic find­
ings.—Edgar Duque, Oscar Bo­
laños, Hernán Lotero and Luis

G. Mayoral. (Dept, de Medicina 
y Patología, Universidad del Va­
lle. Cali, Colombia). Am. J . Clin. 
Nutr. 28: 901-913. 1975.

Light m icroscopic evaluation of the in­
testinal abnorm alities seen in 35 severely 
malnourished adults revealed changes 
which are common to  other well-docu­
mented enteropathies. These included  
shortening, widening and fusion of the  
villi, lost convolution o f the nuclear line, 
and dim inished epithelial cell height. 
W ith Masson’s trichrom e stain, dense 
m aterial was seen to have accum ulated  
in a  subepthelial location in v illi (as de­
scribed in other enteropathies), in crypts, 
and perivascularly around the  capillaries  
of th e  lam ina propria. Two findings how­
ever appear to characterize the severely 
m alnourished state: a consistent modifi- 
cant reduction of in testinal mucosal 
thickness, and in many cases atrophy of 
the crypts. Statistical analysis of the  total 
mucosal thickness data does not justify  
five but rather three histological cate- 
gories. W ith  protein repletion as the  sole 
therapeutic  modality, 17 patients in which 
adequate biopsy samples were available  
a t its com pletion showed significant 
am elioration of the aforem entioned his­
tological abnorm alities, as well as nor­
m alization of the ir previous absorptive  
defects. The m ild  enteropathy of . severe 
protein m alnutrition m ust be considered 
in the  d ifferentia l diagnosis of m alab­
sorption in a tropical setting.

Enteropathy in  adult protein mal­
nutrition: a review of the Cali 
experience. — Luis Gi Mayoral, 
Oscar Bolaños, Hernán Lotero 
and Edgar Duque. (Dept, de Me­
dicina y Patología, Escuela de 
Medicina, Universidad del Valle, 
Cali, Colombia). Am. J. Clin. 
Nutr. 28: 894-900. 1975.

Since 1964, 41 patients w ith strictly  
defined, severe prim ary (dietetic) protein  
m alnutrition have been studied under 
m etabolic ward conditions during pro­
longed periods, in itia lly  on a low (20 g) 
and la ter on a high (100 g) protein d iet. 
Clinical, nu tritional, hem atological, intes­
tin a l absorptive and histological studies  
were perform ed in the malnourished  
state, during and a fter protein repletion. 
Classical signs and symptoms of m alnu­
trition , lasting for a t least 4 months, 
w ere present in most patients. M ild  d iar­
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rhea was frequent. All were normoblas- 
tlcally  anem ic, hypoprotéinémie, and hy- 
pocholesterolemlc; serum folate values 
were normal or low but serum values 
were normal or high. Liver biopsy showed 
fa tty  liver In the cases where It war per­
formed. M ild malabsorption was detected 
in over one-half of the patients, with 
moderate Intestinal radiological abnor­
m alities. Malabsorption was independent 
of concom itant fo late deficiency. All the  
clin ical, absorptive and histological ab­
norm alities reversed w ith treatm ent con­
sisting only of a high protein diet. In 
addition to protein lack, another factor 
has to be Invoked In the pathogenesis of 
the intestinal abnorm alities present in 
severely malnourished adults from rural 
areas in the tropics.

CUBA
Bocio puberal. Estudio de 30 casos. 

—Rubén S. Padrón Durán. (Ser­
vicio Provincial de Endocrinolo­
gía y Enfermedades Metabólicas 
Camag-üey). Rev. Cub. Ped. 47: 
405-410. 1975.

Se presentan los resultados obtenidos 
en el estudio de 30 pacientes portadores 
de bocio puberal. Se destacan el ante­
cedente fam ilia r de tiroidopatía, el pre­
dominio en el sexo femenino, la ausencia 
de síntomas típicos, asi como los carac­
teres del bocio. Insistimos en la utilidad  
del Indice de tirotoxlcosis y planteamos  
la correlación normal entre ta lla , edad 
ósea, y edad cronológica. Se hace énfasis 
en la norm alidad del PBI como una 
prueba más del eutiroidlsm o de estos 
pacientes.

