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(50% protein)
Corn fortified with 9 percent soy bean flour 

biological value.
and 0.125 percent L-Ivsine HC1 is improved in its 

If persons living under natural conditions are fed with this corn, 

the growth pattern of children, and a positive biological effect on 

would be observed. To test this
 

on the morbidity and mortality 
consumed by the villagers ofhypothesis, since Jun(. 1972, the corn 

Santd Marla Cauqu6, GuatermAla, lhas been fortified. Strong indica

tors provided by the research findings, indicate that the inter
the infant mortality byvention has been beneficial in reducing 

The second to fifth year ortality has been also50 percent. 

has been reduced by

clearly reduced. Morbidity during weaning 


These changes appear to be independent of socioeconom33 percent. 

ical class. Even if a sicnificant effect on postnatal growth was
 

a positive tendency for better growth increments was
not evident, 
in fetal growth wasfound in children 3 to 5 yeais old. No change 


found; however the dietary intake in pregnant women was improved,
 
the first; six months of pregnancy.especially during 

v.ry benefic effect in the children'sSo far, there is a 
this project ..s continued increasinghealth. It is proposed that 

the level of fortification to 10 percent, to find positive changes 

in other parameters associated to nutrition. A new grant proposal 

was submitted in October 1975. 

http:173,8.91.00
http:402,465.12
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B. 	 PROJECT OBJECTIVES
 

The research objectives proposed in the original grant appli

cation are:
 

1. 	 To determine the effect of fortification on nutrition of
 

pregnant women and on fetal growth.
 

2. 	 To determine the effect of fortification on the growth and
 

developmenL of children.
 

3. 	 To determine the effect of fortification on disease incidence
 

of children and on intestinal infection by shigella.
 

4. 	 To study the feasibility (management and economi-s) of corn
 

fortification at the conmmunity level through the addition of
 

a mixture containing protein, lysine, vitamins, and iron.
 

5. 	 To evolve realistic operational guidelines and economic data
 

applicable to a regional or national program of corn forti

fication.
 

C. 	 ACCOMPLISfH4ENI'S TO DATE 

1. 	 Principal. findinas 

This 	 annual report describes the analyses done on the data 

collected during three years from the Ist of June 1972 to the 

31st of May ).975. In accordance to the decision taken during 

the site visit to the project in April 1975, the data for this 

analysis correspond to the information collected in Santa Ma-
Santo Domingorla CauqpI. The data from the control. village, 

Xenacoj, are not included in accordance to the site visitors 

decision, in the sense that the information from this village 

was not comparable to. the experimental village, Santa Maria 

Cauqu6.
 

The analysi.s- of the data collected so far has yielded re

sults which have vast public health implications. Briefly,
 

the evidence to date show.; that the corn fortification Oduces 

infant mortaliLy by 50 percent, and the morbidity rates, dur

the weaning period, by 33 percent. These analyses areing 

described in detail in the next pages.
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Fortification procedure 

The field operation at the mill level, consisting 
in maintaining the collaboration of the village women and 
of the mill owners to add the fortifying mixture (Table 1), 
was run without problem. The first step consisting in 
obtaining permission from all the families, either the 
fortifying or the non-fortifying, to weigh the cooked corn 
at the mill, was a success. Some problems were identified 
during the first three months of the initiation of the 
project. First of all the villagers found a slight dif
ference in the flavor of tortillas. Secondly and more 
important, it was found that tortillas kept for about 12 
hours became sticky and developed a foul. smell. This 
problem was analyzed; it was due to the high water solu
bility of the soy flour utilized in the fortifying mixture 
that increased the humidity of the tortillas. This was 
partia'lly solved by draining the water content of the 

nixtamal during the weighing process, and by reducing the 
amount of water added to the corn durin9 the milling pro
cess. Besides, women were aske'd to cook -the tortillas a 
little longer to allow water evaporation. Another problcm 
was that women did not accept the fortification when they 
were going to prepare "tamales" or "tamalitos", because 
these are food preparations that contain more water than 
tortillas, so their huidity increased as a consequence of 
the adding of the soy flour. Women also did not accept 
fortification when they had to feed other persons (employees), 
because they were afraid that the employees could note the 
change in flavor; or when their husbands stayed outside the 
village tor 2 or 3 days, and had to take tortillas from 
their houses. Furthermore, the flour was not adrded when 
the corn was either not completely ripe (dry) or when it 
was attacked by insects, because when the flour was added 
the corn dough became sticky. This problem was solved by 
providing fresh corn at a reduced price to the collaborative 
famllies. 

The collaboration of the fortifying families was de
termined on weekly basis in accordance to the fortification 
index. This index was calculated from the family weekly 
fortification data: 

Family Days of attendance Amount of fortifying mixture 
weekly = to the mill x added to cooked corn 

FI Days of the week (6) Pounds of cooked corn (nixtamal) 



This index is cumulative, it permits to classify the
 

families and reflects the level of cooperation of each one.
 

The F1 of one specific week is equal to the sum of the 

weekly indexes since the beginning of the fortification 

by of added weeks. A specialproject, divided 	 the nunLber 
index was prepared for each child born sirce the beginning
 

of the observations in Santa Mar.a Cauqu6 (iebruary 1964). 

To be able to compare children born at different periods, 

the time oE gestation was considered. In this manner the 

child fo..tification index at the iaoment of birth, ie equal 

to the family fortification index corresponding to the 39 

weeks before delivery, (time considered as the average 
du.ing the earlypregnancy). childrenduration of 	 For born 

of weeks of gestationmonths of the project, the number 

before June 1972, were given a value of 0.
 

onsetIn the older children who were born before the 
correspondingof the corn fortification pccject, the index 

to the date of any ot the anthropometrical, dietary or 

morbidity surveys, was calculated taking the sun o: the 

indexes at the moment of the survey, b]4videdweekly family 
age in wee.;s, plus the 39 weeks of ge.-station.by the child 

An analysis of the frequency distributin of the 

weekly family indexes, permitced to classify the fami].ies 
forto the levei9 of cooperation; the ow

in accordance 

than conq;tituted
tified group had a rI lower 20; it was 

by 51 percent of the families. The F.E for the medium 

fortified group oscillated between 20 to 39, and corre

of the tiamilies. 'he ihiyhJy forsponded to 13 percent 
group had a F! c.t 40 ar,] wore; 26 percent ot' thetified 

consistency in thefamilies belonged to this qroup. The 
the and fortified group 2 scollaboration of highly medium 

can be observed that theshown in Tables 2 and 3. it 

highly fortified group was very consistenl in the f.-rtI.
the ;olla

fication. ilowever, 	 thre were two perids when 

boration dropped. The first period 	corresponded to the
 
the.r corn stocks be

sixth semester of observattioj, when 

The second peried cu:rresponded
came attacke by in3ects. 

becameto the semesters 10th and 11th, when two new mills 
of thein operation in the village. About 	 one third 

in these t.;o min]1..families dCec.Lded to 	mill their corn 
to convince the mill c,%i;ners toIt took about six iconths 


after this pericd th colla
participate in the program, 

the meanboration started to 	increase. At the present, 

for fxtmiliea is again over 70.


fortification index these 
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On the other hand, the medium fortified group, started
 

with a F between 42 to 47 during the fir7st three tri
mesters. However, during the fourth trimester their F1 

has been dropping steadily. During the twelfth trimester 
half of the families of this group did not fortified their
 

corn at all.
 

The intense campaign to convince the families to for

tify their corn, was done only during the first three 

months of the study. Later on, it was found that the 
families were fortifying with a definitive pattern, and 

it was decided to stop the enrollment campaign. However, 

the fortifying mixture has been available in the four 
village mills free of charge. Any family can decide whether 
they want to fortify their corn or not.
 

Chemical analysis of the tortillas 

The amount of protein and of total free lysine was 

higher in the fortified tortillas as shown in Table 4. 

Enriched tortillas had an avcrage of 2.0 percent gram of 

protein and 36.2 perce'nt m g of total free lysine more than 

the non-fortified tortilla. Although these di.fferences 
were high]' siqnificarit, the amount of protein in the en
riched tortilla was only half of what was expeacted. 
Several exp1.anaticczs have been found for this partial 
failure in the fortification procedore. First of all, the 
problem of the consistency of the fortifying flour had to 

be considered; because of its fluffy consistency, house

wives did not like so much flour to be added to their 
nixtamal, when the amount to be milled weighed more than 

10 or 12 pounds. Second, the amount of flour plus the 
amount of water added during the milling process, caused 

an increase in the volume of the corn dough, which reduced 
the final concentration of the fortifying mixture, in the 
coc ed tortillas. For all these reasons, it can be con

cluded that- the corn fortification was reached at the 
level of 4-6 percent and not at 8 percent. This was shown 

in the PER of fortified tortillas which oscillated between 
1.90 to 2.19, and did not reach the value of 2.76 as ex
pected. 
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families
Socioeconomic status of the 


To establish the socioeconomic status 
of the village
 

interviewed on 12 variables:
 
families, the family's head was 


l.and tenure, cattle and poultry possession; 
material
 

water
(floors, walls and roofs);
utilized for the houses 

scholfecal and waste disposal; literacy;


availability; 

Each variable was given a maximum
 arity and shoe wear. 


value of 3 points and a minimum of I; 
the highest value
 

was assigned to the families who had 
better conditions.
 

A socioeconomic index was formed by 
the sum of these vari-


The lower value was of 12 points and 
the maximum
 

ables. 

of 36.
 

The analysis of this information did 
not show dif

ferences among the three groups of 
families classified in
 

accordance to the fortification index.
 

The socioeconomic index for the families 
with and
 

No
 
without children are presented in Tables 

5 and 6. 

