5

NUTRICION

VOL. XXXVI DICIEMBRE, 1986



Archivos Latinoamericanos de Nutricion (ALAN) es editado como orga-
no oficial de la Sociedad Latinoamericana de Nutricion (SLAN), para la divul-
gacion de conocimientos en el campo de la alimentacion y de la nutricion,
principaimente en el Hemisferio Americano. En sus paginas se acogen manus-
critos en espaiol, inglés, portugués y francés, tanto de miembros como de
aquéllos que no sean miembros de la Sociedad, y de cualquiera de las siguien-
tes categorias: 1. Trabajos generales (revisiones cientificas criticas); 2. 'Tra.
bajos de investigacion (originales); 3. Trabajos de nutricion aplicada (resulta-
dos analiticos de programas de intervencion y discusion de recomendaciones
de aplicacion practica), y 4. Cartas al Editor (comentarios cortos de interés
general o relacionados con resultados o conceptos cientificos publicados pre-
viamente en Archivos).

El precio de la suscripcion es de US$ 40.00 (4 nimeros), incluyendo
gastos de correo.

Archivos Latinoamericanos de Nutricion (ALAN) is the official publica.
tion of the Sociedad Latinoamericana de Nutricion (SLAN), for the dis-
semination of knowledge in the fields of food and nutrition, principally
throughout the American Hemisphere. Articles in Spanish, English, Portu-
guese and French are accepted, both from the Society members and from
nonmembers, in the following categories: 1. General articles (critical
scientific reviews); 2. Research articles (originals); 3. Papers in applied
nutrition (analytical results from intervention programs and discussion of
recommendations of practical application), and 4. Letters to the Editor
(short comments of general interest or about scientific facts and concepts
previously published in Archivos). .

The subscription is US$ 40.00 per yearly volume (4 issues), includ-
ing mailing costs.

Direccion: Archivos Latinoamericanos de Nutricion

INCAP
Apartado Postal 1188
Guatemala, Guatemala, C. A.

Colabore con su Revista, divulgandola y enviando
sus articulos para su publicacion

Arch, Latinoamer. Nutr, ALAN-VE ISSN 0004-0622

Se autoriza la reproduccion del material publicado en esta revista a condicion
de que se cite su procedencia y se envien ejemplares de las publicaciones que
contengan textos reproducidos a la Oficina Editorial de Archivos Latinoame-
ricanos de Nutricion.



" Productos de distincion para la
alimentacion infantil

Wyeth*

FORMULA S-26°

La primera férmuta infantil en ofrecer proteina
en la que predomina la lactalbumina
Y la proporcién proteica fisioldgica de la leche materna.

Wyeth*

SMA’

Nutricion equilibrada administrada a millones de lactantes
Fortificada con vitaminas y minerales esenciales.

La eleccion logica
en mas de 100 paises en todo el mundo

Wyet

A la vanguardia en el campo de la nutricion infantil

La leche materna es la mejor para el bebé. El objetivo de la férmula para la alimentacion
mfantll' es el de reemplazar o complementar la leche materna cuando la crianza al pecho no
es posible o resulta insuficiente o bien cuando la madre decide no amamantar.

La buena nutricion de la madre es importante para poder establecer y mantener la alimenta-
cion al pecho. Ei uso parcial prolongado o extenso de férmulas para la alimentacion infantil
antes de haberse establecido firmemente ta crianza al pecho puede dificultar el manteni-
miento de la misma. Podria resultar dificil establecer posteriormente la alimentacion al
pecho si ésta no se emplea desde el principio. :

En asuntos relacionados con la alimentacion infantil deben seguirse los consejos de! profe-
sional respectivo. La férmula para la alimentacion infantil debe ser preparada y usada segin
indican las instrucciones. E} uso innecesario o incorrecto de la férmula para la alimentacion
infantil puede crear riesgos para la salud. Deben tenerse presentes las consideraciones so-
ciales y econémicas al decidir qué tipo de alimentacion habréa de utilizarse.

Wyeth International Limited, Philadelphia, PA 19101 U.S.A.
* marca registrada




Coples of articles from this .
- publication are now available from
| ‘the UMI Artlcle Clearinghouse.

For more mformatmn about the

| ‘Clearinghouse, please: ﬁll out and mail back
- the coupon below | : ’

Yes! I would like to know more about UMI Articie Clearinghouse.
[ am interested in electronic ordering through the following system(s):

{0 DIALOG/Dialorder OITT Dialcom

{J OnTyme [0 OCLC ILL Subsystem
[J Other (please specify)
{(JIam interested in sending my order by mail.

(3 Please send me your current catalog and user instructions for the
system(s) I checked above.

Name
Title
Institution/Company.

Department
Address :
City State Zip
Phone ( )

Mail to: University Microfilms International
300 North Zeeb Road, Box 91 Ann Arbor, MI 48106




ARCHIVOS LATINOAMERICANOS DE NUTRICION

ORGANO OFICIALDE LA
SOCIEDAD LATINOAMERICANA DE NUTRICION

VOL. XXXVI DICIEMBRE, 1986

No. 4

CONTENIDO

EDITORIAL . ... . i e ettt ie e
ARTICULOS GENERALES

Impacto potencial de la biotecnologia en el Grupe Andino. — Galo Montafio
-

TRABAJOS DE INVESTIGACION
NUTRICION HUMANA

Relacion de los hdbitos de alimentacion y el estado nutricional en nifios pre-
escolares en una comunidad rural. — Martha Patricia Coello, Sara Elena
Pérez-Gil R., y Lucia Batrouni Kerkebe .. ... ... c.vuieeuuennnnn

Home for the migrants: The Pueblos Jovenes of Lima. A study of socioecono-
mic determinants of child malnutrition. — Pauline Herold and Diva Sanjur

Trends and differentials in dietary patterns and nutrient intake among
migrant Puerto Rican families. — Diva Sanjur, M. D.C. Immink, M. Colén,
L. Bentz, M. Burgosand S. Alicea-Santana. . .. .......couueeueeen.

Diagnéstico da situagao da hipovitaminose A e da anemia nutricional na
populacao do Vale do Jequitinhonha, Minas Gerais, Brasil. — Rocival L.
Araujo, M. Beatriz D.G. Araujo, Reinaldo O. Sieiro, Rosdngela D.P.
Machado, e Brigitte Vingon Leite . . .. . .o v v e e eeeennnnnnns

Prevencion de la carencia de hierro en lactantes mediante la fortificaciéon de
la leche. L Estudio sobre el terreno de una leche semidescremada. —
Abraham Stekel, Manuel Olivares, Fernando Pizarro, Patricia Chadud,
Marisol Cayazzo, Inés Lopez y Mirna Amar ... .......coueueueunn.

NUTRICION EXPERIMENTAL

Influéncia da desnutrigao proteica sobre a fungdo fagocitiria de neutréfilos
de ratos. — Primavera Borelli Garcia, e Doménico Barbieri ...........

571

587

599

625

642

654

662



564 ARCHIVOS LATINOAMERICANOQOS DE NUTRICION

Metabolismo energético durante el desarrollo de la placenta en ratas. Efecto
de la desnutricion materna crénica. — Julia Araya, Manuel Ruz y Ana
Marig Aguilera . . .. . ... ottt e e

Effects of some carbohydrates on iron absorption. — Martha Pabon de Rozo,
Darrell VanCampen and Dennis D. Miller . ... ....ccoveueeeunnn..

Dietary protein supplementation. Fundamentals and examples of practical
application. —J.J. Dreyer. . ... .. i v ittt ii i i

Efectos aditivos de la malnutricion proteinica y el cortisol sobre proteinas
plasmaticas e inmunoglobulinas de ratas gestantes y sus neonatos. —
Emilia Mufioz-Martinez, Ascensiéon Marcos, Pilar Varels, Maria Teresa
Unzagay Gregorio Varela . . . . . . . o i et e i it ittt it snnennns

CIENCIAS DE ALIMENTOS

Potentialization of the lactoperoxidase system for preservation of raw milk
in the tropic. — M. A. Aparicio, L.M.Peralta. and H.S. Garcia . . .. ......

Descascarado de sorgo en molino de abrasion. — Julio Ramén Corimayo,
Rubén Ramon Gutiérrez y Marta Hilda Gémez . . . . ... v v vvvevenn.

+ Efeito da torrefacdio no perfil cromatografico obtido por filtracao em gel de

extratos de café Ardabica. — Luiz C. Trugo ... .. ... .o e eennnnnas

COMUNICACION BREVE

Algunos alimentos de humedad intermedia en el mercado chileno. — José
Miguel Aguilera R., Soledad Kozma O., Marcela Olivares H., Margarita
Andrade C. y Guillermina Neimann K. .. ............ e

NUEVOSLIBROS . .. ... . ittt ittt i

CONTENIDO DE LA REVISTA TURRIALBA, Vol. 36, No. 1,1986......
INDICE GENERAL DEL VOLUMEN XXXV, 1986 ...........c0.. ..
INDICEPORMATERIA . ... ... i i i i ieenn e

~INDICEPORAUTORES ... .. ...ttt it iiniineinnnannes

678

688

701

714

725

734

745

754
759
763
766
769
774
771

784



ARCHIVOS LATINOAMERICANOS DE NUTRICION

ORGANO OFICIALDE LA
SOCIEDAD LATINOAMERICANA DE NUTRICION

VOL. XXXVI DECEMBER, 1986

No. 4

CONTENTS

EDITORIAL . . ... ittt ittt et seneneaanasecanens

GENERAL ARTICLES

RESEARCH PAPERS
HUMAN NUTRITION

Relation between food habits and nutritional status of preschool children in
a rural community. — Martha Patricia Coello, Sara Elena Pérez-Gil R.
and Lucia Batrouni Kerkebe . . . . .. ... ..o,

Home for the migrants: The Pueblos Jovenes of Lima. A study of socio-
economic determinants of child malnutrition. — Pauline Herold and
Diva Sanjur . . . . . . . e e e e e

Trends and differentials in dietary patterns and nutrient intake among
migrant Puerto Rican families. — Dive Senjur, M. D. C. Immink, M.
Colon, L. Bentz, M. Burgosand S. Aliceg-Santana . . .. ... .........

Nutritional status of the population of Vale do Jequitinhonha, Minas Gerais,
Brazil, concerning vitamin A deficiency and iron-deficiency anemia. —
Rocival L. Araujo, M. Beatriz D. G. Araujo, Reinaldo O. Sieiro, Rosan-
gela D. P. Machado, and Brigitte Vingon Leite. . ... ..............

Prevention of iron deficiency in infants by milk fortification. L A field trial
with a low-fat milk. — Abraham Stekel, Manuel Olivares, Fernando
Pizarro, Patricia Chadud, Marisol Cayazzo, Inés Lopez and Mirna Amar. .

EXPERIMENTAL NUTRITION

Effect of protein deficiency on the phagocytic function of neutrophils in
rats. — Primavera Borelli Garcia and Doménico Barbieri . . . .. ..... ..

571

587

599

625

642

654

662



566 ARCHIVOS LATINOAMERICANOS DE NUTRICION

Energy metabolism during placental development in rats. Effect of chronic
maternal malnutrition. — Julia Araye, Manuel Ruz and Ana Maria

ABUIlEra. . . . o i i e e e e e e e

Effects of some carbohydrates on iron absorption. — Martha Pabén de Rozo,
Darrell VanCampen and Dennis D, Miller. . . . .. .. .......c.0.....

Dietary protein supplementation. Fundamentals and examples of practical
application. —J. J. Dreyer. . . .. ... ...

Additive effects of protein malnutrition and cortisol on plasma proteins and
immunoglobulins of rat dams, and their offspring. — Emilia Murioz-
Martinez, Ascension Marcos, Pilar Varela, Maria Teresa Unzaga and
Gregorio Varela. . . . ... ... .ttt e

FOOD SCIENCE

Potentialization of the lactoperoxidase system for preservation of raw milk in
the tropic. — M. A. Aparicio, L. M, Peraltaand H. S. Garcia . ........

Sorghum grain dehulling by abrasion mill. — Julio Ramén Corimayo, Rubén
Ramoén Gutiérrezand Marta Hilda Gomez . . . .. ................

Effect of roasting on the molecular weight profile of Arabica coffee ex-
tracts, — Luiz C. Trug0. . . o o v oo i it ettt it et e et et et eie e

BRIEF COMMUNICATION
Some foods of intermediate moisture in the Chilean market. — José Miguel
Aguilera R., Soledad Kozma O., Marcela Olivares H., Margarita Andrade

C. and Guillermina Neimann K. . . . . ... ... i nnns

NEWBOOKS. .. ittt ittt ittt eiinneennnannooasnnnsns

CONTENTS OF THE JOURNAL TURRIALBA, Vol. 36, No. 1, 1986 ... ..
GENERAL INDEX OF VOLUME XXXVL 1986. . .. .. .covvvvvunnnnn
SUBJECTINDEX . . .. ..ttt it iitienteneennennanoanonns

AUTHORINDEX . . . ... ittt ittt teenennnennnns

678

688

701

714

725

734

745

754
759
763
766
769
774
771

784



EDITORIAL
LA SEGURIDAD ALIMENTARIA

En la jerarquia de necesidades del hombre, es indudable que el ali-
mento ocupa el primer lugar, habiendo sido la inseguridad de su abaste-
cimiento, precisamente, lo que dio origen a lo que hoy dia se denomina
“Agricultura” A pesar de los grandes adelantos que en el desarrollo de
esta actividad se ha logrado, auin persiste el sentimiento de esa inseguridad
alimentaria que claramente existe, y que ha sido inducida por miltiples
factores, sobre todo en los denominados “paises en desarrollo’. No pode-
mos pasar desapercibido el hecho de que hoy dia todavia hay grandes
grupos poblacionales que no se alimentan y, mucho menos, que se alimen-
ten bien.

Esta realidad cobra evidencia irrefutable a través de los problemas
nutricionales que a‘diario observamos, como son las deficiencias protei-
nico-caloricas, las de vitamina A y hierro, al igual que las deficiencias de
otros nutrientes que afectan a los grupos mds vulnerables, como son los
ninos, las mujeres embarazadas y las madres lactantes. No obstante, los
nutrientes deficitarios, al igual que todos en general, se pueden y deben
obtener a través del consumo habitual de una dieta adecuada.

La meta de eliminar el hambre y la mala nutricion del mundo en ge-
neral, y del mundo en desarrollo en particular, no es una meta novedosa.
Mas bien diriamos que data hace ya de mds o menos 40 6 50 afios, época
en que comenzaron a salir a luz los problemas nutricionales que afectan a
la poblacion de los paises en desarrollo. En efecto, fue a raiz de la crisis
alimentaria que se suscité a principios de 1970, que en la Organizacion
para la Agricultura y la Alimentacion de las Naciones Unidas (FAO),
surgio el concepto de “‘Seguridad Alimentaria’. Su objetivo final, como
sabemos, es lograr que todos los seres humanos puedan y estén en todo
momento en condiciones de producir, obtener, consumir y aprovechar
biologicamente los alimentos que requieren para el logro de un desarrollo
fisiologico adecuado. La Seguridad Alimentaria viene, pues, a reforzar el
derecho fundamental de todo individuo, de estar protegido en contra del
hambre y la nutricién deficitaria.

Por consiguiente, el concepto incorpora la necesidad de poder lograr
al menos tres resultados concretos: primero, la produccién de un volu-
men apropiado y variado de alimentos, de acuerdo a la dieta habitual de
la poblacion; segundo, el aumento en la estabilidad de la oferta de alimen-
tos, y tercero, el asegurar su acceso a la poblaciéon. De esta forma se evi-
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tardn, en lo posible, los riesgos que implica la importacion desordenada de
alimentos que pueden crear dependencia y retraso en el desarrollo agrope-
cuario del pais.

No obstante, es necesario que exista un ambiente apropiado para pro-
ducir, y que en el receptor, exista también un ambiente fisico y condicio-
nes socioeconémicas adecuadas para la utilizacion eficiente de los nutrien-
tes provistos por los alimentos. En este sentido, el concepto de Seguridad
Alimentaria no difiere del concepto de productividad agropecuaria, el cual
tiene lugar sélo cuando todos los elementos requeridos por la planta o el
animal se combinan, complementan y suplementan para lograr la mayor
produccion por unidad productiva.

A nuestro juicio, la Seguridad Alimentaria debe ser un concepto por
completo dindmico y permanente, fundamentado en la Cadena Alimenta-
ria como eslabon multifacético central. Este une el ambiente ecolégico
—como substrato para la produccion de los alimentos que conforman una
dieta nutricionalmente adecuada— con el ambiente de calidad econéomica
y social de la poblacion —como receptor— para lograr el mayor acceso y la
mejor utilizacion de los nutrientes provenientes de los alimentos que con-
forman la dieta.

) Hoy, mds que nunca, cada cual en su respectivo campo, debemos
luchar uniendo nuestros esfuerzos en el logro de tan ansiada meta.
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IMPACTO POTENCIAL DE LA BIOTECNOLOGIA EN LA
REGION ANDINA

Galo Montario Pérez*

Financiera Manabi, S. A.
Quito, Ecuador

INTRODUCCION

El Programa Tecnol6gico del Grupo Andino, aprobado por la Junta
del Acuerdo de Cartagena, no contempla proyecto alguno referente al
potencial de la biotecnologia en los paises que lo integran. Investigué
personalmente en Bolivia, en Chile, en la Junta, con sede en Lima Pera, y
en el Ecuador, cuil era la situacion en ese sentido, y encontré que la preo-
cupacion sobre la biotecnologia es tan solo incipiente, y tal vez, marginal.
No he logrado todavia recopilar informacion al respecto en Colombia ni
Venezuela.

Esta ausencia de interés, podrfamos decir, contrasta con el de los
paises europeos y asidticos que han promovido ya la formacién de un
;;:ntro de investigaciones biogenéticas y de biotecnologfa en Italia, y en la

dia.

El presente trabajo tiene por objeto comunicar los resultados de las
investigaciones que en relaciéon con el estado actual de la biotecnologfa en
nuestros paises de la Region Andina, he podido llevar a cabo, asf como las
perspectivas futuras de este rubro de tan vital importancia.

BIOTECNOLOGIA EN LA REGION ANDINA

En los pafses andinos se han elaborado algunos trabajos sobre la pro-
duccién de metano a partir de biomasa procedente de materiales de dese-
cho. En el caso de Bolivia, particularmente de bagazo y otros desperdicios
de la industria azucarera. Mediante fermentacién anaerébica, €stos se
transforman en fertilizantes orgdnicos; su funcién es devolver paulatina-
mente la capa de humus perdida por erosién y manejo deficiente de los

-~
Manuscrito original recibido: 26—2—86.
1 Presidente Ejecutivo, Financiera Manabi, S. A., Edificio ‘“Comonsa”, Avenida

Amazonas 2374 — Pisos 8 y 9, Apartado Postal 282 A, Quito, Repiblica de
Ecuador. .
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suelos agricolas del departamento de Santa Cruz, aledafios a la produccién
de la industria azucarera. La produccién de metano tiene un significado
econémico marginal, considerando que dicho departamento goza de abun-
dantes recursos de gas natural. De todas formas, la produccién de gas a
partir de la biomasa, tenderia a reducir los costos de produccién de la
industria.

Se han repetido experiencias similares en pequefia escala, en otros
paises de la Region, con miras a facilitar la obtencion de un combustible
barato que abasteceria de energia a pequeiias granjas familiares.

En los pafses del Grupo Andino, otro tema que ha sido objeto de cier-
ta consideraciéon, es la fermentacién alcohdlica a partir de diversas mate-
rias con altos contenidos de carbohidratos, es decir, patata, yuca, maiz,
sorgo y caiia de azticar.

La tecnologfa para la obtencién de alcohol a partir de esas materias
primas, se conoce perfectamente desde hace muchos afios, y no ofrece un
atractivo especial por su originalidad.

El hecho relevante es que en nuestros pafses, la produccién de alcohol
no ha alcanzado la eficiencia suficiente para reemplazar, como carburante,
aunque sea parcialmente, a la gasolina.

De todas formas, es una perspectiva que existe y que puede explotarse
en el futuro, sobre todo considerando los altos rendimientos de cafia de
azicar por hectdrea que se consiguen en zonas tropicales y semi-tropicales
de América del Sur (de 100 a 200 toneladas por hectirea).

La exportacién del azicar parece estar condenada a desaparecer, en
vista de la sustitucion de la fructosa por otros aziicares mas baratos y por
edulcorantes sintéticos. Como es de conocimiento general, estos dltimos
se han puesto de moda, dentro del afdn de reducir la obesidad.

También se ha experimentado con procesos para la obtencién de pro-
tefnas unicelulares a partir de la melaza (Ecuador), y de licores sulfidicos
procedentes de la industria de papel (Chile). Los resultados a nivel de
laboratorio han sido satisfactorios desde el punto de vista técnico; a pesar
de ello, no se ha escalado al nivel industrial de produccion, debido a cier-
tas limitaciones en el uso de estas levaduras del género Sacharomices, del
género Torula utilis, Candida y otros que se utilizan con propésitos ali-
menticios.

Ajeno a los problemas inherentes al costo, dichas levaduras contienen
algunos componentes que producen empalago o saciedad, de manera que
pueden usarse solamente en proporciones discretas. Han encontrado apli-
cacibn en salsas especiales, junto con otros elementos saborizantes.

Otra de sus limitaciones es el alto contenido de purina, la cual puede
ser daiiina para personas con disturbios metabolicos conducentes a la for-
macién de 4cido irico (gota).

Por otra parte, existen algunas producciones industriales de interés
como la fabricacién de dcido citrico a partir de melazas y de varios tipos
de enzimas. No se ha informado la produccién de vitaminas (riboflavina)
por fermentacién, si bien existen proyectos para la fabricacién de anti-
biéticos.