Indice energía/proteina: Un nuevo 
aporte para la evaluación del es­
tado de nutrición. I. Valores en 
niños sanos de edad preescolar. 
—Manuel Amador, Jorge Baca­
llao, Mirta Hermelo, Raúl Her­
nández y Cristóbal Tolón. (De­
partamento de Pediatría y Cen­
tro de Cibernética, Facultad de 
Ciencias Médicas, Universidad de 
La Habana, Cuba).

Se describe un nuevo índice antropo­
m étrico (Indice energfa/proteina) que  
relaciona en forma de cociente el p lie ­
gue tric ip ital transform ado y el logarlt- 
mo10 del perím etro muscular braquial.

Este Índice presenta una escasa varia­
bilidad en niños bien nutridos entre 12 
y 59 meses de edad y no está influido  
en general por el sexo. Los valores me­
dios para este (ndlce, obtenidos en 126 
niños fueron de 1.650 -+- 0.020 y en 121 
niñas, de 1.663 ±  0.018 (x 1.96 <r x). 
Igualm ente el índice E /P  fue calculado 
a partir de los valores que para el plie­
gue cutáneo tric ip ital y el perím etro bra­
quial aparecen en tablas de referencia 
¡nternaclonalm ente aceptadas. Se consi­
dera que, al relacionar cuantitativam ente  
la adiposidad con la masa muscular, este 
índice perm ite evaluar las afectaciones 
relativas del m etabolism o energético y 
del m etabolism o proteínico y  de esta 
forma serla posible discrim inar entre las 
distintas líneas de desarrollo de la des­
nutrición protelco-energétlca, aun cuan­
do ésta se halle en su etapa subclínlca.

GUATEMALA
Head and chest circumferences in 

rural Guatemalan Ladino chil­
dren, birth to seven years of age. 
—R. M. Malina, J. P. Habicht, 
R. Martorell, A. Lechtig, C. Yar­
brough and R. E. Klein. (INCAP, 
Guatemala). The American Jour­
nal of Clinical Nutrition, 28: 
1061-1070. 1975.

Growth patterns in head and chest cir­
cum ferences are reported for a mixed- 
longitudinal sample of rural Guatemalan 
Ladino children from birth to 7 years of 
age. The sam ple Is representative of a 
population with suboptlm al nutrition. 
Both circum ferences show sim ilar rapid 
growth from birth through 9 months, 
after which chest circum ference con­
tinues to increase more rapidly, while 
head circum ference increases at a slower 
rate. Chest circum ference provides nu­
tritional information apparently not con­
tained In length and weight. Compared 
to a sample of well-nourished children 
from Denver the head circum ferences of 
Guatemalan children are consistently 
sm aller. Differences are relatively small 
a t birth, are well established by 6 months, 
and become progressively greater through 
24 months. After 2 years the mean smal­
ler head circum ference of the Guatema­
lan children also reflects stunted growth 
during the firs t 2 years of life. Similarly, 
among 5-year-old Guatem alan children of 
sim ilar stature, head circum ference at 5



ARCHIVOS LATINOAMERICANOS DE NUTRICION 223

year of age Indicates which of these  
children were more stunted In stature at 
2 years of age. 18 Ref.

Upper arm anthropometric indica­
tors of nutritional status.—Rey­
naldo Martorell, Charles Yar­
brough, Aaron Lechtig, Hernán 
Delgado, and Robert' E. Klein. 
(INCAP, Guatemala). Am. J. 
Clin. Nutr. 29: 46-53. 1976.

The growth in arm  muscle area and  
arm fat area of preschool children from  
rural Guatemala is compared to that of 
a standard from the U.S.A. It  was found 
that although the Guatemalan children  
have reduced arm  muscle and fa t areas, 
the relative reduction in arm  fa t area  
was greater than in arm  muscle area. 
Further, the upper arm  cross-sectional 
area of Guatemalan children had propor­
tionately more muscle than fa t when 
compared to that of U.S.A. children. Last­
ly, for the same body weight, Guatem a­
lan children had a s im ilar arm muscle 
area but a clearly sm aller arm  fa t area  
than North American children. It is con­
cluded that these findings suggest th a t 
energy rather than protein is the main  
nutritional problem in these Guatem alan  
children.