The group with the
 

significant differences were found. 


lower fortification index showed a 
tendency to have a
 

However, these differences
index.better socioeconomic onA special index 
were not statistically significant. 

land tenure, scholarity, and shoe
 three main variables: 

The mean and standard
families.
wear was formed for the 


are shown in Tables 7 and 8
 
deviation for thuse variables 

not different

in both groups of families were 

The means 
 found in rela
and also no difterences within groups 

were 


tion to the fortification index. 

that the tendency to fortify
Conclusion. These data show 

families" apparently
 

corn in the so called "fortifying
the 

is not related to social or economical 

reasons.
 

Index and physIcal
between the FortificationRelationshi 


growth
 

assess
 
Physical growth measurements are 

widely used to 

In
 

the impact of nutritional and health 
interventions. 


this regard, height and weiqht measurements 
have been found
 

high reliability arid 
to be the most useful, given their 

health. -onsenutrition and
sensitivity to changes in 

quently, the relationship between 
participation in the corn
 

fortification program and growth in 
height and weight was
 

analyzed.
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First of all, it was investigated whether the inter

vention has had an impact on fetal growth. Table 9 pre

sents the relationship between b.rth weight and the for

tification index, for all full term children born between
 

1st June 1972 to 31st May 1975. Clearly, there is no
 

apparent impact of the intervention on birth weight.
 

Table 9 also shows that this finding is not due to dif-

ferences in birth order to the child, maternal height or
 

gestational age. Moreover, similar analyses with height
 

and head circumference of the newborn have also fail to
 

show an effect. Lastly, it was found through regression
 

analyses that the fortification index is not related to
 

growth in the newborn either before or after controlling
 

for the influence of the potentially confounding factors, 

already mentioned (Table 10). Therefore, it was concluded 

from these analyses that participation in the corn forti.
fetal growth.
fication program has had no impact on 


The second series of analyses explored the relation

ship between the fortification index and postnatal physical. 

growth. It was expected that an effect on height would be 

seen in 1, 2, 3 arid 4 year old children since at these 

ages, children growing at substantial rates, would be 

consuming relatively large quantities of tortillas. Table 11 

shows that there is no apparent relationship between at

tained height and fortification for chi.1I.ren under 8 years 

of age in the period of June 1972 to May 1975. Thus, for
early growth.tification would seem to have little impact on 

In order to control for the influence of factors constant 

to the family, such as socioeconomic status and level of 

collaboration with the program, it ;as carried out the fol

lowing analysis. Sibling pairs were seJ.ectc(d in fairilies 

where growth informat.on was available for both siblings 

at any of the followinq ages: birth, 6, 15, 24, 36, and 

60 months, and where the older sibling !,ad reached the age 

in question before the fortification program, wnile the 

younger sibling reached the same age during the program. 

Thus, for every age the ol.der sibling had no opportunity 
to benefit from the program. The analysis consisted of 

comparing the height and weight of both siblings; the ex

pectation being that the yo.unger sibling would be taller 

and heavier on account of fortification. The results of 

these analyses are shown in Table 12. None of the com

parisons between sibling pairs either for height )r weight
 

or for the various ages reveal differences. Therefore,
 

it was concluded that even after controlling for corstant 

http:informat.on


9.
 

factors in the family, corn fortification does not seem
 

to have an impact on physical growth.
 

All the analyses described so far have looked at
 

the relationship between fortification and attained size.
 

While an impact of corn fortification was expected in the
 

previous analyses, the chances of observing an impact are
 

enhanced if one relates the fortification index to growth
 

increments. Thus, it is shown in Table 13 the relationship
 

between changes in the fortification index of the child from
 

3 to 5 years of age, and changes or increiments in growth
 

during the same period. Though the correlations shown in
 

Table 13 are not significant, they do indicate a strong
 

tendency for growth increments in both height and weight
 

to be related to changes in the fortification index.
 

Bone development is usually considered as an indi

cator of maturation. In this sense, the criterion to de

fine the effect of the intervention on maturation was the
 

analysis of the effect of corn fortification on bone de

ve lopment.
 

The correlation between the number of hand and wrist.
 

ossification centers and the fortification index in chil

dren from 6 months to 8 years of age is presented in
 

Table 14. It can be seen that no significant correlation
 

was found at any of the life periods unalyzed. Analyses
 

of variance of the presence of selected han anO wrist
 
6 years in reference
ossification centers at ages 2, 4 arid 


to the fortification index are shown in Tables 15, 16, and
 

It can be noticed that t.ven for specific
17 respectively. 
bone centers, no significant differences were found in the 

order of appearance of these ossification centers. An 

analysis of variance in relation to the carpal ossification 

centers is shown in Table 18. The differences or, the 

number of ossification centers did not become Eignificant
 

at any age.
 

Cortical thickness of the second metacarpal is a
 

good indicator of the nut-itional status of children suf

fering malnutrition. It was carried out a correlatior
 

analysis, between the cortical thickness and the forti
6 months to 8 years. Thefication index in children aged 

results are presented in Table 19. No significai t dif

ferences were found.
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In summary, the analyses carried out to date suggest
 

that corn fortification has had no impact upon physical
 

growth and on bone development. There remains the pos

sibility, however, that an effect on growth rates could
 

be shown if corn is fortified at a higher level.
 

Relationship between the Fortification Index and morbidity
 

One of the expected effects of the corn fortification
 

project was that it would lead to a reduction of morbidity
 

rates in the child.
 

To test this question, the health status of a sub

sample of children (birth to 36 months) was carefully
 

monitored, through weekly home visits, by a nurse. The
 

ill children .;ere visited by the field physician to esta

blish the diagnosis and prescribe the treatment.
 

Table 20 shows the number of children for whom data
 

are available for semester periods between the ages of 0 to
 

that morbidity information was
3 years. It would be roted 

gathered on a cohort of children; this explains, thecefore,
 

the small sample sizes.
 

Analyses of the morbidity data show that rcspiratory
 

infections and diarrheal diseases account for more than
 

80 percent of the morbidity. This is not unlike what is 

found in other areas of the developing world. These two 
to be one of the mainentities have also been shown 


of in children the
associated causes mortality young in 

Americas (13). 

between the chil-No differences in disease incidence 
dren with low, middle and high fortification were found. 

However, the duration and severity of the infectious di-

found to be less dtiring the weaning periodseases were 
(12 to 30 months of age) irn the group of children highly
 

fortified. 

The relationship between the corn fortification .ndex 
and various morbidity items are presented in Tibles 21 to 

29. In these analyses, the morbidity information is ex

pressed in terms of percentage of th.., time ill p r semestex 

For example, 10 percent of the time ill with fever is
 

equivalent to 18 days with fever in six months. Analysis 
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of variance was applied to the morbidity data. Results
 

are expressed as the percent of time ill in three groups
 

of children classified in accordance to the fortification
 

and 22 show that the group described as
index. Tables 2:1 

low according to the fortification index, was nearly twice
 

sick with upper and lower respiratory infection as the
as 

high group during the weaning period. The differences
 

between the two groups of children were even larger for
 
Table 24 suggests
the duration of diarrhea (Table 23). 


that corn fortification also leads to fewer days ill with
 

associated illnesses, that is to say, association of
 
also respiratory or
respiratory and diarrhea illness, or 


diarrhea illness associated to con-junctivitis and/or
 

stomatitis. These differences were noticeable during the
 

weaning period. Although a trend consisting with a longer
 

in the children with low fort fication was found,
duration 
very few of the differences were significant in accordance 

to the analyses of variance:. However, when the rates of 

the low and high groups were compared, the differences be-

This trend was not founa for other dicame significant. 

seases, such as skin infections, 	 coCnj unctivitis and 

25 sh¢,w , that there isstomatitis alcne. Lastly, Table 

a negative relationship between the corn fortification 
infecindex and the percentage ot the tie ill with any 


tious illness.
 

It was also found a reduction in the severity of di

sease manifestation, Tables 26 and 27 show that the chil
and ofdren highly fortified suffered 	 less days of fever 

perdiarrhea with 7 or more stools day. 

Tables 28 and 29 present theAs a way of suimary, 
between the high and low focti fication groupsdifferences 

(high-low) and the total reduction in number of illness 

days and of days with less severe manifestation of illness
 

Clearly, children in the high frrtification
respectively. 

group suffered less days of illness. Thu total reduction 

This correspondsof disease duration amounts to 67.5 days. 

to a reduction of 33 per'cent, in reiaC.-on to disease du

ration during weaning in the group of children with low 

forti fication. 

In sunnary, the evide.ice to date strongly suqgests 
1uration,that the corn fortification process reduces the ,
 

as well as the severity of infectious illnesses ouring
 

During this period of life morbidity problems
weaning. 
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are more frequent and severe. The lack of effect during
 

the first year of life, could be related to the fact that
 
tortillas in appreciable
children do not begin to consume 


amounts till they are about 1 year of age.
 

in children
Results of the intestinal infection by Shella 

in the feces of the
For the identification of Shigella 
cohort children, fecal weekly cultures were collected from 

The fecal samples were processed ineach cohort child. 

accordance to the procedures utilized in the Santa Marla
 

Cauqu6 studies since 1964 (14).
 

are shown the number of cultures processedIn Table 30 
per semester of life. No marked differences in the incid

ence of the Shiella infections in the three groups of 

children were found. The duration of the Shigella infec-
There were no differences
tions is presented in Table 31. 


between the groups.
 

fre-
The previous findings provide evidence that the 

quency and duration of intestinal infections by Shigella, 

was not different in the three groups of children. 