Los procesos de fermentacién lictica, dcido acético y dcido glucénico
también son conocidos. Asimismo, se ha actualizado el interés por retor-
nar a la fabricacién de acetona butanol por medio de procesos de fermen-
tacion.
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Aparte de los campos citados, no hemos encontrado dreas novedosas y
de contenido econdémico significativo, a excepcién de los siguientes ru-
bros: la biotecnologfa aplicada a la reproduccién de plantas vegetales por
meristemos; a la reproduccién de especies animales de alta pureza por
medio de la ovulacién artificial en el huésped —que ya se aplica en algunos
pafses para el mejoramiento del ganado de carne o de leche— y por ultimo
y mas importante, su extraordinaria aplicacién en la producciéon de espe-
cies bioacudticas en cautiverio.

En nuestro criterio, es en estos tres campos donde radica un potencial
econémico de grandes alcances y profundidad.

En efecto, en el curso de estimaciones elaboradas con la asistencia
técnica de expertos israelitas y norteamericanos, se han identificado posi-
bilidades de expandir considerablemente la produccién fruticola en cli-
mas templados y tropicales, asf como la produccién de hortalizas y de
flores para la exportacién, mediante la normalizacién y calidad del mate-
rial genético reproducido por meristemos.

De acuerdo con tales estudios, Ecuador acusa un potencial de ex-
portacién cercano a 200 millones de délares de los Estados Unidos de
América, sin contar con la produccién y exportacién de especias como
gengibre, comino, pimienta, menta, achiote, azafrdn y otras.

La propagacion de especies vegetales por meristemos ha significado
una verdadera revolucién en la producciéon agricola, campo en el que
existen posibilidades enormes para los paises del Grupo Andino.

Se sabe de algunos pequefios laboratorios de reproduccién por meris-
temos ya existentes en nuestros pafses, aunque la mayor parte del material
genético de plantas todavia se importa de los Estados Unidos, Israel o
Europa.

Conviene, por lo tanto, que los parses del Grupo Andino concentren
esfuerzos en el desarrollo de un laboratorio para la reproduccién de meris-
temos, que opere en forma centralizada, y que ofrezca servicios a todos
los demds.

Deliberadamente, he dejado para la segunda parte de este articulo, la
discusién de una de las dreas mds fascinantes y de mayor potencial en la
aplicaciéon de la biotecnologfa al acuacultivo de determinadas especies ali-
menticias, fundado en la extraordinaria dotacién de condiciones naturales
altamente favorables que se encuentran presentes en las costas, esteros,
marismas y estuarios del litoral de nuestros paises. En pocas palabras,
me refiero al cultivo del camarén como un ejemplo del potencial produc-
tor de alimentos que ofrece nuestra naturaleza americana.

CULTIVO DEL CAMARON

El acuacultivo del camarén (prawn) se ha convertido en una de las in-
dustrias de exportacién mds importantes de la Repiiblica de Ecuador. En
la actualidad, posiblemente sea eésta una de las mds interesantes del mundo.

El Ecuador tiene alrededor de 52,000 hectdreas bajo cultivo, y en
1985 export6é 22,000 toneladas de camarones por un valor de 164 millo-
nes de délares EUA, cifra que corresponde al 23.20/0 promedio de las
exportaciones de productos primarios perecibles en los iltimos seis
aiios.
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El cultivo del camarén se inicié hacia el afio 1966, y ha logrado un
desarrollo cada vez mds sé6lido. Ello ha sido posible debido a que hay
mayor dependencia de la investigacién cientffica y de la aplicacion de la
biotecnologia en todas sus fases y dltimamente en la reproduccién en
cautiverio.

Las costas ecuatorianas estdn dotadas de ecosistemas favorables para
el desarrollo de especies bioacudticas como la langosta, camarén, meji-
llones, ostras, calamares, etc. Se logré, pues, revertir la industria del cama-
rén —que dependia exclusivamente de la pesca— en un cultivo sistemdtico
y de mayor rendimiento.

El camarén o langostino goza de especial aceptacién y popularidad en
los mercados norteamericanos y japoneses, en los que la demanda crece
constantemente, con tasas hasta de 20°/o anual. Los mercados europeos
muestran igual avidez por estos productos del mar.

En 1985, las importaciones norteamericanas se sitiian estimativamen-
te en el orden de 165,700 toneladas, y las importaciones japonesas en
204,300 toneladas.

La exportacién ecuatoriana corresponde al 13.29/o de las importacio-
nes norteamericanas, siendo el Ecuador el segundo o tercer proveedor de
camarones, para los Estados Unidos, después de la India y México.

Esta industria cuyo desarrollo tuvo lugar hacia fines de la década de
1960, sobre una base mds o menos empirica, ha cobrado importancia eco-
némica. Esta ha sido de tal naturaleza que ha logrado alcanzar cierto grado
de maduracién desde el punto de vista de los requerimientos de personal
técnico especializado y de investigacion cientifica bdsica. Ese personal ha
llegado con procedencia de los centros mds importantes del mundo, los
Estados Unidos, Japon, Francia y Taiwan.

Asf, hoy dfa podemos hablar de una produccién continua y normali-
zada, que se fundamenta en la recoleccién natural de las larvas que —den-
tro de su ciclo vital— descansan en determinadas playas, marismas y estua-
rios de los manglares (Rizophora mangle).

La rdpida expansion de la industria no ha pedido evitar cierta depre-
dacion de los manglares, que constituyen el habitat natural y m4s favora-
ble para el desarrollo de las larvas. En los ltimos afios ello ha causado,
por lo tanto, escasez de larvas naturales para alimentar a todas las piscinas
de cultivo.

Este hecho aparentemente negativo, ha estimulado la investigacién y
formacion de laboratorios para la reproduccién y desarrollo de larvas de
camarén en cautiverio a fin de suplir la escasez de larvas naturales, con la
ventaja de garantizar una especie uniforme, libre de enfermedades y con
menor tasa de mortalidad.

Por seleccion natural, esta crisis ha determinado que permanezcan
dentro de la industria, aquellos cultivadores que han logrado superar los
conocimientos suficientes sobre las técnicas y condiciones cientificas de
este cultivo.

En el momento actual existen 12 laboratorios de reproduccién con
una capacidad que se aproxima a 400 millones de larvas, frente a una de-
manda total de 9,000 millones, demandas que también deben ser abasteci-
das en forma natural (ciclo natural) y por la produccién de los laborato-
rios. :

El rendimiento promedio por hectdrea de cultivo que se sitia en 423
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kg, podrfa alcanzar 800 kg por hectdrea en un futuro cercano, mediante el
mejoramiento de técnicas de cultivo y alimentacién que difa a dia se per-
feccionan.

ESPECIES DE CAMARON EN EL LITORAL ECUATORIANO

En el Litoral Pacffico existen varias especies de camarones que, segin
sus nombres comunes, se clasifican en blancos, acanalados, zebra, tit( y
pomada.

Las especies mds importantes de camarén blanco se dividen en Pe-
naeus occidentalis, que en promedio constituye el 700/o de la captura nor-
mal por pesca, Penaeus estylirostris y Penaeus vannamei. Estas dos altimas
especies se han adaptado maravillosamente al cultivo en piscinas artifi-
ciales.

El Penaeus estylirostris corresponde aproximadamente al 25°/o pro-
medio de la captura por pesca.

Las demas especies, Penaeus vannamei, californienses y brevirostris no
sobrepasan del 2 al 3%/o de los desembarques por captura. En el perfodo
1965-1976, los desembarques de camarén alcanzaron un promedio de
6,800 toneladas por afio.

CICLO DE VIDA DEL CAMARON Penaeus vannemei y Penaeus estylirostris

La fecundaciéon se produce en mar abierto por medio del espermaté-
foro colocado por el macho en el abdomen de 1a hembra. Es desove ocurre
también en el mar, de modo que las primeras etapas de desarrollo del
huevo hasta convertirse en larva (nauplio, protozoea y mysis) transcurren
en el mar, medio natural adecuado que suministra el plancton necesario
para atender su alimentacion. El mysis migra hacia los marismas, los este-
ros o las bahias y se desarrolla como postlarva, juvenil, subadulto y adulto
que, de nuevo, migra hacia el mar abierto hasta llegar a los caladeros de
pesca.

La migracion estd regulada por las presiones osméticas marinas, la
temperatura, salinidad del agua, las corrientes, la marea y la abundancia
de plancton. .

El estadio de desarrollo del camarén, desde huevo hasta adulto, se cla-
sifica en diferentes etapas, de acuerdo con la dimension que alcanza, em-
pezando desde 0.2 mm hasta 14 mm y mds en el adulto.

El estadio de larva, segin se dijo, comprende tres etapas: nauplio,
protozoea y mysis; se alimenta bisicamente de algas, entre las que varias
especies tales como diatomea, erisofilea y 1a cloroisea han sido identifi-
cadas.

Las algas que se emplean normalmente para la cria de peneidos son
Monocrisis sutheri, Tebracelmi, Tethratele, Tethracelmi chui, Tetracelmi
Suecica, Cilindrotheca e Hizocrisis.

Se ha experimentado también con algas de la especie Sketetonema,
Thalassiosira, Ceratanlina, Ciclotella nana, Gymnodinium, Exuviella y
otras.

La postlarva alcanza de 4 a 24 mm, y se alimenta preferentemente de
Artemia salina nauplii, pequefio crusticeo que de adulto alcanza 5 mm de
largo y cuyo cultivo artificial tambien se ha emprendido.
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Los juveniles y subadultos se alimentan de aminodcidos, carbohidra-
tos, minerales y vitaminas, asi como de moluscos, poliquetos y crustdceos.
Aparentemente la ingestion de alimentos vivos estimula las funciones
sexuales. En las piscinas de cultivo se utiliza un alimento balanceado que,
ademas de proteinas, contiene grasas y carbohidratos, vitaminas y mi-
nerales.

CULTIVO ARTIFICIAL DEL CAMARON

Con base en el conocimiento del ciclo vital del camarén, biologia, fi-
siologia, sistema de reproduccion, costumbres alimenticias e influencia de
los aspectos ecolégicos, se ha logrado reproducir con éxito las condicio-
nes mias favorables de crecimiento en cautiverio relativo, de las dos varie-
dades que se prestan mds favorablemente a este sistema. Estas son, Pe-
naeus vannamei y estylirostris.

El proceso clisico empieza con la captura de larvas en los marismas,
estuarios y playas; se clasifican y se trasladan a pequenas piscinas denomi-
nadas precriaderos, donde se alimentan hasta el estado de juveniles. Los
juveniles se trasladan a la piscina de crecimiento o engorde, donde perma-
necen de cinco a siete meses hasta alcanzar el tamafio m4s deseable para su
comercializacion.

El crecimiento de los camarones depende de varios factores como la
salinidad del agua que al principio debe ser baja y aumentar progresiva-
mente a medida que crece. Se estima que en peso, esa salinidad debe osci-
lar de 5 a 30 partes por mil.

La temperatura es otro factor condicionante. El camarén es poiquilo-
termo, 0 sea que soporta diversas temperaturas; sin embargo, a mayores
temperaturas su metabolismo reacciona mds rdpido. En efecto, la diges-
tion dura seis horas cuando el agua se encuentra a 259Cy 10 horas cuando
se encuentra a 110C. Para un ripido crecimiento, la temperatura optima
del agua, por lo tanto, se ubica entre 26 y 300C.

El oxigeno también desempeiia un papel fundamental en el agua de
las piscinas. Su concentracion, a la vez, depende de la temperatura, sali-
nidad, materias en suspension, produccién de organismos fotosintéticos
y/o del ritmo caracterfstico de cada ecosistema.

El camarén requiere de cinco a siete partes por 1,000.

El Dr. Addison Lawrence, de la Universidad de Texas en Galveston,
EUA, sostiene que el crecimiento de los camarones puede mejorar osten-
siblemente mediante la oxigenacion directa del agua por burbujeo. Se
logra asi activar el proceso de fotosintesis y la formacion de algas y fito-
plancton, que son los alimentos deseados por la postlarva.

El agua es otro de los medios fundamentales para el desarrollo del
camaron. Preferiblemente, debe ser agua estuarina, es decir, rica en planc-
ton procedente de los marismas o de los manglares. En los cultivos artifi-
ciales el agua se canaliza y se dispone de agua dulce y de agua salina que
se puede bombear alternativamente de acuerdo a las necesidades, a fin de
mantener las condiciones éptimas en el ecosistema artificial que se ha
formado en cada piscina.

A titulo ilustrativo, seguidamente se incluye la Tabla 1, que propor-
ciona informacion detallada en lo concerniente al proceso que exige la
cria del camarén.
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TABLA 1

PROCESO A SEGUIR PARA LA CRIA DEL CAMARON

Siembra

Periodo de crianza: 5-7 meses (2-3 cosechas por afio)

Salinidad: 10-20 partes por mil, pH: neutro
Temperatura: 26-30°C
Alimentacion: Plancton, fito y zoo
Fitoplancton: diatomeas, dinoflagelados, algas
Zooplancton: protozoos (ciliados)
metazoos (celenterios microscopicos)
invertebrados (sin6foros, poliquetos)
moluscos, equinodermos.
El plancton viene por sondeo del agua estuarina. El fitoplancton
se favorece por fertilizacion previa de las piscinas (PO4, NH4,
urea, elementos menores) y por fotosintesis y oxigenacion.
‘Balanceados. artificiales
Oxigenacion: 5 a 7 partes por mil. Renovacion del agua y oxigenacion artifi-
cial.
Cuidado de
depredadores: Jaiba (callinectus toxates), corvina, lisa, mojarra, rébalo, chame.
Pato cuervo, piquero, garza, pataleta, etc.
Control
biologico: Refractometro, salindmetro, oxigenémetro, termdémetro, pH.
Crecimiento, peso, sanidad.
Cosecha: Eliminacién del agua y pesca por atarrayas o chinchorros.
Produccion: 800 - 3,000 libras por hectarea (1,200 libras por hectirea).
Post-cosecha: Dejar la piscina seca de 2 a 3 semanas. Limpieza total, oreo,

desecacion.

EL MANGLE

Estos bosques tropicales que crecen a la orilla del mar, conforman un

ecosistema rico en alimentos que nuirenauna abundante fauna y micro-
flora. Su potencial para alimentacién de crusticeos, peces y moluscos es
extraordinario.

El Rhizophora mangle, que constituye la principal variedad de los
manglares rojos, arroja mas de 7.5 toneladas de hojas por hectirea, por
afio. Las hojas soportan gran numero de organismos vivos, y ayudan a la
fabricacion de detritus. En un proceso de degradacion, los detritus redu-
cen los sulfatos a sulfuros, contribuyendo asi a aumentar el potencial
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proteinico alimenticio a favor de los organismos que viven en los man-
glares.

Los ultimos absorben nutrientes en forma de fosfatos y nitratos que
se transfieren a las hojas; son devueltos por degradacién a los sedimentos
y al medio acuoso.

Las raices del mangle, amplias y entrelazadas, conservan los sedimen-
tos y preservan de la erosion, amortiguando las corrientes de las mareas y
capturando los materiales organicos e inorgdnicos asf como las reservas
planctonicas procedentes del mar.

En el manglar, la alta produccion de material orgdnico y detritus es
suplementada por la produccion de microalgas bénticas (fondo), macro-
algas epifiticas (superficiales), fitoplancton, zooplancton y fanerégamas
marinas. Constituyen, pues, un ecosistema natural de extraordinaria ri-
queza alimenticia para peces, invertebrados, crusticeos y moluscos.

LA CONSTRUCCION DE LA CAMARONERA

Las camaroneras han sido construidas en las zonas de salares, junto a
los esteros y a los manglares a fin de asegurar una provisién de agua rica
en plancton y en la cercania de las playas, donde se recogen las larvas de
camaron que cumplen su ciclo vital normalizado.

Usualmente se construyen piscinas artificiales que miden desde una
hectirea hasta 60 hectireas, pudiendo afirmarse que la extension mds
favorable para un manejo eficiente estd en el limite de 10 hectdireas por
piscina. Estas alcanzan una profundidad de 150 m a 1.80 m, y deben
llenarse con agua estuarina, guardando las proporciones de salinidad,
contenido de oxigeno, nutrientes, movimiento del agua y pH.

Los camarones en estado de larva se “siembran” en las piscinas mds
pequeiias denominadas precriaderos, donde deben alcanzar el crecimien-
to de “juveniles™.

Estos a su vez, se “siembran” en las piscinas de tamafio industrial.
Se procede luego a alimentarlos mediante suplementos alimenticios ba-
lanceados a base de harina de pescado, harina de cabeza de camaré6n y
harinas protemicas de soya juntamente con carbohidratos, vitaminas y
minerales.

El conocimiento tecnolégico de la alimentaci6én suplementada para
camarones ha avanzado notoriamente. Los perdigones de suplemento
alimenticio deben tener una densidad suficiente para que al caer se depo-
siten en el fondo de la piscina, sin desaglomerarse, a fin de evitar la turbi-
dez del agua.

Dependiendo de las técnicas de cultivo que pueden admitir variacio-
nes, se logra entre dos y tres cosechas por aiio, llegando hasta cerca de
1,000 kilos por hectirea en los cultivos mejor manejados.

El Dr. Addison Lawrence, Decano de la Facultad de Maricultura de
la Universidad de Texas A & M, EUA, sostiene que mejorando las técni-
cas de cultivo y normalizando cuidadosamente la alimentacion, asf como
la insuflacion de oxigeno, se puede lograr rendimientos multiplicados
por un factor de 4, en el mismo espacio actualmente dedicado al cultivo.

Terminado el ciclo de ‘“engorde” se puede suspender el proceso de
acuerdo con los datos de peso y tamafio, y se procede a vaciar la piscina,
recogiéndose los camarones con atarrayas.

€4,
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Una vez vaciada la piscina, se deja secar sometida a los rayos del sol
para eliminar los microorganismos indeseables, durante un perfodo de dos
a tres semanas. Se procede entonces a la fertilizacion del fondo de la pisci-
na aplicando fertilizantes ricos en nitrégeno, f6sforo, potasio y elementos
menores. La fertilizacién es indispensable para mejorar el rendimiento y
produccion de algas por fotosintesis, que constituye parte importante de
la alimentacién de los camarones.

Se requiere especial cuidado para evitar la presencia de depredadores
o competidores en la captura de alimento dentro de la piscina. Para ello
se utilizan compuertas con mallas que impiden el acceso de peces, crus-
ticeos como la lisa y la jaiba, y otros competidores.

Terminada la cosecha los camarones usualmente se descabezan, lim-
pian y se congelan en proceso de “flash freezing”, manteniendo un sello
hermético de hielo en las cajas de 5 Ib c/u, que son las estdndar para la
exportacion.

Los camarones se clasifican de acuerdo con su tamafio y segin el mi-
mero de colas por libra (Tabla 2). Asimismo, en las Tablas 3,4 y 5 se de-
talla una operacion comercial promedio, la inversién requerida para el
desarrollo de un proyecto de mayores dimensiones y, finalmente, las
ganancias y pérdidas a visualizar en lo referente a esta importante indus-
tria.

TABLA 2

CATEGORIAS COMERCIALES DEL CAMARON, SEGUN TAMARNO
(Sin cabeza)

Denominacién No. por libra Clasificacién comercial
Extra colosal Menos 10 U-7

U-8

U9
Colosal 10-15 U10-U15
Extra Jumbo 16-20 U16-U20
Jumbo 21-25 U21-U25
Grande 31-35 U31-U35
Medio grande 36-42 U36-U42
Mediano 43-50 U43-U50
Pequeiio 51-60 U51-U60
Extra pequefio 61-70 U61-U70

Diminuto Menos 70 U71y mis
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TABLA 3

RESUMEN DE UNA OPERACION COMERCIAL PROMEDIO

Larvas por hectdrea 60,000 unidades

Mortalidad de larva a camarén 15-400/o

Densidad de la poblacion cosecha/ha 50,000 camarones

Peso aproximado del camarén 20¢g

Peso de la cabeza 320/0 del peso total

Alimentacién suplementaria, kg 1: 0.5 camardn cosechado
TABLA 4

INVERSION EN UN PROYECTO DE 80 vHECTAREAS

Millones de sucres %/o
Terreno 8.9 15.9
Construcciones 29.3 52.5
Magquinaria y equipo 10.0 179
Capital de trabajo 7.6 ' 13.6
Inversién 55.8 100.0

Inversion por hectirea: S/. 700,000, o US$6,000 por ha.

LABORATORIO DE LARVAS

La produccién de camarones por los medios descritos antes no enfren-
ta mayores problemas y se ha normalizado. No obstante, una excesiva
depredacién en la tala de manglares en determinadas zonas y la intensidad
propia del proceso productivo en cautiverio, han disminuid o notablemente
el mimero de larvas disponibles. Ello ha afectado sobre todo las zonas
camaroneras de las Provincias de El Oro y Guayas.

Esta siibita disminucién del mimero de larvas que se ha suscitado en
los dos udltimos afios,ha impulsado poderosamente 1a necesidad de instalar
laboratorios para obtener la reproduccién y el desarrollo de las larvas en
cautiverio.

Originalmente, por medio de la pesca los laboratorios recogfan ejem-
plares vigorosos de camarén-hembra en proceso de gestacion. Estos se
utilizaban para provocar la eclosion y el cuidado de los nauplios, garanti-
zando una supervivencia mucho mids elevada que en el proceso natural,
donde la mortalidad es muy alta por accién de los depredadores que
operan en los marismas, estuarios y manglares.

Hoy dia, en los laboratorios se han disefiado técnicas que provocan la
fecundacién de hembras vigorosas con la intervencién de machos seleccio-
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TABLA 5

GANANCIAS Y PERDIDAS

(Millones de sucres) O/o

Ventas 66.9 100.0
Costos de produccion 33.2 49.6
Utilidad bruta 33.7

Gastos por ventas 2.4 3.6
Gastos de administracion y generales 3.4 ] 5.1
Utilidad 27.9

Gastos financieros 4.7 71
Utilidad 23.2

Reparto 150 /o 35 5.2
Impuesto de utilidad 44 6.6
Utilidad neta 15.3 22.8

nados, asi como la ovulacién, eclosién y cultivo de los nauplios hasta el
grado de mysis para entregar a los cultivadores.