Pulpa y pergamino de café. X. 
Cambios en la composición quí­
mica del pergamino de café por 
efecto de diferentes tratam ien­
tos alcalinos. — Beatriz Murillo, 
Marco Tulio Cabezas y Ricardo 
Bressani. (INCAP, Guatemala). 
Turrialba, 25, 179-182. 1975.

Two experiments were carried out to  
determine the effect of d ifferent a lka line  
treatments on the  chem ical com position  
of coffee hulls, in the  firs t experim ent 
12 treatments were applied to 10 g sam- 
ples of ground and dehydrated coffee  
hulls. The treatm ents consisted o f add­
ing 50 ml of a 0, 2.5, 5.0 or 10 per cent 
solution of NaOH, C a(0H )2, or NH.O H  a t  
room tem perature (20°C) during 24 hours. 
In the second experim ent, to  the sam e  
weight of coffee hulls, 50 ml solutions 
of 0, 2.5, 5.0, 7.5 or 10 per cent NaOH a t 
room tem perature for 24 hours or a t 
130°C and 20 psi in the autoclave for 30 
minutes were added. All alkaline treat­
ments induced partial hydrolysis of cel­
lular walls, NaOH being the most effec­
tive. The higher tem perature and pres­

sure in the autoclave did not result in 
an additional e ffect on the hydrolysis of 
cellu lar walls by NaOH. Analysis of the  
cellu lar wall components showed that the  
partia lly  hydrolized compounds were  
hem icellu lose and cellulose while lignin 
was not affected by th e  treatm ents.

Influence of maternal nutrition on 
birth weight. — Aaron Lechtig, 
Charles Yarbrough, Hernán Del­
gado, Jean-Pierre Habicht, Rey­
naldo Martorell and Robert E. 
Klein. (INCAP, Guatemala). 
Am. J. Clin. Nutr. 28: 1223-1233. 
1975.

This paper discusses some conditions 
necessary to detect an effect of m aternal 
nutrition on birth weight and the relative  
contribution of calories and protein to  
such an effect. The expected dose- and  
time-response relationships for nutritional 
interventions aim ed at the im provem ent 
of birth weight are also discussed. There  
appears to be a m inim al level of nu­
trients which m ust be available in order 
to obtain adequate birth weight. However, 
above this m inim um  level, pregnant 
women can adapt themselves to a w ide  
variety o f food intake, both in quantity  
and quality , w ithout affecting birth  
w eig h t The relative contribution of cal­
ories and protein to  an increase in birth  
weight depends on the lim iting  nutrients  
of the  hom e d ie t in the population under 
study. O ther factors like physical activity, 
prevalence of disease and m agnitude of 
the m aternal nutritional stores before  
pregnancy are also im portant determ i­
nants o f the  relative contribution o f cal­
ories and protein to birth weight. The 
anticipated input of a nutritional inter­
vention on birth weight should range be­
tween 25 and 84 g of b irth  weight/10.000  
kcal ingested during pregnancy. This es­
tim ate  was computed from  analysis  
based on four sources o f published data: 
weight gain during pregnancy, prepreg­
nant weight, fetom aternal body composi­
tion, and food intake during pregnancy. 
The expected reduction in proportion of 
low birth weight (LBW ¡g 2.5 kg) babies  
following a nutritional intervention will 
depend not only on the estim ated range 
of fetal weight increase but also on the  
total am ount of suppelem ented calories  
ingested during pregnancy as well as on 
the existent proportion of low birth weight 
babies to the intervention. The offspring  
of women who have tow prepregnant
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weight, poor d iet, low level of replace­
m ent of the  home d iet by the supple­
m ent, low physical activ ity  during preg­
nancy and good health status w ill show  
larger Increase in birth weight per un it 
o f supplem ented calories. Finally, nu­
tritional interventions during pregnancy  
as opposed to earlier in the  life  of th e  
mother, should have the higher im pact 
on birth weight. In consequence, in ter­
ventions as o f pregnancy are recom­
mended. 37 Ref.

Nutritional status and the timing 
of deciduous tooth eruption.—
Hernán Delgado, Jean-Pierre Ha­
bicht, Charles Yarbrough, Aaron 
Lechtig, Reynaldo Martorell, Ro­
bert M. Malina, and Robert E. 
Klein. Am. J. Clin. Nutr. 28: 
216-224. 1975.

