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Project Title and Contract Number 
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January i, 1-March 31, 1976 January 1, 1971-March 31, 1976 
Contract Periu.d (ai; amended) From-To Reporting Period From-To 

Total Expenditures-and Obligations 
Through Previous Contract Year $557,291 

Total. Ex 1 :endi tures and Obligations 
For Current Contract Year 

Narrative Summary of Accomplishments and Utilization: 
Corn fortl if Ied wi [ 8 pc'rcent .;oy boa ii F]1lour (O''/,0% rotoin) and 

0.125 	 [ercenit L-.y:;.i( 11C1 is improved in its biological value. If 
,ersois 1]iv:inq undoe- jaLual-i conditions; are fed with this corn, a 
positive 	bio] og:i.cal el Tfect on the growth pattern of children and on 
Hie wo)-bidi ,yi il,,1 i Ly woull i ' oh:;crvtc1. ']To Lt!;L tliis hyljothesisI ,dm , 
the corn consumed by the villagers of Santa Maria Cauqu6, Guatemala, 

wa.-; fortified during a period of 44 months, from June 1972 to January 
1976. 

Through the activities of this project, it was shown that it is 
possible to fortify corn at the village mill level and that it is pos
sible to obtain and maintain the collaboration of a significant group 
of pop.uation. In relation to the biologic effect of the improvement 
of corn it was found that the intervention was beneficial in reducing 
the inflant rortaiity by 50 lercent. The second to fifth year mortality 
was also clca rly red(uced. MorbidiLy during weaning was reduced by 
33 percent. These changes appear to be independent of socioeconomic 
class. Even if a significant effect on postnatal growth was not evident, 
a positive tendency for better growth increments was found in children 
3 to 5 years; old. No chancge in fetal growtlh wa:; found; however, the 
dietary i.tk i. 1 lanilt woien was improved, especially during the 
first six months of pregnancy. 
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B. PROJECT OBJECTIVES
 

The rusearch objectives proposed in the original grant 
appli

cation are:
 

To determine the effect of fortification on nutrition of
1. 


pregnant women and on fetal growth.
 

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


development of children. 

3. To determine the effect of fortification on disease incidence
 

of children and on intestinal infection by Shigella. 

corn
 
4. To study the feasibility (management and economics) of 


through the addition of
fortification at the community level 

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

economic data
 
5. 	 To evolve realistic operational guidelines 

and 

forti

applicable to a regional or national program 
of corn 


fication.
 

C. ACCOMPLISHMENTS TO DATE
 

1. PRINCIPAL FINDINGS
 

the activities developed to carry out 
report resumesThis Nna] 

of May 1972the period of 29th 
the corn fortification project during 

on tliis report has been
1976. The informat:ionto the 31st o[ March 

firsL w.i th the implementation
iiiLo two suctions, d2L1lLnqdistribuLed 

of tlie intervention, and 
of the fie.ld methodology and acceptability 

second with the biologic effect of the fortified 
corn.
 

Section one: 

of theand acceptabilityof the field methodologyImplementaktion 

fortification
 

village.the experimentalwas chosenl as
Santa Maria Cauqu
6 


kilo-
Domingo Xenacoj, located at 4 
Another Indian village, Santo 	

The was selected as a control. 
meters from Santa Maria Cauqu6, 
 fetal growth and
 
variables to be studied in both villages were: 
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postnatal tjrowth tiore birth to. 5 years, as well as preschool ior
tality. Ini the experimental village, the effect of maize fortifi
cation on preschool morbidity, and on their dietary pattern was 
also to he ,usssd 

a. SociL workprevious to the implementation of the fortifica
ti'ol l eIt(g 

hi} I project started on 29th of May-orWIication the 1972, 
and e ru.aI i Jar Led I.y on the 3rd of February 1.976. San La 
Malrla C,,:ii({l :;urad the loss of 5% of its population and the 
dest.-e tI (il CoC all but one of .its houses during the earthquake 
of tin. -.tli , - Felbruary. The OInIV buiAldings left standing were
the towni Il {, t._iu hiealth center, the school, and bihe only 
rein t erred <:'e1 7ic house. TIThre e munths after the earthquake 

the v i.la. .a wis com plately rebuilt. Although the corn forti
ficaLIon coo,Id not be continued, the follow up of children was 
reinitLatud two -eeks a iter the earthquake; the studies on 
pregnant women started again at the middle of March. 

TI'h~e j)iius a(id characteri stics of ther maize forti fica
tion projlct were a2:-:pl.ailned tu the vill ,.;eQrs prior to the ini
titatiorn of tle field work. During a three months period sev
eral- q W10iiLi hal (I ltie aut)horities otlerwae villiage, wil and 
vi. llw ia .in~ina:i. Ies s;uch as teachers and community leaders, to 
e>x:.lin LIi. i)uj(,c .i dotae L i.. l.s ide;, tle field persoinn l 
carriei out- ii.1my )nia.' visiL; to expla-in Lo the housewives; Lhe 
p)urpoe:; (I.,l. poject, and especially the fortification 
methLodo] ()g y 

'' :; i .. 11ilni kvrmiiLOii of LorLii.a:;, several. trial.s 

of ta;te di!. I11reiiLiation witli fortified and unfortified tor
tii. La:;, were-c.. ,ract:Iccd witmal -iaand:uma i.e adults, as well. 

as w i Lh adol.esce it, . Thc olase rvation was carried out in 154 

subjh c L 3 w ULi a total of 274 observ tions. The comparisons be
tween Iirti fied and unfortiflied torLi llas were done utiliz'ing 

the iLjIitnjl in-ethod. The tials were conducted either at the 

baaI. lli cciiLi, -)r at the Municipal.iLy buIirdig Tid' percent 
0f c ).rrac t_ aiisw, is was 32.5, which w.is not sLaListically sig

ni.i caLt. IL was concluded that villagers could not differen
tiate, between fortified and unfortified tortillas. 
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b. Installations and equipment for fortification 

First of all it was necessary to obtain the collaboration 

of the mill owners. At the beginning of the project, there 

were two mills in the village. During the course of the pro

became in operation. Tlhe same methodol.oJyject, two more mills 


that was applied to fortify the maize in the two existing mills,
 

at the beginning of the project, was applied later on in the
 

other two mills.
 

Considering tlat there was not any previous experience to 

fortify maize on daily basis at the village level, special 

simple equipment to be utilized by the millers had to be de

signed. The equipment consisted of a balance with -a dial to 

read the number of pounds of cooked corn (nixtamal), and mea

suring cups of various sizes to deliver the corresponding 

amounts of fortifying mixture to the nixtamal at the level of 

8%/. For example: measure number 10, delivered the amount of 

flour needed to fortify 10 pounds of nixtamal (see Figure 1) 

Printed forms with the number and names of the housewives of 

the village families were used to keep on a control of the daily 

fortification. To identify the family at the mill when dif

ferent members of the families carried the nixtamal, it was
 

necessary to mark the family number on the containers utilized
 

to carry the nixtamal. This was done by the INCAP staff before 

tile project started. 

The procedure for corn fortification was as follo.s: wo
one of men or feml e ci..(cldren car'r ied the nx %tamal to eithler 

customers wasthe l.1i.ls, at the mill the nix tamal oi all tlhe 
the fortification.weighed. Then they were asked if they wanted 

When the answer was affirmative, the proper measuring cup was 

the mixLure (Table 1) into the nixtamalutilized to deliver 

(Figure 2). A record of the number of nixtamal pounds, and of 

the measure ut:i.lized was registered on the prethe number of 
coded IForm. Thureafter the nixtamal plus the fortifying mixture 

into the hopper of the mill for grinding. Duringwas placed 
the process of grinding, the nixtamal and the Fortifying flour 

were mixed with a wood spatula (FigJure 3). Tl1.hen the women 

it to prepare the torcollected the maize dough and carried 

til..ts at lhome. In the process, tile only intervention was the 

weigll:i.ng of the corn and thu adding of the flour; no other 

were introduced in the traditional process ofmodiIfications 


cooking maize or preparing tortillas.
 

http:weigll:i.ng


C. Studies on pregnant women and preschool children
 

To assess the biologic effect of the improved maize on 

fetal growth and on the health of preschool children, 90% of 
the pregnant women and a cohort of 70 children from 0 to 3 

years oF age were followed up. Intrauterine growth was de

termined in 189 cases by measuring at birth weight, height, 
and head and chest circumference. The maternal variables af

fectiny fetal growth, plus the dietary intake and morbidity 

during pregnancy were also determined. 

The cohort of children 0 to A years of age was formed at 
the beginning of the study by 63 children distributed as fol
lows: 13 children between 0 to 3 months of age, and by five 
groups of 10 children each, representing the age periods of 

3 to 6, 9 to 12, 15 to 18, 21 to 24 and 27 to 30 months. The 

follow up of children stopped at the third birthday. All babies 

born after the 29th of May 1972, iere included in the cohort 

until April 1973, when it was decided to stop the collection 
of newborn for the conort; by then, the number of the study 

children was 70.
 

The health of the preschool children, 0 to 3 years old,
 

was determined in the cohort children by a weekly surveillance 

of the morbidity and dietary intake. Growth of these children 

was doLeerii I y mleasuring weight, chest headWi height, and 
circumurences biweekly during the first year of life, and 
every four wcuks duriny the second and third year of life. 

esi.dcs, g rowth records of chil].dren, other th1an th e cohort: 

ioo ,, w(,1:(., 'I1.:;o a va..a I c tC ougli i asuiuruniun tsgLh every 3 months 

of tle pasrm' in children from to yearsrameters birth 10 of 
aLge.
 

In the control village, pregnant women were followed only
 

for anthLropowetrical examination. Newborns were examined at
 

birth, as described for the experimental village. Records of
 

growth from 0 to 3 years of aye were obtained at 3 month in

tervals. A general record of natality and mortality was kept
 

For b)oth vil..lages. 

d. Cooperation of the villaqers
 

During the first two days of fortification, 95% of the
 

families accepted to fortify their maize. At this time, many
 

villagers began complaining about foul odor and bad taste in
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the fortified tortillas, that were overleft from the previous 

meal. After few days cooperation dropped to about a 30,. The 

problem was promptly investigated in the field and in the 

laboratory. It was found that the water content was higher in 

the fort. fied tortillas, due to the high water solubility of' 

the Corti yinq mixture. Besides, the miillers were adding a 

greater amount of water in order to Cacilitato the grindLng of 
the maize plus the mixture. Furtlermore , the storage of7 tor

tillas in closed and not well ventilated baskets, a coimion 

practice in the village, favored bacterial proliferation. It 

was found that lfortifti.ed tortillas hadI g re ater numb er of 

Baci llus, coliforms and cocci. 'P e logical practical solution 
was to remove part of the water from the nix.L.ma]. lor th:is 

purpose, holes were dri.led in the balance t :<ry (ti:is removed 

from 5 to 100) of the total weight), and to favor water evapora

tion iousewives were told to leave the torltill.as a little longer 

on the hot dish (comal), where tortillas are cooked as well as 

to store them in a well ventilated basket. 

These recommendations plus intnus-ive fie]ld work, re:su.ted 

in a better cooperation, but the percentage of regularlv for

tifying families, dropped to 40,. Thetprolblelm of high wat1? 

retention was never solved satisfactorily as it will be seen 

later.
 