Evidentemente, la presencia de los laboratorios es fundamental en esta
etapa de desarrollo del cultivo. Se garantiza asf una “‘semilla” normalizada
de una variedad determinada de peneus, con un coeficiente muy bajo de
mortalidad y con caracterfsticas genéticas y de crecimiento muy vigoroso,
por efecto de la alimentacién cuidadosa y dosificada que se pueda admi-
nistrar en el laboratorio de larvas.

Fundamentalmente, el laboratorio constituye un recepticulo de fecun-
dacion y/o de inseminacidn artificial. Asimismo, se cuenta con métodos
de laboratorio que permiten captar y producir alimentos naturales “fito-
placton” (algas) y “zooplancton” (Artemia nauplii), garantizando asf el
crecimiento vigoroso de las larvas.

Cientfficamente, se han desarrollado los conocimientos suficientes
para manejar con alta eficiencia un laboratorio de esta naturaleza. Las
tecnologfas mas conocidas han sido perfeccionadas en los Estados Unidos
por Ralston Purina, que tiene un laboratorio de produccién de larvas en
Panamd. Este se encuentra en capacidad de suplir de larvas a varios pafses
como Venezuela, Colombia, Ecuador y Peru.

Los franceses, japoneses y taiwaneses también han logrado sus meto-
dologfas y procesos cientfficos propios. Estos estin siendo igualmente
implementados en el Ecuador. Asf, se puede afirmar, que en forma para-
lela y simultdnea se someten a ensayo todos los conocimientos cientificos
actualizad os en estas técnicas.

El laboratorio debe criar diversas especies de algas que se consideran
las mds adecuadas para la alimentacién de la larva, asf como rotiferos y
artemia salina.

Este alimento, cultivado en el propio laboratorio, por el momento tie-
Ne un precio bastante alto. El kilo de artemia salina cuesta US$80,
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y se considera un factor de crecimiento indispensable e insustituible para
las larvas.

En forma paralela, los belgas han desarrollado una tecnologfa altamen-
te sofisticada para la produccién de artemia salina nauplii. Este crustdceo
posee caracteristicas extraordinarias y, en estado adulto, alcanza unalon-
gitud de 5 mm. Pertenece al género branquiopodo, urihalino resistiendo
contracciones hasta de 200 gramos de sal por litro.

Es notable por las razas anfigénicas y pantenogenéticas, algunas di-
ploides (48 cromosomas), tetraploides (84 cromosomas) y octoploides
(164 cromosomas); dependiendo de la salinidad, su comportamiento pue-
de ser oviparo y viviparo.

Absorben hasta el 600/o de su peso en proteinas y se multiplican cada
cuatro dfas, produciendo de 100 a 400 descendientes.

Una de las caracteristicas mds relevantes de esta especie de crustdceo
es el hecho de que se puede usar como vehiculo para la transmisiéon de
esquemas alimentarios, a partir de la absorcién de nutrientes de férmulas
conocidasya través de la artemia al camardn, y de éste al ser humano. En
otros términos, los camarones podrdn ‘“fabricarse” con altos contenidos de
vitaminas del complejo B si a la artemia se le alimenta con ese alto con-
tenido.

Esta forma se ha denominado bioencapsulacién e indudablemente,
presenta perspectivas extraordinarias, y de proyecciones revolucionarias en
el proceso de la alimentacién humana. '

Por este motivo los cientfficos belgas que dirigen este proyecto hablan
de la revolucién azul. Dicho término aplica a la tecnolog(a que se ha em-
pezado a desarrollar en el dominio de la maricultura, y que puede ser una
de las respuestas a las deficiencias alimenticias protefnicas que actualmen-
te enfrenta la humanidad.

PERSPECTIVAS FUTURAS

El dominio del conocimiento cientifico y de las tecnologfas bioacud-
ticas y/o de acuacultivos de variedades de crustdceos, moluscos y peces,
constituye un activo que se ha venido acumulando durante los Gltimos 20
afios en el Ecuador. Ese logro puede ser utilizado también por otros pai-
ses con ecosistemas similares o parecidos al del Ecuador.

En Venezuela, Colombia y Perua se han desarrollado también, aunque en
forma limitada, algunos cultivos de camardn, siempre con perspectivas de
exportacion a los mercados externos.

Brasil, por su parte, ha emprendido en forma muy vigorosa, extensos
cultivos de camardn, de variedades diferentes, pero con eficiencias compa-
rables a las del Ecuador.

Ecuador podrfa duplicar su produccién por hectdrea, mejorando pau-
latinamente la eficiencia de sus cultivos, y afinando las tecnologfas de ali-
mentacion y de manejo de todos los factores que influyen en el ecosistema
artificial que se crea dentro de la piscina.

Conocidas las técnicas generales de cultivo, se puede aplicar por exten-
sion a otras variedades econémicamente ttiles como el chame (pez de agua
semidulce), la jaiba, camarones de rio, ostiones, mejillones, conchas, cala-
mares y otras.
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Este proceso de cultivo sistemdtico y de alto rendimiento podrfa
constituir una respuesta favorable al dilema del déficit alimentario de
proteinas, que afecta a nuestras poblaciones.

En todo caso, plantea un desafio extraordinario para los investigado-

res cientificos y técnicos especialistas en biotecnologfa, que tendrdn que
enfrentar el reto.
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RESUMEN

En este trabajo de investigacion se analizaron los hébitos alimentarios con respecto
al estado nutricional de nifios preescolares, y su situacién socioeconémica. El estudio
se llevé a cabo en Cuetzalan, Estado de Puebla; se estudiaron todas las familias, y ajeno
a la presencia de un nifio preescolar, se aseguré que el padre y la madre vivieran en la
misma casa. Se seleccionaron 40 nifios que fueron considerados como bien nutridos, y
por otra parte, 40 mal nutridos, tomandose como limites los que establece la clasifica-
cion de Gomez.

Con el proposito de definir las diferencias socioeconémicas entre los dos grupos,
la muestra de poblacion se dividi6 en diferentes niveles, con los resultados siguientes.
El nivel socioeconémico de los nifios bien nutridos guardé correlacién con los estdnda-
res de vida de sus familias. En el caso opuesto, o sea en el de las familias de bajo esta-
do socioecon6mico, los nifios acusaron mds problemas nutricionales.

A cada madre seleccionada se le aplicé un cuestionario que incluia dos temas.
1) En el caso del primero, tratamos de evaluar la actitud de 1a madre con respecto a los
hdbitos alimentarios y enfermedades de los nifios. 2) En el caso del segundo, se evalua-
ron los conocimientos de las madres en cuanto al embarazo, la alimentacién al seno
materno, alimentacion del nifio durante el primer afio de vida, tabues, creencias y
otros aspectos que podrian estar relacionados con la nutricién.

En sintesis, se alcanzé el objetivo principal de este estudio, ya que se constataron
diferencias significativas entre los dos grupos. Primero, se encontré una buena rela-
cion entre los hdbitos alimentarios y el buen estado nutricional de los nifios. Segundo,
las madres con nifios bien nutridos tenfan mejores hdbitos alimentarios y gozaban de
mejor estado socioeconémico que aquéllas con nifios cuyo estado de salud era defi-
ciente y, por consiguiente, de estado socioeconémico mis bajo.

Manuscrito modificado recibido: 1—16—87.

1 Investigadores de la Divisién de Nutricién de Comunidad, Instituto Nacional de la
Nutricién *‘Salvador Zubirin”, Caile Vasco de Quiroga 15, Delegacién Tlalpan,
14000 México D. F., México.
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INTRODUCCION

Investigaciones relativas al problema nutricional (1-3), seiialan que la
desigualdad socioeconémica trae como consecuencia que el 55070 del
total de la poblacién consuma una dieta monétona y pobre que ocasiona
un estado de desnutricién crénica que se agudiza en el medio rural y en la
poblacién infantil. En tanto que un pequeiio sector de la poblacién con-
sume dietas excesivas y sofisticadas que sélo en algunas ocasiones pueden
ser correctas (4). Ademds del factor econémico, como factor causal de la
desnutricién se encuentran los hdbitos alimentarios que, por sf solos no
pueden considerarse como la winica causa del problema. Tal y como lo
seiiala Bonfil (5), los hdbitos de alimentacién, “no pueden entenderse en
s mismos, sino en relacién con otros factores como serian, en el orden
intelectual, las categorfas de salud y enfermedad, las concepciones religio-
sas, los criterios de clasificacién del mundo organico, todo ello derivado
de una experiencia histérica penosamente elaborada”. Lo anterior es in-
teresante, ya que la mayorfa de los estudios sobre el tema se reducen a
describir exclusivamente los hdbitos de consumo como pautas culturales
que sefialan “qué se come, cuindo se come y quién lo come” (5), sin ana-
lizar algunas otras consideraciones que intervienen en la formacién de las
costumbres y tradiciones.

Por otra parte, conocer c6mo se relacionan los hdbitos alimentarios
con la desnutricién, resulta ignalmente importante que analizar la etiolo-
gra de los mismos.

En el presente trabajo se pretendié dar otro enfoque al estudio sobre
hdbitos, analizando éstos en funcién de la situacién nutricional de nifios
preescolares y de su situacion socioeconémica. Para ello se seleccion6 la
comunidad de Cuetzalan en el Estado de Puebla, en donde el Instituto
Nacional de la Nutricién “Salvador Zubirdn” de México tiene un Centro
de Investigaciones Rurales. Cuetzalan es la cabecera municipal de una
serie de poblados, en su mayorfa habitados por indfgenas Nahuas y toto-
nacos dedicados a actividades agricolas, cefetaleras principalmente, y en
menor escala al cultivo de productos semi-tropicales. Especfficamente, la
cabecera municipal, o sea Cuetzalan, funciona como centro regional
coordinador de la Sierra Norte de Puebla, en donde los grupos indfgenas y
mestizos se retinen una vez por semana para realizar varias de sus activida-
des de mercadeo. Ademds de ello, es el centro, en el que por sus caracte-
risticas jurfdico-polrticas, la poblacién se ve forzada a resolver otro tipo
de asuntos. En Cuetzalan se encuentran también todos los servicios médi-
cos del Sector Salud, —clfnicas indigenistas, de seguridad social y de asis-
tencia—, asi como escuelas, teléfono, telégrafos, banco, etc. Asimismo,
existen varios comercios, que junto con el “tianguis” que se realiza el dfa
domingo, aprovechan los indigenas para ofrecer sus productos comestibles
o artesanales. Es importante sefialar que existe una marcada division
social entre los mestizos y los indfgenas, ya que los primeros se autonom-
bran ‘“‘gente de razén” y a los segundos les llaman “inditos (6, 7). La
proporcién de indigenas en la zona es de alrededor de 550 /0, mientras que
la de mestizos es de 450/o0.

Por dltimo, cabe mencionar que como parte de sus caracteristicas geo-
grdficas, al igual que la mayorfa de las poblaciones rurales del pais, los
alrededores de Cuetzalan estin mds desprovistos de servicios publicos,



VOL. XXXVI (DICIEMBRE, 1986) No. 4 589

por lo que la marginacion se hace mis evidente.

Finalmente, conviene aclarar que este estudio correspondi6 a la prime-
ra fase de las acciones programadas en el Centro de Investigaciones Rura-
les, con la finalidad de tener un mayor acercamiento fisico con la comuni-
dad. Otro propésito fue de orden cultural, el que permitiera conocer los
hdbitos y conocimientos que sobre nutricién y alimentacién tuviera la
poblacién. :

Por otro lado, la informacién obtenida sirvié de base para la programa-
cién de actividades educativas. Asf pues, el objetivo central de la presente
investigacién fue, determinar la relacién existente entre los hdbitos alimen-
tarios de las madres y el estado nutricional de sus hijos preescolares. Los
objetivos espectficos, por su parte, fueron: a) conocer los hdbitos alimen-
tarios de las mujeres durante el embarazo y el periodo de lactancia, b)
conocer el patron de ablactacién de los nifios menores de cinco aiios, c)
determinar el estado nutricional de los niiios preescolares y, d) determinar
el nivel socioeconémico de los preescolares.

MATERIAL Y METODOS
Las caracterfsticas de esta investigacién fueron las siguientes:

1. Transversal, ya que se realiz6 en un momento determinado y no se
pretendi6 medir la evolucién del fenémeno (habitos, conocimientos y
estado nutricional del nifio).

2. Observacional, debido a que no se efectué ninguna actividad que diera
lugar a algtin cambio o transformacién.

3. Comparativo, porque el andlisis se llevé a cabo en funcién de dos po-
blaciones, es decir, preescolares bien y mal nutridos.

4. Prospectiva, dado que las variables e indicadores utilizados se planea-
ron para esta investigacion especifica.

Seleccion de la Poblacion Objetivo

Se realiz6 un censo en la comunidad con el objeto de seleccionar, en
base a las cédulas censales, la poblacién objetivo. Los indicadores utiliza-
dos fueron los siguientes: composicién familiar por edad y sexo, escolari-
dad, ocupacion del jefe de la familia y estado nutricional de los nifios
menores de cinco afios, de acuerdo a la clasificacién de Gémez y a las
tablas de referencia del Dr. Ramos Galvdn. Posteriormente, se selecciona-
ron aquellas familias que reunfan los siguientes criterios de inclusién:
a) tener nifios en edad preescolar; b) vivir, tanto el padre como la madre,
en la misma casa; c¢) tener completa la antropometrfa de los preescolares;
y d) aceptacion de la familia para la ejecucién del estudio. Se excluyeron
aquellas familias que no reunfan los criterios anteriores y no se plante6
ningiin criterio de eliminacién.

Los dos grupos de comparacioén se integraron en base al estado nutri-
cional de los nifios preescolares mds pequefios. Por este motivo se consi-
deraron como ‘“bien nutridos”, a aquéllos que tuvieran una adecuacién de
900/0 o mas del peso para la edad y como “mal nutridos” a los que estu-
viesen por debajo del peso recomendado.
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La Encuesta

El cuestionario sobre hdbitos y conocimientos incluyé tanto preguntas
cerradas, como abiertas. Es importante mencionar que, para las finalida-
des de esta investigacion, se considero como ‘“hibitos alimentarios™ lo
que las madres “acostumbran consumir durante el perfodo de embarazo y
Iactancia y lo que los nifios acostumbran consumir durante el primer afio
de vida”. El concepto “conocimiento”, se refiri6 a lo que “las madres
saben acerca de los alimentos”, sin importar si lo aplican o no. Asf pues,
las preguntas se plantearon en funcién de lo que la sefiora acostumbra
comer durante el embarazo y lactancia y lo que ella sabfa que debfa co-
mer? se le interrogé sobre los “antojos” durante el embarazo, alimentos
que producen mds leche, causas de la disminucién de la leche materna, y
“remedios” para producir mds. Se le interrogd, asimismo, sobre el tipo de
lactancia y de ablactacién que el nifio recibfa. Previo a la aplicacién del
cuestionario, se hizo una visita con el objeto de comunicar a las madres el
propésito del estudio, y una mis en la que se recabé la informacién.
Ademds, se interrogé a las madres sobre la ocupacién y el nivel de escola-
ridad de los jefes de familia.

RESULTADOS

Como ya se menciond, se determiné el estado nutricional de los nifios
y por medio de tablas aleatorias, se seleccionaron 40 nifios bien nutridos y
40 malnutridos, de un total de 155 familias que reunfan los criterios de
inclusién (Tabla 1).

TABLA1

CLASIFICACION DE LOS NINOS DEL ESTUDIO SEGUN SU
ESTADO DE NUTRICION

Grados de desnutricién*
N I II 111 Total
Sexo No. ©°0o No. ©/o No. ©90o No. ¢o No. %jo

Femenino 41 264 25 16.1 5 3.2 1 09 72 46.5
Masculino 34 219 43 277 6 3.8 0 0.0 83 535

Total 75 48.3 68 438 11 7.0 1 0.9 100 100.0
*  Clasificacion del Dr. Federico Gomez.

N 90 - 1109/0 del peso ideal para edad.

I 75 -900/0.

II 60 - 759/o0.

III Menos del 600/o.
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Del examen de la Tabla 1 se desprende que de los 155 preescolares es-
tudiados, el 48.30/o fueron considerados como normales (54.60 /o de sexo
femenino y 45.40/o0 masculino), y el 51.99/0 acusaba algin grado de des-
nutricién. En otros términos, la mitad de los nifios de la comunidad de
Cuetzalan tenfa, en la época del estudio, el peso adecuado para su edad.
Esta cifra result6 ser mds elevada en comparacién con la de otro estudio
realizado en comunidades aledaiias a Ia cabecera municipal, en las que s6lo
se encontr6 un 369/o clasificado como normal (8). Esto se explica al
analizar la diferencia en cuanto a la situacién socioeconémica prevalecien-
te entre la poblacién de Cuetzalan y los pequefios poblados en los que se
efectué la otra investigaci6n. Como ya se menciond, la situacién del
ind{gena y de algunos mestizos de la zona es, por cualquier lado que se
analice, de una completa marginacion. Respecto a los casos con desnutri-
cion, llama la atencién el nico caso con grado 111, lo cual indica un grave
problema, si se considera que dentro de la comunidad existen diferentes
instituciones de salud y que, supuestamente, la situacién socioeconémica
de gran parte de la poblacién, no es tan dramatica como ocurre en el caso
de los indigenas nahuas y totonacas.

Para tener un panorama de la ocupacién de los jefes de cada una de las
familias, y relacionarla con el estado nutricional de los preescolares, se
presenta la Tabla 2. Conviene aclarar que las ocupaciones se agruparon de
acuerdo a la siguiente clasificacion: en el estrato I se incluyeron aquellos
jefes de familia duefios de medios de produccién o de comercios y emplea-
dos calificados; en el II, se incluyeron los profesionistas, técnicos y obre-
ros calificados; y en el 111, los obreros no calificados, jornaleros y campesi-
nos sin tierras. No hubo ningiin caso de desempleo.

TABLA 2

CLASIFICACION DE NIVELES SOCIOECONOMICOS Y
ESTADO NUTRICIONAL DE LOS PREESCOLARES

Nivel Bien nutridos Mal nutridos

SE No. O/o No. O/o
I 17 425 3 75
Il 13 325 14 35.0
11} 10 25.0 23 57.5
Total 40 100.0 40 100.0

En 1a misma Tabla 2 se observa que el 42.50/0 de las familias con ni-
fios bien nutridos tenfan una ocupacién mejor remunerada econémica-
mente que las de los nifios mal nutridos, en las que sélo el 70/0 qued6
incluida en este nivel o estrato. En cuanto al nivel II, la situacién fue muy
parecida; sin embargo, en lo referente al estrato III, se registr6 un 250/o
para las familias con nifios bien nutridos, mientras que un 570/o de los
mal nutridos correspondié a este nivel. Lo anterior significa que aquellas
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familias en las que no se encontré deficiencias nutricionales, se dedican a
actividades mejor calificadas, como lo son la posesion de un estableci-
miento donde las percepciones econémicas son mis altas. De hecho, en la
comunidad de Cuetzalan existen comercios de abarrotes o de otros pro-
ductos que son de gran importancia a nivel regional y cuyas ventas, los
dias domingo, son en gran escala.

Ahora bien, es interesante establecer que de 40 familias con nifios mal
nutridos, 23, o sea el 57.50/0, se dedican a actividades mal remuneradas.
En este estrato entran todos aquellos jefes que, aun cuando en ciertas oca-
siones reciban un salario fijo, como son el caso de los jornaleros agricolas
y de los obreros no calificados, su situacién socioeconémica es de priva-
ciéon, debido a que el salario minimo no llega a cubrir las principales
necesidades.

Respecto al nivel de escolaridad de los jefes, inicamente se encontra-
ron diferencias significativas en lo correspondiente a la madre (P < 0.005)
ya que el 62.50/o0 de las mujeres con nifios bien nutridos cursaron estu-
dios superiores a la primaria, en tanto que sé6lo el 17.50/o0 de las madres
con nifios mal nutridos realiz6 estos mismos estudios.

Hdbitos y Conocimientos sobre Alimentacion

Se comparé el patrén de ablactacion de ambos grupos antes de los
cuatro meses de edad, encontrindose diferencias significativas, especial-
mente en la introduccién del grano de frijol, huevo, carnes, verduras,
frutas y otras leches (alimentos industrializados). En los nifios cuyo esta-
do nutricional era normal, el 500/o de las madres manifestaron que fueron
ablactados antes de los cuatro meses de vida, con cereales; con huevo,
62.50/0; con frutas y verduras, 77.50/0; con carne, 17.50/0. En cambio,
los nifios que acusaban algiin grado de desnutricién, presentaron los si-
guientes porcentajes: 22.50/o para cereales y huevo, 27.50 /0 para frutas y
verduras, y para carne, sélo el 50/o (Tabla 3).

En suma, se observa que el patrén de ablactacién resulté mds tardfo e
inadecuado para aquellos nifios con algiin problema de nutricién, mientras
que los nifios clasificados con estado nutricional normal, tuvieron, de
acuerdo a la madre, una ablactacion mas temprana y adecuada.