The num ber of deciduous teeth in a 
sam ple o f rural Ladino Guatem alan chil­
dren was counted every 3 months through 
24 months of age, and a t 6-month in ter­
vals from 24 to 36 months. N utritional 
status at b irth , w hether expressed as 
fu ll-term  birth weight or as m aternal 
caloric supplem entation during pregnan­
cy, influences the tim ing  of deciduos 
tooth eruption. Furthermore, the tim ing  
of deciduous tooth eruption seems more 
closely associated with postnatal weight 
than with birth weight. Although indices 
of nutritional deficiencies are associated  
with retarded tooth eruption, the use of 
mean num ber of deciduous teeth erupted  
as an estim ate of mean chronological 
age in population living under conditions  
of m ild-to-m oderate m alnutrition is re­
latively accurate because errors o f age 
estim ation based on mean values for the  
present sam ple only vary between 1 and  
2 months. 27 References.

MEXICO

Cristalización de lactosa en suero 
de leche.—Luis Antonio Ponce- 
Gómez y Raúl Herrera-Ponce. 
(Inst. Politécnico Nacional, Apt. 
75-839, México 142). Rev. Tecnol. 
Aliment. (México). 10: 107-111.
1975.

Un estudio de la cristalización de lac­
tosa, en suero fresco de leche, pasteuri- 
zado y  descremado bajo las siguientes  
condiciones: pH =  4.5 a 4.7; desproteina-

do con ácido clorhídrico; evaporado al 
vacío a una tem peratura de 48 a 52°C, 
hasta un 57.1 por c iento de sólidos tota­
les; tem peratura de  cristalización 32°C 
H; 0.4; con agitación v en nucleación es­
pontánea, dio lugar a la siguiente ecua­
ción em pírica:

Y  =  A „ e  (I)
— A ,/X

Donde.- X  =  Tiem po en horas.
Y  =  Gramos de lactosa crista­

lizada por litro  de  suero 
original.

A0 — 55. 022.
— A, =  0. 601.

Además, por el método clásico cinético  
quím ico, se determ inó que la reacción 
es de tercer orden y  la constante de 
cristalización de 0.29.

La intervención del estado en el 
campo de las subsistencias fun­
damentales y la tecnología de 
alimentos.—Enrique Díaz Balles­
teros. (Comisión Nacional de 
Fruticultura, México). Rev. Tec­
nol. Aliment. (México). 9: 288­
292. 1974.

Actividades presentes y futuras del 
codex alimentarius sobre normas 
alimentarias. Present and future 
activities of the codex alimenta- 
riux work.—Heriberto Barrera- 
Benítez. (Comisión Nacional de 
Fruticultura). Rev. Tecnol. Ali­
ment. (Méx.) 9: 279-287. 1974.

Dentro de la estructura de la Organi­
zación para la Agricultura y la Alimen­
tación (FAO) y  con el copatrocinio de 
la Organización M undial de  la Salud, la 
Comisión del Codex A lim entarius ha es­
tado dedicada al desarrollo de las Nor­
mas Internacionales de alim entos sobre 
una base m undial, regional o un grupo 
de países, las cuales eventualm ente pu­
blicarán normas en un Código de Ali­
mentos que se conocerá como el Codex 
Alim entarius. Estas Normas tienen como 
fin  el tratar de arm onizar las Legisla­
ciones Nacionales sobre alim entos para 
asegurar una práctica equitativa en su 
com ercio internacional y  protege la sa­
lud del consumidor, asegurando que se 
m antengan las debidas precauciones so­
bre los productos alim enticios.

Trabajando hacia la arm onización de 
las Legislaciones Nacionales de Alimen­
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tos, se ve claram ente que dentro de estas 
legislaciones se han establecido diferen­
tes reglamentos y  requerim ientos, qu e  
pueden tener la tendencia a crear d if i­
cultades, y  algunas veces obstáculos se­
rios sin estar éstos sujetos a una tarifa  
en el Comercio Internacional de produc­
tos alim enticios. Este factor puede ser 
eliminado fácilm ente arm onizando las 
Legislaciones Nacionales sobre alim entos  
que podrían tener como base las Normas 
Internacionales aceptadas por la Comisión 
del Codex A lim entarius. Al establecer 
Normas Internacionales, deben tomarse  
las debidas precauciones sobre el hecho  
de que sean aceptables económ icam ente  
y que no sean indebidam ente restrictivas  
desde el punto de vista de productores  
o fabricantes. Debe darse im portancia  
también al grado en que tales normas 
pueden ser cum plidas.