Qe. 1,ea-o :; .AcceutA.i _ooor t accp n..Iu tie lor tili ikJ hour 

A survey a imed to dete rminhe tlIc concepI)ts vii...ad(jors iad 

about the WuLoti lyinq lour was c i,.'Ld . t the ," 0ofi 1974 

(more than two years after the project had started). Thirty 

nine collaborator and 46 non-co.laborato: lai. iies were in

vestiatecd. 

in Table 2 are presented the reasons for accepting tho 

forti Fy'ing nlour. The majo.:ity of7 them (OWN7) u:-prssud tLhat 

they had accepted the fortification because it was advised by 

the clinic personnel. Forty-one percent mentioned that they 

werec acceptilng J t becaus; the miiixtuire ga . tLi_'m strun, ;i. Land 

i.t wa :; (Jod to pre veit i. llne<ses. Ten pr- cent sa.id that they 

were obtainlnlg itiore tortillas because the flour increased the 

volume of thte dough. 

The concepts about the fortifying flour in the collabo

rator famui].i.s are presented in Table 3. It can be seen that 

http:torltill.as
http:nix.L.ma
http:lfortifti.ed
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illnesses, and was acceptable ,for everybody, except pregnant 
women, because fortified tortillas caused themnausea. 

* The reasons for not accepting the fortification in the. 1 
sample of non-6ollaborator families are presented in Table 4. 
The main reason was that tortillas could not be stored for 
next day. A noticeable change in flavor was reported by 37% 
of the families, mentioning that this change became stronger when 
tortillas were mixed with coffee. Twenty percent said that for
tified tortillas produced them stomachache and/or diarrhea. 

Finally, the reasons given by the collaborator families 
for not fortifying maize on daily basis anre shown in Table 5. 
The main rea;ons were related to either change in flavor or to 
problems related to storage of tortillas. It was also mentioned, 
the preparation of corn tamales or tamalitos. This is related 
to the problem of the high water 'solubility of the soy flour. 

They also mentioned that flour increased the sticky consistence 

of dough made from unriped maize or maize destroyed by insects 
and consequently tortillas could not be easily prepared. 

f., Level of fortification (control of fortification) J 

TVhe level of fortification of the families was determined 
on w&(k.y basils in accordance to the information collected in 
the daily records of attendance to the mills. A weekly index 
of fortification of the family (family weekly fortification 
Inex:d WI)0%w,; d(,termified as pre.,;cnted .in Table 6. From 
this index, the averaye family fortification index (FI) or the 
averaye child FI, could be calculated for any specific time. 
As the indexes were cumulative, permitted the classification 
of the families in accordance to their level of fortification. 
The FI',for one specific week was equal to the sumlof the weekly 

indexes since the beginning of the fortification project, 
divided by the number of added weeks. A special index was pre

pared for each child born since February 1964 when the previous 
study in Santa Marffa Cauqu6 started. To be able to compare 
chil.Ldren born at different periods, the time of gestation was 
considered. In this manner the child fortification index at 
birth,, was equal to the family fortification index corresponding 
to the 39 weeks previous to delivery (average duration of preg

nancy). 

' 
-.- .i, ,: " ,- './ , , : ,' §: . *' *-" . .. , i ' 

I'I ' i I I { 
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In the children who were born before the onset of the 

corn fortification project, the index corresponding to the 

date of any of the anthropometrical, dietary or morbidity 

surveys, was calculated taking the sum of the weekly family 
indexes at the moment of the survey, divided by the child age 
in weeks, plus the 39 weeks of gestation.
 

An analysis of the frequency distribution of the weekly
 

family indexes, permitted to classify the families in accord

ance to the levels of cooperation. ThQ lower fortified group 

had a FI less than 20 and it was constituted by 51% of th'e 

families. The FI for the medium fortified group oscillated 

between 20 to 39, and corresponded to 13% of the families. 

The highly fortified group had a FI of 40 and more, 36% of the 

families belonged to this group. The consistency in the col

laboration of the highly and medium fortified aroup is shown 

in Tables 7 and 8. It can be observed that the highly forti

fied group was very consistent in the fortification. owever, 

there were two periods when the collaboration dropped. The 

first period corresponded to the sixth trimester of observa

tion, when their corn stocks became attacked by insects. The 
second period corresponded to the trimesters 10th and 11th, 

when two new mills became in operation in the village. About 

one third of the families decided to mill their maize in these 

two mills. It took about six months to convince the mill 
owner:; to pirLici.[)aL in the program; after this period the 

collaboration began to increase. 

On tle ( tthe 1 l l1'l, tll' iilie VoEl.i I (U (FOtu(110iLed.i11111 , 
w.i.tl al Fbetween '12 to 47 during the firsL three trimesters. 

However, durin(f the fourth trilesLetr tie.ir PI be(J-n Lu (l rop 

s teul.iJ.y. Dllri. l tieig twel .1Iii trimester lalf.. of the failies 
of thi.s g -70U i l i1 t /ortLi.ytheir.- maize it alt. 

The .inLt.ense cliipa i'.ll to convirice tle fmilJ.ies to fortify 

their maize, was done only during the first three months of 

the study. Laiter on, it was found that the families were for

tifying with a definitive pattern, and it was decided to stop 

the U1nro]llinlL campaiJgn. lowever, the FoL-ti.fyi.nj mixLure Wva!; 

ava:i[able fr(ee of charge in the four mills. Any family could 

decide whether they wanted to fortify their maize or not. 
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g. 	 Sociocconomical characteristics of the collaborator and
 
non-collaborator families
 

With the data collected through the census of 1971, it
 
was determined the socioeconomical characteristics of the
 
collaborator and non-collaborator families. The following
 
variables were considered: land tenure, cattle and poultry
 

possessions, material utilized for house construction (floors,
 
walls, roofs), water availability, fecal and waste disposal,
 
literacy, scholarity and shoe wear. Each variable was given
 

a maximum value of 3 points and a minimum of 1. The highest
 

value was assigned to the families who had better conditions.
 

The socioeconomic index was formed by the sum of these vari
ables. The lower and maximum values were 12 and 36 respectively.
 

The analyses of this information did not show differences
 
among the three groups of families classified in accordance to
 

the fortification index. The socioeconomic index of the fami

lies with children less than 10 years old is presented in
 

Table 9. Three main variables (land tenure, scholarity and
 

shoe wear) were analyzed independently in the three groups of
 

families. Table 10 shows that there were no differences.
 

J3esides, a study of attitudes toward care of children and
 

utilization of health facilities among two groups of moLhc'. 
did not show liny j;.ijnificant differences. vinally, a survey 

of the village clinic record of attendance, did not show dif

ferences in the number of consultati.on by preschool children, 
between the Camilies with a high and low fortification index 
(sec 'y'ab.lu I) 

These data ,Ahow thlit the tendency to fortify the corn w". 
not related to social. or economical class. 

Monitor of the fortification project 

done 	at two levels. First, as explained
Mon:i.toring was 

previously, the Lvelof: fortification per family was determincd 
daily. Second, tortillas were examined in the chemistry labo

ratory to determine total free lysine and protein. Random 

sampling of tortillas were obtained for 100 families every morth 

The results of these determinations may be observed in Tahle 1; 

It was found that although fortified tortillas had a largco 

content of protein and total free lysine and the differences 

http:consultati.on
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were highly significant, the amount of protein in the enriched 

tortillas, was only half of the expected value. Besides, the 

PER of fortified tortillas was between 1.90 to 2.19 and did 

not reach the expected value of 2.76. In this manner, it can 

be concluded that the fortification was done at a level of 4 

to 6% and not at 8% as it was planned. 

Several explanations have been found for this partial
 
failure in the fortification procedure. First of all, it was
 

found that it was difficult to compress the flour into the
 
measuring cups due to the fluffy consistence of the fortifying
 

flour (mesh 150). Besides, due to the large volume of flour
 

plus the amount of water added during the milling process, the
 

volume of the dough was increased reducing the fina'l concentra

tion of the fortifying mixture, in the cooked tortillas.
 

.	 Discussion of the implementation:of the field methodology and 
acceptability of the fortification 

This field project was the first attempt to fortify maize
 

at a village level, utilizing a technology devised to be applied
 

as an industrial process. Although the fortification started
 

successfully, several problems were immediately identified 

during the first two days of fortification.
 

1T! ma j ur:i. ty of- tLhe reasons for not accepting the maize 

forti ficat.i on wel-e re.a ted to th1e qluali. ty ()I- the fortifying 

flour, especially because of its high water solubility. House
wLi h • .u flour to 

be addcd, lJrti..ied to L~i. .las could not he stored ]-or more 

than 1.2 hour., urtlCi mlore, people began detecting changes ill 

flavor, which became more noticeab.e when tortillas were mixed 
wi.th cof ice. Al imortaiit aspect C tLhe fEllvor change, was 

that the fortified tortillas were a cause of nausea in pregnant 

women. Besides, due to the finess of the fortifying flour, it 

was not to the maize at desired concentrapossible i-ortify the 
that the main causestion of 83%. Ii,conclusion it can be said 

for failure .in the study were related to the quality of the 

flour that was utilized and n1ot to the fortification per se. 

for 	industrial pur-
The fortification technology devised 

poses, requires of previous research at the field level, pre

vJ.ous to tie introduct.ion oI any food fort:i f.icati.on program. 

For instance, the acceptability tests of fortified tortillas 

http:f.icati.on
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showed that villajers were unable to identify the differences 
in flavor. l1owever, when fortified tortillas were consumed 
daily, flavor differences were easily found. 

It can be said, that the implementation of the maize for
tification methodology was a success, considering that people 
allowed an intervention in their staple food. The fact that 

in spite of the problems identified with the fortification pro

cedure 36% of the village families accepted regularly the for
tification of their maize, is a positive aspect of the study.
 

The achievements and failures of the maize fortification me
thodology are summarized in Table 13. 

'rho identified problems can be solved by changing the 
characteristics of the fortifying flour. Recent experience at
 

INCAP has shown that when a different flour is used, it is
 

possible to add the required volumen of the mixture and less
 
water is retained.
 

Section two:
 

Biologic effect of the maize fortification
 

In accordance to the design of the project, the fetal and post

natal growth rates, Lhe mot-b:id.i.ty in children 0 Lo 3 years old, and 

the preschool. mortality observed during the period of fortification 

intaSiana Ct11iq1( , W'i-: Lo Lb COtil?<Ctd with tie basal data col

lected in the same village from,1964 to May 1.972. Phe data collected 
:in Lhc' .,.vi I.l,j. , I L. lo: tiL~i.i. gji.owLii as well Us oncoil ut" JI.ii(] 

preschool. nor L il.i.ty wer. to he colmlpa red w.i tlii(n(jc's observed in the 

CXpl'1.IICLatvi.L vi..L.LiJe. IL was also to be utilized to determine secular 

changes occurr.ing in the area duri.ng the peiiod of the project. 

The collected in the control village, showed that 

the birth weighL as well as the pattern of growth from birth to 

3 years o age we , similar to the ,growLh pattern of the experimental 

.information 

villae be ioie (Table The morta.ity pattern inforti.icat.ion 4). 

preschool clli:ididlen was also found to be similar to the one prevailing 

in Santa Maria Cauqu6 before the fortification. 

flowevr, it was decided that the most valuable comparison to
 

detect changes induced by the maize fortification, should be by
 

tie di:.[ [erencV s ebctweei the re)i.gnan.L woiin Z1nd i)reschIool
analyzing 

chi id l.'ccn ( Li u ;iliLun. 1L. Je i levels
l t:-:l,' vi. w.i LIl e 'ciiL of 

http:mot-b:id.i.ty
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it was found that the tendfortification. This was derided after 

ency to fortify maize was not related to socioeconomical class.
 