Se parti6 del hecho de que la lactancia al seno materno durante los
primeros meses de vida del recién nacido, resulta indispensable para pro-
tegerlo contra algunas enfermedades. Se vio asf la necesidad de incluir
dentro del cuestionario una pregunta acerca de jpor qué se debe alimentar
al nifio con leche materna? Las respuestas se muestran en la Tabla 4, de la
que se desprende que las madres con nifios bien nutridos tienen una idea
mds acertada de la funcién que cumple la lactancia materna. El 32.50/0
y el 17.50/o respondieron a las dos primeras preguntas consideradas como
las adecuadas en cuanto a que la leche materna resulta indispensable para
proteger al nifio contra enfermedades y para ayudarlo a crecer. Las ma-
dres con nifios mal nutridos se dispersaron mds en sus respuestas y esto se
observa al analizar 16 de ellas. El 400/o0 dieron respuestas muy varia
das como “no tenia dinero para la leche de bote”, “es mas higiénico”,
“mis papds no quisieron que le diera leche de bote” y “por no pararme en
las noches”. Por lo tanto, puede concluirse que, al menos en este rubro,
las madres con nifios bien nutridos tienen una idea mds clara sobre una de
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TABLA 3

TIPO DE ABLACTACION DE ACUERDO AL ESTADO NUTRICIONAL
DE LOS PREESCOLARES

Alimentos* Bien nutridos Mal nutridos
No. O/o No. O/o

Caldos de frijol y de carne 37 92.5 20 50.0
Frutas y verduras 31 715 11 275
Huevo 25 62.5 9 225
Sopa de pasta, pan y galletas 20 50.0. 9 22.5
Alimentos industrializados 12 30.0 0 0.0
Carne 7 175 2 5.0
Grano de frijol 6 15.0 2 5.0

* Introduccién de alimentos antes de los 4 meses de vida.

TABLA 4

(POR QUE SE DEBE ALIMENTAR AL NINO CON LECHE MATERNA?

Conocimiento
Respuestas ' Madres con nifios Madres con nifios
bien nutridos mal nutridos
No. O/o No. 9/o
Protege contra enfermedades 13 32.5 6 15.0
Para un mejor crecimiento y
desarrollo del nifio 7 175 9 22,5

Porque es buena 6 15.0 9 22.5
Otros 14 35.0 16 40.0
Total 40 100.0 40 100.0

En la respuesta “otros”, quedaron comprendidas “no tenia dinero para leche de bote”,
” &«

“es mds higiénico”, “mis papés no quisieron que le diera leche de bote”, “por no parar-
me en las noches”, ete.

las principales ventajas que presenta la lactancia al seno materno, a dife-
rencia de las madres con nifios desnutridos.

En relacién al embarazo, se formularon dos preguntas: ;Qué comié
usted cuando estaba embarazada? (hdbito) y ;Qué debe comer una mujer
embarazada? (conocimiento). En la Tabla S se aprecia que un 27.20/0 de
las madres con nifios bien nutridos dieron la respuesta considerada como
correcta, a diferencia del 100/o de las madres con nifios mal nutridos. Sin
embargo, no hubo diferencias en cuanto a la segunda respuesta, “igual que
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TABLA 5

+QUE COMIO UD. CUANDO ESTABA EMBARAZADA?

Habito
Respuestas Madres con nifios Madres con nifios
bien nutridos mal nutridos
No. O/o No. %/o
Lo mismo, aumentando los mds nutritivos 11 27.2 4 10.0
Igual que siempre 15 37.5 14 35.0
Comer mas 7 17.5 10 25.0
Comer menos 2 5.0 9 22.5
Otros 5 125 3 7.5
Total 40 1000 ~ 40 100.0

X2 =8.24,g.l. =3;P>0.05.

siempn?”, ya que para el primer grupo fue de 37.590/0, y para el segundo,
de 350/0.

Las madres con nifios desnutridos, manifestaron, en un 22.50/o, que
comieron menos cuando estaban embarazadas. En la Tabla 6 se muestra el
conocimiento de lo que debe comer una mujer embarazada y también se
encontraron diferencias entre los dos grupos. Sin embargo, lo que mds lla-
ma la atencién es que al comparar las Tablas 5 y 6, se observa que las ma-
dres con nifios mal nutridos fueron constantes en sus respuestas, ya que las
mismas sefioras contestaron exactamente igual a la interrogante de ;qué
comié y que debe comer una mujer embarazada? Resulta interesante que
el hdbito se relacione tan estrechamente con el conocimiento, ya que la
experiencia obtenida en otros: estudios habla de que la mayorfa de las
personas aun cuando tienen el conocimiento sobre algo, no siempre lo
llevan a la prictica, es decir, no se convierte en hdbito (9, 10). En cuanto
a las madres con nifios bien nutridos, se observan ciertas diferencias en las
respuestas de las Tablas 5 y 6, pero se sigue manteniendo la significancia
al comparar un grupo con otro, es decir que las respuestas mads adecuadas
para fines de este estudio correspondieron a las madres con nifios norma-
les (400/0).

Otra pregunta formulada sobre el mismo tema fue: Cuando estaba us-
ted embarazada jcomioé de todos los alimentos que se le antojaron? En
caso de que su respuesta fuese positiva, se le interrogé acerca de cudles.
No se encontraron diferencias significativas entre los grupos en relacion a
lo que las madres habian consumido (hdbito). No obstante, en la pregunta
relacionada con el conocimiento (Tabla 7), si hubo diferencias estadfstica-
mente significativas. La interrogante se formulé de la siguiente manera:
i Sabe usted si le sucede algo al nifio. si no come algan alimento que se le
antoje? Los resultados muestran que el 67.50/0 de las madres con nifios
bien nutridos dieron una respuesta negativa. De manera totalmente
opuesta se comporté el grupo con nifios mal nutridos, cuyas madres en un
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TABLA 6

¢QUE DEBE COMER UNA MUJER EMBARAZADA?

Conocimiento

Madres con niiios Madres con niiios
Respuestas bien nutridos mal nutridos

No. 9%/o No. OJo
Lo mismo, aumentando lo mas nutritivos 16 40.0 4 10.0
Igual que siempre 15 375 14 35.0
Comer mas 3 15 10 25.0
Comer menos 4 10.0 9 225
Otros 2 5.0 3 15
Total 40 100.0 40 100.0

X2 =13.92, gl. = 3; P <0.01.

700/0, contestaron que sf le sucedfa algo al nifio cuando no cumplfan sus
antojos; sélo 27.50/o de ellas respondié que “no pasaba nada”. Cabe se-
fialar que al preguntar sobre qué sucedfa, las dos respuestas que mds pre-
dominaron fueron: “se provoca umn aborto” y “nacen con la boquita
abierta, babeando y con la lengua de fuera, pero no mueren”. En relacién
a los remedios mds comentados para evitar el aborto, que fue otra pregun-
ta del cuestionario, se mencionaron los siguientes: ‘‘un té que se prepara
hirviendo hojas de pldtano largo, un anillo de oro y muez moscada; la
infusién se toma e inmediatamente la sefiora se acuesta con los pies levan-
tados, ésto durante tres dias seguidos™; otro es; “tomar siete tragos de
agua si la sefiora no puede comer lo que se le antojé”. Resulta interesante
lo expuesto anteriormente, ya que pareciera ser que la mayorfa de las
madres con nifios bien nutridos tienen menos creencias sobre los antojos,
a diferencia de las madres con nifios mal nutridos quienes opinaron que s{
ocurre algo, cuando no se satisface algtin antojo.

Lo anterior no significa, de ninguna manera, que las creencias per se
sean el origen de la desnutricién, ya que se caerfa en un anilisis cultural
simplista que no conducirfa a la realidad. Unicamente se pretende comen-
tar la asociacién que en este trabajo se dio entre una creencia y las madres
de nifios con algiin problema de desnutrici6én. Ahora bien, en cuanto a
los hdbitos sobre lactancia, los hallazgos correspondientes a la pregun-
ta: ;tomé usted algin alimento que le ayudara a tener mas leche?, no
revelaron grandes diferencias. A pesar de ello, es importante mencionar
que un buen nimero de madres contestaron en forma afirmativa, tan-
to a la pregunta de habito como de conocimiento. Los alimentos que
fueron sefialados en mayor nmimero de casos fueron: los atoles, princi-
palmente de masa y de ajonjoli, el aguacate, la carne de cerdo, la cer-
veza, la matriz de puerca, etc. Hubo algunos tan originales, como por
ejemplo, “el atole de lombrices hervidas con leche” o “la suciedad de
raton”. Tampoco se observaron diferencias significativas en relacién a la
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TABLA 7

(SABE SI LE SUCEDE ALGO AL NINO SI UD. NO COME ALGUN
ALIMENTO QUE SE LE ANTOJE?

: Conocimiento

Respuestas Madvres con nifos Madres con nifios

bien nufridos mal nutridos

No. O/o No. %/o
No 27 67.5 11 27.5
St 12 30.0 28 70.0
No contestaron 1 2.5 1 2.5
Total 40 100.0 40 100.0

X2 =13.20, gl. =25 P <0.005.

pregunta, ;se le fue a usted la leche o se le agri6 alguna vez mientras esta-
ba dando el pecho a su nifio? y ;conoce usted a alguna persona que haya
padecido algunos de estos problemas? Como se dijo anteriormente, los
dos grupos se comportaron de manera semejante, y ambos estuvieron de
acuerdo en mencionar que s{ habfan tenido ese problema o bien, que
conocieron a alguna mujer que lo tuvo. Lo que se coment6 mds frecuen-
temente fue el hecho de que “se les fue la leche”, y lo atribuyeron a di-
versos factores tales como: “haber sufrido un susto”, “que cay6 una gota
de leche al suelo y se la comieron las hormigas”, etc. El remedio mds
comin fue, “freir el miembro del puerco y darselo a la sefiora, para que
vuelva a tener mds leche”.

La creencia mds comiin sobre la causa de que “la leche se agrie” fue
“porque la leche se calienta”, lo que a su vez se debe a ‘“‘que las mujeres
estdn cerca del fuego™ o “por hacer labores del hogar”.

DISCUSION

Es importante informar que una de las principales limitantes del pre-
sente estudio fue el nimero tan reducido de entrevistas a las madres,
ya que con una o dos, no fue posible captar toda la informaciéon que per-
mitiese ahondar en el tema. No obstante, teniendo presente ésta y otras
limitaciones, se cumplié con el objetivo general de conocer la repercusién
de los h4bitos alimenticios sobre la situacién nutricional de los niiios, as{
como los objetivos especfficos. En términos generales, se encontraron
diferencias en la ocupacién del jefe de familia y en las respuestas de h4bi-
tos, entre el grupo con niiios bien y mal nutridos, ya que los padres de los
primeros tenfan ocupaciones mejor remuneradas que los segundos, y las
respuestas de- las madres sobre hdbitos y conocimientos también fueron
diferentes. Las madres con nifios bien nutridos sabfan mds acerca de la
importancia de la leche materna, de lo que debe comer una mujer emba-
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razada, de la edad en que se debe ablactar a un nifio y, en general, tenfan
menos creencias consideradas como “‘negativas’ sobre éstos y otros temas.
En otras palabras, manifestaron tener menos hdbitos perjudiciales para la
salud de ellas y de sus hijos. Resulta necesario sefialar que en este estudio
no se concluye que los hdbitos y conocimientos fueron los causantes di-
rectos del estado de desnutricién del nifio, ya que pudieron haber interve-
nido otras variables que no se utilizaron y que probablemente actuaron
en un periodo diferente. Sin embargo, debido a que estadfsticamente sf
se encontraron diferencias entre los dos grupos, podemos considerar que
sf tuvieron alguna relacién para que el nifio sufriera o no desnutricién.
Se sugiere, a partir de los hallazgos, continuar con esta Ifnea de investiga-
ci6n valorando nuevas metodologras.

SUMMARY

RELATION BETWEEN FOOD HABITS AND NUTRITIONAL STATUS OF
PRESCHOOL CHILDREN IN A RURAL COMMUNITY

Food habits in regard to the nutritional status of preschool children and their
socioeconomic situation were analyzed in this research. The study was carried out in
Cuetzalan, State of Puebla; all families were studied and, besides the presence of a
preschool child in the home, both father and mother should also be living in the same
house. Forty children considered as well nourished and 40 malnourished in the op-
posite case, were selected, taking the limits of the Gomez classification.

In order to define socioeconomic differences between the two groups, the
sample population was divided into different levels, with the following results. The
socioeconomic level of the well-nourished children did correlate with a good living
standard of their families; in the other case, families with a low socioeconomic status,
presented more nutritional problems.

A questionnaire was applied to every mother selected. This included two items:
a) In the first case, we tried to assess the mother’s attitude towards food habits and
children’s illnesses. b) In the second case, the mother’s knowledge concerning
Pregnancy, breast feeding, feeding of the child during the first year of life, taboos,
beliefs and other aspects which could be related to nutrition.

On the whole, the main objective of this study was attained, because significant
differences were found between these two groups. Firstly, a good relationship be-
tween food habits and good nutritional status of the children was found. Secondly,
mothers with well-nourished children had better food habits and better socio-
economic status than mothers having children with poor health status, and therefore,
of a lower socioeconomic status. )
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HOMES FOR THE MIGRANTS: THE PUEBLOS JOVENES OF LIMA—
A STUDY OF SOCIOECONOMIC DETERMINANTS OF CHILD
MALNUTRITION?
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SUMMARY

The family ecology of 68 preschool children attending a health care
center in a pueblo joven (low-income peripheral settlement) of Lima,
Pert, was investigated to determine its bearing on their nutritional status.
Some of the variables studied included family income, income available to
mothers, household composition, migratory history of mothers, child
feeding practices and housing conditions. Nutritional status of the chil-
dren was assessed through anthropometric and dietary means. Results
indicated that chronic malnutrition was widespread. Breast-feeding was
common, but the weaning diets had little diversity and low-caloric value.
The family diet relied heavily on soups and starchy foodstuffs, and chil-
dren participated fully in the family meals by the age of two. Child
growth was negatively correlated with the number of preschool children
and birth order, and positively correlated with income spent on water.
In its tum, the children’s diet was positively correlated with the income
available to the mothers and the income spent on food.

RURAL-URBAN MIGRATION IN PERU

Urbanization is occurring at a rapid rate in the developing countries.
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The growth of cities is an alarming phenomenon, as the population is
increasing at a faster rate than can be adequately absorbed. Pert is an
example of a country that is quickly becoming urbanized. In 1961 its
population was just under 10 million, and 5.2 million (over 50°/0) lived
in the rural areas. Twenty years later, its population was over 17 million
and 6 million (about 359/0) lived in the rural areas (1). (Figure 1).

The capital city of Lima, with a population estimated at 4.6 million
in 1981 (1) is the most frequent destination of the country’s internal
migrants. Greatly as a result of this influx, the city’s population increased
five-fold between 1940 and 1973 (2). Lima is an “overurbanized” city in
the sense that it cannot provide more than the most minimal public ser-
vices to a majority of its residents,and job opportunities are insufficient.
In 1978, for example, it was estimated that only 520/o of the city work
force was adequately employed (3).

Perhaps the most obvious sign of the city’s inability to satisfy the
basic needs of many of its residents has been the expansion of squatter
settlements or shanty-towns, termed pueblos jovenes, in and around the
city. No public services are provided and living conditions are very un-
sanitary, but these must be the homes of half of the city population (4)
unable to afford more conventional housing. The first homes of pueblo
joven residents were made of esteras (reed mats) and poles (Figures 2,
3). Over a number of years and as each family’s economic situation
allows, the building of homes of sturdier materials is being carried out.
Improvement of the physical conditions of the pueblosjévenes, such as the
construction of roads, the building of schools and community buildings,
and the installation of electricity, potable water and sewerages, occurs
mainly through community self-help projects.

GOALS, SETTING, AND METHODOLOGY OF THE STUDY

In environments characterized by poverty and unsanitary conditions
such as the pueblos jovenes, the health and nutritional status of pre-
school children is frequently compromised and found to be negatively
affected. Nevertheless, to fully understand why malnutrition occurs,
knowledge of the preschoolers’ family environment is necessary. The
purposes of this study were to assess the nutritional status of a sample
of preschool children from the pueblos jovenes through anthropometric
and dietary means and after doing so, identify the demographic and
socioeconomic characteristics of families that were most strongly as-
sociated with poor nutritional status among their preschool children.
Only after understanding the family ecology can community interven-
tions directed to improve the nutritional status of preschool children be
successful. The demographic and socioeconomic characteristics of the
families that were hypothesized to be associated with the growth and
food intake of the children were the following:

father’s occupation mother’s educational level
family income mother’s occupation

income available to the mother = mother’s migratory status
income spent on food housing conditions

household size infant and child feeding practices
number of independents home-raising of animals and food

number of preschool children birth order of child
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FIGURE 2

Families improve their homes as their economic situation allows. Home construction
continues over many years

Public services such as electricity, water, sewerage and roads often take many years to

be installed in pueblos jovenes. To supply themselves with water, dwellers purchase it

from tanker-trucks which have regular routes in the pueblos jovenes. Water is stored
in oil drums or in brick tanks.
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FIGURE 3

Shacks made of esteras (reed mats) and wood poles are the first homes in apueblo
joven. This pueblo has formed as a result of government authorization. Each shack is
built on the family’s assigned lot.
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The study was carried out in a health care center in a pueblo joven
located northeast of Lima. There was little physical development in the
area. No public services had been installed and there were no paved
roads. About half of the homes were still made of esteras.

The sample was made up of 68 preschool children. These were ran-
domly selected among those brought to the health care center by their
mothers between June and August 1981.

The research tool used to gather data on family demographic and
socioeconomic characteristics was a questionnaire. This was administered
to mothers of the children included in the sample, in private interviews
and after obtaining the mothers’ consent to participate.

The 24-hour food recall was the research method chosen to collect
dietary intake data. With this information, the children’s diet was evaluat-
ed on a qualitative basis to measure its diversity and quality. Each diet
was given a score, called the Food Diversity Score, based on the variety
of foods consumed. Previous studies (5,6) have shown that the greater the
diversity of food eaten, the greater the nutrient intake and the greater
the likelihood of meeting the body’s nutritional needs. To calculate
the Food Diversity Scores all the foods recorded on all the 24-hour recalls
were entered on tally sheets to calculate how many individuals in the
sample consumed each food. Foods that were found to have been con-
sumed by 159/0 or more of the sample made up what could be called
the “diversity list”. Each individual in the sample was assigned one point
for each food on the “diversity list” eaten in the period under study. The
total number of points (equal to the total number of foods on the list
consumed) was the child’s Food Diversity Score. The dietary quality, on
the other hand, was evaluated on the basis of the extent to which the
child’s diet in the period under study satisfied the four-food group pat-
tern. This score, termed the Dietary Quality Score, was high when the
child’s diet included food groups not frequently consumed by others in
the sample (7). The highest score was given when a child consumed foods
from all food groups. Thus, methodologically, the use of these techniques
is justified, since one measures one dimension — food complexity, while
the other measures food quality.

For the anthropometric assessment of nutritional status, measure-
ments of weight and height were taken. Among children aged less than 24
months, recumbent length was measured instead of height. Children were
barefoot or in stocking-clad feet with all outer clothing removed. The
youngest children were weighed on an infant scale accurate to the nearest
100 grams; the older ones were also weighed, but on a bathroom scale
accurate to the nearest 500 grams. Measurements of recumbent length
were taken using an infantometer accurate to the nearest 0.5 cm.; height
was measured to the nearest centimeter using a metric tape glued to a wall.

Each mother was asked her child’s birth date. This information was
verified on the health care center records. Each child’s age was then
calculated, estimated to the nearest month.

Nutritional status of the children, as assessed by their growth, was
classified according to the Gomez (8) and the Waterlow (9) classifications
( Table 1) using the NCHS growth standards of comparison (10).

A sub-sample of 15 homes was chosen randomly for visits. These were
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TABLE 1
GOMEZ AND WATERLOW CLASSIFICATION OF MALNUTRITION
A Gomez Classification of Malnutrition — Weight for Age
(Classification Per cent standards* N %/o
BOYS N= 27
Normal =90 2 7
First degree 89-75 12 44
Second degree 7460 11 41
Third degree < 60 2 7
GIRLS N= 39
Normal > 90 7 18
First degree 89-75 26 67
Second degree 7460 4 10
Third degree < 60 2 5
*Based on per cent of the 50th percentile of the NCHS growth standards for weight
for age.
B Waterlow Classification of Malnutrition
Grade of Grade of wasting
stunting 0 1 2 3
A. BOYS N= 23
0 1 0 0 0
( 4°/o)
X 8010) (170/0) (1 /o) ’
o o o
X aboro (13°/0) ’ ’
o o
3 ( 2 0 1 0
( 8°/o) (4°/o)
B. GIRLS N= 23
° 52)°/ ) (lg"/ ) 0 0
o o
1 (560/ ) 0 0 0
o
2 ( 5 0 0 0
(22°/o)
3 0 0 0 0
Grading: Wasting 0= > 90°/o weight for length or height
. 1= 90-80°2/o weight for length or height
2 = 79-70°/o weight for length or height
3= < 709/o weight for length or height
{NCHS 50th percentile for weight for length or height as
standard)
Stunting 0 = > 95%/o height for age
1= 95-909/o height for age
2= 89-850/0 height for age
3= < 8590 height for age

(NCHS gOth percentile for weight for length or height as

standard)
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done to unobstrusively observe the living conditions so as to verify in-
formation provided during the interview. In no case was there found to
be any discrepancy.

Data were analyzed on a DEC computer using the SCSS conversational
system (11). Part of the analysis was done using descriptive univariate
statistical procedures. Other statistical methods used included chi-square
analysis, Kendall Tau-c analysis, Student’s T-test, analysis of variance,
and correlational analysis using the Pearson product moment correlation
coefficient.

RESULTS
Demographic and Socioeconomic Characteristics of the Families

Various demographic and socioeconomic characteristics of the fam-
ilies of the children included in the sample, are summarized in Table 2.
In addition to the characteristics listed, the responses to the questionnaire
revealed that the grave problems of under- and unemployment in the city
of Lima were reflected in the situation of the families. The fathers of the
children held a variety of jobs, in the service or construction sectors.
About half of the men were self-employed and could be classified as being
in the informal service sector. Among other occupations, they worked as
street vendors, shoe shiners, carpenters, painters, porters or electrical or
mechanical handymen. The other half of the fathers were employees,
and their most frequent occupations were as construction workers or
unskilled factory laborers. A third of the fathers had had their current job
for less than six months or were employed as construction workers whose
job exists only for the duration of the construction project.