These data do not coincide with the morbidity find

which showed that the duration and severity ofings, 

disease w~ts reduced in the group of children
diarrheal 

with a higher fortification index. In regard to this, it 

must be mentioned that the methodology, to measure the 

duration of an infectious process is different in both 

circumstances. For example, tne presence of clinical 

manifestations of disease can be recorded day by day, 

while in the case of an intestinal irnfection, the duration 

can be determined only by the isolation of the agent. 

Another factor to be considered is that the number of
 

samples was obtained from only 60 cohort children.
 

A study as the one here presented should be continued 

with a larger sample of children, in order to assess the 
In this manner it
intestinal infections by this agent. 


will be obtained information to correlate the findings
 

with the morbidity survey.
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Relationship between the Fortification Index and 0 to
 

5 year mortality
 

Since the beginning of the field operations in Santa
 

Maria Cauqu6 in 1964, preschool mortality data have been
 
continuously collected.
 

The cause of death was determined either by pre
morten diagnosis done during the course of the disease,
 
or by interrogations to the child's parents on the charac
teristics of the final episode of the fatal disease. In 
more than 90 percent of the cases the field physician or 
the nurses had the opportunity to examine the child during
 
the course of the fatal disease.
 

All births and deaths were recorded, in this manner 
it was possible to determine the number of newborns and 
inhabitants for each specific age from 1 to 5 years of age. 

The mortality rate of 3 sets of families grouped 
according to the family fortification index has been
 
compared. These groups are: the low fortified (FI of
 
0-19); the medium fortified (F1 of 20--39) and the high 
fortified group (FI of 40-]00) . Because of the long term 
data available it has been possible to calculate in the 
same families the infant mortality rates during the period 
before corn fortification (January 1964 to May 1972). This 
baseline mortality data is presented in Table 32. Though, 
the low fortified group appears to have the highest 
mortality rates, the differences are not statistically 
significant. 

The infant ortality rate for the period of corn 
fortification is presented in Table 33. The rates are
 
expressed per 1000 deliveries, in each of the three for
tification groups. The highest infant mortality rate 
corresponds to the low and medium fortified group. These 
figures are not significantly different from the baseline 
rates shown in the same groups of families before the 
fortification period (P.>.05). on the other hand, the 
infant mortality rate for the group of children with high 
fortification is now nearly 3 times lowur than that of
 
the other two rIroups. In comparison to the baseline 
values, the high fortified group has experienced i 50 per
cent reduction. 
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Table 34 shows that this reduction in infant mor

tality is not due to a decrease in the proportion of low
 

birth weight babies. First of all, the proportion of low
 

birth weight babies is similar across all three groups.
 

Secondly, the relationship between corn fortification and
 

infant mortality is still evident within the range of low
 

birth weight babies. The mechanism involved, therefore,
 

appears to be independent of birth weight.
 

The relationship between corn fortification and mor

tality during the second, third, fourth and fifth year 
The rate for the secondof life is shown in Table 35. 


life is similar in the low and the high fortified'year of 
groups. However, during the third to fifth year of life 

not a single death was observed for the group of chiLdren 
The total number
with a fortification index of 40-100. 


6 and 3 for the low, medium and highof deaths were 9, 
groups of fortification respectively. The rate of mor

tality for the whole village corresponding to this period
 

of life here studied (see Table 36) was not significantly
 

reduced, but it is important to notice that the mortality
 

for children with high fortification was reduced to a 

third, and that no deaths were observed after the age of
 

two years in this group of children. 

onThough the data are suggestive of a strong impact 

mortality, there are important and alternative hypotheses 
thatthat must be discarded. The principal one would state 

the apparent association is due to self-selection. That 

is, the factors which led families to participate in a 

novel activity such as the fortification also cause the 

mortality to be much lower. As was presented in page 7 

of this report, the analyses of the socioeconomic charac

teristics of high and low fortified groups, did not show 

any difference. A survey of the attitudes toward child
 

care and use of preventive and curative medical services
 

also did not show differences between the group with high
 

and low fortification.
 

In sumnary it could be stated that corn fortification
 

has had an effect in infant mortality and during the !hird,
 

fourth and fifth year of life.
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Relationship between the Fortification Index and the 

intake of calories and rotein of preschool children 

oneThe dietary information was collected by the 

recall method. The surveys were practiced everyweek 
week during the whole period of the study. The inter

visited each child's home in a pre-determinedviewers 
day; if the inLerview did n:.t take place on that day, 

survey into tii. two followingthey could practiced the 
days. They asked the chilid's mother wh.at the child had 

eaten the prcvious week. They began asking about the 
previous day, thenbreakfast, lunch and dinner o. the 

the day before and sqo on, until they conpleted one week. 

The surveyors helped the niother:s t°j I(e' e-- the child's 
todiet by askin'j key questions3. In order to be able 

know the amount of food eaten by each child, it was pre

pared a list with the average weig'hts of zil. the avail

able foods in the village. Alone with thb-s every six 

months it was determirined :.n each child'c, home the amount 

of some cooked Lood~s of frequeint use serverd to tlhe cohort 
r, it was possible not only tochildren. In this mann 

tent of each home i!.ea-urewentknow the cooked food eq, i v, 

thc increase of the
(tablespoon, teaspoon, etc.) , but 
getting old,:[r. In orderquantity of food as the chil.d va:g 

child, into calculate the portirin served to ,_ach cohort 

the case of mixeJ dishes, the recipes arJ the nmbr of 

servings in each preparaticn were obtJ nod. 

Means and standard viat-LOih ofJf the. ean dai]./ in

of chil vcen ',re calculatedtake of calories anid protein 
index, at siy monlthsin accordance to i-hc fort-t ication 

of aqu. The intaj e forintervals from 18 tc 36 woi ths 

each specitic age was cl.culite( from the dietary surveys 

a of weeks. TAib1e 37 showsconducted duri.nT period four 
mean dailv intakethat there were no differeLices in the 


tond when
of calories at any age. A slmilar resiult was 

daily intakes o2 protein at the diff1erent lifethe mean 
in conperiods studied were calculated (see Table 38). 


be said that no, relation.,Otip between the
clusion it can 
and the mean daily intakl, of caloriesfortification index 


and protein ir, child;-en was found.
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Relationship between the Fortification Index and morbidity
 
durin pregnancy
 

This section describes the first analysis of the mor
bidity during pregnancy done on the data collected since
 
the beginning of the project. As soon as a pregnancy was
 
detected, the field nurse began the weekly morbidity sur
veillances to determine the health status of the women 
during pregnancy. The clinical diagnosis was confirmed 
by the field physician. The duration and the severity of 
the infectious diseases were found out by daily visits of 
the nurse. She inquired about the presence of symptoms, 
the number of stools per day in the diarrhea cases; also, 
she recorded the temperature of the ill pregnant women. 
The physician visited ttiem every two or three days, inde
pendentl.y of the nurse visit to confirm the diagnosis and 
prescribe the treatment. A urine culture for the determi
nat:ion of significant bacteriurias (a count of 05 bacteria 
per ml of urine), was carried out every 4 weeks. 

The incidence and duraticon of infectious diseases was 
calculated for all the pregnant women, in orrer to establish 
the basal information on morbidity during pregnancy. 
The number of episodes of intectious illnesses per trimester 
of pregnancy is shown in Table 39. Respiratory infections 
were the most frequent; the upper respiratory tract was 
affected three times more frequently than the lower tract. 
Diarrheal disease was the second in frequency. Clinical 
symptoms of urinary tract infections were found in a fourth 
of the women while significant bacterlur2as were identified 
in 2.1 percent of the pregnant women. It was observed that 
the disease incidence was hijhr during the second arId 
third trimester, which indicate a higher susceptibility during 
the last months of gestation. 

The duration of the illness is presented in Table 40. 
Respiratory tract infections showed Lhe :.onqest L.uratiork. 
Although diarrheas were frequent, its course was short. 
The duration of urinary tract infections which was determined 
clinically by the symptoms persistence was short; however, 
the durat.jon of bacteriurias was longer; preliminary in
formation has shown that the mean duration of bacteriur'as 
was ircund 8 weeks. As it was obscrved with the inci.dence, 
i. was found that the disease duration was lorger during 
the last part of gestation. As an average the womri showed 
a total of 21 days of infectious illnesses during pregnancy. 
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It was determined that only 17 percent of 
women were
 
On the
 

free of infectious illnesses during pregnancy. 


other hand 52 percent suffered 1 or 2 episodes of illness;
 

22 percent had 3 or 4 episodes, and 9 percent 
had 5.or 6
 

episodes of illness.
 

The previous information shows thdt 
pregnant women in
 

the rural area are subjected to a very 
intense force of in

during an average of 8 percent
fection and that they are ill 


of the pregnancy duration. 

incidence of infectious diseases
 A comparison of the 


during the first trimester of pregnancy in women with abor

tern, pregnanc i vs is presented in Table 42. There 
tion and 
were no differences in the incidence of respiratory infec

tion, diarrheal disease , conjunctivitis, stomatAs.S and 

twenty five percent of the women 
skin infection. However, 

had significant bacteriuria, compared to 
with abortions 

the with term pregnancies.
only six percent in women 

the incidence of infectious diseases 
Afte.r establishing 

of the per
for the pregnant women population, a comparison 

during pregnancywith infectiuS diseasescent of tine will 
index was carriedthe for-itficationper categories of corn 
43. it can 

out. The results are presented in Ta'.le be
 

were found within thp three
 
noticed that no cifferences 


This first analys-i s shows that to the
 
women.groups of on morbidityfortificationpresent ro effect of the corn 

during pregnancy has buen identified. 

between the Fortification Index and the die .a. 
Relations:h 

intake in ,.enat women
 

the was determind during
The dietary int-±ke of women 

vweek daily recor d. Three 
the pregnancy by the method of one 

to eachout corresponding
dietetic s,_irveys were carried 

cfL':ach survy covered a periud
trimester of pregnancy. 

were done during, the morning and
intervi ewsseven days, the 

each day from Monday to Friday. The early visit 
evening of ob :erve 

to find out ahout. the wo;mefn's break fiarz. and to 
was second vi'nit

of foods serveP at non. The 
the preparation 

catlen at lunch by the
the amount o food was to determine weighed 

women. With this purpos&o the interviewers 
pregnant 

and frui.ts available in 
rawthe tortillas, the vegetables 

dishesthe recipes of the mixed 
each home. Furthermore, 
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were obtained as well as the number of servings of each
 
preparation. It was also determined the weight of the
 
servings of some cooked foods of frequent use such as
 
black beans, rice, etc. Besides, Lhe intervievers found 
out what the family was going to have for supper, and in
 
the following morning visit the amounts of food eaten by 
the pregnant women at supper time was determined; this
 
was repeated daily. The diets corresponding to Saturday
 
and Sunday were obtained the following Monday by the recall
 
method.
 