The effect of maize fortification on fetal growth was assessed
 

in the children who were born during the length of the project.
 

This was determined by studying at birth ail the babies born during
 

the fortification. Information on dietary intake, rmorbidity and
 

anthropometry was also obtained in alout 90% of all pregnant women.
 

Changes induced by the improvement of maize on growth from birth to
 

10 years of age, were determined in the village children of these
 

ages. rThe studies on dietary inl:ake and morbidity during the first 

three years of life, were conducted in the cohort of 70 children, as
 

described in the first section of this report.
 

The records of natality and mortality, kept by the INCAP per

sonnel, were utilized to determine the preschool mortality rate.
 

a. 	 Effect of maize fortification on'the dietary pattern of
 

preschool children
 

Dietary intake was measured utilizing the weekly recall
 
show that there were no differences
method. Tables 15 and 16 

intake of calories and protein of preschool children inin the 

relation to their fortification index during the first three
 

years of life.
 

finding points out that the fortification did not
This 	 but: it ischange: the L food c{nsumed by the chi.]dren,amunt- o 

that gIroup 	 childreni.mpou:Lant to consider the of foLti FiedF.i 
pc, I .i.) 	 d of: LIei.r

;It ,I :Ii I:I. i Cr.i Li cal 


live..
 
0 iV(,(l a l..L ) .:1 1 yl(J i 

n i.--%owLhIb . .F fect .oIT ma i.c' Fort:-.i 1 i caL :i i o I-,tl.I 

yetal growth was determined in accordance to the anthro
height,pometrical chiaracteristics of newborns. Data on weight, 

at birth were available for
head 	 and chesL circumferences 

189 cases which represented 95% of the babies born in the 
was recorded

vill.age during the fortification project. Weight 

first of by nurse. Ijeight, head and chesL 
into 	 the hour life a 

were 	 measured by the physician during the first 
circumferences 

Several maternal variables such as birth
24 hours of life. 

For the analyseswere obtained.order and mother's height also 

the effect of maize fortification on fetal growth, the for
of 

index f0:e eachl newborn, was caiLculated as explained
tj.f:i{(!'Iion 

previously. 
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The relationship between birth weight, height, head
 

circumference, birth order and mother's height with the for
born during thetification index for all full term babies 

lengthi of the project was analyzed. Table 17 shows these 

results. There wvas no apparent impact of the intervention on 

weiLt. Table1.7 also shows that this finding was notbirtl 
due to differences in birth order of the child or maternal 

height. Moreover, similar analyses with height, and head cir
to show an etfectcumference: of the newborn did also fail. 

Lastlv A t was; found through regression analyses that the for

tifJc aton irikde,: wa:: lot related to growth in the newborn, 

either be Lore or after controlling for the influence of the 
potentially , on ounding factors already mentioned (Table 18). 

Therefore, a t \.'as concluded from these analyses that the maize 

forti Flcation program '-ad no impact on fetal growth. 

c. Efect o1, :i ze or Li fic-tion on, postnatal rowth 

Growth records for all village children born since the 

year 1964, were available. Measurements of weight, height, 

hea l and chest circumferences, were obtained at three month 
six 	monthintcrvals for' children under 6 years of age, and at 

measurementsintervals t o. children older than 6 years. The 

were co.1 cctcd 1hy an anthropoietrist, followi-n. procedures 

already csLablished for the long term inte rventions being 

carri(d (utuL in Siit Murlia Cauqu( since 196 . 

'i'i, ua .s is on tL re l.itioilship between the fortifica

irL hlt o f year:; oF aletion ind(e:-:x andt- at-t,- ined ieijhLt From 
is "ii(Ywl li 1 Il ). fN'o)ne of tLhe. correlatoilon coefficj.ints 
was :;i gni I[:i.,ntt. A ci ii.Lar ana sy:;iw.i.t:lb wjiglt gave similar 

relationshipresults suggeusting thaL there was not app)drent 
to con)e tw(een ifortilication and jo.;Lnatai. qrowtLh. In order 

trol [or tLu iiiFluence of-: facLors consLant to the family, such 

as ; ;c ioee iiomic status and Level of collaboratioi with the 

prol.r-101, it was carried out the following analysis. Sibling 
I':;::,J,,w,.r'ct_'d .in l.. i. li.ei w i:' i .wl.li Alli .oiun was 

avai.A le (P : both si.hings at any of the Fol.ow:i g ages: 

b..rLii 6, .1 , 21, 30 a1nd 60 Inontlis, and wher.(e tihe older sibling 

helore tLI lortif.i.cat:ion prohad 	 yiclo, d tLhe ago il qoes Lion 

j oct, wi.i. 0 tlie' younger slb l..ing reached the same age during 

'1ius, every siblingthe 	COUr-se ()i. the project. for age the older 

no opport uni ty to bone fit om the ma ze Fortl A ication.had 
'1 e: , i l : n:;i.:.; tedI o f liparll t.] Le i lit n'.dld weigh it ok;t].y505 e 

ho ULi :;:i.I .i ii(I the e-pecLaLjon being tLhat t!e younger sibling 
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~wo of fortification. Thehairon~accout 


results of these analyses are shown inl Table 20. None of the
 

comparison between sibling pairs either'for height or 
weight,
 

at the various ages .reVealed differences. Therere, it was
 

concluded that even after controlling for constant factors in
 

family, "the maize fortification did not seem to have 
had


the 

an impact on physical growth.
 

The analyses shown in Table 21 relates the increment in
 

physical growth with the increment in fortification index, from
 

Although the correlation coefficients
 3 to 5 years of age. 


were not statistically significant, they 
do indicate a strong
 

tendency for growth increments in both weight and height 
to be
 

related to changes in the fortification index.
 

Finally, an analysis of the effects 
of the fortification
 

of maize on maturation was ,done, utilizing 
bone development
 

c,_rreoa--
Table 22 shows that no 
indicator of maturation.
as an 

found between the number of hand and wrist 

ossifica
tion was 

tion centers and the fortification 

index from 6 to 96 months
 

An analysis of variance Of the 
number of the carpal
 

of age. 
 fortification index was
 
ossification 6enters in relation to the 


also done. No differences were found in the three groups of
 

seen in Table 23.
can be
children as 


cortical thickness of 
A correlation analysis between 

the 

the second metacarpal and the fortification 
index, also did
 

o ay LP . ....prus, "d in Table 24. 

out suggest that maize ithu analyses carried 
effect upon physical growth 

lhad had no Si~lnificantFort.i rLica~i.oi 
LI.lI bone developmerLt. 

on''the iorl):iditv by in ecCLous
 
lect of maize fortificaionT
d. 


onCt e . 
tie e [ Lect o miaize Il- i Ifi.catiol 

I"r C17:? [.) L:; 

).hidiLy W .iW l:ecL.iouq :ii. I uLCS ; :J.t).;aml).Le . of 70v . oraqCmon ,n 

section one, were
eXPiai'ed in
chi.Ldron co.l.l.ceted aL randoil as the field 
......ully." '- - through weekly home visits by 


every week 
was determined on 
Their health stLus

p.hyS:i.cican. every illness
 
date of onset and duration 

of 

each visit. pTie 


The severty o f tle symptomatology 
was
 

were determined. the' 'diarrhea
 
e 1n. el:of days Of fever 

and' .i.n 

it
sse ed by 


ald. 10 
LOf (1 y; WJ L11 4Lo6'. '.9,U or ;!to i:'I
by. the' nII(1Ulb .. ..casen", - ': 

http:J.t).;aml).Le
http:rLica~i.oi
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more s oo]ls per day. The presence of vomits and of mucus 
and/or b.oo( in the feces was also recorded. 

Ie results of the morbidity analyses are presented for 

disease incidenco, duration and severity, in relation to the 

forti ficationi index. No differences in morbidity in the three 

groups of children were found during the first year of life. 

However, a significant reduction in morbidity was found in the 

children with high fortification during the second and third 

year of life. 

The size of the cohort of children for the morbidity study, 

as well as the number of episodes of infectious illnesses ob

served in the children per category of the fortifiqation index 

are presented in Table 25. A total of 1539 episodes of ill

nesses were observed; these were utilized for the analysis of 

the effect of maize fortification.
 

No difie ences in the number of episodes of illness were 

low, middle and high fortificationfound among thue children with 

:index, as shown in nhbe 26. This indicates that children of 

the three caLgories were subjected to the same force of in

fection. The: relationship between the fortification index and 

various morbidity items are presented in Tables 27 to 31. In 

these analyses, the morbidity information is expressed in terms 

of perceuniL,- (oh tL1' time i.. per semester of .ife. For 

is equivalent toexampl.e, I0yS o the time il! with diarrhea 

18 days wi Lh di a rrhea i n a i:-: monti peri odt. 'T'he results of 

of tiie morbidity data are expressed as the percentthe analyss.; 
o rF ii,, I ill i Lil,,B L [I lps ()I' cll.i] rI,'ii (:l ::;is i I. I il ac

corda uce to Lhe lorLi i.catuion :index. Table s 27 and 28 show that 

the q0In) q! i .1c Woi:w:Liic on :index, wa:; n(.arly twice aswii i 
assick with upper and lower r ,epiratorytract infection the
 

and third
high or Lil!icaLion g roup during the second year of 

l.:i. fe. 'Il'i ,:, ii. f Fe rences in durat:ion of7 d:Liarrheia, between the 

two ,:oup, oWF ciii .Ldren were even larger (Table 29). Table 30 

suqgsts tLhat maize fortification also leads to fewer days ill 

wi. alss ;oc.iat Led illnus;ses, thLIat is 1o say, association of 

resp-iatory lid diarirhea :i.l.lness, or also r;p.iratory or 

diarrhea :i.L.I.incss associated to conjunicLiviLis and/or stomatitis. 

These -Jrui.:ences were noticeable during the second and third 

tenA was not found fo: other disease, such
ii.year WI1 .lW This 

as skin infecLions, conjunctivitis and stomatitis alone.
 

a neqative co ninel.atibn between
Tabl. 31 shows that there is 


the corn fori1FcalLi on index and the percen tage of the time
 

il.I. wiL h any iiltcLious illness. 
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It was also found a significant reduction in the severity 

of disease manifestation. Tables 32 and 33 show that the chil

dren 	highly fortified suffered less days of fever and of 

diarrhea with 7 or more stools per day (severe diarrhea). 

As a way of summary, Tables 34 and 35 present the dif

ferences between the high and low fortification groups (high

low) and the total- reduction in number of iliness lays and of 

days wit le:;s severe manifestation of illnes.s respectively. 

Clearly children in the high fortification group suffered less 
days of illness. The total reduction of dis. ase duration during 

the two years period, amounts to 87.3 days (Table 34), 28.0 

days 	 less of fever and 17.2 clays less of diarrhea with 7 and 

more 	 stools per day (Table 35) . This corresponds to a reduc

tion 	of 31% in relation to disease duration during the second 

and third years of life in the groups of children with low 

fortification.
 

e. 	 Effect of maize fortification on intestinal infection by 

Shigella in children 

For the identification of Shioella in the fect_s of the 
cohort children, fecal weekly cultures were collected from each 

cohort child. The fecal samples were processed in accordance 
to the procedures utilized in the Santa Maria Cauqu6 studies 

since .9G4. 

36 number 
ce:; the nc:idence 

Table 'n are shown the oF cultures processed 

per semest:er1 ()) 1. Fe. No ].red (I I1FeeItiZ n li 

in the three groups of children wereof th Slige.li.uL infections 
found. The duration of the Shijel.]., ilnfections is presented 

in Table 37. There were no differences between the groups. 