The father’s employment was the principal, and when the mother did
not work, the only source of family income. In a few of the families,
school-aged children, adolescents or young adults also earned some income
through employment. Twenty mothers stated that they did not know
what their husband or partner earned and, thus, a weekly family income
figure could not be calculated. Instead, they provided information on the
amount of money they received regularly from their husbands or partners.
To this was added income earned by the mother if she worked outside
the home, and the weekly amount available to the mothers was calculated.

The weekly amount spent on food was compared to the weekly fam-
ily income and the weekly income available to the mother. It was equal
on average to 779/o of the weekly family income, and 839/0 of the week-
ly income available to the mother. Adding the expenditure for food, water
(which due to the inexistence of a home potable water service had to be
bought from tanker trucks) and kerosene (the principal cooking fuel),
it was found that on the average, these amounted to 88°/o of the weekly
family income and to 969 /o of the money available to the mother.

Anthropometry
The sample was composed of 68 children, 28 boys and 40 girls with

ages ranging from two to 75 months. The mean age of the boys was 25.9
months ( 19.1 months), while the girls tended to be older, having a mean
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TABLE 2
DEMOGRAPHIC AND SOCIOECONOMIC CHARACTERISTICS OF FAMILIES
(N =68)
1. Mothers:
Age: 29.2+ 6.4 yrs
Years of schooling; None 1890/o
Incomplete primary 350/0
Complete primary 250/0
Incomplete secondary 170/o
Complete secondary 50/o
Occupatioén: Housewives 730/o
Part-time® 120/o
Full-time 150/0
Migratory status: City natives 180 /o
. Migrants 820/o
Age of arrival in Lima 164+ 7.7 yrs
Length of timein Lima 135+ 7.1yrs
II. Household size and Composition Mean * SD Range
Household size (N = 67) 6.7 413
Number of household members
0-14 yrs (N =67) 4.0 2— 9
Number of household members, 0-5 yrs 2.5 1— 5
Birth oxder of child: First-born 120/o
Second or third-born 480/o
Fourth or fifth-born 310/o
Sixth or seventh-born 39/o
Eighth or ninth-born 39/o
Tenth-born 30/o
III. Living conditions:
Home construction materials: Esteras 570/o
Brick and esteras 100/o
Brick and cement 1990/o0
Other materials 149 /o
Floor: Dirt 820/o
Cement 180/o
Latrine: Yes 470/o
No 539/o
IV. Income: b Median (in soles) Range
Weekly family income 10499 4400-18900
Weekly income available to mothers 6995 3500-14000
V. Weekly expenditures Mean * SD (in soles) Ran,
. water® d 500 110-1540
Kerosene 387 170- 770
Food 6946 2000-17500

Defined as less than 8 hrs/day of work outside the home,

In the period during which the interviews were conducted, the Peruvian currency

dropped in value from US$1 - 418 soles, to US$1 - 434 soles. For conversions

from one monetary unit to another, US$1 - 425 soles is used as the exchange

rate.

¢ Being home potable water service inexistent, it was bought from tanker trucks
and stored in oil drums or brick tanks outside the home.

d Cooking fuel used by families.

(-
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age of 39.7 months (£ 18.1 months). Anthropometric data for 66 chil-
dren were available; for two of them (one boy and one girl) data were
found to be misrecorded and thus, were discarded.

Table 1-A shows the results attained following the Gémez classifica-
tion of nutritional status using the NCHS 50th percentile as standards.
Less than 100/o of the boys and 200/o of the girls included in the sample
could be classified as being in a normal state of nutrition; a little less than
half of the boys and two-thirds of the girls had first-degree malnutrition:
over a third and a tenth, respectively, had second-degree malnutrition and
about 59/0 of both boys and girls had third-degree malnutrition.

The results corresponding to the Waterlow classification and the
NCHS 50th percentile as standards are shown in Table 1-B. The NCHS
tables of weight for height have 90 cm as the lowest value for height.
Some of the children in the sample (4 boys and 16 girls) on whom such a
measurement was taken, had a height of less than 90 cm. Thus, they were
not included in this analysis. As observed, among both sexes there was a
predominance of children with marked deficits in height for age and
normal weight for length or height, suggesting a high prevalence of chronic
malnu trition.

Child Feeding Practices

Breast-feeding — A child was considered to have been breast-fed when
he or she had received breast milk for a week or more after birth, either
exclusively or along with other foods. Children who had received breast
milk for less than a week were classified as not having been breast-fed.
Using this classification, 56 (820/0) of the mothers had breast-fed their
child, while 12 (180/0) had not done so.

The length of the breast-feeding period (either exclusively or along
with other foods) ranged from half a month to 42 months, the mean
period being 8.9 months (+ 8.2 months). While a quarter of the mothers
had breast-fed for less than three months, almost half of them had done so
for a year or more.

The use of breast milk as the sole food for infants was discontinued at
an earlier age. Six of the mothers who had breast-fed had given their
infants other foods since their birth. Among the other 50 mothers, the
mean age at which exclusive breast-feeding stopped was 4.4 months (* 3.1
months). The age at which this occurred ranged from less than a month
to 12 months. A third of the mothers had stopped feeding their infants
exclusively breast milk by three months of age. On the other hand,
another third of them stated to have fed their infants solely breast milk for
more than six months. ’

The 12 mothers who had not breast-fed their chidren gave various rea-
sons for not doing so. The most common reason given by five of them was
that hey had not had any milk or they had had insufficient quantities to
satisfy their child’s hunger. Other reasons were that the child had not want-
ed the mother’s breast, the mother had had a breast infection, the mother
or the child had been hospitalized afther the child’s birth, or the child had
been unable to suckle properly causing milk secretion to stop.

The Kendall Tau-c analysis showed that there was no association
between the practice of breast-feeding and the mother’s ages (Kendall
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Tau-c = —0.107: not statistically significant at the p < 0.05 level) and
educational level (Kendall Tau-c = 0.813]6; not statistically significant at the
p < 0.05 level). No association was seen either between the practice of
breast-feeding and two variables related to the mother’s migratory status,
the age upon arrival in Lima and the number of years in Lima (Kendall
Tauc = -0.068 and 0.013 respectively; neither statistically significant at
the p < 0.05 level).

Among the breast-feeding mothers, the relationships between the
duration of the breast-feeding period and the mother’s ages, educational
level and migratory status were also analyzed. No significant differences
in the duration of the breast-feeding period were found between mothers
older or younger than the median age of 28 (T = 0.8331, not statistically
significant at the p <0.05 level) or mothers with varying educational levels
(F = 0.5953; not statistically significant at the p < 0.05). In regard to
migratory status, city natives and mothers who had arrived to Lima before
or after the age of 14, had breast-fed their children for periods that were
not significantly different (F = 2.2995; not statistically significant at the
p < 0.05 level). However, as Table 3-A shows, migrant mothers who had
lived for varying numbers of years in the city breast-fed their infants for
periods that were significantly different. Mothers who were natives to the
capital city breast-fed their infants over two months less than mothers
who had lived in Lima for more than 14 years. This group, in turn, breast-
fed their infants for an average of six months less than did the group of
mothers who had arrived in Lima 14 years or less before.

The relationships between mother’s age, educational level, migratory
status and the period of exclusive breast feeding were similar to the above
findings for breast feeding, with or without administering them other
foods. Again, mothers who had lived for varying numbers of years in
Lima had fed their infants exclusively breast milk for periods that were
significantly different (see Table 3-B). Those who had lived in the city
for less than 14 years fed their infants solely breast milk for, on the
average, about three months longer than did mothers who had been in the
city for more than 14 years and those that were city natives. Since breast
feeding until a child is a year or more is customary in the rural areas of
Peri, these findings suggest that among the lifestyle changes women
gradually make upon arriving in the city, is a decrease in the period they
breast-feed their infants rather than an abandonment of the practice
altogether.

Weaning foods — A variety of liquid and semi-solid foods were given
to the children as weaning foods (see Table 4). Half of the mothers gave
Powdered or canned milk to their children as their first weaning food.
Another fifth of the mothers gave them milk, as well as other foods such
a8 broths, pureed vegetables, fruits and porridges. In total, over 700/0 of
th_e mothers stated to have given their child milk, either alone or along
With other foods as the first weaning foods. The rest of the children were
&ven broths, pureed vegetables, fruits, porridges or herbal teas.

With the exception of milk, weaning foods were generally not foods
that were bought or prepared especially for the infant. Rather, among
the foods consumed by the entire family, mothers would select some to
feed their infants. For this purpose, broths would be separated from
Soups, and fruits would be mashed or sliced into tiny pieces.
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TABLE 3

A LENGTH OF BREAST FEEDING AMONG MOTHERS WHO HAVE LIVED
VOR VARYING NUMBERS OF YEARS IN LIMA2

(one-way analysis of variance)

Number of Years Mother Has
Lived in Lima
Total
Bom in Lima > 14 yrs < 14 y1s
Months of
breast-feeding 43+3.9 6.6 £6.5 12.8 £9.,0 89182
N=9 N =20 N=21 N =50

F = 5.4512; significant at the p < 0.05 level

a8 Mothers who had not breast-fed or were still breast feeding their child at the
time of the interview were not included in the analysis.

B  LENGTH OF EXCLUSIVE BREAST FEEDING AMONG MOTHERS WHO
HAVE LIVED FOR VARYING NUMBERS OF YEARS IN LIMA?

(one-way analysis of variance)

Number of Years Mother Has
Lived in Lima
. Total
Born in Lima > 14 yrs < 14 yrs
Months of
breast feeding 2.9+25 34*26 6.0+£28 4431
N=29 N=20 N=21 N =50

F = 5.7914; significant at the p < 0.05 level

8  Mothers who had not breast-fed or were still breast feeding their child at the
time of the interview were not included in the analysis.

When comparing the use of milk as a weaning food, it was more com-
mon for mothers native to Lima to use it than for mothers who were
migrants. The chi-square analysis showed that this difference had a signifi-
cance barely over p = 0.05. Because milk is a relatively high-cost product,
one could propose that the difference merely reflected family income
levels. Among those families of which income was known, however, no
significant differences in income and in income available to the mothers



VOL. XXXVI (DICIEMBRE, 1986) No. 4 611

TABLE 4
WEANING FOODS

(N =67)

Foods Number of mothers who
used the foods

Milk (powdered or canned) 34 (519/o)
Broth 8 (12°/0)
Pureed vegetables 2 ( 3%/o)
Milk and broth 5( 79/o)
Milk, broth and pureed vegetables 5 ( 7°/o)
Milk, pureed vegetables, fruit and porridges 4 ( 69/0)
Broth, fruit 4 ( 6%/o)
Broth, pureed vegetables 2 ( 32/o)
Pureed vegetables, porridges 2 ( 3%/o)
Herbal tea 1( 1%jo)

were found between families where the mother was a native and families
where she was a migrant (T= —1.49; not significant at the p < 0.05). It
is possible that migrant mothers were using foods that are the customary
weaning foods of the rural areas, where milk is less readily available.
Indeed, a few of the migrant mothers mentioned that they had fed their
children as was usually done in the highlands. Mothers born in Lima, on
the other hand, might have been more familiar with the use of powdered
and canned milk for feeding infants, and so chose to use it.

Feeding during illness — It was more common for mothers to state
that they fed their children differently when he or she had diarrhea than
in cases of fever. Less than a third of them stated that they varied their
pattern of child feeding when he or she had a fever, while over three-
fourths of the mothers did so when the child had diarrhea.

During times of fever, a majority of mothers limited the foods given
their child to liquids of solid or semi-solid foods considered to be suaves
(literally, soft). These foods included teas and ‘“waters”, broths and
porridges. Other mothers stated that the child’s diet remained much the
same with only selected foods being withdrawn. These included milk, .
fatty foods and vegetables.

When a mother varied her habits of child feeding because her child
had diarrhea, it was most common for her to restrict the child’s intake to
banetels, a liquid made by boiling water with toasted rice and bread,
carrots and cinnamon. The mixture is cooled and strained before giving it
to the child. Over a third of the mothers stated that this was the only
food their child received while ill with diarrhea. In addition, eight of
them stated that their children’s diet remained much the same, with only
selected foods being withdrawn. The food that most commonly was not
given to the child while ill with diarrhea was milk.

In pueblos jovenes, where environmental sanitation conditions are so
often very poor, children are prone to suffer a high incidence of fevers
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and diarrhea. The widely-practiced custom of limiting their intake to low-
nutritive value liquid and semi-solid foods can easily negatively affect the
children’s growth and development, and probably makes recovery from
their illnesses more prolonged.

Family. Food Acquisition

Food purchases — It was the mothers’ practice to shop daily for the
family food at markets or small stores in the pueblosjévenes. Nevertheless,
in many of the families, due to the unstable nature of the father’s employ-
ment or his variable earnings, there were frequent economic constraints
to food purchasing. On occasions, mothers could not follow their habit
of going regularly to the market, but only went when they had enough
money. For the same reasons, their expenditures on food could vary
greatly. Thus, expenditures on food discussed above and the “market
basket” described below, should be considered to be that occurring during
times when family incomes were relatively more plentiful, rather than the
actual practice at all times.

Mothers were asked to recall foods they commonly bought at the
market and their frequency of purchase. From the responses of all them, a
“typical market basket” was developed.

Beef, the preferred and most expensive source of animal protein, was
consumed frequently by very few of the families. Only two respondents
mentioned buying it daily, and 12 (18°/0) bought it at least once a week.
Those women who did buy it, bought only small amounts. Poultry,
bought in the same small quantities, was consumed by a greater number of
families (51°/0 bought it at least once a week). Some varieties of ocean
fish were relatively inexpensive and were the most common animal pro-
tein source, with 639 /o buying fish at least once a week.

Meals began with soups twice a day; the minimal and essential com-
ponents of soups were the ‘“soup vegetables”: carrots, celery, zapallo
(a type of squash), leeks and turnips?. All these foods were bought daily
by more than half of the mothers while two-thirds of them bought them
at least once a week. These vegetables can be considered the most indis-
pensable purchases; mothers mentioned that when they had little money
and not enough to make a complete meal, they at least made a soup to
feed their families.

A variety of vegetables were purchased for other purposes. Tomatoes
and onions, which are used in the aderezo (seasoning) of many dishes,
were the vegetables most frequently purchased. About 25°/o bought
both of them at least once a week. Other vegetables included broad beans,
cauliflower, cabbage, spinach, string beans, peas and lettuce.

Among the starchy products, rice, noodles, and potatoes were the
food items most frequently purchased. Over two-thirds of the respondents
bought the three foodstuffs at least once a week. These foods were eaten
as the bulkiest part of the segundo (the course of a meal following the
soup), or as an ingredient in soups.

4 Other ingredients that could be added were noodles, rice, potatoes, chicken and
additional vegetables.
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Dry legumes were purchased occasionally by a small number of
mothers. Their relatively high cost and the long cooking period they re-
quire were mentioned as reasons for not consuming them more often.

Bananas, an inexpensive fruit available year round, was the fruit
purchased by the greatest number of mothers; about a third of them
bought some at least once a week. Other fruits mentioned less frequently
to have been bought included oranges, tangerines and apples. Fruits were
considered by most of the mothers as “‘extras”, or as treats for their
children to be bought whenever there was a little additional money. Many
stated to be unable to ever buy fruit. _ ‘ 7

Gardening and raising of animals — Home-growing of vegetables or
fruits was done by only one of the families interviewed. Mothers cited
the difficulties for obtaining water, the inadequate soil (the pueblo joven
was located on a sandy plain) and the small size of their lots, as reasons
for not practicing gardening. _

On the other hand, two-thirds of the families kept animals:' ducks
and/or chickens were raised by almost all of them. Comments made by
mothers regarding the raising of animals suggested that this practice made
a significant contribution to the family diet. For many, the raising of
animals was a kind of “food insurance™: “at times when we do not have
enough income to purchase all the needed food, one of the animals can be
killed to include in the day’s meals”. Thus, the infrequent purchasing of
animal products seen above may not have reflected the actual consumption
of the families.

Child Food Intake — Analysis of the 24-hr Food Recalls

Children up to one year of age — Thirteen children included in the
sample were aged 12 months or less. Four of these were being breast-fed
at the time of the interview, but all were being fed other foods as well.
Breast milk was given on demand during day or night. All other foods
were fed in three daily meals.

Liquid foods predominated in the diet of children of one year orless
(Table 5-A). Milk, in either a powdered or canned form, was the food most
commonly fed. Over three-fourths of the mothers stated to have fed it to
their children at least once in the 24 hours previous to the interview. The
frequent consumption of milk in this and other age groups was because,
as the children were clinic patients, their mothers periodically received
powdered milk free.

For the non-breast feeding child in this age range, the morning meal
consisted of either milk or sugared tea, fed with a bottle or a cup and
spoon. At noontime or in the early afternoon the child was fed a cupful
of broth and small pieces of the solid ingredients in the soup. From the
family’s segundo, several tablespoons of rice or a mashed piece of potato
or zapallo may also be given or bite-size pieces of chicken or fish. But
exactly what foods are fed to the child depends on what the family meal
is,

Seven food categories (1. milk (powdered or canned); 2. broths; 3.
fish, poultry or beef; 4. potatoes; 5. teas and herbal teas; 6. Sugar; 7.
breast milk) were consumed by at least 159/0 of the children and were
used to calculate the children’s Food Diversity Scores. Out of a possible
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TABLE §
CHILDREN’S FOOD CONSUMPTION
A. Foods Consumed by Children Twelve Months of Age or Less

N=13
A. Byover500/o
Food N o0/f Varieties of food
Milk 10 77 Powdered, canned
Sugar 7 54
Broths 7 54 Vegetable, vegetable and noodle, chick-
en, chicken and vegetable
Teas and herbal teas 7 54 Tea, fennel seed water, yerba luisa
B. By over 15%/0
Fish, poultry or beef 5 38
Potatoes 5 38
Breast milk 4 30
B. Foods Consumed by Children Between the Ages of One and Two Years
N=14
A. Byover 500/0
broth or soups 11 79 Vegetable, vegetable and noodle, chick-
en, fish
Rice 11 79
Milk 10 71 Powdered, canned
Bread 8 57
Potatoes 8 57
Fish, poultry or beef 8 57
Tea or herbal tea 8 57 Tea, chamomile, yerba luisa
Sugar 7 50
B. By over 150/0
Margarine 4 29
Tomatoes 3 21
C. Foods Consumed by Children Above the Age of Two Years
N—41 N=41
A. Byover500/0 :
Tea and herbal tea 34 83 Tea, fennel seed water, yerba luisa
Rice 34 83
Soups 31 76 Vegetable, vegetable and noodle, chick-
en, noodle
Bread 31 176
Milk 30 173 Powdered, canned
Sugar 26 63
Fish, poultry or beef 21 51
B. By over 15%/0
Rolled oats 20 49
Potatoes 19 46
Bananas 9 22

Beans T 17
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Food Diversity Score of seven, the children’s scores ranged from one to
six (x = 3.4 £ 1.6).

The Dietary Quality Scores and the classification of foods used to
calculate them are shown in Table 6-A. Breast-fed children were not
included in this tabulation because it was impossible to know how much
breast milk they received and, therefore, to what extent it compensated
for a lack of one or more of the food groups in the diet. None of the
children had consumed vitamin C-rich foods. Only one child had
consumed food from the four main groups and had had, among these
foods, a vitamin A-rich one.

Children between one and two years of age — Fourteen of the children
included in the sample were between one and two years of age. Two of
them were still being breast-fed. In this age range, boiled rice and broths
or soups were found to be the foods most commonly fed (see Table 5-B).
Several of the children were given only the broths of the family soups, but
a majority were fed soups with all the solid ingredients.

Ten food categories (1. milk (powdered or canned); 2. soups or
broths, 3. fish, poultry or beef, 4. rice, 5. potatoes, 6. tomatoes, 7. bread,
8. margarine, 9. teas and herbal teas, 10. sugar, were consumed by at least
150/0 of the children and were used to calculate the children’s Food
Diversity Scores. From a possible Food Diversity Score of ten, the chil-
dren’s score ranged from one to ten with half the children having a score
of six or more (X = 5.4 = 2.7). Thus, compared to the younger children,
those in this age range received a more diversified diet.

The Dietary Quality Scores and the classification of foods used to cal-
culate them are shown in Table 6-B. Vitamin C-rich foods were not
consumed by any of the children, only one child had had foods from the
four main food groups and among the fruits and vegetables eaten, one rich
in vitamin A. Over three-fourths of the children had had foods from all
food groups but one. Thus, comparing their intake to that in the younger
group, an improvement in the quality of the diet is seen.

Children above the age of two — Forty-one of the children were over
the age of two. Teas, boiled rice, soups and bread had been fed to over
three-fourths of the children and milk, sugar and fish, poultry or beef had
been fed to over half of them (Table 5-C).

Twelve food categories (1. milk (powdered or canned), 2. soups, 3.
fish, poultry or beef, 4. rice, 5. potatoes, 6. bread, 7. teas and herbal
teas, 8. sugar, 9. rolled oats, 10. bananas, 11. eggs, 12. beans) had been
consumed by over 150/0 of the children and were used to calculate the
Food Diversity Scores. Out of a maximum Food Diversity Score of 12,
the children ranged from one to 11 and had a median score of seven (x=
6.5 + 2.0). Ad the data reveal, compared to the other two age groups,
this one had the greatest dietary diversity.

The children’s Dietary Quality Scores are shown in Table 6-C. In
contrast to the younger ones, three of those in this age range obtained the
maximum quality score. About a third of them had consumed foods from
the four food groups, and among them a vitamin A-rich fruit or vegetable.
In this age range, children received the diet of highest quality.