Dietary surveys were practiced in a total of 174 
pregnant women. The analyses were done in the diets of 
105 women, who wore followed up during the three trimesterb 
of pregnancy. The rest either had dietary surveys in one 
or two trimesters or,d:d not have a complete prenatal record, 

ro establish the relationship among the leve:l of forti
fication and the dietary intake some corrtelations v..' re donie 
(see Table 44). it was found a positive co]rrelation between 
the fortification index: and protein from corn, protein from 
soy, total vegetal protein, total protein, arid protein front 
fortified tortillas. Based on Lhose findiigs3;, an analysis 
of variance was done to f.ind diffcrences among the three
 
fortified groups. The findings are shovn in Table 45. It 
can be seen tlat the consumption of tortillas in the highly 
forti flied group of women was significantly higher than in 
The other groups.
 

Since the calories produced by fortified and unfortified 
tortillas were alike (214 and 212 calories per 100 g of tor
tillas respectively), it can be concluded that the increase 
in the intake of calories, vegetal. and total protein was 
due to a higher cnnsumption of tort±l].as. The difference 
found in the intake of veyetal rrotC'in in the two extret.'e 
group', of fortification was, of 9.5 f; 5.3 cj of this protein 
were provided ';,y the soy added to corn. 

The reationship between the corn fortification index 
and the mean daily inta]ke of calories and protein per 
trimester of pregnancy is prcs.nlted in Tables 46, 47 and 48. 
Obviously thQ corn .ortJficatioi produced an effect in the 
sense that the highly forti.fied group consumed utore calories 
during the first and second trimest.ers of pregnancy ('able 
46). The ccnsumption of v.getal protein showed a direct 
relationship with the fortification index. The differences 

http:tort�l].as
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within groups are shown in Table 47. However, the intake
 

of animal protein was the same in the three groups of women,
 

see Table 48. As the consumption of this nutrient in the
 

rural areas is determined by the economic condition, this
 

finding can be considered as evi.dence that the socioeconomic
 

condition of the families was similar in the families of the
 

three groups of pregnant women.
 

In summary it can be concluded that corn fortificatio)n
 

produced an increase in the daily intake of tortilla in
 

the women who fortified their corn at high level.. The dif-

ferences were clearly noticeable in the Caiiy intake of
 

calories during the first anrd second trimesters andalso in 

intake oi vegetal protein during the length of pregnancy.the 
The highly fortified womnen had a mean daily intake of 244 

calories higher than the non fortifying women during the 

first trimester of pregnancy. During the second and third 

the mean daily intake was of Z-60 and 78 caloriestrimesters 
vegetal protein for themore respectively. The intake of 

was 5.9 q more eachfortifying women 9.6, atnd 6.5 during 

trimester of pregnancy respectively. It was found that the 

lowest intake of calories an] veqetal. protein ini the un

fortified wcmon cortesponded to the Eirst trimester of 

pregnancy. This finding hows that corn fortjfication had 

an effect during the peried of pregnancy when the food intake 

is reduced due to the nausea and ainorexia of pregnancy. As 

a consequence, corn fortification was a posiLive factor in 
first six monthsimproving the diet of the women during tihe 


of pregnancy.
 

2. Operationakil sqrinficance
 

The analyses of the data collected so far has 
yielded results
 

which have vast public health implications. The results strongly
 

at .owindicate that corn fortification, even a level of 4.to 6 

percent, reduces the infant mortality rate by 50 percent. A 

to fiFth year mortality rates was also
reduction in the second 

tlhc second and
clearly noticeable. Besides, morbidity durinq 

was also reduced by 23 percent; this period
thIrd year of life 

the weaning process. These posi.tive cilanges appear
coincides with 
to be ilependent of socioeconomical cl.zss. Even if a signi ficant 

effect on postnatal growth was not evident, the re.a:ionshiP 
changes in the forti ficttion index of the 3 to 5 year old

between a
children with their corresponding growth increr:ents showed 

change fetal growth fournd; however,
positive tendency. No in was 

the die ary intake in pregnant women, was improved, in the sense 
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that the highly fortified group had dn average of 200 
extra
 

calories provided by a higher consumption of corn per day.
 

the effect of corn fortification
These preliminary finding on 


on pregnant women, are suggestive that this intervention could
 

also produce a benefit in the health of these women.
 

So far, there is a very benefic effect in the children's
 

in their physical growth. So, it is necessary
health, but not 

other parameters associated to
to find positive changes in 


nutrition such as: increments in the newborn's weight, and a
 

clearer effect on the postnatal growth.
 

3. Side effects of the work 

far is in the scope of theThe information obtained so 
an


project objectives. For the application of the findings, 


approach consisting in the distribution of the fortifying
 

mixture at the community level., through cooperatives or other
 
The e.xperience
community associations should be utilized. 


gained through the research activiti.esi in the 	addition of the 
ani easy handlingfortifying mixture at the mill level, assures 

in similar settings.
 

4. Research design
 

No changes in the research designs were made during the 

development of the project. However, due to the fact that the 
increasesfortifying mixture currently being added t the corn, 

volume of the corn dough makinr it difficult to reachthe final 
the expected 8 percent level of fortJ.fication, the consistency 

of the mixture should be changcd to a pelletizud form. It also 

should be added to corn at 10 percent level to obtain 8 percent 

of final concentration in the corn dough. 

The research design should be improved by

a) increasing the level of fortification; b) increasing the 

consistency of fortification; c) increasing the sample size 

to study the effect of fortification on the child morbidity; 
cornd) increasing the number of families who fortify their 

at a constant high level; e) increasing the time of the field 

observation.
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The research findings suggest that it is of great im

portance to continue the corn fortification project 
during
 

same place of the previous study,
three or more years at the 

to enhance the possibility of
 but at a higher level (10%), 


replicating the results already observed.
 

OF FINDINGSD. 	 DISSEMINATION AND UJIILIATION RESEARCH 

1. 	 Project output
 

J.J. 	Urrutia, B. Garcia, R. Bressani, P. Laa) 	 Mata, L.J., 

A model for maize fortification
chance, and M.A. Guzmn. 


with soy bean flour, lysine and other nutrients 
in a low
 

NutritionalImprovement
socioeconomic rural commuunity. 


of Maize, Institute of Nutrition of Central 
America and
 

Panama (INCAP), Bressani, R., J.E. Braham and M. B6har
 

(Eds.), 1973.
 

F. Trent, J.R. Cruz, E. Villatoro,
b) 	 Urrutia, J.J., L.J. M(ita, 

a
 

and R. Alexander. Infection and low birth weight in 


J. gi. 129:558-561, 1975. 
developing country. Am. Di Child., 

and L.J. Mata. Microflora of maize
c) 	 Capparelli, E., 
Applied i b 2)9:802-806,

prepared as tortillas. 

1975.
 

B. Garcia, L.J. Mnta, and R. bressani.
 d) 	 Urrutia, J.J., 

Reporte preliminar del efecto biol6gico 

de la fortifica

ci6n del maiz con harina de soya y lisina. in: Memorias 
a~pro_

Primera Conferencia Latinoaperican'a sobre 
de la 

de Soya, M4X1CO, 1975. (In press).teina 

en la mujer em-L.J. Tnfecci6ne) 	 Urrutia, j.j., and Mata. 

barazada y su influencia on el producto de Ii concepci 6 n. 
del Retardodel Parto pr-ematuro,

In: Aspectos PerinataleL 
(In

de Crzcmierto Intrauterino, Montevideo, Uruguay. 

press). 

2. 	 Dissemination 

have 	 been included in the Annual
The research findings 

This 	inforsince 1973.
Progress Report of INCAP' every year 

the Health authorities 
riatior, has boen circulated into Public 


of Central America.
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The paper entitled "Preliminary report of biological
 '
 
effect of the corn fortification with soy flour and lysine
 

was presented at the "First Latin American Conference on
 

Soy Protein" in November, 1.975 and will be published by the
 
The recent findings
American Society of Soy about June 1976. 


about the effect of corn fortification on morbidity and morta

lity will be presented at the National Congress of Pediatrics
 

of Guatemala in March ].976.
 

E. WORK PLAN FOR THE COMING YEAR
 

A new grant
The project will end on the 31st of March 1976. 


application has been presented in October 1975.
 

F. INVOLVEMENT OF MINORITY PERSONNEL AND WOMEN
 

Four persons are in charge of adding the fortifying flour to
 

the corn and keeping the records of daily assistance at each of
 

village mills. The four are Indians from Santa Marfa Cauqud.
 