Hasta junio de 1974, los miembros In ­
tegrantes de la Comisión del Codex A li­
mentarius han estado aum entando cons­
tantemente y hasta la fecha 104 pafses 
son miembros de la Comisión. Se espera 
que los países observadores, que han 
estado colaborando en diversas activida­
des del trabajo de la Comisión del Co­
dex Alimentarius aum enten en las próxi­
mas reuniones de la Comisión. De estos 
104 paises miembros de la Comisión, 21 
son de América Latina, siendo los si­
guientes: Argentina, Barbados, Bolivia, 
Brasil, Chile, Colombia, Costa Rica, Cuba, 
República Dominicana, Ecuador, Guatem a­
la, Guyana, Jam aica, México, N icaragua, 
Paraguay, Perú, Trlnidad-Tobago, Uruguay  
y Venezuela.

Enriquecimiento de las tortillas con 
proteínas de soya por medio de 
la nixtamalización de mezclas de 
maíz y frijol de soya.—J. Pérez- 
Villaseñor, P. R. del Valle y M. 
Sáleme. (Dept. de Bioquímica, 
Facultad de Química, UNAM). 
Rev. Tecn. Alim. (Méx.) 9: 9-23. 
1974. 26 Ref.

VENEZUELA

Sugar as a vehicle for iron fortifi­
cation.—Miguel Layrisse, Carlos 
Martinez-Torres, Marta Renzi, 
Fermín Vêlez and Magdalena 
González. (Instituto Venezolano 
de Investigaciones Científicas, 
Apartado 1827, Caracas, Vene­
zuela). Am. J. Clin. Nutr. 29: 
8-18. 1976.

Sugar as a vehicle for iron fortification  
presents several advantages over the  
other vehicles used in the last three de­
cades. In vitro studies dem onstrated that 
ferrous sulfate added to sugar in pro­
portion of 1 mg to 1 g, respectively, is 
m aintained in the ferrous for a period 
of a t least 1 year and not induce adverse 
changes in the vehicle. Sugar, by itself, 
carries practically no inhibitors for the  
absorption of iron. Iron absorption from  
fortified sugar mixed w ith vegetáis is 
the same as that o f native vegetal iron. 
The absorption from  fortified  sugar is 
increased more than 50% over that ob­
served from native vegetal when it is 
adm inistered as a drink during the in­
gestion of a meal. A further increase in 
absorption was found when fortified  sug­
ar was adm inistered with beverages. The  
mean absorption ratio  of fortified  sugar 
given w ith  orange ju ice. Coca-Cola, and  
Pepsi-Cola to a reference dose of iron 
ascorbate was between 0.45 and 0.66, 
which is more than 3 tim es the  absorp­
tion of th is iron fortification mixed w ith  
vegetáis. The mean absorption ratio from  
coffee was 0 30, and from  coffee with  
m ilk, 015. These data indicate that the  
fortification of sugar with Iron could be 
a better procedure for the prevention of 
iron deficiency than the iron fortification  
of bread and wheat products, from which 
iron is poorly absorbed. It could be used 
In developing countries where beverages 
are highly consumed by the low socio­
economic class. This program could be  
extended to a ll sugar consumption or be 
restricted to soft drinks.





LIBROS NUEVOS

Underexploited Tropical Plants with Promising Economic Value,—
National Academy of Sciences, Washington D.C. 1975, 188 pág.
Gratuito, pedidos a National Technical Information Service,
Springfield, Va., 22161, U.S.A.