Overview of dietary changes with age — The collection of 24-hour
f_00d recalls shows that as children grow, their diets become more diver-
sified and of better quality due to the inclusion of solid foods. Apparently,
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TABLE 6
DIETARY QUALITY SCORES
A. Dietary Quality Scores of Non-Breast Feeding Children Twelve Months of Age
orless N=9
. . No. of children  9/o of children
Dietary quality level Score receiving receiving
) score score

1. Presentin 24-hour recall: Four

food groups® andg vitamin C-rich

fruit, or vegetable™, and a vitamin

A-nch fruit or vegetable 6 0 0
2. Four food groups and a vitamin

A-rich fruit or vegetable 5 1 11
3. Four food groups 4 2 22
4. Milk, cereal, fruits, and vegetables 3 1 11
5. Milk, cereal 2 3 33
6. Mik 1 2 22
7. None of the groups 0 1 11

B. Dietary Quality Scores of Non- Breast Feeding Children Between One and Two Years
N=12
1, 6 0 0
2. Same 5 1 8
3 levels 4 6 50
4. as 3 4 33
5 above 2 0 0
6 1 0 0
7 0 1 8
C. Dietary Quality Scores of Children Above the Age of Two Years
N=41

1. 6 3 7
2. Same 5 14 34
3 levels 4 10 24
4. as 3 10 24
5. above 2 2 5
6 1 1 2
17 0 1 2

2 These are the following: 1. dairy products; 2. cereals; 3. beef, poultry, fish, eggs,
drv beans: 4. fruits and vegetables.
b Defined as a fruit or vegetable containing at least 30 mg of ascorbic acid per

100 g edible portion (Peri, Ministerio de Salud, Instituto de Nutricion, La Com-
posicion de los Alimentos Peruanos, 1974).

€ Defined as a fruit or vegetable containing at least 1666 IV of vitamin A per 100 g
edible portion (Perli, Ministerio de Salud, Instituto de Nutricion, La Composicion
de los Alimentos Peruanos, 1974).
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as children grow, mothers feel that more and more of the foods consumed
by the rest of the family are appropriate for them. By the age of two,
most of the children appear to be eating the majority of foods served to
other members of the family.

Children under the age of one who are not receiving breast milk seem
to be receiving a diet that could be insufficient to cover their nutritional
needs. Foods customarily given to children of that age are mostly of low-
caloric density. If milk is not provided daily, and during times it was not
provided by the clinic, —as it appears was the case— the only other source
of animal protein are small bits of chicken or fish. This age appears to be
the most nutritionally vulnerable.

The scarcity of fruits and vegetables in the diet of preschoolers of all
ages may also be cause for concern. Apparently, the main source of
vegetables (other than potatoes) are those used in soups,but the custom
of boiling these for long periods of time and feeding the children only
the broths, may decrease the vitamins available to them. As stated above,
fruits were not purchased often by the mothers, and their children seemed
to receive them only infrequently.

Relationships between family characteristics and child growth and
food intake — In this analysis, the indices of child growth used are height-
for-age (in children under the age of two, length for age) and weight-for-
height (in children under the age of two, weight for length) using the
NCHS 50th percentiles as standards. The measures of the children’s food
intake used are food diversity and dietary quality. Because in computing
the Food Diversity Scores, the children were divided into three age groups
and each of these had different “diversity lists”, it was necessary to
standardize their scores before grouping the children together to perform
the analysis. This was done by converting each child’s Food Diversity
Score to its “Z” value, using as mean and standard deviation that of its
age group. The three age groups of children had a very similar ordering of
food groups for the dietary quality scoring so no standardization of these
scores was done.

Family characteristics and child growth — Associations between
economic characteristics of the -families such as father’s occupation,
family income, income available to the mother, food expenditures and
per cent income spent on food and child growth were examined. The
growth of children whose fathers were self-employed at the time of the
interview, was compared to that of those whose fathers were employees.
Children of self-employed men had lower mean height-for-age and weight-
for-height values, but the differences were not significant at the p < 0.05
level (T values equal to 0.9418 and 0.0283 respectively).

The correlations between other economic characteristics of the family
and child growth are shown in Table 7. There are no statistically signif-
icant correlations in the expected direction. Perhaps this was not seen
due to the frequently changing earnings of the father (see above) which
made the economic characteristics of the family learned during the inter-
view, unrepresentative of the long-term economic situation of the
families.

Relationships between selected family socio-demographic charac-
teristics and growth of the children were also examined. As Table 2 shows,
among the variables related to family size and composition, only the
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TABLE 7

FAMILY ECONOMIC CHARACTERISTICS CORRELATED WITH INDICES
OF CHILD GROWTH
(Expressed as Pearson product moment correlation coefficients;
absolute numbers in parentheses)

(Per cent of NCHS 50th percentile)

Economic characteristics Height for age®  Weight for heightd
Weekly family income 0.096 —0.034
(37) (37)
Weekly family income —0.006 —0.076
Dper capita . (36) (36)
Weekly income available to mother - —0.437% 0.298
(20) (20)
Weekly income available to mother —0.426° 0.361
per capita (20) (20)
Weekly income spent on food —0.052 —0.029
(63) - (63)
Per cent income spent on food —0.028 —0.020
(37) (37)
Per cent income available to mother 0.248 0.281
spent on food (20) (20)
Household size : —0.011 - 0.054
(64) (64)
Number of household members less —0.113 " 0.037
than 14 years of age -(64) (64)
Number of household members less —0.2270 0.011
than five years of age (64) (64)
Birth order of child —0.198" 0.036
(65) (65)
Mother’s education 0.191 0.029
(62) (62)
Income spent on water 0.220h —0.039
(51) (51)
Length of breast-feeding period (Children who 0.158 0.230
were not breast-fed are excluded) (47) (47)
¢ With children under the age of two, the index was length for age.
9 With children under the age of two, the index was weight for length.
€  Significant at the p <0.05 level.
h Significant at the p < 0.05 level.
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number of household members less than five years of age and the child
birth order were significantly negatively correlated to height-for-age. This
suggests that large families per se may not increase the nutritional risks to
preschool children. On the contrary, they may be of nutritional benefit
to young children for in them there may be more members contributing
economically. Families in which there are several non-economically
contributing preschool children, however, may be in a very different situa-
tion. In addition to a deteriorating economic situation, there could be
less maternal care devoted to the child.

As far as the mother’s education and occupation is concerned, Table 8
shows that the first of these variables was not significantly correlated with
child growth. The growth of children whose mothers worked part-time
and full-time away from their homes and the children of housewives was
compared using one-way analysis of variance. In spite of difficulties of
child care encountered by working mothers, no significant differences in
height-for-age and weight-for-height were found (F = 0.3640 and 1.5040
respectively; both not significant at the p < 0.05 level).

TABLE 8

GROWTH OF CHILDREN AND FAMILY SOCIAL CHARACTERISTICS
(Student’s T test)

(Per cent of NCHS 50th percentile)
Height for age Weight for height

Existence of latrine® T =0.8679 T=1.6351
Breast-feedin} T =0.1296 T =1.1025
Change of feeding during diarrhea® T =0.9089 T =1.2655
Change of feeding during feverd T =0.1241 T =1.0089
Raise animals T =0.8786 T =1.0105

a Respondents were asked whether or not they had a latrine.

b Respondents were asked whether or not the child had been breast-fed for a period
greater than one week.

Respondents were asked whether or not they changed their child’s feeding during
episodes of diarrhea.

Respondents were asked whether or not they changed their child’s feeding during
times of fever.

Significant at the p << 0.05 level.

[

Poor environmental conditions may play a significant role in growth
retardation. As shown in Table 7, the income spent weekly on water was
found to be positively correlated in a statistically significant way with
height for age. All mothers bought water at the same price per volume, so
that income spent on water is a proxy for amount of water purchased.
The association of increasing family expenditure on water and improved
child growth can be explained by the fact that families who purchase
more water have more available for tasks such as washing and bathing,
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lessening the risks of contamination and infections.

Using one-way analysis of variance to compare the growth of children
whose mothers differed in migratory status, no statistically significant
differences in height-for-age and weight-for-height were found between
children of city natives and of mothers who arrived in Lima before or
after the age of 14 (F = 0.6386 and 2.2639 respectively; both not statis-
tically significant at the p < 0.05 level). A similar result was obtained when
the growth of children of native mothers and migrant mothers who had
lived for different numbers of years in the city was compared.

Neither the breast-feeding practice (Table 8) nor its duration (Table
7) had any significant relationship with the measures of child growth. A
similar result was found for the practice of varying child feeding pattemns
at time of illness and the raising of animals for consumption (Table 8).

Family characteristics and child food intake — Relationships between
economic characteristics of the families and the diversity and quality of
the children’s diet were examined. Children of fathers who were self-
employed and those of fathers who were employees consumed diets of
similar diversity and quality (T = 0.8857 and 0.5880 respectively, both
not significant at the p <0.05 level). Table 9 lists other family economic
characteristics and their correlation with child food diversity and dietary
quality. A significant correlation with family income was not found; yet,
a positive one did exist between the income available to the mother and
food diversity. This suggests that it is the income available to the mother
rather than the family income per se which more closely determines child
food intake and through that, perhaps child well-being. The weekly
income spent on food was also positively correlated in a statistically
significant way with child food diversity and dietary quality.

The relationships between selected family socio-demographic charac-
teristics and the food intake of the children were also examined, as Table
9 depicts. Characteristics related to family composition were not as-
sociated in a statistically significant way with child food intake, but
indicate a tendency for there to be less diversity and quality in the chil-
dren’s diet with greater family size and greater number of children.

Mother’s occupational status was not associated in a significant way
with child food diversity nor dietary quality (F = 2.1446 and 1.8842;
both not statistically significant at the p < 0.05 level). Food intake of
children of native mothers, and mothers who arrived in Lima early or
later in life, were not found to be significantly different in either diversity
or quality (F=0.6235 and 2.2168 respectively; not statistically significant
at the p < 0.05 level). Neither did the children of families who raised
animals have significantly different food diversity and dietary quality,
compared to those of families who did not to do so (T = 0.6084 and
0.2958 respectively; neither statistically significant at the p < 0.05 level).
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TABLE 9

FAMILY ECONOMIC CHARACTERISTICS CORRELATED WITH
MEASURES OF CHILD FOOD INTAKE
(Expressed as Pearson product moment correlation coefficients;
absolute numbers in parentheses)

Food diversity Dietary quality
Economic characteristics (Food diversity score con- (Dietary quality
verted to its Z value) score)
Weekly family income 0.169 0.070
(37) (37)
Weekly family income 0.172 0.038
per capita (36) (36)
Weekly income available to mother 0.368* 0.322
(20) (20)
Weekly income available to mother 0.110 0.042
per capita (20) (20)
Weekly income spent on food 0.215* 0.241%
: (65) (65)
Per cent income spent on food 0.094 0.243
(37) (37)
Per cent income available to mother —0.316 0.136
spent on food (20) (20)
Household size —0.022 0.004
(67) (67)
Number of household members less —0.123 —0.048
than 14 years of age (67) (67)
Number of household members less —0.017 —0.085
than five years of age (67) (67)
a"ld birth order _0-105 __0.175
(68) (68)
Mother’s education 0.094 0.059
(65) (65)
*  Significant at the p < 0.05 level.
DISCUSSION

This study reveals that families of the pueblos jovenes of Lima live
in situations that can easily compromise their health and nutritional
status. Their low income forces an average of nearly 800/0 of it to be
Spent on food. It has been stated that when food expenditures consti-
tute such a large proportion of family income, it is not possible to make
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a varied selection of foods for the diet to be quantitatively and qualita-
tively adequate. Instead, earnings are used to buy food that will best
satisfy feelings of hunger (12). It seems to be occurring among these
families, since ingredients for soups and bulky, starchy foods are the main
purchases. As family income increases, a smaller proportion of it is spent
on such food, and food diversity and dietary quality improve.

The nutritional status of children was found to be poor; various fac-
tors put them at great nutritional risk. Firstly, there is a decline in the
duration of breast-feeding after mothers arrive in Lima. Many of the
more commonly fed weaning foods are of low caloric density and animal
products, vegetables and fruits are only fed in small amounts or infre-
quently. It is only by the age of two that children receive a more diversi-
fied and better-quality diet that includes a majority of the foods served
in the family meals. Therefore, it would be beneficial to promote the con-
tinuation of breast feeding (while supplementing the diet with other
foods) until past the first year of life, when sufficient animal protein,
solid and calorie-dense foods start to be given.

Instructing mothers about low-cost nutritious foods that would be
more appropriate as weaning foods would also be beneficial. Nevertheless,
because mothers choose foods for their infants from those included in the
family meal, the weaning foods must be ones that can also be included as
part of the meal for the entire family. Perhaps a nutrient-rich food that
could be added to soups so as to enhance their flavor for the rest of the
family members while disolving in the broth fed to the youngest child -
might be beneficial. The need to supplement a breast-feeding infant’s
diet after the age of six months should also be expressed to avoid having
infants fed solely breast milk until a later age, as it was found a group of
mothers stated to have done. Any efforts at nutrition education must
take into consideration the mothers’ educational level as well as other
aspects of their social and economic milieu.

The poor sanitary conditions in the pueblos jévenes bring about in-
fections and illnesses, and are an additional risk to the children. It is
noteworthy that child height-for-age is positively correlated to income
spent on water, a proxy variable for the amount of water purchased.

Poor sanitary conditions are likely to continue to be one of the main
factors having a negative effect on child growth for a long time to come.
Installation of potable water services for Lima’s pueblos jévenes present
formidable problems. Many pueblos jévenes have formed at such far
distances from the city or on such steep hills, that supplying them with
water has a prohibitive cost. Even if the costs were not as great as they
are, it would still be impossible to establish the service because the city
water supply is insufficient (13). Currently, a vast project to supply
water to the city by diverting it from the highland Mantaro river is under-
way. Water from that source will begin to be available in 1986 but the
urban area’s growing needs will only years later surpass its capacity (14).

In determining child food intake, a greater importance of the income
available to the mother rather than family income was seen. Thus,
measures that would increase mothers’ purchasing power could perhaps
more directly enhance child well-being than could measures directed t0
increase family income.

Children of families with a greater number of non-economically con
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tributing members seem to be at greater nutritional risk. Limiting family
size through an easier availability of effective birth control methods may
be a way to improve the nutritional status of children.

The raising of animals appears to increase the availability of animal
products to the family and can provide meals when there are economic
constraints to food purchasing. No benefit to the nutritional status of the
children, as assessed by their growth and food intake, is seen. The associa-
tion with nufritional status needs to be investigated more closely. Studies
such as that of Immink, Sanjur and Col6n (15) have shown that home
gardens play a role in improved child nutritional status and intuitively, it
seems the raising of animals could have the same effect.

The above measures, valuable as they may be in helping to meet the
nutritional needs. of children in the pueblos jévenes, do not address the
ultimate cause of their malnutrition: the poverty of their families. This
will only be alleviated through an increase in the employment opportu-
nities in the city, and more fully, through improvements in the living
conditions throughout Perd, so as to decrease Lima’s attractiveness to
migrants. That will ultimately require profound social and economic
changes in Peruvian society.

RESUMEN

HOGARES PARA LOS MIGRANTES: LOS PUEBLOS JOVENES DE LIMA —
UN ESTUDIO DE LOS FACTORES SOCIOECONOMICOS DETERMINANTES
DE LA DESNUTRICION INFANTIL

Se investigo la ecologia familiar de un grupo de 68 nifios preescolares que asistian
a un centro de salud en un pueblo joven de Lima, Peri, con miras 2 determinar su in-
fluencia en el estado nutricional de esos nifios de escasos recursos econémicos. Algunos
de los pardmetros sometidos a estudio incluian el ingreso familiar, el ingreso disponible
a las madres de los nifios, la composicién familiar, 1a historia de migracién de las ma-
dres, las pricticas alimentarias de los nifios, y las condiciones de la vivienda familiar,
El estado nutricional de los nifios fue evaluado a través de la antropometria nutricional
y ladieta acostumbrada. Los resultados sugieren la existencia de desnutricién generali-
zada. Si bien la prdctica de la lactancia materna se acostumbraba, una vez ocurria el
destete, las dietas de los nifios eran pobres en calorias y poco variadas. La dieta fami-
liar se caracterizaba por sopas y alimentos ricos en carbohidratos, y los nifios participa-
ban de ella por completo al alcanzar la edad de dos afios. Su crecimiento se encontré
asociado negativamente con el nimero de preescolares y su orden de nacimiento, y
Positivamente asociado con la cantidad de ingreso gastado en la compra de agua. Se
encontré6 que la dieta de los nifios, a su vez, estaba positivamente asociada con el
ingreso disponible a las madres, asi como con el ingreso empleado en la adquisicién
de alimentos.
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NUTRIENT INTAKE AMONG MIGRANT PUERTO RICAN
FAMILIES

Diva Sanjur®, M. D. C. Immink?, M. Colon?, L. Bentz?, M. Burgos®
and S. Alicea-Santana?

Division of Nutritional Sciences
Cornell University
Ithaca, N. Y.

SUMMARY

Preoccupation to define the nutritional status of Puerto Rican families migrating
to the United States, motivated the present research. A total of 526 families residing
in the South Bronx, New York, and four communities in Puerto Rico, were therefore
studied.

Results in regard to nuirient intake suggest that the mothers’ diets appear to be
adequate in the South Bronx as well as in Puerto Rico, except in iron consumption, in
the latter. Furthermore, the data show an apparent tendency to overconsumption
of certain foods in both the South Bronx and Puerto Rico, particularly of the protein
group, as well as a high consumption of sugar and carbonated beverages in Puerto
Rico. .

Dietary data were corroborated through nutritional anthropometry, conforming a
tendency for overweight and obesity among the women studied.

Detailed information on the dietary changes occurred during the last five years, is
provided. Educational programs such as EFNEP, availability of new foods, and the
food preferences of children in their homes, seem to be influencing factors in the
dynamics of food modifications within societal groups in transition.

INTRODUCTION

Migration is one of the oldest forms of adjustment to personal dif-
ficulties or environmental change. Still today, migration remains a common
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response to economic or environmental change. Migration may be forced,
as by war or natural disaster, or it may be voluntary, as when in search for
greater opportunities (1). Assimilation of migrants, and their i incorpora-
tion into the population at destination,set up stresses for both migrants
and indigenous groups which have biological, as well as sociological conse-
quences. The mass movements of populations are, therefore, a growing
problem of world-wide concern.

Migration is also due to the pressures of rural population growth,
mechanization of agriculture and investments in improved rural services
which serve to increase the aspirations and migration capability of rural
workers. The decision to migrate is thought to be made on the basis of
the expected rural-urban income differential, or the income differential
adjusted to the probability of finding an urban job.

The mixing of previously separate communities and sudden increase
in population density may adversely affect the quality of housing, sanita-
tion and distribution of food. It is obvious that succesful adjustment to
the new conditions requires knowledge or appreciation of the many dif-
ferent patterns of the population-ecosystem interaction.

Puerto Ricans have been migrating to the United States mainland for
over a hundred years, but only since the end of World War II has migra-
tion taken a social and economic significance, The United States main-
land and Puerto Rico represent quite different macro environments.
Coming primarily from an agrarian lifestyle, another language, and dif-
ferent traditions, the Puerto Rican who migrated to the mainland were
required to respond to changes in their environment. The United States
dietary patterns have affected the migrants in terms of exposure to new
foods, availability and prices of traditional foods, and changes in lifestyle
which have altered their feeding habits (2-8). Brand new foods, brand
new shopping experiences, and brand new decisions can be perplexing to
the inmigrant and threatening, too. Neighborhood Spanish groceries may
carry specialties and imported traditional foods (but often at a higher
price), thus allowing cultural traditions to continue.

Concern for the nutritional problems of low-income rural to urban
migration has prompted this investigation, since nutritional and dietary
information of Puerto Rican families who have moved to the mainland
are quite scanty.

The principal objectives of the present investigation were:

a) To measure and compare food consumption patterns of Puerto Rican
families living in New York and in Puerto Rico.

b) To determine the nutritional status of the homemakers residing in
South Bronx, and in four communities in Puerto Rico, primarily
through the use of two indicators: nutritional anthropometry and
nutrient intake.

c¢) To determine existing nutritional practices concerning food pur-
chasing, food consumption, and changes in dietary patterns among
the families under study.

It is hoped that results and implication of the study can assist in the
development of nutritional strategies designed for nutrition action
programs, and that the nutritional consequences of those dietary changes
can be integrated in the nutrition education efforts aimed for such tarcet
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METHODOLOGY
Research Setting

As stated previously, the study took place among Puerto Rican house-
holds residing in the South Bronx, New York, and in four communities of
Puerto Rico. The latter were chosen because they are located in areas of
Puerto Rico from where large proportions of the sample of South Bronx
households migrated. Three of these communities (Fajardo, Luquillo and
Rio Grande) are located east of San Juan. They are coastal communities
in contrast to the fourth (Naranjito) which is located in the highlands,
southwest of San Juan.

The total Puerto Rican population living on the US mainland was
estimated at 1.8 million in March 1978, more than half of whom were
living within a 400-mile radius of New York City (9). During the 1970’
the Puerto Rican population resident in the United States grew by 3-40/o
annually. The 1978 median household income for Puerto Rican families
was estimated at US $8,282/year, lower than the median income for
Cuban households (US $15,326/year) and Mexican-American households
(US $12,835/year) (10). Thus, the Puerto Rican, as a group, are the
worst off economically of the Hispanic population in the United States.
In 1975, the total population of the South Bronx was estimated at
274,185, of whom, 850/0 were classified as Hispanic. '

The nutritional problems found most prevalent in the South Bronx
population include inadequate intake of iron and of vitamins A and C.
Also observed were high intakes of sodium, fats and refined sugars, and nu-
trition-related diseases include obesity, growth retardation among children,
nutritional anemias, high-blood pressure, and diabetes (11).