The fourth
Three of them are minors: two women and one boy. 

They work for the project cn contractual basis person is a woman. 


are: Four auxiliaryother women working for the project 

nurses; one dietary technologist and two dietary assistant; one 

immuAo).ogy cechnician, one laboratory helper, one data clerk and 

one secretary. All of them are Guatemalans, non Indians. With 

one dietary assistant, who live inthe exception of one nurse and 


Santa Maria Cauqu6, all live in Guatemala City.
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Table 1
 

Fortifying mixture for corn*
 
corn fortification project,
 

Santa Maria Cauqud
 

Ingredient 


Soybean flour 


L-lysine HCI 


Thiamain 


Riboflavin 


Niacinamide 


Ferric orthophosphate** 


Vit. A 250-SD*** 


Corn starch 


Total 


Composition of Content in 
supplement 8% added to 

corn, g 

97.5000 7.800000 

1.5000 0.120000 

0.0268 0.002144 

0.0162 0.001296 

0.1930 0.015440 

0.6000 0.046000 

0.0313 0.C02504 

0.1327 0.010616 

100.0000 8.000000 

* Developed by R. Bressani, unpublished data. 

** Contains 28.1% Fe. 

*** 75,000 mcg Retinol/g. 



Table 2
 

Variability in the fortification frequency
 

in the highly fortified group* (FI: 40-100),
 

corn fortification project,
 

Santa Marla Cauqu6, June 1972-May 1975 

Trinesters of Fortification
Trimesters of Fortification 

index
index observation
observation 


7 71+17
I 64+22** 

8 75+162 69+20 

9 78422
3 71+21 


10 55+264 75419 

11 5]+315 79+17 

60+346 55+13 12 

* 94 families. 

** Mean + one standard deviation. 



Table 3
 

Variability in the fortification frequency
 
in the medium fortified group* (FI: 20-39),
 

corn fortification project,
 
Santa Maria Cauqu6, June 1972-May 1975
 

Trimesters of Fortification Trimesters of Fortification
 
observation index observation index
 

1 42+27** 7 32+27
 

2 47+27 8 24+24
 

3 42+27 9 27+31
 

4 37+23 10 14+19
 

5 27+33 11 17125
 

6 26+20 12 23+31
 

* 23 families. 

** Mean + one standard deviation. 



Table 4 

Protein and total free lysine in a sample of 918 tortillas
 

corn fortification project,
 

Santa Maria Cauqu6, June 1972-May 1975
 

498 420 t 
fortified unfortified valuePVariables tortillas tortillas
 

<.001
Protein 10.7+1.2 8.7+1.1 26.45 

(g%) 

Total free lysine 55.9+23.2 19.7+13.1 28.31 4.001
 

(mg%)
 



Table 5
 

Frequency distribution of the family socioeconomical 
index
 

(le)0 years old) in accordance
in the families with children 

fortification project,
to the Fortification Index, corn 


Santa Maria Cauqu4, June 1971
 

Socioeconomical index
Number
Fortification >32-36
20-23 24-27 28-31
e19
index 


5(5)
9(8)* 24(22) 38(35) 32(30)

0-19 108 


22 0 8(36) 5(23) 9(41.)
20-39 


93 7(8) 17(18) 38(41) 28(30) 3(3)
40-100 


= 

<2 P Not significant
= 8073 


(rounded percentage).
* Number of cases 

0 



Table 6 

Frequency distribution of the family socioeconomical index
 
in the families without children (.--10 years old) in accordance
 

to the Fortification Index, corn fortification project,
 
Santa Mar!a Cauqu6, June 1971
 

Fortification Nuberof Socioeconomical index
 
index of 19 20-23 24-27 28-31 32-36
cases
 

0-19 31 3(10)* 2(6) 9(29) 16(51) 1(3) 

20-39 9 0 1(11) 3(33) 5(55) 0 

40-100 9 1(11) 3(33 1(11) 4(44) 0 

X2 
= 6.777 P = Not significant
 

* Number of cases (rounded percentage). 



Table 7
 

Family socioeconomical index of three variables in the
 

families with children (.i0 years old) in relation to the
 

family Fortification index, corn fortification project,
 

Santa Maria Cauqu6, June 1971
 

Socioeconomical. index
Fortification Number
of 
Land tenure Scholarity Shoe wear
index 


1.94+0.67 2.24+_0.98
108 1.98+0.83*
0-19 


22 2.05+0.84 1.73+0.63 2.09+1.02
20-39 


2.17i0.98
40-100 93 2.06+0.76 1.88+0.64 


Moan + one standard deviation.
* 

http:1.88+0.64
http:2.06+0.76
http:2.17i0.98
http:2.09+1.02
http:1.73+0.63
http:2.05+0.84
http:1.98+0.83
http:2.24+_0.98
http:1.94+0.67


Table 8
 

Family socioeconomical index of three variables
 

in the families without children,
 
corn fortification project,
 

Santa Marla Cauqu6, June 1971
 

Number Socioeconomica] index
Fortification 
 Land tenure Scholarity Shoe wcar
index 

cases
 

0-19 39 2.18.10.88* 1.72+0.79 2.0341.01
 

20-39 2 2.50+0.70 1.50+0.71 1.00+0.00
 

40-100 9 2.22±0.83 2.00+0.71 2.33+1.00
 

* Mean + one standard deviation. 

http:2.33+1.00
http:2.00+0.71
http:2.22�0.83
http:1.00+0.00
http:1.50+0.71
http:2.50+0.70
http:2.0341.01
http:1.72+0.79
http:2.18.10.88


Table 9 

Relationship between birth weight 
and the
 

term infants,*.Fortification Index in full 
corn fortification project,
 

Santa Maria Cauqu6, June 1972-May 1975
 

Index
Fortification 
40-100
+20-39
0-19 + S.D. R S.D.Variables + S.D. 

Birth weight 
2571+314
2702+285
26434-324
(grams) 

65+13
29+5
4+6
IndexFortification 

4.8-3.6
4.2+2.9
4.1+3.1
Birth order 

Mother's height
 144+4.7
145+5.3
143+4.2
(centimeters) 


Gestational age
 39.1+1.5
39.3+1.139.3+1.2
(weeks) 


27124
Number of cases 


weeks of gestationai age) ex
, Premature babies (437 

cluded.
 

71 



Table 10 

Correlation between Fortification Index, and birth order,
 
mother's height, and newborn weight, height and
 
head circumference, corn fortification project,
 

Santa Maria Cauqud, June 1972-May 1975
 

Number Correlation
 
Variables of coefficient 

cases (r)
 

Birth order 189 .153
 

Mother's height 189 .094
 

Newborn weight 189 -.115
 

Newborn height ]L9 .030
 

Newborn head circumference 189 -. 051 



Table 11
 

Correlation between Fortification Index and child
 

height from birth to 8 years of age,
 
corn fortification project,
 

Santa Maria Cauquds, June 1972-May ].975
 

Correlation
 
Number of coetificient
Age 


(years) cases (r)
 

.045
214
0 


-.118
168
1 


-.045
167
2 


.300
153
3 


.010
139
4 


.057
126
5 


.021
109
6 


.091
108
7 


.021.
109
8 




Table 12
 

Mean and standard deviations (R + S.D.) of
 
heights and weights in sibling pairs,
 

corn fortification project,
 
Santa Maria Cauqud, June 1972-May 1975
 

Are NufbHeqht (centime e___ Weight (gransl 

(Iaonths) sibling-pairs Sibling I* Sibliijg 2** Sibling 1 Sibling 2 

0 76 45.71-1.8 46.34-1.6 2569(307) 2634(380)
 

6 76 59.6.+2.3 58.9+0.9 6242(687) 6351(857)
 

15 76 68.0+2.7 67.5+2.6 7320(893) 7210(878)
 

24 64 74.4+3.8 74.1+3.6 8586(1004) 8641(998)
 

36 64 79.9+3.9 80.2+4.3 10304(1276) 10389(1253)
 

60 66 92.2+4.4 92.7+4.1 13509(1498) 1.361.5 (1580)
 

* Sibling I born before coi°i fortification. 

;ib) q 2 born after corn fortification. 



Table 13
 

in the Fortification
Relationship between changes 

fro. 3 to 5 years,growth incrementsIndex and 
corn fortification project,
 

Santa Maria CauquC, June 1972-May 1975
 

Correlation
Number 

coefficient
of
Variables ch i I r_eI,r. 

.169
36Weight 


.100
55
Height 




Table 14
 

Correlation between the number of hand and wrist ossification
 
from 6 months to
 centcrs ornd 	the Fortification Index, 


s -!cars of age, corn fortification project, 

Santa Marfla Cauqud, June 3.972-December 1975 

Nuinbe Nubiner of Correlation 

Age of ossification coefficient 
(r)centerzrmonths) cases 

6 	 76 2.4+]..G* .060 

-.051
12 114 3.3+2.0 

18 139 4.9+3.9 .018 

]58 7.0+.4.9 -.019 

- .00130 137 9.94-5.8 


.000
36 135 13.94-5.7 


-.095
124 	 16.5+4.9
42 


.013
121 	 18.0_4.6
4,3 


.045
5! 	 121 20.5-+3.3 

1C) .0791O 22. 1.+ 3.5 

.106
86 23.9+2.2
72 


-.139
25.4+2.3
24 	 42 

-.250
26.6. 2 .0
96 	 19 


one 3tandard deviation.
Mean -i 



Table 15 

Analysis of variance of the presence of selected 
hand and
 

wrist ossification centers at age two years in relation
 

to the Fo-tification Index, corn fortification project,
 

Santa Maria Cauqu6, June 1972-December 3975
 

Fortificat-ion Index 
ctr 20-39 40-100 P0-19 

center (102)* (24) (37) 

19(74) 26(70) N.S.***
66(65)**
Radius 


Metacarpal I 12(12) 2(11) 4(11) N.S.
 