The previous findings provide evidence that the frequency 

andL duirati on of intestinal infections by Sh:i ela , was not 

different in the three groups of children. 

These dkata do not coincide with the morbidity findings, 

whicl sho%.ed thLat the duration and severity of diarrheal di

sease was reduced in the group of children with a higher for

tification :ndex. In regard to this, it must be mentioned 
that 	tle mtl dology, to measure the duration of an infectious 

process is di f.erent in both circumstLance:;. For (example, the 
can be recordedprese c o F c]..inica nani. fes tation of- di.~;~,~tu;e 

day by day, \41hi.ile Jii tLoe cas, off an LntesLi nal. infection, the 

duration can be determined (n .l]y by th( j:;o.1,iLtion oF the a.gent. 

http:Slige.li.uL
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f. 	Effect of maize fortification on infant and 1 to 4 years 

mortality 

Since thce beginning of the field operations in Santa Maria
 

preschool mortality data have been continuously
Cauqu6 in 1964, 
collectcd. The causes of death wcre determined either by pre

or bymorten diagnosis done during the course of the disease, 

interrogat.ions to the child's parents on the characteristics of 

the fin1al (pisode of the fatal disease. In more than 90% of 

physician the had opportunitythe cases either the or nurses the 

to examine Whe child d(uring the course of the fatal disease. 

AL. 1.i rttLi ; and. iiLhs were recorded; in this manner it was 

.Lie number of n !w,bos and inhabitantspossil)]e to determine 

for each spe([. C ".q, from 1. to 4 years of age.
 

fortification projectThe mortality rate during the maize 

of 3 sets of families grouped according to the family fortifi

cation index were compared. Because of the long term data 

available it was possible to calculate in the same families the 

period fortificainfant mortal.ty rates during the before 	corn 
mortality datation (January 1.964 to toy 1972). This baseline 

Tiough, the low fortified groupis pr~selsented in Table 38. 
highesL mortality rates, the differencesappears to Lave the 


are not statistically significant.
 

for 	 the period of corn fortifi-The infant mortality rate 
Tabl .e 39. The r Ls are expressed percation i prosented .in 

in each o f the three Fort iication groups.1.000 	 delivco:-;, 
to the low and 

The 	hi.ghualL infan mor.tal.:i. ty rate curruspond s:t 

are 	not significantlymedium fort:i.ied group. These figures 
in the same groups ofdi flerent from Lhe baseline rates shown 

I-e c:t: :i cation period (P > .05) . On the otherjamil 3 be fore LIu 
of 	 withhand, the inLant mortality rate for the group 	 children 

lower than thatlhi(oll IFot:i ficat ion was red(ced to noarly 3 times 


(1 ill' otLher two groups. in comparison to the baseline values,
 

the hi(jh Forl:ti lied group experienced a 50% reduction in mortality.
 

i]' h] .109 :;iow:; I t 	 -.L i, redn t-io1 :in infllt mortality was 

not (1 Lu a dLC-cese in the proportion of low birth weight 
of low birth weight babiesbabies. First of all., the proportion 

groups. Secondly, the relationshipwas similar across al.1 three 

if icaLion and in Fant mortal.ity was still
between Corn FohI. 

bab:i.es.ovidullt w:iLhIin the 	 range o1: low birth weight The 

therefore, independent ofmechanism involved, appears to be 


birth weight.
 

http:bab:i.es
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The relationship between corn fortification and mortality 

during the second, third, fourth and fifth year of life is 

rate for the second year of life was%shown in Table 4.1. The 
and the high fortified groups. Howev-r,simil.ar in the low 

ef life only 	one death wasduring the third to the fifth year 
of children w.ith a Iortification indexobserved for 	 the group 

of 40-100. The total number of deaths were 11, 7 and 'I fkor 

low, medium and high groups of fortification respectLively.the 
cur re':pund n; toThe rate of mortality [or the whole villlge 

before the co ri, oLiicationthe second to fifth year of life 
was not s igni Licantlv reluced-, buL .tproject (see 	 Table 42) 

to notice that the mortalit,, for clildren wIitlis important 
that- only one

high 	 fortification was reduced to a tl. rdi, iiid 
two yeCas in 	 tlas group of

death was observed after the age of 


children.
 

thlat 	 corn forLi ficationlIn summary it could be stated has 

had an effect on infant mortality and on the- third, fourth and 

fifth year of life mortality. 

g) 	 Relationship between the dictary intLake and morn) di Lv du i ni 

the second and 'third ,ear o- .ife 

In this sect ion are doecr(ibed te aria lyses car.ied out to 

fecLious i(Mlleses n die ;-y iln
find tle influence of the in 

thu '111dI.i~.thir yeZar
(.11liCi lihr(21l I71dLaike 	 111 

lot .i oLi v-luves be tween 
of 1.i Fe . On table 43 are shown the corre 

probL 1i, n.intaI :k al dilarrliu'a. 
caloric, vet I.] wotl 

l., , inite't iwl; i I. lilt,:.;;,':;7<l ( Ii. ; ::.; , 	 amlll jtdi.se.w< ;c, 1re:;,pi r1 

tit) i % l _'.s w nc_,rt lat , l Ll_, 	 co:r1:l.1-.l, 	 WL: I ou.id.I1n (jiL ; 

2 e -c . o in F1tdctio0r!ue.; i lie:; ;e 
11ya L .v e, IIIC LIIL. lg a1il 0dv0 

A s'ijn icailt cuil.'J atoWi wi; Found 
oil t1e di.etaL:y i.Lntake. 

as w t, L as w idia rrh ea I, d .,,(I'.s,
bo)tw eU'', d:i( e t ,- /y n take amid 	

th 

o IJ 	 fe.tLhi.rd sucs ten 
total infectious il.l nesses during tle 

Ie 1h sin q 1cantolyS.' i,u.; oi'.i the Fourth Lerten t . I1 t
ll(weV (1 (311r 

and vegetal
found between diarrheal dihseasewascorrelation o Lie V aI[:L

)ur i.ng tiL e I-. thi seml:;lt lin 
1) t0te 1i lit mk , 

but du r-J.] the si..:tlh s_mmester
found to b)e corre.1ated,a .(le; was 

wasl only founld between diar
. Te a sii.;iii.ficant conrei: aLion orF 


rheal disease and dietary illta]ke.
 

it caLn be concluded tha t diarrheal
,'.rom tl,:;e analv.sos 

effect on dietary intake probablydisease produced a negative 
(Iisease . A similar

thle allorxi.a associated to tLi
mediated ])y 

oC 45 chi(ldren studied in 
Lion 	was found in the groupassocia 

corn 	 foitificJlLi.on1.before theSanta Marfa CLuqu 

http:simil.ar
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oni the other hand, no relationship was found between the 

as it was shown inFort: F:i cati on index and dietary intake 


and also by the lack of correlation be-
Tables 15 and 16, 

tween these variables as shown in Table 44.
 

it could be concluded,In acco*Wnin: to this information, 
produced an immediate negativefirst that diarrheal disease 

during the course of the illness and
effect on dietary intake 

did not change the dietary intake.
that tLhe maize fortification 

that the effect of corn fortification on morbidity wasSecond 
illness. This 

independent ol the dietary inutake during the 
of the host defense

effect was prolably due to t he improvement 
of a better protein on daily

mechanisms through the provision 


basis.
 

h) 	 Relationsh~ievCcen the Fortification Index and morbidity 

durinq ]-).I(JnncV 

of the morbidity
This section describes tne analyses 

begindata collected since the
during pregnancy clone on the 

a pregnancy was detected, the
 ning of the project. As soon as 


field nurse began the weekly morbidity surveillances 
to 
de

pregnancy.
termine the health status of tho women during 	 The 

confirmed by the field physician. The
 
clinical diagnosis was 

duration and the severity of the infectious diseases 
were found 

She inquired about the 
out by dai.y visits of the nurse. 


presence of symptoms, the number of stools per day in the
 
of the illrecorded the temperaturealso, shediarrhea cascs; 


two 	 or three
'Trhe physician visited thea every

pregnant women. 

confirm the diag

:uilLly o. the nurse visit to
days, i ndejpod 

A urine culture for the 
and 	 prescribe the treatment.nosis 

of significant bacteriurias (a count of 1710a bac
dilterm.ination 

teria per ml of urine), was carried out every 4 weeks.
 

wasand 	 duration of infectious diseases
1[eo 	 incidence 

for 	all the pregnant women, in order to establish
 calculated 
the basal information on morbidity during pregnancy. 

The 

number oif e)isoies of infectious il.nesses per trimester of 
were

shewii 'lah.le ,1. Resp:irator' infections
prcyivalI''y .in in 

tract affectedupper respiratory was
the 	most fCrequent; the 

the tract. Diarrhea! 
three Limes more E1requently than lower 

was the second in frequency. C].inical symptoms of
disease 

in a fourth ofthe women 
urinary tract infections were found 

while s ignificant bacteriurias were identified in 21 percent 

it was observed that the disease 
of-the prtegnant women. 
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incidence was higher during the second and third trimester,
 

whichi indI cate a higher susceptibil:ity during the last months 

of gestation.
 

The duration of the illness is presented in Table 46.
 

Respi vatory tract infections showed the longest duration. 

Although diarrheas were frequent, their course was short. 

The duration of urinary tract infections which was determined 

clin.ically y the symptoms persistence was short; however, 

the duration of bacteriurias was longer; preliminary infor

mation has shown that the mean duration of bacteriurias was 

around 8 weeks. As it was observed with the incidence, it 

was found that the disease duration was longer during the 

last part of gestation. As an average the women showed a 

total of 2]. days ot infectious illeqses during pregnancy. 

It was determined that only 17 percent of women were
 

free of infectious illnesscs during Pregnancy. On the other
 

hand 52 percent suffered 1 or 2 episodes of illness; 22 per

cent had 3 or 4 episodes, and 9 percent had 5 or 6 episodes
 

of illness.
 

The previous information shows that pregnant women in
 

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

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

of the pregnancy duration.
 

A comparison of the incidence of infectious diseases dur

ing the firsLt trimester o f pregnancy in wom'n with abort:i.on 

and Ltrm IllLCC: isnpresuntud in Ta.le 4/. There were no 

differences in the incidence of respiratory infection, diar

rheal. disease, conjunctivitis, stomatitis and skin infection. 

However, twenty five percent of the women wi th abortions had 

signilicant bacteriuria, compared to only six percent in the
 

women with term pregnancies.
 

diseases
M\ 'ter (r;ll)].:i.shli ng te.i nci "co I. il- octiois 
morfor the pregnant women population, a comparison of the 


' 
l ;idci t I in,$, C oal- d dli;c;uring p 1g LciiiC-y per categories 
A similarof the corn lortification index was carried out. 


found between morbidity during pregnancy and
relationship was 

weight of the conceptus. On Table 48 is presented the fre

quency of infectious illnesses in pregnant women in relation
 

to newvhorn ' ;s we igiit. lhc :;ijl Fi cact bact11e iu cia was the only 

disease found to be more frequent in women delivaril-j infants
 

with low birth weight.
 

http:abort:i.on
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No difference in the incidence of 	 of infectious
 iefiSodes 


illnesses was found between the three groups of pregnant women.
 

In Talile 	 49 is presented the analysis aimed to determine dif
ieene tifia1ndisease duration -iir'accordance--to- con 

tion. As it can be seen, no differences were found. 