Sample Selection Procedures

The sample base consisted of 350 Puerto Rican households which
were participating in EFNEP in the South Bronx at the time of the survey
in 1980. Five EFNEP aides were instructed to select each 40 households
of those they normally visit as part of EFNEP activities for a total of 200
househ olds.

Two sources of sample selection were used in Puerto Rico. In Fajar-
do and Naranjito this was relied on the registry of medical records. In Rio
Grande and Luquillo, the registry of the participants in the WIC Program
was used. Three nutritionists conducted the interviews in the four com-
munities selected in Puerto Rico, for a total of 326 households.

The sample selection procedure used in the four communities was the
same. Each household in the sample base was assigned a number. With
the use of a table of random numbers, an initial sample of households
was drawn, with a number of households as replacements.

_ The Puerto Rican and South Bronx sample generally represents low-
income households. Involved here was a purposeful sampling procedure
which took as the sample base households qualifying for participation in
the Expanded Food and Nutrition Education Program (EFNEP), or
Women, Infants and Children (WIC) Program, or which made use of
public medical facilities. Generalization of findings of the study must be
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confined to the low-income population in Puerto Rico and in South
Bronx.

Measurements

Data were obtained by means of a pre-designed questionnaire during
an interview conducted in the homes of the sample households. The
questionnaire was pre-tested in the field among households living in the
South Bronx. Based upon these results, the questionnaire was further
modified, and an instrumentation manual was prepared for use as a back
up reference by the interviewers. Training workshops were also conducted
to provide specific instructions to the interviewers. The respondent was the
person identified as the homemaker, i.e., the person principally responsible
for food purchasing and meal preparation.

Data Variables

Demographic and socioeconomic data were obtained for each sample
household: sex and age composition, level of education attainment and
occupation of each household member, income, participation in public
food distribution program, food expenditure, food purchasing practices
and home food production. A life-time migration history of the res-
pondent was obtained. The respondent also was asked questions related
to changes in her dietary patterns during the last year and the last five
years. ,

A 24-hour recall food intake record was obtained for the homemaker.
The food intake data were converted into energy and nutrient intake using
two food composition tables, one of which is specifically for Puerto Rican
food and dishes (12). The energy and nutrient intake were then expressed
as per cent of the 1979 National Academy of Sciences (NAS) recom-
mended daily allowances. The nutrients analyzed were vitamins A and C,
iron, calcium and riboflavin, in addition to protein and energy. Height
and weight measurements were also taken of the homemaker. The latter
measurements were expressed as per cent of appropriate standards found
in Jelliffe (13).

RESULTS AND DISCUSSION
Sample Characteristics

The total sample of 526 households consisted of 2,434 persons. The
mean homemaker’s age in South Bronx was 39 vs 33 years old in Puerto
Rico, while the median household size was five in Puerto Rico, vs four
in the South Bronx. Comparing the South Bronx and Puerto Rico sam-
ples, a tendency for the latter to have achieved a higher level of education
was observed: 200/o of the South Bronx heads of household, and 29°/0
of the Puerto Rican heads of household completed high school. This
percentage was the highest in Fajardo (43.50/0) and the lowest in Rio
Grande (22.1°9/0). The most frequently reported occupation of all heads
of household in the South Bronx was that of housewife, due, in part, to
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the fact that 520/o of the heads of household were females. Eighty-six
per cent of the female heads of household in the South Bronx classified
their primary occupation as housewife. Of the remaining heads of house-
hold in the South Bronx, 200/o were skilled, and 170/o worked in semi-
skilled occupations.

Within the context of the present study, the momemaker’s life-time
migration history reflects her exposure to different social, cultural and
economic environments. This exposure may in turn be reflected in her
current food habits, food beliefs and preferences, and food purchasing
behavior. The migration history of the South Bronx homemakers reveals
that few (5.50/0) were born in the South Bronx. The majority of them
moved once or twice during their lifetime. Of those who had moved at
least once during their life, few (15.30/0) had moved within Puerto Rico.
Instead, almost all (96.8%/0) had moved directly to the US mainland.
Fifty-seven per cent of those homemakers moved once from Puerto Rico
and settled at once in the South Bronx, while 430 /o moved first elsewhere
in the US before settling in the South Bronx. The migration patterns
that emerge is that most of the South Bronx homemakers migrated in
one direction: from Puerto Rico to US mainland, either settled right
away in the South Bronx, or first in another US community before
arriving in the South Bronx. A considerable percentage (41°/0) of the
homemakers in Puerto Rico had never moved, e.i., were bom in the
communities where they were living at the time of the survey. Slightly
more than one-third of the homemakers had moved once or twice, and
only a few more than four times during their lifetime. A

The total number of lifetime moves completed at any point in time
depended on the age of the migrant. Under equal conditions, older individ-
uals were likely to have completed more moves than the younger ones.
Thus, differences in the age distribution of the respective sample of
homemakers. However, it is clear that major differences in age between
the various samples do not exist. Thus, in this case, the age of the home-
makers may not be an important factor in explaining differences in their
migration patterns.

The median household income levels in the South Bronx and Puerto
Rico were comparable in 1978: $5,518 and $5,388/annum, respectively;
nevertheless, it is worth noting that the median household size was larger
in Puerto Rico. At least half of the South Bronx and Puerto Rico house-
holds fell below the established poverty level of $5,850 for a household
of four members (14).

Among the different sources of household income, food stamps were
the most important in both places: 57 and 83°/0 of the households in
each place, respectively, participated in the Food Stamp-Program. A
higher percentage of the South Bronx households (510/0) received some
form of public assistance as compared to Puerto Rico households (42°/0).
As expected, home gardens were virtually not present among the South
Bronx households; however, for a significant percentage (550/0) of the
Puerto Rican households, home gardens were an important source of
their food supply during part of the year (15).

Food Purchasing and Consumption

It is important to examine food shopping practices since they can
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be assumed to be a proxy for family food consumption.

In the present investigation, monthly food expenditures for the South
Bronx were $195.58 vs Puerto Rico= $256.93, when compared against
the monthly income mean (South Bronx = $547.30 vs Puerto Rico =
$458.13), (1980). The percentage of income utilized for food was higher
for the Puerto Rican families (56°©/0) than for their counterparts in the
South Bronx (36°2/0). Both in South Bronx and in Puerto Rico the
homemaker is basically the person responsible for the grocery shopping
(88 vs 520/0). A large number of the families under study did their shop-
ping either once a week (56°/0), or twice per month (320/0) in the
South Bronx; while in Puerto Rico, most of the families did it once a
week (389/0), and once a month (30°/0).

Differential Meal Patterns

Table 1 illustrates the consumption of 23 food groupings from dietary
data collected among the 526 families participating in this study, re-
presenting a total of 1,676 individuals.

As one examines the findings shown in the Table, the following
comparison can be established between South Bronx and Puerto Rico:
(a) the families in the South Bronx appear to exhibit a higher diversity
or complexity in their food intake, as evidenced by the fact that of the
23 food groupings, 12 groupings were consumed by 50°/o0 or more of
the sample. In contrast, on the Island only eight groupings were consumed
by SOOf(’) or more of the families. Thus, it appears from the data that the
migrant families in the South Bronx consume a more varied diet. (b) The
last column of the Table also illustrates the percentage differences in food
grouping intake (expressed in pluses or minus) for the two research set-
tings. These data reveal that mothers in the South Bronx sample appear
to consume higher intakes of 15 different food groupings, while in Puerto
Rico, higher intakes were noted for the remaining eight food groupings.
(c) Striking differential intakes (that is, higher intake in the order of
259/0 or more), appear to be present in the South Bronx data for the
following groups: fresh fruits (519/0), fruit juices (41°/0), leafy, raw and
other vegetables (389/0) white bread (380/0) eggs (270/0) and beef (269/0).
Conversely, two groups appear with higher intakes in the order of 25%/o
or more for Puerto Rico, namely, sugar (382/0) and soft drinks (27°/0).
(d) Milk continues to be a favorite food among Puerto Ricans, thus
making it the highest ranked food consumed among the 23 food grouping
(1009/o in the South Bronx and 879/o in Puerto Rico). Its preferred form
of consumption appears to be in combination with coffee. The second
ranked food consumed was leafy vegetables (93°/0) for the Bronx, and
starchy vegetables and rice (812/o each) for Puerto Rico.

The reported increased use of fresh fruits, juices and leafy raw veg-
etables by the South Bronx mothers is very encouraging. Conversely, the
increased use of sugar and soft drinks by the Puerto Rican families sample
is somewhat disturbing. Implications for nutrition education programs in
the Island are self-evident.

Sample menus for the South Bronx and East Harlem collected during
1980 and 1972, respectively, are presented in Table 2. An attempt is made
here to discuss these data, not only on the basis of the changes it has



TABLE 1
DIFFERENTIAL INTAKE OF 23 FOOD GROUPS CONSUMED IN SOUTH BRONX AND PUERTO RICO

(Based on a 24-hour recall method)

Food grouping South Bronx Puerto Rico Per cent differences

N) %/o (N) 9 South Bronx Puerto Rico
Milk 200 100 283 87 + 13 -
Leafy raw and other vegetables 186 93 178 55 + 38 -
Coffee 179 90 247 16 + 14 -
Fats and oils 175 88 217 67 + 21 -
Breads (mostly white) 168 84 150 46 + 38 -
Rice 158 79 265 81 - + 2
Fruit juices 144 72 101 31 + 41 -
Starchy vegetables 135 68 265 81 - + 13
Fruits 134 67 51 16 + 51 -
Legumes 131 66 192 59 + 1 -
Eggs 118 59 103 32 + 27 -
Beef 105 53 88 27 + 26 -
Sugar 83 42 261 80 - + 38
Chicken 75 38 147 45 - + 1
Cheese 70 35 66 20 + 15 -
Fish, tuna fish, codfish 61 31 78 24 + 7 -
Cooked and dry cereal 52 26 52 16 + 10 -
Canned fruits 39 20 4 1 + 19 -
Cold cuts 39 20 97 31 - + 11
Pork 39 20 82 25 - + 5
Pasta 37 19 32 10 + 9 -
Crackers 33 17 71 24 - + 1
Soft drinks 8 4 103 31 - + 27
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TABLE 2
CHANGES IN MEAL PATTERNS — EAST HARLEM (1972) AND
SOUTH BRONX (1980)*
Soth Bronx (1980) East Harlem (1972)
% Breakfast: orange juice orange juice
white bread unsalted crackers
boiled eggs Gouda cheese
coffee w /milk coffee w/milk
Lunch: milk or juice coffee w /milk
sandwich serenata**
o fresh fruit vianda
Bl
5 Dinner: rice rice
beans beans
stewed or fried chicken fried pork chop
lettuce and tomato salad canned peas and carrots
coffee w /milk
Before bed milk none
+ snack: cakes, cookies
4 Breakfast: orange juice orange juice
white bread unsalted crackers
oatmeal w/milk Gouda cheese
coffee w /milk coffee w /milk
Lunch: sandwich fried eggs
lettuce and tomato salad ripe plantain (plitano)
coffee w [milk canned vegetables & lettuce
coffee w/milk
[}
%’. Dinner: rice . rice
g beans Rosita (pink) beans
& “pernil” or “chuleta”® beef stew
watercress, lettuce and tomato lettuce and tomato salad w/
oil and vinegar
rice . rice w/pidgeon peas
beans steak w/onions
steak w /onions or beef stew tostones®®
lettuce and tomato salad coffee w /milk
Before bed coffee w /milk none
snack crackers

*  Recent food consumption data in Puerto Rico have been reported previously (4,

11, 15).

® Roasted pork, or pork chops.
®@ Fried green plantain.
** A mixture of hard-boiled eggs, onions, tomatoes, codfish, vinegar and oil.
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undergone in recent years, but also in terms of seeking to define stability
of cultural dietaries, and traditional foods which are still maintained in
these two neighborhoods in New York City.

Breakfast: Two major changes are observed on the breakfast menus of
Sample 1. First, with respect to the substitution of unsalted soda crackers
for white bread, and second, with respect to the use of boiled eggs instead
of Gouda cheese. In Sample 2, oatmeal, prepared with milk, sometimes
replaces the consumption of boiled eggs. The pattern of orange juice, and
coffee with milk, appears to continue.

Lunch: Major changes have taken place in the lunch patterns. Firstly,
the South Bronx is a light pattern in both sample menus, while in East
Harlem is a heavy lunch, which includes traditional dishes, such as serenata
(starchy vegetables with codfish), or ripe plantain with fried eggs. Notice
the inclusion of fresh fruit juices in the 1980 menus. Interestingly
enough, a marked preference for sandwichs (Big Mac, Quarter Pounder,
frankfurters) bought at fast food chains, appear to be emerging in the new
patterns.

Dinner: Traditional Puerto Rican foods still prevail among these
families, as reflected by the consumption of rice and beans, and the prepa-
ration of the meat dish —in a Puerto Rican style (i.e., fried thin steak with
onions). Although not so strong or adhered to as in the past, dinner has
changed the least of the three meals. This finding is not entirely un-
expected, since dinner is usually eaten at home, with most family
members attending.

As in the 1972 data, rice and beans continue to be favorites among
Puerto Ricans. Many varieties of beans were mentioned in our 1980 study,
particularly red kidney beans in contrast to “rosita” (pink) beans reported
for East Harlem. In addition to traditional preferences for lettuce and
tomato salad, watercress was often mentioned as a favorite leafy vegetable
in the South Bronx.

Before bed snack: Of the 200 women studied in Puerto Rico, only
114 (570/0) reported any kind of snacking pattern. Of these, 58 (510/0)
informed fresh whole milk as their preferred beverage, while 56 (499/0)
chose coffee with milk. A minor percentage (310/0) accompanied it with
either cakes, cookies or Graham crackers.

Nutrient Intake

Using the frame work of the 1979 Recommended Dietary Alowances,
Figure 1 shows the percentage of homemakers that consumed less than
340 /0, between 34 and 66 and more than 660 /o of the RDA’s established
for the selected nutrients. Less than two-thirds is frequently used as a
quantitative measurement for nutritional adequacy.

As the data reveal, in the South Bronx more than 500/0 of the
mothers met more than two-thirds of the recommendations for all the
nutrients:  protein (1000/0), vitamin C (990/0), riboflavin (990/0),
vitamin A (979/0), calories (959 /0), calcium (930/0)and iron (720/0). In
Puerto Rico the results were different: more than 500/0 of the families
Mmet more than two-thirds of the recommendation for protein (8990/0),
riboflavin (780/0) and calories (620/0). There was almost an equal distri-
bution between the percentage of the population that met less than two-

[



634 ARCHIVOS LATINOAMERICANOS DE NUTRICION

Calories Protein Calcium Iron Vitawin A| Riboflavin Vitamin C
% R o3 g 99 W=
= =3 £ g g £
= £/ = 5 Z 5 £
5' g £ = 5 £ £
£/ EY/ g g g =2 g
=/, =/ £ E £)? z/ Ss1
= = =7 = £ = g
= =/ =/ 48 = =/ =/ =/
£/ = 7 A =/ = =/
£ = =/ ZE =/ =7 =Y/
£/ £/ E /2 =/ = E

35/ s/ £/ /= =/ =/ =
7 Z/ = A= /= =/ =/ =
75 £ ARG = AR
7= =/ 7= y=/ S o nE/ 17 .5
7=/ =7 1B Y _=_/ 22424 o, '/=/ AN ,=/
72/ AN R AW EA/ AV EARNE
AN AR A A W EA AR R A AW A
WA AV A A ACA ANV EA AV EA- A EAA
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 T 2 3
Code: 1. 0 - 33% RDA 2. 34 - 66% RDA 3. 66%Z or more RDA
é South Bronx _z Puerto Rico
FIGURE 1

PER CENT OF ADEQUACY OF ENERGY AND NUTRIENT INTAKES OF WOMEN
IN SOUTH BRONX AND PUERTO RICO

thirds of the recommended allowance in relation to those that met more
than two-thirds for the following nutrients: calcium (49 vs 510/0),
vitamin A (48 vs 529/0) and vitamin C (49 vs 510/0). Iron (750/0) was
the only nutrient that met less than two-thirds of the recommendation.

Providing additional support to the nutrient data shown in Figure 1,
Table 3 presents the nutrient intake of mothers, illustrated with the
minimum and maximum intake values for these nutrients. Standard
deviations are shown (in parentheses) to provide the reader with pictures
of the large variability of the nutrient intake among the mothers.

Dietary Changes

In this section, an attempt is made to assess the recent and past
changes in dietary patterns of the homemakers and the reasons for such
changes. Although data were collected for both groups, findings notified
herein only refer to the 200 Puerto Rican women residing in the South
Bronx.

All housewives in South Bronx interviewed reported changes in their
diet during the last year previous to the interview, and also during the last
five years. In both periods, the reasons for changes were primarily of
personal and family nature, followed by health reasons. The types of
changes in food items exhibited by homemakers were basically in tWoO



TABLE 3

MATERNAL NUTRIENT INTAKE FOR SOUTH BRONX AND PUERTO RICO

South Bronx Puerto Rico
Nutrient Mean Minimum Maximum Mean Minimum Maximum
(x SD) Value Value (£ SD) Value Value
Calories (Kcal) 1,985 892 3,055 1,588 258 6914
(x 461) (x 730)
Protein (g) 93 45 181 61 6 200
(x 25) x 31)
Calcium (mg) 931 308 2,165 592 14 2,618
( 290) - (x 351)
" Iron (mg) 16 4 38 9 0.2 35
t 6  5) ‘
Vitamin A (IU) 10,400 1,154 80,984 2,842 0.0 47,278
(+14,127) (£4,189)
Riboflavin (mg) 2.6 0.7 8.0 1.4 0.1 5.4
(& 1.3) = 0.8)
Vitamin C (mg) 187 20 481 64 0.0 369
 86) * 66)
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directions: either increased or decreased consumption of certain foods.

Table 4 shows specific changes which occurred during the last and
past five years. In the case of last year, the most outstanding change was
an increased consumption of vegetables in general (459 /o), change which
is supported as well by the consumption data collected among these
homemakers in the South Bronx. Other foods mentioned with an in-
creased consumption (in descending order), were fruits (349/0), three
types of milk (239/0), fruit juices (239/0), “all foods in general” (100/0)
and lastly, fish, eggs and cereal and whole wheat with 6, 5 and 59/o,
respectively.

Decrease in consumption on the South Bronx families was reported
for the following: fried food or fatty dishes (319/0), salt (210/0), “all
foods in general” (82/0), and sugar, soda and “maltas”. Decreased con-
sumption of bread and rice were also mentioned.

Direct quotations of reasons given by the mothers for their dietary
changes are shown in Table 5.

Nutritional Status

Height and weight were the anthropometric measurements taken to
assess nutritional status. Among the homemakers the prevalence of
obesity appears to be the most serious nutritional problem. Thirty-five per
cent of the women in the South Bronx weighed 200/o or more than their
reference weight, based on height (Figure 2).2 Twenty-ix per cent were
moderately overweight, and 332/o had a normal body weight. A higher
prevalence of obesity among women in Puerto Rico had been reported by
our research team earlier (11). A number of years ago, Fernandez and co-
workers reported that 220/o of females aged 19-39 years, and 389 /o of
females aged 40-59 years, weighed 200/0 or more than their reference
weight. By comparison then, the sample of South Bronx homemakers
showed a somewhat higher prevalence of obesity. _

Data from the 1971 - 74 Health and Nutrition Examination Survey
in the US revealed that 16.92/0 of women comprised between the ages
of 18 and 64 years, weighed more than 170 1b (17).4 A weight which
exceeds 170 Ib is taken as crude evidence of obesity. In the sample of
South Bronx homemakers, only 9.50/0 weighed more than 170 pounds.
This would indicate a less than average prevalence of obesity among
the South Bronx homemakers. :

CONCLUSIONS

In light of the reported findings we can note, firstly, that in both
South Bronx and Puerto Rico, the food intake of the families appears to

Body weights are unadjusted for pregnancy and lactation status.

4  The 1948-70 Ten-State Nutrition Survey found that among women in the age-
group 21-60 years, 31°/0 were obese, using the triceps fatfold measurement of
greater than 25.1 mm as a criterion to define obesity in women (14).
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TABLE 4
SPECIFIC DIETARY CHANGES DURING THE PAST YEAR
AND LAST FIVE YEARS
Last year Past five years
Type of change Foods %/o Foods %/o
Consumed less Fried foods, fat, 31 Salt 16
amount of: greasy foods, Fried foods,
stop using lard fat grease 14
Salt 21 Sugar and sweets 14
“All foods” 8 Do not buy any more
Sugar 4 sodas and maltas 1
Stop buying sodas 4 “All foods™ 4
and maltas
Bread 3
Rice 3
Increased Vegetables 45 Vegetables 28
consumption of: Fruits 34 Fruits 23
Powder milk, whole 23 Whole milk, skim
milk and skim milk milk and powder milk 14
Fruit juices 23 Fish 10
. “All foods” 10 “All foods™ 6
Fish 6 Eggs 3
Eggs 5 Chicken and beef 3
Cereal and whole
wheat 5
TABLE 5

MOTHERS’ REASONING FOR THEIR DIETARY CHANGE IN SOUTH BRONX

“I eat more fruits, more strawberries, apples and peaches, and I give more impor-
tance now to the green vegetables...”

“Because of my health and my child’s health, I have learned to do different
dishes, now I eat carrots and spinach, and I use less fat in cooking...”

“I eat more green vegetables now, like spinach, broccoli, and watercress...”

“I drink skim milk now, I bake meats; I eat more vegetables and less starchy
vegetables, because I need to lose weight...”