5(26) 14(38) N.S.

Metacarpal II 34(33) 

12(32) N.S.
Metacarpal III 29(28) 4(21) 

hetacarla I IV 21(21) 4(21) 10(27) NS. 

19(19) 3(16) 7(19) N.S.
Metacarpal V 


Proximal phalanx II 49(48) 0(47) 18(49) N.S. 

pooximal phalanx III 69(68) 13(68) 28(70) N.S. 

IV 4'7(46) 8(42) 19(51) N.S.
1Froxiimal phalanx 

5(26) 9(24) N.S.
Prox.:mal phalanx V 23(23) 

N.S.

Middle phalanx IIT 17(17) 5(26) 8(22) 

5(26) 7(19) N.S.

Middle phalanx IV 21(21.) 

N.S.
 
Distal phalanx 1 55(54) 20(53) 20(54) 


* Number of cases. 

Number (rounded percentage) with ossification center
 ** 


present.
 

*** N.S. = Not signifi.cant. 



Table 16 

of selected hand andAnalysis of variance of the presence 
wrist ossification centers at age four years in relation 

to
 

Index, corn fortification project,
the 	Fortification 
Santa Maria Cauqu 6 , June 1972-December 1975 

IndexFortificationossification 	 P20-39 40-100
0-19 (16) (30)center 	 (75)* 

7(44) 12(40) j.S .***
26(35)**
Triquetral 

7(9) 1(6) 3(10) N.S.
Lunate 

Metacarpal 1 
Metaca rpal II 
Metacarpal I1 
Metacarpal IV 
Metacarpal V 

46(61) 
73(97) 
75(100) 
67(89) 
58(77) 

11(69) 
15(94) 
15(94) 
13(81) 
13(81) 

22(73) 
28(93) 
27(90) 
25(83) 
23(77) 

N.S. 
N.S. 
N.S. 
N.S. 
N.S. 

Proximal phalanx I 
Pr:oximal phalanx V 

41(55) 
66(88) 

8(50) 
15(94) 

.6(53) 
26(87) 

N.S. 
N.S. 

Middle phalanx II 
Middle phalanx III 
Middle phalanx IV 
M.iddle phalanx V 

57(76) 
67(99) 
65(87) 
23(31) 

1.2(75) 
13(81) 
13(81) 
9(56) 

22(73) 
22(73) 
23(77) 
8(27) 

N.S. 
N.S. 
N.S. 
N.S. 

Distal phalanx 
Distal phalanx 
Distal phalanx 
Distal. phalanx 

II 
III 
IV 
V 

33(44) 
58(77) 
56(75) 
34(45) 

7(44) 
12(75) 
11(69) 
9(56) 

10(33) 
26(87) 
25(83) 
16(53) 

N.S. 
N.S. 
N.S. 
N.S. 

* Number of cases. 

•* Number (rounded percenta'ge) with ossification center 

present.
 

•** N.S. = Not significant.
 



Table 17 

Anal.ysis of variance of the presence of selected hand and 
wrist ossification centers at age six years in relation 
to the Fortification Index, corn fortification project, 

Santa Marfa Cauqu6, June 1972-December 1975 

ossification Fortification Index 

center 0-19 20-39 40-100 p 
(38)* (19) (30) 

Ulna 	 2(5)** 0 2(7) N.S.*** 

Triquetral 31(82) 16(84) 26(8'7) N.S.
 
Lunate 21(55) 11(58) 16(53) N.S.
 
Scaphoid 8(21) 3(16) 11(37) N.S.
 
Trapezium 11(29) 8(42) 13(43) N.S.
 
Trapezoid 6(16) 5(26) 9(30) N.S.
 

Metacarpal I 35(92) 19(100) 29(97) N.S. 

Middle phalanx V 31(82) 17(90) 26(87) N.S.
 

• Number of cases.
 

•* 	Number (rounded percentage) with ossification center
 
present.
 

S N.S. = Not significant.
 



Table 18
 

Analysis of variance of the number of the carpal
 

ossification centers of children in relation to the
 

Fortification Index, corn fortification project,
 

Santa Maria Cauqu6, June 1972-December 3975
 

Age Fortification Index
 
0-19 20-39 40-100 P
(years) 


2.00 N.S.**1 2.00* 2.14 

(67) (23) (23)
 

2 2.08 2.05 2.03 N.S.
 

(102) (19) (37)
 

3 2.17 2.22 2.20 N.S.
 

(72) (23) (40)
 

4 2.47 2.50 2.50 N.S.
 

(75) (16) (30)
 

5 3.09 3.33 3.41 N.S.
 

(58) (12) (39)
 

6 4.03 4.26 4.50 N.S. 

(38) (19) (30)
 

7 5.64 5.30 5.05 N.S.
 

(22) (8) (.9) 

* Mean (number of cases).
 

** N.S. = Not significant.
 



Table 19 

Correlation between the cortical thickness of the second
 
metacarpal arid the Fortification Index from 6 months to
 

a years of age, corn fortification project,
 

Santa Marla Cauqu6, June 1972-December 1975
 

Age 
Number

of 
(months) cases 

6 76 

12 114 

18 139 

24 158 

30 137 

36 135 

42 124 

48 121 

54 121 

60 109 

72 86 

84 42 

96 19 

Cortical thickness 
Correlation 
coefficient 

(r) 

0.92+0.19* -.066 

0.95+0.24 .176 

0.994-0.26 -.055 

1.12+0.25 -.156 

1.18+0.28 -.018 

1.18+0.30 -.082 

1.21+0.28 -.067 

1.25+0.29 .099 

t.38+0.31 -.081 

1.41+0.33 .140 

1.54t0.32 .041 

1.68+0.34 .008 

1.82+0.35 -.271 

* Mean + one standard deviatLion. 



Table 20 

morbidity analysis,
Number of children at various ages: 


corn fortification project,
 

Santa Maria Cauqu6, June 1972-November 1975
 

Age intervals, raonths
Groups of 

0-5 6-11 12-17 18-23 24-29 30-35
fortification* 


33
W-19 19 26 35 40 42 

12
11 ii 14
20-39 7 9 


7 8 14 16 19 22
40-1.00 


Total 33 43 60 67 75 67
 

* Classified by Fortification Index.
 



Table 21 

Percent of the time ill with upper respiratory infection
 

per categories of the corn Fortification Index
 
and age of the child 

corn fortification project 
Santa Maria Cauqu6, June 1972-November 1975
 

Groups Aqe..intervals, months 
of 0-5 6-11 12.-1.7 18-23 24-29 30-35 

lortification* 

9.00-19 11.0** 8.5 10.9 9.1 9.5 

20-39 8.8 9.4 10.1 7.6 R.3 6.3
 

6.5 5.1
40-100 15.9 10.0 6.8 5.3 


P N.S. N.S. N.S. N.S. N.S. N.S.
 

* Classified by Fortification Index. 

** Rate per 100 child--days. 



Table 22
 

time ill with bronchitis and
Percent of the 


bronchopneumonia per categories of the
 

corn Fortification Index and age of the child, 
corn fortification project 

Santa Maria Cauqui-, June 1972-November 1975 

Groups Aqe in Lervals r__mr. ths 
Of 0-5 6-13. 12-11 18-23 24-29 30-35 

for tifica tion* 

0-19 10.4** 8.5 6.3 7.4 8.8 3.5 

6.8 53.4 2.9 3.4

20-39 16.7 10.1 


4.6 4.6
8.9 5.7 3.1
40-100 15.9 


N.S. e_.025 N.S.
P N.S. N.S. N.S. 


C]assified by Fortification Index.
* 

** Rate per 100 child-days. 



Table 23 

Percent of the time ill with diarrhea per categories of
 

Index and age of the child,the corn Fortification 
corn fortification project,
 

Santa Maria Cauqu6, June 1972--Ncvember 1975
 

Age intervals, months
Groups of 

30-35
6-11 12-17 18-23 24-29forti fication* 0-5 

13.6 15.8 9.3

0-19 10.2** 11.9 16.8 


9.6 12.1 7.2 9.8 9.3

20-39 12.0 


6.9 8.2
17.1 7.6 9.9
40-100 11.7 


N.S.
 p N.S. N.S. <.10 N.S. N.S. 


* Classified by Fortifi;catJ.on Index. 

** Rate per 100 child-days. 

http:Fortifi;catJ.on


Table 24
 

Percent of the time ill with associated illnesses* per
 

categories of the corn Fortification Index and age of the child
 

corn fortification project
 

Santa Maria Cauqu6, June 1972-November 1975
 

Groups Age intervals, months 
of 0-5 6-11 12-17 18-23 24-29 30-35 

torti fication** 

6.7 3.4
0-19 6.4*** 6.5 7.3 6.5 

20-39 7.3 6.5 6.0 5.7 4.9 2.6
 

2.9 2.3410-100 9.5 9.1 4.6 2.7 

N.S.
P N.S. N.S. N.S. N.S. N.S. 


respiratory plus conjunctivitisRespiratory plus diarrhea; 

and/or stomatitis; diarrbea plus conjunctivitis and/or
 

stomatitis; conjunctivitis plus stomatitis; respiratory
 

plus diarrhea plus conjunctivitis and/or stomatitis.
 

** classified by Fortification Index. 

* Rate per 100 child-days. 