These data show that no effect of corn fortification on
 
morbidity was found in pregnant women as it was determined for
 
preschool childrenl.' However it should be considered that the
 
duration 	of illnesses in the adult population of Santa Maria
 
Cauqu6 is shorter than that observed in children. Having this
 
fact in mind it could be concluded that it would be difficult
 

S~ 	 t determine an effect on morbidity during pregnancy by the/
 
improvement of corn. This effect could better be measured by
 
determining changes in the cellular and humoral immunity in
 
fortified and unfortified pregnant women.
 

i) 	 Relationship between the Fortification Index and the dietary
 
intake in pregnant women
 

The dietary intake of the women during pregnancy was de
tei'mined by the method of one week daily record. Three diete
tic surveys were carried out corresponding to each trimester
 
of pregnancy. Each survey covered a period of seven days; the
 
interviews were done during the morning and evening of each
 
day from Monday to Friday. The early visit was to find out
 
about the women's breakfast and to observe the preparation of
 
foods served at noon. The second visit was to determine the 
amount of food eaten at lunch by the pregnant women. With 
this JpUrpo,e 1.1w intu-rviewe.:; weighed the tortillas, the raw 
vegetables and fruits available in each home. Furthermore, the 
recoipe,- of the mixed dishes were obtained as well as the number 
of servings of each preparation. It was also determined the 
weijhLt oL thLe servinys of sonte cooked foods of frequent use 
s;uch as black beans, rice, etc. Besides, the interviewers 
l'ound out what the family was going to have for supper, and 
in the following morninj visit the amounts of food eaten by 

IL Wt) i1 p.1 , vnt1 n H )C:uljL-.i.-zze w,.' dt et -m ilied; Lhis was 

tea L'd da I.Y. The diets coi.responding to Saturday and Sunday 

Were obtained the loliowing Monday by the recall method. 

Jietary surveys were practiced in a total of 174 pregnant 
wo-m0. The analyses were done in thediets of 105 women, who 
were followed up during the three tri. e of pr..nancy. 
'Pho roe: C ei Lher hald di etary ,.urvey., J1n onie or two U. ±ntestc.Lb 
or did not have a complete prenatal record. 

http:ntestc.Lb
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To establish the relationship among the level of forti
fication and the dietary intake some correlations were done
 
(see Table 50). It was found a positive correlation between
 

the fortification index and protein from corn, protein from
 
soy, total vegetal protein, total protein, and protein from
 

fortified tortillas., Based on these findings, an analysis of
 
variance was done to find differences among the three forti

fied groups. The findings are shown in Table 51. It can be
 
seen that the consumption of tortillas in the highly fortified
 

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 consumption of tortillas., The difference Lound in 
the intake of vegotal protein in the two e:-:treme groups o1 for
tification was of 9.5 g; 5.3 g of this protein were provided 

by the soy added to corn. 

The relationship between the corn fortification index and
 
the mean daily intake of calories and protein per trimester 

of pregnancy is presented in Tables 52, 53 and 54. Obviously 
the corn fortification produced an effect in the sense that 
the highl.y foirt.iied urJoup (()nsumed mo0re calories during the 

first and second trimesters of pregnancy (Table 52). The con

ulp.i.)]l 0 7 vugquLal proteLein sIhtowed a direct rloJ.ationship w.ith 

the ForLti I aiiLitmn jld,,-. 'The d i f tr'lro10(:; w i i n [roup," ar( 

'iTlaIl) flowervo, i nLak an .1 I~in11. w, sS Iiowi1 .[11 . 53. the f pn)mLeotel 

the same .in t eehre (roup:; o]f women, Snee0 'loblo 5Ta1. As 1.he 
consultipLion o [ this nutLrient in the rural ar:eas is determined 

)y t1he economic cundition, this Fi.ndi.ng can be conis idered as 

evidence that the socioeconomic condition of the families was
 

simil ]ar i n Lte families of the three groups of pregnant women. 

:[n ,_,u, ja-:1 .it can be concluded tLat corn fo . ication 

p)roduced an increase in the daily .[11Lakc of tortilla in the 

woli.n who LO cuiLn IilyforLiu.i ed icir a L lI[ve .]. 'lhe diiL for

ences were c.1oarly noticeable in the daily intake of calories 

during the first and second trimesters and also in the intake 

of vegeLal protein during the length of pregnancy. The highly 

fortified women had a mean daily intake of 214 calories hiqher 
than Lt. non I 11.Li. fy~iwt women In vir 'jl 11 I. i r':; L L o or:ime:;t 

pregnancy. During the second and third trimesters the mean 

http:Fi.ndi.ng
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daily intake was of 260 and 78 calories more respectively. 

The intake of vegetal protein for the fortifying women was 

9;6, 5.9 and 6.5 g more during each trimester of pregnancy 
found that the lowest intake of calorespectively. It was 


ries and vegetal protein in the unfortified women corresponded 

to the first trimester of pregnancy. This finding shows that 

corn fortification had an effect during the period of preg

nancy when the food intake is reduced due to the nausea and 

anorexia of pregnancy. As a consequence, corn fortification 

was a positive factor in improving the diet of the women dur

ing the first six months of pregnancy. 

2. OPERATIONAL SIGNIFICANCE 

The significant dififerences in the morbidity, between children 

with high and low Fortification, during: the second and third year 

of life, as well as the significant reduction in preschool morta

lity in the group of children highly fortified, indicates a good 

effect of the improvement in the quality of the maize protein. No 

the 	 first year of life was observed,change in the morbidity during 

but, the reduction in the infant mortality is a strong indicator of 

the effect of maize fortification during that period. As children 

their fi.r-t year o life do not eat tortillas in significantduring 
meamounts, the of maize fortification coild have been 

diated th roulh an *i mI Hro)v\'(2VnI rt in tLe quality orf the mother's milk. 

]esides, it must bo considered that children less than one year old 

as they do when they are two or three 

effect the 

do not get ill as frequently 

years old. 

'Tle fact that t.e intervention had a posit:iye effect during the 

weaning period (12 to 30 months of age), when the infectious ill

nesses are more Lrui't, more severe, and have a longer duration, 

is of great importance in public health. Durinn this period of
 

li fe, children are not only growing inadequately, but the infec

tious illnesses have been identified as an important factor in the 

caus; lity or mFi.ulnu.ition. A reduction in the dui ration and severity 

off the illnesses, results in a decrease of the nutritional damage 

,indued'Ib' tluq'A I n'ea:;es. 

Curn CorL-.i :ication did niot produce any change in the dietary
 

pattern of1 chL(Iren, and as a consequence the caloric deficit of
 
reason
the 	diet of children was not corrected; this could be the 

no elOct "n qi.owtL& wns ohs rv,'od. IIlowo voC, I ie' pus it'iveI..I.lct.why 
statuson IlorlI.itdi .y Lnd i,u '.Il.iLy, isa show:ing that Lhu jiit.i, tional 
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of children was improved by increasing the host defense mechanisms, 

which are reduced in malnourished children. Since highly fortified 

children received a protein of better quality, the cellular immunity
 

could have been improved as it has been shown to occur when acutely 

malnourished children receive an adequate dietary therapy.
 

In dealing with the subject of prevention of malnutrition, it
 

has not been clarified the relative importance of improvir. food
 

opposed to controlling the infectious environment. These
intake as 

to enhance resistance to infections
results show that a good measure 


is to improve the quality of children's diets during the first three 

should be taken into account when
 years of life. These facts 


deciding which kind of intervention should be done in countries
 
a contawith a high prevalence of protein-calorie malnutrition and 


minated environment, since changes in the environmental conditions
 

will take a long time to occur.
 

be considered in any nutritional intervention dur-
An aspect to 

is that the food to be offered should being the weaning period 

a suitable

processed with locally available foods, and prepared 

in 


form to be consumed easily by the weanling. 

The results of this research project showed that the metho

evaluate the effect of nutrition improvement programs 
in
 

dology to 


children should include besides growth, a very detailed 
morbidity
 

thie host defense mechanismsand the determination ofsurveillance, 

and immunity before and after the


by measuring humoral cellular 

intervention.
 

3. SIDE I;'I;.FECS OF THE WORK 

is in the scope of the project
The inforl;:tion here reported 

an approach con
objectives. For: the application of the findings, 

at the com
s:i:;ti n ill the Ii',tribuLi.on of the fortifying mixture 

associations 
munity level, through cooperatives or other community 

at the iii.I 1. leve.L,I mil- Ll1re
L.ivi, .ie: L. MI li t ki.Li.oL11 W.' L I ,eor L I.y i n 

L i gs . , the Jei 1inLt : ;cLL.;idcsas..li .'2; diiM usy haiid.I.i.n'ji .111 the improved corn in the mor
monstrat:io1 of the biol.ogic effect of 

1.o considered 
bid:i Ly anl morLal ity oIE preschool. ch .drei ll, shou .[c 


for ad v.i.!s.in(J the improvement of cefr( ].s.
 

http:Ii',tribuLi.on
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4. 	 IRh'ESI.-iARC DESIGN 

No changes in the research designs were made during the de
ve.lopment oC Lhe project. However, due to the fact that the for
tifying mixture currently being added to the corn, increases the 
final. voluitic of the corn dough making it difficult to reach the 
expected 8, level of fortification, the consistency of the mixture 
should be changed to a pelletized form. It also should be added 
to corn at 10, level to obtain 8% of final concentration in the corn 
dough.
 

Based on the experience of the study here presented, any field 
study aimed to show the effect of improvement of cereals should 

consider: a) to increase the level of fortification; b) to enforce 

the fortification of corn, in order that people should fortify their 

corn on daily basis; c) to study the effect of fortified corn on 

morbidity and mortality on a larger samplL; d) to include also lab

oratory methods to assess the level of the host defense mechanisms. 

D. DISSEMINATION AND UTILIZATION OF RESEARCH FINDINGS
 

1. 	 PROJECT OUTPUT
 

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

and M.A. Guzmun. A model for maize fortification with soy bean
 

flour, lysine and other nutrients in a low socioeconomic rural 

community. Nutritional Improvement of Maize, Institute of Nu
triti on olF Cenltra.] Amier ica lind ]PLn;uI (INCAP ), l3ressani, R. 

Braham J.E. and B6har M. (Eds.), 1973. 

b) 	 Urrutij.L, J.J., L.J. Mata, F. Trent, J.R. Cruz, E. Villatoro,
 

and R. Alexander. Infection and low birth weight in a devel
opinq country. Am. J. Dis. Child., 129:558-561, 1975. 

c) 	 capparelli, F, and L.J. Mata., Microflora of. maize prepared
 
as LoriLllas. Ap}Jlied Microbiol., 29:802-806, 1975.
 

d) 	 UrruLa, J.J., B. Garcia, L.J. Mata, and R. Bressani.
 

Reporte preliminar del efecto biol6gico do la fortificaci6n
 
del mafz con harina do soya y lisina. In: Memorias de la
 

Primera Confcrencia Latinoamericana sobre la Proteina de 
Soya, M6xico, 1975. (in press) 
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e) 	 Urrutia, J.J., and L.J. Mata. Infecci6n en la mujer embara

zada y su influencia en el producto de la concepci6n. In:
 

Aspectos Perinatales del Parto Premature v del Retardo do
 

Crecimiento Intrauterine, Montevideo, Uruguay (in press).
 

f) 	 Urrutia, J.J., 13. Garcfa, R. Bressani, and L.J. Mata. Report 

of the maize fortification project in Guatemala. Presented 

at: 	 Cereal Breeding and Fortification Workshop. Boulder, 

Colorado, 12-17 September, 1976 (in press).
 