El volumen preparado por un grupo de expertos des­
cribe brevemente 36 plantas seleccionadas entre unos 
400 que fueron considerados originalmente. Entre ellas 
se encuentran especies de gran importancia local en La­
tinoamérica, como son la quinoa, la guanábana y el ña­
me, mientras que otras son prácticamente desconocidas 
en nuestro ambiente. Se incluyen cereales, tubérculos y  
raíces, verduras, frutas, oleaginosas, forrajeras y mis­
celáneos con una breve descripción de las condiciones de 
cultivo, uso, problemas, áreas de investigación necesaria, 
bibliografía y personas conocedoras del campo para es­
tablecer posibles contactos.

La conquista y colonización de nuestro continente 
resultó en la introducción de gran número de plantas y  
animales domésticos, no siempre adaptados a las condi­
ciones ecológicas del nuevo ambiente. A la vez, se lleva­
ron de estas regiones aquéllas que despertaron el interés 
de los conquistadores: maíz, tomate, papa y muchos más, 
mientras que otros se quedaron relegados al uso local 
indígena, sin que se le dispensara la atención necesaria 
para su adaptación a las condiciones modernas de culti­
vo y explotación. Muchos de ellos tienen considerable 
potencialidad como valiosas fuentes de alimentos y de 
productos exportables, de manera que su estudio y mejo­
ra agronómica puede tener repercusiones interesantes. 
Otros, originarios de regiones asiáticas y africanas po­
drían tener interés para la racional explotación de zonas
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ecológicas con condiciones extremas áridas o muy hú­
medas.

El volumen ofrece un breve catálogo de una selección 
de plantas que debería ser estudiado cuidadosamente por 
agrónomos y planificadores, además que significa una 
interesante lectura para toda persona interesada en la 
explotación racional de recursos botánicos.

Werner G. Jaffé

Toxi-lnfecciones de Origen Alimentario.— A. E. Olsyna-Marzys, IN­
CAP, Guatemala 1975, 414 pág. $ 10.00.

En ocasión de la celebración del vigésimo-quinto ani­
versario de la fundación del Instituto de Nutrición de 
Centro América y Panamá, se organizaron sendas reu­
niones científicas. El presente volumen recoge las con­
tribuciones de un grupo de expertos invitados en esta 
oportunidad por el Laboratorio Unificado de Control de 
Alimentos, fruto de la fusión del Laboratorio Bromato­
lògico del Gobierno de Guatemala y la División de Con­
trol y Análisis de Alimentos del I.N.C.A.P.

Se presentaron 23 contribuciones en 5 sesiones que 
abarcan tanto problemas generales sobre control y ense­
ñanza, como aspectos técnicos específicos de metodología 
y procedimientos de laboratorio para el estudio de toxi­
nas microbianas, residuos, aditivos y adulteraciones. Ca­
da trabajo está ampliamente respaldado por citas biblio­
gráficas lo que incrementa su respectivo valor y aplica- 
bilidad.

En la literatura en idioma castellano hay una evi­
dente escasez de obras sobre los aspectos de higiene de 
alimentos, problema de suma importancia para la salud 
pública que se está reconociendo más y más en nuestros 
países.

Es, por tanto, altamente satisfactorio contar con una 
obra sobre toxi-infecciones de origen alimentario de la 
calidad de la que nos ocupa, porque será sin duda alguna 
un valioso instrumento en manos del personal responsa­
ble, tanto por la planificación como por la labor de con­
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trol en el campo de la higiene de los alimentos en los paí­
ses de habla española.

Werner G. Jaffé

The Rice Report 1975.—Editado por S. Barker, España, H. Mitsuda, 
Japón y H.S.R. Desikachar, India. Publicado por C.S.I.C. Insti­
tuto de Agroquímica y Tecnología, Valencia, España, 179 pág. 
$ 20.00.

Esta nueva publicación anual está dedicada a la di­
fusión de los resultados sobre la utilización y tecnología 
del arroz. Incluye los informes resumidos de numerosas 
instituciones oficiales y privadas trabajando en los dis­
tintos aspectos del uso del arroz.

El primer volumen, correspondiente al año 1975, con­
tiene 88 informes de 32 centros ubicados en 17 países. 
De esta manera ofrece una revisión de los últimos ade­
lantos en el campo, a la vez que informa sobre las insti­
tuciones activas en distintos aspectos de la materia. Una 
útil y valiosa obra para los profesionales activos e inte­
resados en la tecnología del arroz y sus subproductos.