Table 25 

Percent of the time ill with infectious illnesses per
 

categories of the corn Fortification Index and
 

age of the child, corn fortification project,
 

Santa Maria Cauqu6, June 1971-November 1.975 

GLoups of Age intervals, months 
24-29 30-35fortification* 0-5 6-11 12-17 18-23 

0-19 28.6** 27.8 33.3 29.6 32.8 20.4
 

21.1 20.1
20-39 36.7 31.4 32.8 24.5 


32.1 22.8 19.5 17.8 19.5
40-100 40.8 


P N.S. N.S. N.S. <.10 <.025 N.S. 

* Classified by Fortification Index. 

** Rate per 100 child-days. 



Table 26
 

Percent of the time ill with fever 
per categories of
 

the corn Fortification Index and 
age of the child,
 

corn fortification project,
 

Santa Marla Cauqud, June 1972-.November 
1975
 

Groups of 

fortification* 

0-1.9 


20-39 


40-100 


P 

0-5 

Age intervals, months 

6-11 12-17 l8-23 24-2 q 30-35 

3.8** 6.9 9.2 7.8 10.4 4.9 

5.6 7.6 7.4 4.8 5.8 5.6 

3.5 5.3 4.0 4.3 3.7 5.4 

N.S. N.S. 4.05 N.S. e.005 N.S. 

Classified by Fortification Index.
* 

Rate per 100 child-days'.
** 



Table 27 

time ill, with diarrhea of
Percent of the 

7 or more stools per day per categories 
of the corn
 

of the child,and agefortification 
corn fortification project 

1975 , june 1,72-1ovemberCaucu6
 
Santa Maria 

Aje 4itterva].s, months 
Groups of 30-35


6-11 12-17 18-23 24-29
0-5MortificatJon* 

1.9
4.6 4.6

3.1** 3.2 4.8
0-19 


2.2 2.7 2.7
 
2.0 2.7 5.0


20-39 

2.11.3L.8
1.4
4.0
2.2
40-100 


N.S. N.S.
 . N.S. N.S.N.S. N.S
P 

Classfed by Fortification Index. , 

•* Rate per 100 child-dd 's. 



Table 28
 

Reduction in number of illuess days in the highly fortified 
compared with the low fortified children, during the second and 

third year of life, corn fortification project, 
Santa Maria Cauqu6, June 1972-May 1975 

Age 	 intervals, monthsDiseases
 
3 4 5 G Total
 

Total diarrhea 16.4* 6.7 15.8 2.3 41.2**
 

Upper respiratory 
tract infections 4.2 3.8 3.0 3.9 14.9 

Lower respiratory
 
tract infections 2.6 3.8 4.2 1.4 9.2
 

C,La I (Thys of 
i n f E&c ti o U .9 
illnesses 18.9 18.2 2.7.0 3.4 67.5 

* The fiqures given show the reduction of illness days per 
semester of life between the highly fortified and low 
fortified groups. 

** 	 Reduction of illness days during the second and the third 
year of life. 



Table 29 

Reduction in number of days with [ever and diarrhea with
 

7 and more stools per day in the highly fortified compared
 

with the low fortified children during the second and
 

third year of life, corn fortification project,
 
Santa Maria Cauqu4, June 1972-MWy 1975
 

Semesters of life 
Total
SymptomS 3 

1.2.2 0.7 28.3**Total days of fever 9.4* 6.0 

Days of dliarrhea with 
7 and more intestinal 
movnrtts a day 6.1 5.0 5.9 0.0 17.0 

* The figures qiven show the reduction of illness days per 

semester of life between the highly fortified and low 

fortified group. 

** Reduction of illness days during the serond and the third 

year of life-.
 



Table 30
 

Number of fecal cultures done at 6 month intervals in
 

3 groups of childrein observed from birth to 3 years
 

of age, corn fortifi.cation project,
 

Santa Maria Cauqu6, June 1972-May 1975
 

Groups Age intervals, months
 
of 0-5 6-11 12-17 18-23 24-29 30-35
 

chi ldren*
 

0-19 529** 485 624 889 930 784
 

259
2U-39 198 200 195 258 280 


37940-100 182 176 242 313 397 

* Classified by Fortification Index. 

** Number of cultures. 



Table 31 

of Siqela infection, carriersDuration 
3 groups of children
and cases 


3 years of age,
observed from birth to 


corn fortification project,
 

Santa Maria Cauqu6, June 1972-May 1975
 

Groups 
of 1 

Duration in 
2-4 

weeks** 
5-8 

children* % 0/ -

0-1.9 58 37 4 

20-39 38 51 9 

40-100 61 32 7 

Classified by Fortification Index.
* 

Two isolations were considered independent
** 
than 2 weeks.
 

infections if separated by wore 




Table 32 

Infant mortality before corn fortification
 

Santa Maria Cauqu6, January 1964-May 1972
 

Groups Number Number of deaths
 
of of Stillbirths 0-1i months Total Rate
 

fortification* deliveries
 

26 34 133**
8
0-19 255 


5 5 116
20-39 43 0 


14 22 107
40-100 206 8 


45 61 121
Total 504 16 


, Classified by Fortification Index. 

** Rate per 1000 deliveries. 



Table 33 

Infant mortality during corn fortification
 

Santa Maria Cauqu6, June 1972-May 1975
 

Groups Number Deaths 
0-11 months Total Rateof StillbirLhsof


fortification deliver ies_ 

20 150*
15
5
133
0-19 


3 143
3
0
21
20-39 


5 5L
3
2
98
40-100 


7 21 28 ill

252
Total 


Hate per 1000 deliveries.
* 



Table 34 

Infant mortality in low birth weight babies
 
(42.5 Kg) born during corn fortification project,
 

Santa Maria Cauqu6, June 1972-May 1975
 

Groups Number 
of of 

fortification deliveries 

0-19 133 


20-39 21 


40-100 98 


* Rate per 1000 deliveries. 

Number 
of 

LBW babies 


53 


8 


37 


Percent 
of all 

deliveries 

Number 
of 

deaths 
Rate 

39.8 9 170* 

38.1 2 250 

37.8 2 54 



Table 35
 

Second to fifth year mortality during corn fortification
 

Santa Maria Cauqu&, June 1972-May 1975
 

Grouns of families bv Fortification Index 

20- 39 40-100 Total

Mortdlity 0-19 

No. of No. of No. of No. of
 
(years) No. of No. of No. of No. of 


chii- Deaths Rate chil- Deaths Rate chil- Deaths Rate chil- Deaths Rate 

dren dren dren dren 

9 34
Second 132 3 23* 24 3 125 i08 3 28 264 

99 0 0 239 3 13Third 116 3 26 24 0 0 


Fourth 75 2 27 17 3 176 72 0 0 164 5 30
 

Fifth 61 1 16 
 14 0 0 65 0 0 140 1 7
 

9 807 1s 22
Total 2nd-5th 384 9 23 79 6 76 344 3 


* Rate per 1000 children of that age. 



Table 36 

Second to fifth year mortality
 
before corn fortification,
 

Santa Maria Cauqu6, January 1964-May 1972
 

Number 
Mortality of 

children 

Second year 454 

Third year 389 

Fourth year 376 

Fifth year 357 

Total 1576 

Number 
of Rate 

deaths 

26 57* 

13 33 

5 13 

1 3 

45 29 

* Rate per 1000 children of that age. 



Table 37 

Relationship between the Fortification Index and the
 

mean daily intake of calories in children from 18 to 36 months
 

of age, corn fortification project,
 

Santa Maria Cauqu6, June 1972-May 1975 

Age 
(months) 

Fortification 
Index 

Number 
of 

children 
Calories 

18th 0-19 
20-39 
40-100 

23 
7 

29 

405+194* 
488+229 
459+_272 

Total 59 453+250 

24th 0-19 
20-39 
40-1.00 

28 
5 

32 

"712+289 
485+1.13 
73330 

Total 65 705+319 

30th 0-19 
20-39 
40-100 

22 
6 

33 

966+283 
10044318 
903+258 

Total 61 936+271 

36th 0-19 
20-39 
40--100 

15 
6 
24 

1121+349 
1131i494 
1019+273 

Total 45 1068_-329 

* Muan + one standard deviation. 



Table 38 

Relationship between the Fortification Index and the
 
mean daily intake of protein in children from 18 to 36 months
 

of age, corn fortification project, 
Santa Maria Cauqu6, June 1972-May 1975 

(oh 
(months) 

Iicto 
Index 

Number 
of 

children 

Animal 
protein 

(g) 

Vegetal.
protein 

(g) 

Total 
protein 

(g) 

18th 0-1) 
20-39 
40-100 

23 
7 

29 

1.2+1.8* 
4.5+4.0 
3.6+3.6 

7.5+ 3.1 
7.8- 3.6 
8.8+ 5.0 

8.7+ 4.5 
12.21 6.7 
10.4+ 7.1 

Total. 59 1.8+3.2 8.2+ 4.3 10.2+ 6.3 

24th 0-19 
20-39 
40-100 

28 
5 

32 

2.7+2.5 
1.5+1.0 
3.0+5.1 

13.8+ 6.2 
10.1+ 2.4 
14.8+ 7.3 

16.5#- 7.3 
11.6+ 1.9 
17.8+10.8 

Total 65 2.7+4.0 14.0+ 6.7 16.8+ 9.0 

30th 0-19 
20-39 
40-100 

22 
6 

33 

2.4+2.4 
2.6+0.8 
2.3+3.1 

19.5+ 5.0 
22.5+ 7.5 
20.6+ 6.8 

21.9+ 6.2 
25.0+ 7.3 
22.9+ 7.3 

Total 61 2.4+2.6 20.4+ 6.2 22.7+ 6.9 

36th 0-19 
20-39 
40-100 

15 
6 

24 

3.7+2.3 
3.1+1.3 
2.2+1.4 

23.1.+ 7.9 
24.5410.5 
24.1+ 7.4 

26.7+ 7.9 
27.6+10.3 
26.3+ 7.3 

Total 45 2.8+1.8 23.8+ 7.8 23.8+ 7.8 

* Mean q one standard deviation. 