2. 	 DISSEMINATION
 

The research findings have been included in the Annual Progress 

Report of INCAP every year since 1973. This information has been 

circulated into the Public ilealth authorities of Central America. 

A final report of the study was presented at: Cereal Breeding
 

and Fortification Workshop held in Boulder, Colorado, September
 

1976 and will be published in the proceedings of that meeting.
 

The paper entitled "Preliminary report of biologicaIl effect
 

of the corn fortification with soy flour and lysine" was presented
 

at the First Latin American Conference on Soy Protein in November,
 

1975 	and will be published by the American Society of Soy about
 

1.976. The recent Findings about the efLfect of corn fortifica-June 
tion 	on morbidity and mortality will be presented at the Na .ional 

Congress of pediatrics of Guatemala in March 1977. 

E. WORK PLAN FOR THE COMING YEAR 

The project finished on the 31st of March 1976. 

WOMENF. INVOLVEMENT OF MINORIT. PERSONNEL AND 

the fortifying flour toFour persons were in charge of adding 


-the corn aiid keeoping the records of daily assistance at each of
 
Marfa Cauqu6.
village mills. phl.co four were Idians from Santa 

'rhe fourth per-
Three of them were minors: two women and one boy. 

son was a woman. They worked for the project on contractual basis. 

Oth. r wt ieln wo r:king Lor tLhe project were : [:o r auxi.iary 
nurses; onedietary techno.logist alld two dietary assistant; one 
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immunology technician, one laboratory helper, one data clerk and
 

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

the exception of one nurse and one dietary assistant, who live in
 

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

Fortifying mixture for maize*
 

Santa Maria Cauqu6
 

Composition of Content in 
.Ingredient supplement 8% added to 

% corn, q 

Soybean flour 97.5000 7.800000 

L-lysine IICl 1.5000 0.120000 

Thiamin 0.0268 0.002144 

Riboflavin 0.0162 0.001296
 

Niacinamide 0.1930 0.015440
 

Ferric orthophosphate** 0.6000 0.048000
 

ViL. A 25-SDk** 0.0313 0. 002504 

Corn starch 0.1327 0.0.0616 

To tal 100. 0000 8. 000000 

* Developed by R. Bressani, unpublished data. 

** Cont,iin; 28.1% Fe. 

*** 75,000 mcq Retinol/g. 



Table 2
 

Reasons for accepting the fortifying flour
 

in 39 collabcrator families
 
Santa Maria Cauqu6, June 1972-January 1976
 

Number of
 

Reasons cases
 
and percent
 

Advice of the clinic personnel 23(59)
 

Own decision (to increase body
 
strrngth to resist illnesses) 8(21)
 

Were convinced by other persons 
from the community, because it 
gives strength 4(10) 

Volume of doclqh is inc rea sod 
(produces mure tortillas) 4(10' 



Table 3
 

Concepts about the fortifying flour in 39 
collaborator families
 

Santa Maria Cauqu6, June 1972-January 1976
 

Number of 
Concepts cases 

A_nd percent 

It is good and avoid illnesses 22(56)
 

It is good, avoid illnesses and has
 
good flavor 10(26)
 

They did not have a concept 7(18)
 

Everybody expressed that the fortified torti].las has good 

flavor, but were not accepted by 1r egnant women, because 

yo r U r kI r(L i I I a, ca :d lum imu:;u .i'Pd 



Table 4 

Reasons for not accepting the fortifying
 
flour in 46 non-collaborator families
 

Santa Maria Cauqu6, June 1972-January 1976
 

Number of 
Reasons cases 

and percent
 

Tortillas cannot be stored 
for next day 20 (43) 

Change in flavor 17 (37) 

S tUach .icll and/or diarrhea 9 (20) 



Table 5
 

Reasons for not fortifying the maize on daily
 

basis in the collaborator families
 
Santa Maria Cauqu6, June 1972-January 1976
 

Prejjaro Lortil.ui:; for two or wore days&*
 

Feed other persons**
 

Preparation of corn tamales or tamalitos
 

Pregnancy (early months)**
 

Maize destroyed by insects
 

Maize not completely ripe
 

RI] Lw :il.].,*I; C -iUiioL bu :;Lu.ud.eLtd to: 


** Related to: change in flavor.
 

http:Lortil.ui


Table 6 

Calculation of fortification index (F.I.) 

Days of attendance to Amount of fortifying mix

ture added to cooked maizerthmill
Family weekly 
Pounds of cooked maize
 FI Days of the week (6) 

Sum of family weekly F.I.Average family = 

Sum of weeks of observationFI 

Average child Sum of family weekly F.I. 

FI Age of child + 39 weeks of 

i I wIcl- gestation 



Table 7 

Variability in the fortification frequency
 
in the highly fortified group* (FI: 40-100)
 
Santa Maria Cauqu6, June 1972-May 1975
 

Trimesters of Fortification Trimesters of Fortification
 
observation index observation index
 

1 64+22** 9 78+22
 

2 69+20 10 55+26
 

3 71+21 11 51+31
 

4 75+19 12 60+34
 

5 79+17 13 66+26
 

6 55+13 14 70+20
 

7 71+17 15*** 74+16 

8 75+16 

* 94 fmilie.. 

** Mean + one standard deviation. 

*** From December 1st. 1975 to February 3rd. 1976. 



Table 8 

Variability in the fortification frequency 
in the medium fortified group* (FI: 20-39)
 
Santa Maria Cauqu6, June 1972-May 1975
 

Trimesters of Fortification Trimesters of Fortification
 
observation index observation index
 

1 42+27** 9 27+31 

2 47+27 10 14+19 

3 42+27 11 17+25 

4 37+23 12 23+31 

5 27+33 13 22+30 

6 26+20 14 21+29
 

7 32+27 15*** 24+32 

8 24+24 

* 23 families.
 

** Mcan + one standard deviation.
 

*** From December Ist, 1975 to February 3rd. 1976. 



Table 9
 

Frequency distribution of the faaily socioeconomical index
 

in the families with children (zl0 years old) in accordance
 
to the fortification index 

Santa Maria CF.uqu6, June 1971
 

Soci occonomica 1. index 

of <19 20-23 24-27 28-31 -32-36 
Fortification Number 

index 

C IscS 

0-19 108 9(8)* 24(22) 38(35) 32(30) 5(5) 

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


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


X2 = 8073 P = 	 Not significant 

* Number of cases (rounded rercentage). 

0 



Table 10 

Family socioeconomical index of three variables in the
 
f..ilies with children (klOyears old) in relation to the 

family fortification index
 
Santa Maria Cauqu6, June 1971
 

Fortification Number Socioeconomical index 
index of Land tenure Scholarity Shoe wear 

cases
 

0-19 108 1.98-0.83* 1.94+0.67 2.24+0.98 

20-39 22 2.05-1-0. 84 1. 73-1-0.63 2.09+1.02 

40-100 93 2.06+0.76 1.88+0.64 2.17+0.98 

* Mean + one standard deviation. 

http:2.17+0.98
http:1.88+0.64
http:2.06+0.76
http:2.09+1.02
http:73-1-0.63
http:2.24+0.98
http:1.94+0.67


Table 11
 

Medical consultation of }reschool children in relation to maize fortification
 

Santa Maria Caucu&, June 1972-December 1975
 

Groups of 
fortification* 

Child--.onths 
of observation 

(nu-zer of children) 

Number of 

consultations 

Mean number 
of consultation 

per 100 child-months 

0-19 4339 (203) 1243 28.6 

40-100 3930(165) 1171 29.8
 

* Classified by Fortification Index. 



Table 12 

Protein and total free lysine in a sample of 918 tortillas
 

Santa Maria Cauqu6, June 1972-°May 1975
 

498 420 t 
Variables fortified unfortified value P 

tortillas tortillas 

Protein 
(g%) 10.7+1.2 8.. 7+1.1 26.45 4. 001 

Total free lysine
 
(mcg%) 55.9+23.2 19.7+13.1 28.31 <.001 



Table 13
 

Achievements and failures of the maize fortification
 
me thodology 

Santa Marid Cauqu&, June 1972-January 1976
 

1. 	 It was possible to develo- methodology to fortify
 

maize.
 

2. 	 It was possible to keep on the operation at mill
 

level.
 

3. 	 It was possible to maintain a surveillance on the 

frequency of fortification. 

4. 	 It was possible to obtain the initial collaboration 

of 95'/ o1: tLe fIk. Iim ic . 

5. 	 It was possiblc to maintain the collaboration of 

36% of the fiimiu I ics. 



AnthL q)jomctry 

A 

(months) 

0 
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12 


15 


18 


21 


24 


27 


30 


33 


36 


* Mer -+ one 

Table 1.4 

of children from Santo Domingo Xenacoj 

25 May 1972-31 May 1975
 

Number Parameters
 
of Weight Height
 

cases (g) (cm) 

362 2562+41 0 " 46.1+2.1 

319 5140+815 56.5+3.2
 

281 6260+1104 61.6+3.6 

252 6875+927 65.3+3.6
 

224 7205+1051 68.4+3.7
 

198 7510+1187 69. 0+3.9
 

160 7902-1304 70.14-4. 2
 

131 8261-+143.6 72.7+4. 1
 

112 8845+1627 74.3+5.6
 

,6 9136 I 93. 5 7!. 7 F5. 9
 

68 9823+2004 77.6+6.8
 

39 10028+2227 78.2-1-7.1 

18 102541-2582 78.8+7.4
 

sLandard deviation. 



Table 15
 

Relationship between the fortification index and the
 
mean daily intake of calories in children from
 

18 to 36 months of aqe,
 

Santa Maria Cauqu6, June 1972-May 1975
 

Age For tifica Lion Number 

of Calories(months) index 
chi 1dren 

18th 0-19 23 405+194* 
20-39 7 '188+229 

40-100 29 459-1272 

Total 59 453+250 

24th 0-19 28 712+289 
20-39 5 485+113 
40-100 32 733+360 

Total 65 705+319 

30th 0-19 22 966+283 
20-39 6 100/1 +318 

40-100 33 903+258 

To tal 61 9361-271 

36th 0-19 15 1121-+3 49 

20-39 6 ].].31-1494 

4 0-100 24 ].01)9+273 

To tal 45 1.0 08+329 

* Mean +one standard deviation. 



Table 16
 

Relationship between the fortification index and the
 
mcan daily 	intake of protein in children from 

18 to 36 months of age, 
Santa Maria Cauqu6, June 1972-May 1975
 

Age Fortific.Lion 

(months) index 


18th 0-19 

20-39 

40-100 


Total 


24th 0-19 

20-39 

40-100 


Total 


30th 0-19 
20-39 
40-300 


Total 

36th 0-39 
20-39 
40-100 

Total. 

* Mcan + one s;tandcird 

Number 

of 


children 


23 
7 

29 


59 


28 

5 

32 


65 


22 

6 

33 

61 

15 
6 

24 

45 

deviation. 

Animal 

protein


(g) 


1.2+1.8* 

4.5+4.0 

3.6+3.6 


1.8+3.2 


2.7+2.5 

1.5+1.0 

3.0+5.1 


2.7+4.0 

2.4+2.4 

2.61-0.8 
2.31-3.. 