Werner G. Jaffé





OTRAS PUBLICACIONES

“Situación del cultivo del frijol en América Latina”. Uriel Gutiérrez P., 
Mario Infante y Antonio Pinchinat. Centro Internacional de Agricultura 
Tropical, CIAT. Centro Agronómico de Investigación Tropical y Enseñanza, 
CATIE. Turrealba, Costa Rica, 1975. 33 pág.

“Alternative approaches to meeting basic health needs in developing 
countries”, a Joint UNICEF/WHO Study. V. Djukanivic and E. P. Mach. 
World Health Organization, Ginebra. 116 pág. Frs. 24. 1975.
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IV CONGRESO LATINOAMERICANO DE NUTRICION

ORGANIZADORES: Sociedad Latinoamericana de Nutrición (SLAN), 
Sociedad Venezolana de Nutrición (SOVENUT), Instituto Nacional de 
Nutrición (I.N.N.). Fecha: 21 al 27 de noviembre de 1976.

COMITE ORGANIZADOR INTERNACIONAL

Dr. Guillermo Arroyave 
Presidente 

Dr. Ricardo Bressani 
Dr. Miguel Guzmán 
Dr. Aaron Lechtig 
Dr. José Aranda Pastor 
INCAP. Apartado 1188,
Guatemala.

COMITE ORGANIZADOR NACIONAL

Dr. Miguel Layrisse
Presidente Honorario 

Dr. "Wemer G. Jaffé 
Presidente 

Dr. Eugenio Chacón 
Secretario 

Lic. Elvira de Ramírez 
Tesorero 

Dra. Margot M. de Medina 
Coordinador General 

Apartado 2049 - Caracas 101

PROGRAMA PRELIMINAR

Domingo 21-11-76

3-6 p.m. Inscripción.
7 p.m. Acto de Instalación.
9 p.m. Agasajo de Bienvenida.
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V CONGRESO BRASILEIRO DE NUTRigAO E  VIH CONGRESSO 
BRASILEIRO DE NUTRICIONISTAS

Porto Alegre, 26 de setembro a 1"? de outubro de 1976.
Centro de Convencóes da PUCRGS.
Promocáo: Federacáo Brasileira de Associacóes de Nutricionistas. 
Associacáo Gaucha de Nutricionistas.
Informagóes e Correspondéncia
Bureau de Congressos
Av. Venáncio Aires 449, Conj. 8.
Porto Alegre - RS - Brasil.

CONDECORACIONES

Varios destacados miembros de SLAN han sido objeto de honrosos reco­
nocimientos al otorgárseles sendos premios de gran reputación en el gre­
mio de los investigadores en nutrición, a saber:

El Dr. Nevin Scrimshaw, ganador del premio Conrad A. Elvehjem; el 
Dr. Myron Winick, ganador del premio Osbome and Mendel; y el Dr. Ri­
cardo Bressani, ganador del premio Me Collum. Para ellos, a nombre de 
los miembros de SLAN, nuestras más sinceras felicitaciones.

NUEVO DIRECTOR

El Dr. C. Engel renunció al cabo de 18 años como Director del Central 
Institute for Nutrition and Food Research in Zeist, Holanda.

El nuevo Director es el Prof. Ir. B. Krol.

NOTA IMPORTANTE A LOS SOCIOS DE SLAN

El Volumen XXVI (1976) de ALAN, está siendo enviado a todos los 
socios de SLAN sin distinguir a los que están al día en sus pagos de 
cuota de los que no lo están. E sta concesión es solamente por este año 
1976, con el objeto de regularizar y hacer más justa la distribución de la 
revista. Se advierte a los socios que de ahí en adelante únicamente aque­
llos que estén al día en sus cuotas seguirán siendo incluidos en la lista 
de suscriptores. El Consejo Directivo de SLAN comunicará a  Archivos la 
lista de aquellos socios que al 30 de noviembre de cada año no hayan can­
celado la cuota correspondiente a ese año y no deban, por consiguiente, 
recibir el volumen del año próximo siguiente. Ejemplo, los que al 30 de 
noviembre de 1976 no hayan pagado su cuota de 1976, no recibirán el volu­
men XXVII correspondiente a 1977, y así sucesivamente.
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