Table 39
 

Incidence of infectious diseases during pregnancy'
 

Santa Maria Cauqud, January 1972-October 1975
 

Urinarv tract
Trimester 

of Resoiratory tract in-fection Diarrheal Other
 

Bacteriuriapregnancy Upper Lower disease illnesses2 Cli.icaclnial Ei;ction
 

I 58(28) 4 I1(5) 12(6) 9(4) 7(3) 12 (6) 

2 78(38) 21(10) 20(10) 9(4) 16(8) 15(7) 

3 83(40) 30(15) 41(20) 18(9) 28(14) 17(8) 

Incidence
 
per 100 219(106) 62(30) 73(36) 36(17) 51(25) 44(21)
 

pregnancies
 

1 Data obtained from 209 pregnant women observed prospectively from conception to
 

delivery.
 

2 Conjunctivitis, otitis media, stomatitis and skin infections.
 

3 5;10C,000 bacteria per milliliter of urine.
 

Number of episodes (rounded percentage).
 



Table 40
 

Days of illness due to infectious disease 1
 

Santa Maria Cauqu6, January 1972-October 1975
 

Trimester Re--oiratorv tract infection Diarrhea! disease Other Urinary tract
 
-na
of 1re ouwCUS witlut With Total Illnesses2 infectior
 

prenan'.' 
 muc-s and/,lr blood 

1 2.64 .9 .2 .0 .2 .4 .4
 

2 3.5 1.3 .5 .0 
 .5 .4 .8
 

3 4.0 2.3 .9 .3 
 1.2 1.1 1.5
 

Mean 3.2 1.5 .6 .1 .7 .6 .9 

Data obtained from 209 pregnant women observed prospectively from concepction to delivery. 

2 Conjiunctivitis, otitis media, stomatitis and skin infections. 

3 Based on symiptrcs duration. 

4 Mean days of illness per 100 days.
 



Table 41 

Relationship between the incidence 
of infectious diseases
 

during pregnancy! and 
*he newrorns 
weight
 

Santa Maria Cauqu. January 1972-October 1975
 

Weight f 
newborns 

I,~uer of 
mothers 

Respirator%,
Upper 

tract infectic'Lower 
Diarrxea!
disease 

Other
ilI n esses 2 

3 
Bacteriurias 

_ 

(g) in___Upper__ 

12300 44 36 (82)4 14(32) 11i(2}) 9(21) 12(27)' 

2301-2700 78 89(114) 20(26) 26%'33) ]2 o15) 1 (13) 

32701 75 86(115) 23(31) 28(37) 15(20) 9(12) 

57 (29) 651(33) 36(18) 31(16)
 
197 211(107)
Total 


observed prospectively from conception 
to delivery.
 

Data cbtained from 209 pregrart vcmren 


stomatitis and skin infections.
2 Conjiunctivitis, otitis 7edia, 

.7iCO000 bacteria rer milliiter of urine. 

4 Number of ep.sodes (rc,u-"e percentagel 

Differences statistricaly signifmc a n t (X2 = 3.89 P--0.5). 



Table 42 

Comparison of the incidezce of infectious diseases during the first trimester
 
of pregnancy in women with abortion and term prc3nancies
 

Santa Marla Cauqu6, Januacy 1?72-0ctober 1975
 

Other Urinary tract
Number of Respiratory tract infection Diarrhea! 

subjects Upper 
 Lower disease illnesses Cl eial Bac iui
 

Abortion 56 15(27)* 3(5) 4(7) 4(7) 3(5) 14(25) 

Term 209 58(28) 11(5) 12(6) 9(4) 7(3) 12(6) 

X 2 0.012 0.000 0.134 0.680 0.450 13.870
 

P N.S. N.S. N.S. N.S. N.S. -C0.005 

* Number of cases (rounded percentage). 



Table 43
 

. 
infecticus diseases during pregnancy
Percent of the time ill wit!

Fortification Index,
per categories of the corrn 


corn fortification project,
 

Santa Maria Caitqu6, January 1972-October 1975
 

d i s e a s e s
I n Z-eC t i o u s 

C-roups Number 

ow_ Diarrheal tracQle
 

of of Upper Lower D Urinary Otber
 
ey diseaseresirno-,es
women respirator
fortificationl* 
 infection
infection infection 

0.8
 
2.9 * x* 1.7 0.7 0.8 


0-19 97 


0 .8 0.5 0.3 0.1
 
24 3.7
20-39 


0.7
1.3
0.6
1.4
65 3.4
40-100 


N.S.
N.S. N.S. N.S.
N.S.
P 


Classified by Fortification Index.
* 

** Conjunctivitis, otitis media, stomatitis and skin 
infections. 

Rate per 100 person-days.
*** 




Table 44
 

Correlation between Fortification Index and some 
variables in 105 pregnant women diets*, 

corn fortification project, 

Santa Maria Cauqud, June 1972-May 1975 

Correlation 
Variables coefficient P 

(r)
 

Protein from corn .327 <0.01
 

Protein from soy .683 <0.01
 

Vegetal protein other than corn or soy -. 011 

Total vegetal protein .256 00.01
 

Animal protein -. 079 

Total protein .222 <0.05
 

Protein from fortified tortilla .710 .0.01 

Protein from unfortified tortilla -.584 <0.01 

Grams of tortilla A54 

Calories not derived from tortilla -.075 

Total calories .153 

miem' daily intake, derived from threv, one week daily 
record surveys, corresponding to each trimester of 
pregnancy. 



Table 45
 

Analysis of variance of the diets of three
 
groups of 105 pregnant women*,
 

corn fortification project,
 
Santa Maria Cauqu4, June 1972-May 1975
 

Fortification Index
 

Variables 0-19 20--39 40-100 P
 
(41) ** (24) (40) 

Tortilla (g) 	 479 476 574 <0.010 

Calcries not from corn 741 732 766 N.S. 

Total calories 1801 1745 2024 <0.005 

Total protein (g) 46.1 46.3 55.3 <0.005 

Animal protein (g) 6.9 7.6 6.6 N.S. 

Vcqctal protein (g) 39.2 39.0 48.7 <0.005 

Protein from corn (g) 21.6 22.5 30.6 <0.005 

Protein not from corn (g) 17.6 16.5 18.1 N.S. 

Protein from soy (g) 0.0 2.0 5.3 <0.005 

* 	 Mean daily intake, derived from three, one week daily
 
record surveys, corresponding to each trimester of
 
pregnancy. 

** Number of cases. 



Table 46 

Relationship between the corn Fortification Index and the
 

mean daily intake of calories during pregnancy
 

corn fortification project,
 

Santa Maria Cauqu6, June 1972-May 1975
 

Fortification Number of Trimesters of pregnancy_
 

index women First Second Third
 

0-19 41 1687+486* 1742+485 1840+432
 

20-39 24 1783+423 1835+462 1742+474
 

40-100 40 1931+450 2002+472 1918+444
 

t test: 0-19/20-39 1.30 1.38 1.50
 

t test: 0-19/40-100 2.35** 2.45*** 0.80
 

• Mean + one standard deviation. 

S* P<0.05 

•** P<0.02 



Table 47
 

Relationship between the corn Fortification Index and the
 

mean daily intake of ve9etal protein during pregnancy
 

corn fortification project,
 

Santa Maria Cauqud, June 1972-May 1975 

Fortification Number of Trimesters of pregnancy
 
First Second Third
index women 


0-19 41 36.1412.2* 41.8+11.8 40.2,- 9.8
 

20-39 24 39.4+10.6 42.3+11.3 38.9--l11.6
 

40-1.00 40 45.7+13.1 47.7+13.3 46.7+12.1
 

2.00** 1.66 2.54***
t test: 0-19/20-39 


2.66****
t test: 0-19/40-100 3.42***** 2.12** 


Mean + one standard deviation.
* 

** P40.05 *** p.0.02 

* P< 0.001
**** P-! 0.01 



Table 48 

Relationship between the corn Fortification Index and the
 
mean daily intake of animal protein during pregnancy
 

corn fortification project,
 
Santa Maria Cauqu6, June 1972-May 1975
 

Fortification Number of Trimesters of pregnancy 
index women First Second Third 

0-19 41 7.5+4.2* 6.5+3.5 7.1+3.6 

20-39 24 8.0+4.0 6.443.9 7.4+4.8 

40-100 40 7.0+3.9 7.34-4.3 6.543.4 

t test: 0-19/20-39 -0.98 0.84 -0.88
 

t test: 0-19/40-100 -0.56 0.92 -0.77
 

* Mean + one standard deviation.
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Corn fortified with 8 percent soy bedn 

flour 
If
|ts biological value. 


n.125 percent L-ly-ine HC1I is improved in 
this corn, aconditions are fed with 

pe-rsons living under n.;tural 
the growth paitLern of children, and
 positive biological effect on 
 To test this 

on t-he morbidity and mortality would he obrierved. 

1972 the corn consumed by the villagers of 
hy,.othenis, since June 

Strong indicators 
Silnta Maria Cauqu6, Guatemala, has been forLified. 

provided by the resedrch findings, 
indicate that the intervention
 

tihe infant mortaiity by 50 percent.
 
ha.; been beneficial in reducing 

d]so clearly reduced.
has been
fifth year mor-ality

Tic second to 
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Morbidity during weaning a bignifi 
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cdit effect on postnatal growth 

was not 
3 to 5 years old. 
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