2.4+2.6 

3.7+2.3 
3.1-1. 3 
2.2+1.4 

2.8-1-1.8 

Vegetal Total 
protein

(g) 
protein

(g) 

7.5+3.1 8.7+4.5 
7.8+3.6 12.2+6.7 
8.8+5.0 10.4+7.1 

8.2+4.3 10.2+6.3 

13.8.+6.2 16.5+7.3 
10.1+2.4 11.6+1.9 
14.8-7.3 17.8+10.8 

14.0+6.7 16.8+9.0 

19.5+5.0 21.9+6.2 
22.5-17.5 25.0+7.3 
20.6+6.8 22.9+7.3 

20.4+6.2 22.7+6.9 

23. L-7. 9 26.7-1-7.9 
24.5-1-10.5 27.6+-10.3 
24.1+7.4 26.3+7.3 

23. 81-7.8 23.8-1-7.8 



Table 17 

Correlation between fortification index, and 
birth order, mother's height, and newborn weight,
 

height and head circumference
 
Santa Maria Cauqu6, June 1972-May 1975
 

Number Correlation 
Variables of coefficient
 

Birth order 
 189 .153
 

Mother's height 189 .094 

Newborn weight 189 -. 115 

Newborn height 189 .030 

Newborn head circumference 189 -. 051 



Table 18 

Relationship between birth weight and the
 
fortification index in full term infants,*
 
Santa Maria Cauqu6, June 1972-May 1975
 

Fortification index
 
Variables 
 0-19 20-39 40-100
 

x ± S.D. x ± S.D. x + S.D. 

Birth weight 
(grams) 2643+324 2702+285 2571+314
 

Fortification index 
 4+6 29+5 65+13
 

Birth order 4.1+3.1 4.2-2.9 4.8+3.6
 

Mothcr'!; height 
(cen timeters) 143+4.2 145+5.3 144+4.7 

Gestational age 
(weeks) 39.3+1.2 39.3-l. 1 39.1.+1.5 

Number of cases 124 27 71 
1 

Premature babies (<37 weeks of gestational age) 
excluded.
 



Table 19
 

Correlation between fortification index and child
 

height from birth to 8 years of age, 

Santa Maria Cauqu6, June 1972-May 1975
 

Age Number of Correlation
 

cases 
 coefficient
(years) 


0 214 .045 

-. 118
168 


-.045
 

1 


167
2 


.0001533 

.010139 

5 ].20 .00 

4 

.021
109 


.091
 

6 

108
7 


8 109 .021
 



Table 20 

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

Santa Maria Cauqu6, June 1972-May 1975 

Age Number Heiqht (centimeters) Weight (grams) 

(months) of 
sib 1incq-pairs 

Sibling 1* Sibling 2** Sibling 1 Sibling 2 

0 76 45.7+1.8 46.13+1.6 2569(307) 2634(380) 

6 76 59.6A-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 80.244.3 10304(1276) 10389(1253) 

60 66 92.2+4.4 92.7+4.1 13509(1498) 13615(1580) 

k Sibling . born before corn fortification. 

k Sibling 2 born after corn fortification. 



Table 21
 

Relationship between changes in the fortification
 
index and growth increme;ts 
 from 3 to 5 years,

Santa Maria Cauqu6, June 1972-May 1975
 

Number Correlation 
Variables of coefficient 

children (r) 

Weight 56 .169 

Height 55 .100 



Table 22
 

wrist ossificationCorrelation between the number of hand and 

centers and the fortification index, from 6 months to 
8 years of Lage 

Santa Maria CauquC, June 1972-December 1975 

Correlation
 
Age Number Number of 


coefficient
ossification(months) of 

cases centers (r) 

6 76 2.4+1.8* .060 

12 114 3.3+2.6 -.051
 

139 4.9+3.9 .01818 

-.019
24 158 7.0+4.9 


-. 001137 9.9+5.830 

36 135 13.9+5.7 .000 

-.095
42 124 16.5+4.9 

48 12]. 18.0+4.6 .013 

.04520. 5-3.354 12] 

.079109 22.1+3.560 

.10686 23.9-2.272 

-. 13925.4-+2.384 42 

-. 25019 26.6+-2.096 

standard deviation.
* Mean + one 



Table- 23 

Analysis of variance of the number of the carpal
 
ossification centers of children in relation
 

to the fortification index
 
Santa Maria Cauqu6, June 1972-December 1.975
 

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

1 2.00* 2.00 2.14 N.S.** 
(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) (19)
 

* Mean (number of cases). 

N.S. = Not significant 



Table 24
 

Correlation between the cortical thickness of the second 
metacarpal and the fortification index from 

6 months to 8 years of age, 
Santa Maria Cauqu6, June 1972-December 1975 

Age 
(months) 

Number of 
cases 

Cortical thickness 
(mm) 

Correlation
Coefin 
coefficient(r) 

6 76 0.92+0.19* -.066 

12 114 0.95+0.24 .176 

18 1'39 0.99+0.26 -.055 

24 158 1.12+0.25 -.156 

30 137 1.18+0.28 -.018 

36 135 1.18+0.30 -.082 

42 124 1.21+0.28 -.067 

48 121 1. 25-_0.29 .099 

54 121 1. 38'1_(. 31 -. 081 

60 109 1.41+0.33 .140 

72 86 1.54+0.32 .041 

B4 42 1.68+0.34 .008 

96 19 1.82+0.35 -. 271 

* Mean + one standard deviation. 



Table 25
 

Morbidity analysis, size of the sample
 

(number of children and episodes of illness)
 

Santa Maria Cauqu6, June 1972-January 1976
 

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


0-19 19** 38*** 26 112 35 1891 40 216 42 218 33 129 

35 11 49 11 47 14 67 12 54
20-39 7 13 9 


7 11 8 35 14 '73 16 85 19 93 22 75
40-100 


43 182 60 313 67 348 75 378 67 258
Total 33 62 


* Classified by ForLificaLion Index. 

** Numbcr of childrun. 

*** Number of episodes of illness. 



Table 26 

Episodes of infectious illnesses per categories
 

of the fortification index 
Santa Maria Cauqu6, June 1972-January 1976
 

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

fortification* 

0-19 2.0** 4.3 5.4 5.4 5.2 3.9
 

20-39 1.8 3.9 4.5 4.3 4.8 4.5
 

40-100 1.6 4.4 5.2 
 5.3 4.9 3.4 

P*** N.S. N.S. N.S. N.S. N.S. NS. 

* Clasi fied by Fortification Indux. 

** AverLwc number of episodes of infectious illnesses per 

child.
 

*** Analysis of variance.
 



Table 27 

Percent of the time will with upper respiratory 
tract infection 

Santa Maria Caitqu6, June 1972-January 1976 

Groups 
of 

for tif icaLion* 
0-5 6-11 

Aae intervals, months 

12-17 18-23 24-29 30-35 

0-19 ii.0"* 8.5 10.9 9.1 9.5 9.8 

20-39 8.8 9.4 10.1 7.6 8.3 6.7 

40-100 15.9• 10.0 6.8 5.3 6.5 5.3 

p*** 

0-19/40-100 N.S. N.S. ... 005 -. 005 <.005 <.005 

Cl a :; i IT iby loLi-tificaLjon indx. 

S* Rato per 10()0 ci ]d-days. 

k** Chi-square test. 



Table 28 

Percent of the time ill with lower respiratory
 
tract infection
 

Santa Maria Cauqu6, June 1972-January 1976
 

Groups 
 Age intervals, months
of
 

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


0-19 10.4** 8.5 8.3 7.4 8.8 4.0
 

20-39 16.7 10.1 6.8 5.4 2.9 3.7 

4.0-100 .5.9 8.9 5.7 3.1 4.6 4.6 

P***
 

0-19/40-1.00 N.S. N.S. .< .005 --- .0.10 <.005 N.S. 

* C.Lassified by Fortification Index. 

** Rate per 100 child-days. 

.~* * Chi-square test. 

http:0-19/40-1.00


Table 29 

Percent of the time ill with diarrhea
 

Santa Marla Cauqu6, June 1972-January 1976
 

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

0-19 i0.2** 11.9 16.8 13.6 15.8 9.5
 

20-39 12.0 9.8 12.1 7.2 9.8 8.6 

40-100 11.7 17.1 7.6 9.9 6.9 8.4 

p*** 

0-19/40-.00 N.S. fl.S. < .005 <.005 <.005 N.S. 

* Classified by Fortification Index. 

* Rate per 100 child-days.
 

* Chi-square test.
 

http:0-19/40-.00


Table 30
 

Percent of the time ill with associated illnesses*
 

Santa Maria Cauqu6, June 1972-January 1976
 

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

0-19 6.4*** 6.5 7.3 6.5 6.7 3.5 

20-39 7.3 6.5 6.0 5.7 4.9 2.6 

40-100 9.5 9.1 4.6 2.7 2.9 2.4 

p**** 

0-19/40-100 N.S. N.S. -<.005 <.005 < .005 <.025 

* 	 Respiratory plus diarrhea; respiratory plus conjunctivitis and/or 
stomatitis; diarrhea plus conjunctivitis and/or stomatitis; con
junctivitis plus stomatitis; respiratory plus diarrhea plus con
junctivitis and/or stomatitis. 

** Classified by Fortification Index. 

*** Rate per 100 child-days.
 

** Chi-square test. 



Table 31 

Percent of the time ill with infectious illnesses 

Santa Maria Cauqu6, June 1972-January 1976 

Groupsof 

fortification* 0-5 6-11 

Age intervals, months 

12-17 18-23 24-29 30-35 

0-19 

20-39 

40-100 

p*** 
0-1.9/40-100 

28.6** 

36.7 

40.8 

<.005 

27.8 

31.4 

32.1 

N.S. 

33.3 

32.8 

22.8 

<.005 

29.6 

24.5 

19.5 

< .005 

32.8 

21.1 

17.8 

<.005 

20.7 

20.2 

19.8 

N.S. 

* Classified by Fortification Index. 

** 

k** 

Rate per 100 child-days. 

Chi-square test. 



Table 32 

Percent of the time ill with fever 

Santa Maria Cauqu6, June 1972-January 1976 

Groupsou 

fortification* 0-5 6-11 

Age intervals, months 

12-17 18-23 24-29 30-35 

0-19 

20-39 

40-100 

p*** 

0-19/40-100 

3.8** 

5.6 

3.5 

N.S. 

6.9 

7.6 

5.3 

N.S. 

9.2 

7.4 

4.0 

<.005 

7.8 

4.8 

4.3 

.005 

10.4 

5.8 

3.7 

<.005 

5.1 

5.5 

5.6 

N.S. 

** 

*** 

Classified by VorLification 

Rale per 100 chi.ld-days. 

Chi-sqcuare test. 

Index. 



Table 33
 

Percent of the time ill with diarrhea of
 

7 or more stools per day
 

Santa Maria Cauqu6, June 1972-January 1976
 

Groups Age intervals, months 

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

fortification* 

1.9
0-19 3.1** 3.2 4.8 4.6 4.6 


2.2 2.7 2.7

20-3.9 2.0 2.7 5.0 


1.3 2.14.0 1.4 1.840-100 2.2 

P*** 

.005 <.005 <.0050-19/40-100 N.S. N.S. N.S.
 

k Classified by Fortification Index. 

** Rate per 100 child-d&ys. 

*** Chi-square test. 



Table 34
 

Reduction in number of illness days in the highly

fortified compared with the low fortified children,
 

during the second and third year of life,
 
Santa Maria Cauqu6, June 1972-January 1976
 

Diseases~, 	 Age intervals, months
12-17 18-23 24-29 
 30-35 Total 

Total diarrhea 16.7* 6.7 16.2 
 2.0 41.6**
 

UtIcj respiratory 
tract infections 7.5 
 6.9 5.5 8.2 28.1 

Lower respiratory
 
tract infections 4.7 
 5.3 7.6 0.0 17.6
 

Total days of
 

infectious
 
illnesses 28.9 18.9 29.3 10.2 
 87.3
 

The 	figures given show the reduction of illness days per
 
seme.Ler of life between the highly fortified and low 
Iortified groups.
 

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



Table 35
 

Reduction in number of days with fever 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
 

Santa Maria Cauqu6, June 1972-January 1976
 

Age 	intervals, months
 
Symptoms 	 12-17 18-23 ;24-29 30-35 Total 

Total days of fever 9.4* 6.4 12.2 0.0 28.0**
 

Days of diarrhea with*
 
7 and more intestinal
 
movements a day 6.1 5.1 6.0 0.0 17.2
 

The figures fiven show the reduction of illness days per 
semester of life between the highly fortified and low 
fortified group. 

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



Table 36 

Number of fecal cultures done at 6 month intervals in
 
3 groups of children observed from birth to 3 years
 

of age, corn fortification 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 

children* 

0-19 529** 485 624 889 930 784
 

20-39 198 200 195 258 280 259
 

40-100 182 176 242 313 397 379
 

* Classified by Fortification Index. 

** Number of cultures. 



Table 37 

Duration of Shigella infection, carriers and
 
cases 3 groups of children observed from
 

birth to 3 years of age,
 
corn fortification project,
 

Santa Maria Cauqu6, Jiine 1972-May 1975
 

Groups Duration in weeks** 
of 1 2-44 5-8 

children* % % % 

0-19 58 37 4 

20-39 38 51 9 

40-100 61 32 7 

Classified by Fortification Index.
 
I 

** '~wo isolations were considered independent 
infections if separaLed by more than 2 
weeks.
 



Table 38
 

Infant mortality before corn fortification
 

Santa Maria Cauqu6, January 1964-May 1972
 

Groups Number Number of deaths
 

of of Rate
 
0-11 months Total
deliveries Stillbirthsfortification* 

0-19 255 8 26 34 133**
 

20-39 43 0 5 5 116
 

40-100 206 8 14 22 107
 

Total 504 16 45 61 121
 

* Classified by toi-LificaLion Iiidex. 

** Rate per 1000 delivcries. 



Table 39 

Infant mortality during corn fortification 

Santa Maria Cauqu6, June 1972-January 1976 

Groups 

of 
fortification 

Number 

of 
deliveries 

Stillbirths 

Deaths 

-0-11 months Total Rate 

0-19 

20-39 

40-100 

166 

23 

115 

6 

0 

2 

15 

4 

3 

21 

4 

5 

127* 

174 

43 

Total 304 8 22 30 99 

Rate per 1000 deliveries. 



Table 40 

Infant mortality in low birth weight babies*
 

Santa Maria Cauqu., June 1972-January 1976
 

Groups Number Number Percent Number 

of of of of all of Rate 

fortification deliveries LBW babies ,deliveries deaths 

0-19 166 64 38.6 11 172** 

20-39 23 9 39.1 3 333 

40-100 115 43 37.4 2 47 

* <2500 q birth weight. 

** 1atL d(!i-vcii(r.L ,;.(.r 1000 



Table 41 

Second to fifth year mortality during corn fortification 

Santa Maria Cauqu6, June 1972-January 1976 

rtality 
(years) No. of 

chi-
Oren 

Groups of 
0-19 

No. of 
deaths Rate 

families by Fortification 
20-39 

No. of No. of 
chil- deaths Rate 
dren 

Index 
4.-100 

No. of No. of 
chi- deaths 
dren 

No. oz 
chil-
ren 

Tontal 

No. of 
eaths Rate 

Second 163 5 31* 24 4 167 126 3 24 313 12 36 

Third 143 3 21 24 0 0 118 1 8 285 4 14 

Fourth 103 2 19 18 3 167 88 0 9 209 5 24 

Fifth 89 1 11 15 0 0 81 0 0 185 1 5 

-al 2nd-5th 498 11 22 81 7 86 413 4 10 992 22 22 

Rate per-1000 children of that are. 



Table 42
 

Second to fifth year mortality
 
before corn fortification 

Santa Maria Cauqu&, January 1964-May 1972
 

Number Number 
Mortality of of Rate 

children deaths 

Second year 454 26 57*
 

Third year 389 13 33
 

Fourth year 376 5 13
 

Fifth year 357 1 3
 

T oal 1576 45 29 

" Rate per 1000 children of that age. 



Table 43
 

Correlation between dietary intake and percent of time ill during
 
the second and third year of life
 

Santa Maria Cauqu6, June 1972-January 1976
 

Semester V a r i a b 1 e s 
of life DD/CAL* DD/VP DDi"TP RD/CAL RD/VP RD/TP TID/CAL TID/VP TID/TP 

Third 52 -. 348** -. 366** -. 344** -. 033 -. 080 -. 077 -. 302*** -. 348** -. 297***
 

Fourth 65 -.153 -.209**** -.195 -.029 -.078 -.008 -. 131 -.194 -.166
 

70 -.015 -.034 -.061 -.010 -.060 -.053 -. 040 -. 122 -.105
 

S- -h 46 -.503** -.444*x 478** -. 037 -.165 -.159 -.190 -.168 -. 184
 

DD Diarrheal disease; RD = Respiratory disease; TID = Total infectious disease;
 
C7IL = Calories; VP = Vegetal Frotein; TP = Total protein.
 

** P .0!
 

** P <, 5
 

*** P <. !0 



Table 44 

Correlation between fortification index and dietary
 
intake during the second and third year of life 
Santa Maria Cauqu6, June 1972-January 1976
 

Semester V a r i a b 1 e s
 
of life FI/CAL* FI/VP FI/AP FI/TP
 

Third .071 .136 .066 .129
 

Fourth -.023 .021 -.042 .002
 

Fifth -.096 
 -.032 .052 -. 009
 

Sixth .039 .125 -.163 .079
 

FI = Fortification index; CAL = Calories; VP = Vegetal 

protein; AP = Animal protuin; TP = Total protein. 



Table 45 

1
 
Incidence of infectious diseases during pregnancy 

Santa Maria CauquM, January 1972-October 1975 

TrimsterUrinary tract 
Trimester Resniratorv tract infection Diarrheal Other bacterial infection 

ofUpper Lower disease illnesses2 batr!ineio 
pregnancv Uper Lower Clinical Bacteriuria 3 

1 58(28)4 11(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 l100,00O bacteria per milliliter of urine. 

4 Number of episodes (rounded percentage).
 



Table 46 

Days of illness due to infectious disease1
 

Santa Nqra Cauqu , January 1972-October 1975
 

Tri-.es ter R Diarrheal disease 
 Urinary 
of ReV.-iratorv without With mucus Other tract 

prenancv Uper Loer Total illnesses 2 

- mucus and/or blood Tota! illnesinfection3 

1 2.84 .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 .1i .7 .6 .9 

Data obtained 
from 209 pregnant women ob-erved prospectively from conception to
 
delive rv.
 

2 Conjunctivitis, otitis media, stomatitis and skin infections.
 

3 Based on symptom's duration. 

4 Mean days of illness per 100 days.
 



Table 47
 

Comparison of the incidence of infectious diseases during the first trimester
 
of pregnancy in women with abortion and term pregnancies
 

Santa Mari.a CauquL, January 1972-October 1975
 

P Nu-m-ber of
-egnanc%subjects 

Resoiratorv 
Upper 

tract infection 
Lower 

Diarrhea! 
disease 

Other 
illnesses 

Urinary tract 
bacterial infection 
Clinical Bacteriuria 

Aborticn 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) 

X2 0.012 0.000 0.134 0.680 0.450 13.870 

P N.S. N.S. N.S. 
 N.S. N.S. -- 0.0005 

* Number of cases (rounded percentaae). 



Table 48
 

Relationship bet'een the incidence of infectious diseases 
1
during pregnancy and the newborn's weight
 

Santa Maria Cauzqu, January 1972-October 1975
 

;qeizht of Number of Respiratory tract infection Diarrheal Other 
2
illnesses Bacteriuriasne.;: rns mothers Upper Lc%..er disease 

9(21) 12(27)5

12300 44 36(82)4 14(32) 11(25) 


12(15) 10(13)
2301-2700 78 89(114) 20(26) 26(33) 

72701 75 86(115) 23(31) 28(37) 15(20) 9(12) 

Total 197 211(107) 57(29) 65(33) 36(18) 31(16)
 

1 Data obtained from 209 pregnant women observed prosoectively from conception to delivery.
 

2 Conjunctivitis, otitis media, stomatitis and skin infections.
 

3 !00,000 bacteria per milliliter of urine. 

Nu.ber of episodes (rounded percentage). 

5 Differences statistically significant (X2 = 3.89 P<0.05). 



Table -49 

Percent of the time ill with infectious diseases during pregnancy
 

cer categories of the corn Fortification Index,
 

corn fortification project,
 

Santa Maria Cauqu6, January 1972-October 1975
 

diseases 

Groups of Number of UFDer Lower Diarrheal Urinary Other 

fortification* women respiratory respiratory disease tract illnesses** 

Infectious 


infectioninfection infection 

0.80.7 0.8
0-19 97 2.9*** 1.7 

0.5 0.3 0.1
3.7 0.8
20-39 24 


0.7
0.6 1.3
3.4 1.4
40-100 65 


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


* Classified bv Fortification Index. 

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

*** Rate per 100 person-days. 



Table 50 

Correlation between fortification index
 
and some variables in 105 pregnant women diets*,
 

corn fortification project,
 
Santa Maria Cauque, 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 <0.01 

Animal protein -.079 

Total protein .222 <0.05 

Protein from fortified tortilla .710 <0.01 

Protein from unf'otLified tortilla -. 584 <0.01 

Grams of tortilla .154 

Calories not derived from tortilla -. 075 

Total calories .153 

MeanL daily i.ntake, derived from three, one week daily record 
surveys, corresponding to each trimester of pregnancy. 



Table 51
 

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

Santa Maria Cauqu6, June 1972-May 1975
 

Fortification Index
Variables 0-19 20-39 40-100 P
 

(37)** .(16) (52)
 

Tortilla (g) 
 479 476 574 <0.010
 

Calories 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 protrin (g) 6.9 7.6 6.6 N.S. 

Vegetal 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 [8.1 N.S. 

Protein from soy (g) 0.0 2.0 <0.0055.3 

Mean dzii.ly int;ke, derived from three, one week daily record 
surveys, corresponding to each trimester of pregnancy. 

** Number of cases. 



Table 52
 

RelatLonship 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.
 

** P <0.05
 

*** P <0.02 



Table 53
 

Relationship between the corn Fortification Index and the
 
mean daily intake of vegetal 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 36.1+12.2* 41.8+11.8 40.2+9.8 

20-39 24 39.4+10.6 42.3+11.3 38.9+11.6 

40-100 40 45.7+13.1 47.7+13.3 46.7+12.1 

t test: 0-19/20-39 2 . 0 0 ** 1.66 2.54*** 

t test: 0-19/40-100 3.42***** 2.1 2 ** 2.66**** 

* Mean i+ one standard deviation. 

** P<0.05 P< 0.Ol
 

** 1 <0. 02 *k*** P <0. 001
 



Table A 

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 6.4+3.9 7.4+4.8 

40-100 40 7.0+3.9 7,.3+4.3 6.5+3.4 

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

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

k MeIan I (JIIU s LdildIlrd deviaLion. 
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