“Before I did not use to have breakfast, but now I do, besides, now I eat more
vegetables like cabbage, carrots and broccoli...”
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© “Since I began participating in this program, I have learned to eat vegetableg
like spinach and carrots...”

©  “I do not put salt in my food, I learned it in the Nutrition Program; now I eat
more vegetables and fruits...”

© “Ido not cook with lard anymore, I use the oven more often. Now in my family
they are more aware of their diet...”

© “Now Ido not fry food so much; rather I bake it, particularly the meat, becauge
it is more healthy...”

© “I use the oven more often, I use less fat. I eat vegetables like spinach, sweet
potatoes, carrots; I have learned in this Program to prepare them in different

2
ways...
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adequate, as judged by the per cent adequacy of various nutrients (except
for iron in Puerto Rico). In fact, the data suggest an overconsumption of
certain foods, particularly within the protein group, in both the South
Bronx and Puerto Rico, and of higher consumption of sugar and soft
drinks in Puerto Rico.

The trends for the overall consumption of food observed in Puerto
Rico and the South Bronx appear to be supported by the anthropometry
data, which show a tendency for overweight, as well as obesity among
the women studied.

With respect to the actual dietary changes, in general it can be readily
appreciated that there is great awareness in the South Bronx women as
to the need to change their food practices. The ongoing dietary changes
alluded by the women, can be classified in two categories: a) those sug-
gesting increased or decreased use of certain food items, and b) those
suggesting modification of food preparation methods. Specifically, the
data indicate that there is a tendency for increased consumption of fruits
and vegetables, followed by a current decrease in the consumption of
sweets, and carbonated beverages and “maltas”. There is also a trend for
a decreased consumption of salt, as well as of fat and fatty foods. There
is acute awareness among the women with respect to the need for shifting
from “..frying on top of the stove...” to the use of the oven for baking
or broiling, especially the meats, which they used to fry before. And
lastly, if one were to identify potential influential factors fostering these
dietary changes, in this sample, women’s responses seem to suggest that
“...through their participation in the Expanded Food and Nutrition
Education Program (EFNEP), they became aware of these necessary
modifications in their diet, to reduce weight and live a healthy life...”
Additional factors, such as exposure to new and convenient foods, and
their own children’s food preferences also contributed to the exhibited
dietary changes. The role of bilingual children in promoting dietary
modifications (18) within societal groups in transition is beginning to be
recognized as a powerful influence in the dietary acculturation process.

RESUMEN

TENDENCIAS Y DIFERENCIALES EN LOS PATRONES ALIMENTARIOS
E INGESTA DE NUTRIENTES ENTRE FAMILIAS PUERTORRIQUENAS
MIGRANTES

La presente investigacién la motivo la preocupacién por definir el estado nutri-
cional de familias puertorriqueiias que migran hacia los Estados Unidos de América.
Con esta finalidad, se estudié un total de 526 familias residentes en el Sur del Bronx,
Nueva York, y cuatro comunidades en Puerto Rico.

Los resultados referentes a la ingesta de nutrientes sugieren que la dietas de las
madres son bastante adecuadas, en el Sur del Bronx y en Puerto Rico, salvo en lo
concerniente al consumo de hirrro, en Puerto Rico. Mis afin, los datos muestran una
aparente tendencia al alto consumo de alimentos, particularmente de tipo proteini-
€0 en ambos lugares; revelan, asimismo, un alto consumo de aziicar y bebidas carbona-
tadas en Puerto Rico.

Estos datos dietarios fueron corroborados mediante antropometria nutricional,
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confirmando cierta tendencia al sobrepeso y obesidad en las madres estudiadas.

Se informan en detalle cambios ocurridos en la dieta en el transcurso de los yiltj.
mos cinco afos. Los programas educativos como el de EFNEP, la disponibilidad de
nuevos alimentos y la influencia de los nifios en el hogar a través de sus propias prefe-
rencias, figuran como factores influyentes en la dinamica de cambios alimentarios de
sociedades en transicion.
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DIAGNOSTICO DA SITUACAO DA HIPOVITAMINOSE A E
DA ANEMIA NUTRICIONAL NA POPULAGAO DO VALE DO
JEQUITINHONHA, MINAS GERAIS, BRASIL?
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RESUMO

Com o objetivo de avaliar o estado nutricional em relagdo a hipotivaminose A e
a anemia nutricional ferropriva, com vistas a se implantar o “Programa de Combate
i Hipovitaminose A e a Anemia Nutricional Ferropriva em BolsSes de Pobreza de
Minas Gerais” pelo Instituto Nacional de Alimentag@o e Nutri¢do (INAN), uma amostra
aleatéria de 2,357 criangas das cidades de Turmalina, Minas Novas e Capelinha (Vale
do Jequitinhonha), Minas Gerais, Brasil (1,604 da regiio urbana e 753 da regido rural),
foram submetidas a exame ocular, sendo colhido sangue em uma subamostra também
aleatéria destas criangas (157 na drea urbana e 107 na regiio rural) com o objetivo de
se detectarem possiveis problemas nutricionais. Foram encontrados os seguintes resul-
tados (pré-escolares e escolares respectivamente): 1 — Hemoglobina: 23.9 e 20°/o na
drea urbana; 34.6 e 18.22/0 na irea rural, de valores deficientes e baixos; 2 — Hemato-
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crito: 1.5 e 2.2%/o na area urbana; 17.3 e 5.50/0 na 4rea rural, de valores baixos;
3 — Vitamina A: 8.9 e 4.4%/o na irea urbana e 5.8 e zero® /o na 4rea rural, de valores
deficientes (< 10 ug/dl); 26.9 e 31.1° /o na area urbana, 26.9 e 23.6° /o na 4rea rural
de valores baixos (10 ———20 ug/dl). Os resultados encontrados sugerem a ocorréncia
de anemia nutricional e hipotivaminose A nas criancas estudadas. Exame ocular reali-
zado nas 2,357 criangas mostrou alta incidéncia de xerose conjuntival (3.16 e 6.04°/o
na irea urbana, 7.7 e 12.6%/o na drea rural, respectivamente em pré-escolares e esco-
lares); foram encontrados cinco casos (0.2°/o0) de xerose conjuntival com mancha de
Bitot, dois casos (0.08° /o) de xerose comneal e um caso (0.04%/o) de ceratomalicia.
O teste terapéutico com 200,000 Ul de vitamina A oral mostrou-se mais eficiente em
pré-escolares (90.3°/o de respostas positivas) que em escolares (25.9°/o0 de respostas
positivas), estando em estudo as causas das diferentes respostas.

INTRODUGAO

E amplamente conhecido que o estado nutricional e alimentar defi-
ciente da populacdo da América Latina é problema de profundas reper-
cussOes sociais, econdmicas e politicas A desnutricio endémica em varias
areas do Brasil tem sido revelada em trabalhos de diversos autores, exis-
tindo varios estudos e trabalhos de pesquisas que permitem considerar a
hipovitaminose A e a anemia nutricional como problemas de saide publica
(1-19).

A hipovitaminose A é uma enfermidade geral que afeta estructuras
epiteliais de diversos 6rgdos, sendo o olho o exemplo mais evidente, com
a expressio clinica de cegueira noturna, xeroftalmia e, finalmente, ce-
gueira. Na deficiéncia de vitamina A a resisténcia a infec¢cOes estd muito
reduzida, hd uma elevada mortalidade, presenca de mecanismos defeituo-
sos de defesa imunologica e déficit de crescimento. O grupo populacional
mais vulnerivel a esta caréncia nutricional é constituido por criancas de
zero a doze anos, e no Brasil a causa mais comum de hipovitaminose A
€ a baixa disponibilidade desta vitamina na dieta.

A anemia por deficiéncia de ferro, por outro lado, produz alteracdes
na capacidade de trabalho muscular, reduzindo a capacidade para tarefas
que exijam energia (diminuindo portanto a produtividade). Além, disto a
caréncia de ferro diminui a resposta imunitiria, aumenta a propen sao a
infecgBes respiratorias, leva a alteragOes na sintese proteica e nos meca-
nismos de regulacio da temperatura corporal, produz modificacGes da
conduta e de determinados processos relacionados com a aprendizagem
(como a capacidades de ateng¥o, percepcdo e memdria) e aumenta a mor-
talidade global associada a desnutri¢io. Os periodos em que € mais pro-
vdvel a caréncia de ferro sdo precisamente aqueles em que as necessidades
deste nutriente sio mdximas, ou seja, durante a primeira infincia, nos
pré-escolares, escolares, gestantes, nutrizes e mulheres em perfodo fértil.
Nos paises subdesenvolvidos as causas mais correntes de anemia ferro-
priva s3o a pobreza de ferro na dieta e o aumento de perda deste elemento
Por infestagGes parasitarias.

O objetivo do presente trabalho ¢é avaliar os problemas de hipovitami-
nose A e de anemia nutricional na populacao do Vale do Jequitinhonha,
regido altamente carente de Minas Gerais, Brasil, visando estabelecer um
diagnéstico mais preciso e ampliado dessas caréncias, e servindo de base
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para implanta¢ao na regiao do “Programa de Combate a2 Hipovitaminose
A e a Anemia Nutricional Ferropriva em Bolsoes de Pobreza de Minas
Gerais” pelo Instituto Nacional de Alimentacdo e NutricGo (INAN),
6rgdo do Ministério de Saude, Brasil.

MATERIAL E METODOS

Inicialmente realizaram-se visitas a virias cidades do Vale do Jequi-
tinhonha, regifo altamente carente situada no nordeste de Minas Gerais,
Brasil, sendo estudadas as condigGes para desenvolvimento do trabatho,
be como mantidos contatos com profissionais da drea de saide da regia
(Senador, Mourao, Chapada do Norte, Turmalina, Couto Magalhaes,
Itamarandiba, Capelinha, Felisberto Caldeira, Minas Novas, Senador Mo-
destino Gongalves, Desembargador Otoni, Planalto de Minas, Itacambira,
Botumirim, Cristalia e Grdo Mogol).

Em seguida sortearam-se trés cidades (Turmalina, Capelinha e Minas
Novas) para realizacgdo do experimento, sendo instalado no Hospital de
Turmalina um pequeno Laboratério. As pesquisas visando a padronizagdo
da colheita e armazenamento das amostras de plasma para dosagens foram
realizadas no Laboratério de Nutricdo da Faculdade de Ciéncias Médicas
de Minas Gerais. A estimativa da populag@o infantil (0 a 12 anos) nas
cidades de Turmalina, Capelinha e Minas Novas ¢ de cerca de 3,300,
4200 e 6,000 criancas, respectivamente. Estudou-se uma amostra
aleatdria constituida de 2,357 criangas, o que corresponde a 17.5%/0 do
grupo populacional infantil exposto a risco. Na drea urbana das trés
cidades foi estudada uma amostra aleat6ria constituida de 1,604 criangas.
Na drea rural de Turmalina foi estudada uma amostra aleatoria constitufda
de 753 criangas. A area rural compreende as seguintes localidades: Vere-
dinha, Mendonga, Cacaratiba, Campo Alegre e José Silva.

Nossa amostra foi constituida de 844 escolares e de 760 pré-escolares
da regifo urbana de Turmalina, Capelinha e Minas Novas. Constitufu-se
ainda de 492 escolares e 261 pré-escolares da regido rural de Turmalina.
Estas criangas foram submetidas a exame ocular a luz ambiente e sem uso
de lentes ou aparelhos. As criangas que apresentavam lesao ocular suges-
tiva de hipovitaminose A foram submetidas a teste terapéutico com vita-
mina A. A dose de vitamina A utilizada para o teste terapiitico foi deter-
minada seguindo-se as recomendag¢Ses do IVACG (20), que sdo as seguin-
tes. imediatamente apos o diagnéstico, administrarem-se 200,000 UI oral
de solucio oleosa de vitamina A; no dia seguinte administrarem-se nova-
mente 200,000 UI a fim de se aumentarem as reservas hepaticas, e no mo-
mento da alta administrarem-se novamente 200,000 Ul. Modificou-sé 0
esquema administrando-se inmediatamente ap6s o diagnostico 200,000 Ul
de solugdo oleosa de vitamina A (cidpsula gelatinosa ~ UNICEF), via oral.
Sete dias depois examinavam-se as criangas e, caso a les3o ocular no hou-
vesse desaparecido, administravam-se novamente 200,000 UI de retinol.
Examinavam-se novamente as criangas no. 150. e 30o0. dia. No. 30o. .dla
nova dose de vitamina A de 200,000 Ul era administrada a todas as cran-
cas via oral. As criangas que apresentavam Xerose corneal receberam
200,000 Ul imediatamente apos o diagndstico e 200,000 Ul no dia seguirr
te. A resposta positiva (RPTT) é aquela em que a lesio ocular desaparece
7, 15 ou 30 dias apés administragio de uma ou duas doses de vitamina A.
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Para avalia¢do bioquimica seguiram-se as recomendagoes da OMS (21)
e do IVACG (22). A recomenda¢3o para avaliacdo da vitamina A sérica é
de que a subamostra para exames bioquimicos seja de uma para cada vinte
criangas submetidas a exame ocular, para um grau de precis3o confidvel.
Neste trabalho a subamostra aleat6ria era constituida de aproximadamen-
te uma para cada dez criancas da amostra examinada.

Nas criangas desta sub-amostra colhia-se sangue em jejum, o sangue
era heparinizado, sendo realizada a dosagem de hemoglobina (pelo método
da cianometahemoglobina) e determinado o hematdcrito (pelo método de
microhematocrito). Parte do sangue colhido era imediatamente centri-
fugado, sendo realizada a dosagem de vitamina A por método colori-
métrico (23). '

Para analise estatistica utilizou-se o teste de X2 (qui-quadrado).

RESULTADOS

As Tabelas 1 e 2 mostram a prevaléncia de lesdes oculares em pré-
escolares ¢ escolares das regioes urbana e rural de cidades do Vale do
Jequitinhonha. Os resultados do teste terapéutico realizado com 200,000
ou 400,000 Ul de vitamina A via oral s3o mostrados nas Tabelas 3 e 4.
Foi encontrada alta incidéncia de Xerose Conjuntival e de Mancha de
Bitot com Xerose Conjuntival, tanto em pré-escolares como em escolares.
Entretanto o teste terapéutico com vitamina A mostrou-se mais eficiente
nos pré-escolares.

Assim, 80 a 95°/0 dos pré-escolares com lesio ocular responderam
positivamente ao teste terapéutico com 200,000 ou 400,000 UI de vita-
mina A oral, en quanto apenas 20 a 30°/o dos escolares com lesdo ocular
responderam positivamente ao mesmo teste.

A colheita de sangue realizou-se em uma subamostra aleatéria cons-
tituida de 144 criangas (67 pré-escolares e 90 escolares) da regido urbana
de Turmalina, Minas Novas e Capelinha e 107 criancas (52 pré-escolares
e 55 escolares) da regido rural de Turmalina. Para hemoglobina e hematé-
crito usaram-se como referéncia para valores normais (de acordo com
idade e altitude), as recomendagSes do INCAP (24, 25) e para retinol
sérico as recomendacdes de valores normais do ICNND (26).

As Tabelas 5 e 6 mostram os resultados das dosagens de hemoglobina
e vitamina A e da determinacXo do hematécrito nestas sub-amostras. Nas
criancas da drea urbana foi encontrada alta prevaléncia de valores defi-
cientes de vitamina A tanto entre os pré-escolares (8.92/0) como entre os
escolares (4.4°/0). Quanto ao hematocrito foi encontrada baixa preva-
Iéncia de valores baixos nas criangas mas valores deficientes e baixos de
hemoglobina foram encontrados em 23.90/0 dos pré-escolares e 20°/o
dos escolares. Nas criancas da drea rural foi encontrada alta prevaléncia
de valores deficientes de vitamina A plasmdtica apenas entre os pré-esco-
lares (5.89/0), sendo encontrados 23.62 /0 de escolares com valores baixos
de vitamina A (10 ~—— 20 ug©/0). Quanto ao hematécrito forma en-
contrados 17.3 e 5.59/0 de valores baixos (30.7 —— 33.5°/0) respec-
tivamente, entre os pré-escolares e escolares da drea rural de Turmalina.
Nestas criancas foram encontrados 34.6 e 18.29/0 de valores deficientes
e baixos de hemoglobina, respectivamente em pré-escolares e escolares.
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TABELA 1
PREVALENCIA DE LESOES OCULARES EM 1,604 CRIANCAS

DA AREA URBANA DE TURMALINA, MINAS NOVAS E CAPELINHA,
VALE DO JEQUITINHONHA, MINAS GER AIS

Pré-escolares Escolares
. (n=760) (n = 884)
No. %/o No. %/o
Xerose conjuntival 25 3.16 51 6.04
Mancha de Bitot com
xerose conjuntival 0 0 1 0.12
TABELA 2

PREVALENCIA DE LESOES OCULARES EM 753 CRIANGAS
DA AREA RURAL DE TURMALINA, VALE DO JEQUITINHONHA,

MINAS GERAIS
Pré-escolares Escolares
{n = 261) {n= 492)
No. %/o - No. %/o
Xerose conjuntival 20 7.66 62 12.60
Mancha de Bitot com xerose
conjuntival 1 0.38 3 0.
Xerose corneal 1 0.38 1 0.20

Ceratomaldcia 0 0 1 0.20

A andlise estatfstica a través do teste do X2 (qui-quadrado) dos dados
das Tabelas 5 e 6 mostrou nfo haver diferenca nos parametros estudados
entre pré-escolares e escolares na drea urbana e rural, exceto para os valo-

res de hematécrito dos pré-escolares. Neste tltimo grupo a diferenca
foi significativa (p < 0.05) entre pré-escolares da drea urbana e rural e
entre pré-escolares e escolares da drea rural.

DISCUSSAO

A anemia ferropriva, sendo hipocromica e microcrtica, caracteriza-se
por diminuicSes concomitantes dos valores de hemoglobina e hematécrito.
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TABELA 3

FREQUENCIA DE RESPOSTAS POSITIVAS AO TESTE TERAPEUTICO (RPTT)
COM VITAMINA A (200,000 OU 400,000 Ul, oral*) EM CRIANCAS DA
AREA URBANA DAS CIDADES DE TURMALINA, MINAS NOVAS E CAPELINHA,
VALE DO JEQUITINHONHA, MINAS GERAIS

Pré-escolares Escolares
(n= 760) . (n= 884)
cflesao ¢/RPTT c/lesao ¢/RPTT
ocular ocular
Xerose conjuntival 25 21 51 15
Mancha de Bitot com
xerose conjuntival 0 0 1 1
*  Ver Material e Metodos. &
TABELA 4

A A

FREQUENCIA DE RESPOSTAS POSITIVAS AO TESTE TERAPEUTICO (RPTT)
COM VITAMINA A (200,000 OU 400,000 UL, oral*) EM CRIANGAS DA

AREA RURAL DE TURMALINA, VALE DO JEQUITINHONHA, MINAS GERAIS

Pré-escolares Escolares
(n= 261) (n= 492)
c/lesdo ¢/RPTT c/lesao ¢/RPTT
ocular ocular
Xerose conjuntival 20 19 62 13
Mancha de Bitot com
xerose conjuntival 1 1 3 3
Xerose corneal 1 1 1 1

*  Ver Material e Metodos.

A utilizacdo destes valores como fndlce de ferropenia em avaliacOes
Populacionais tem suas limitacGes, pois s30 parimetros que revelam ane-
mia avancada. A OMS (27) sugere que se determine, sempre que seja
possivel, ferro sérico, porcentagem de saturacao de transferrina ou ferri-
tina sérica. Entretanto os esquemas propostos pela OMS para estabele-
cimento de sistemas de vigilancia nutricional (28) classificam as infor-
macoes referentes 4 concentracio de hemoglobina como prioritdrias,
destacando, a um s6 tempo, a importiancia da anemia entre os problemas
de sadde piblica e a importancia deste indicador bioquimico no diagnds-
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TABELA 5

DISTRIBUJ A0 DE FREQUENCIA ABSOLUTA E PERCENTUAL DOS NIVEIS
SANGUINEOS DE VITAMINA A, HEMATOCRITO E HEMOGLOBINA EM
144 CRIANCAS DA AREA URBANA DAS CIDADES DE TURMALINA,
MINAS NOVAS E CAPELINHA, VALE DO JEQUITINHONHA, MINAS GERAIS

Pré-escolares Escolares
(n= 67) (n = 90)
No. %o No. %o
Vitamina A
Deficiente (< 10ug®fo) ] 8.9 4 44
Baixo (10 — 204g°/o) 18 26.9 28 31.1
Aceitdvel (= 20ug%fo) 43 64.2 58 64.5
Hematécrito
Deficiente (< 30.7°/0) 0 0 0 0
& Baixo (30.7 —— 33.59/0) 1 15 2 2.2
Aceitével (> 83.5°/0) 66 98.5 88 97.8
Hemoglobina ‘ ‘
Deficiente (< 10.3¢%/o) 5 7.5 5 5.6
Baixo - (10.3 — 11.3g%/0) 11 16.4 13 144
Aceitdve]l . (= 11.3¢%/0) 51. .76.1 72 80.0

TABELA 6

DISTRlBUIgAO DA FREQUENCIA ABSOLUTA E PERCENTUAL DOS NIVEIS
SANGUINEOS DE VITAMINA A, HEMATOCRITO E HEMOGLOBINA EM
107 CRIANCAS DA AREA RURAL DA CIDADE DE TURMALINA,
VALE DO JEQUITINHONHA, MINAS GERAIS

Pré-escolares Escolares
(n =52) (n =55)
No. oo No. 0o
Vitamina A .
Deficiente (< 10ug°fo) 3 5.8 0 0
Baixo (10 —— 204g°/o) 14 26.9 13 23.6
Aceitdvel (= 20 g°/o) 35 67.3 42 76.4
Hemadtocrito
" Deficiente (< 30.72/o) 0 0 0 0
Baixo (30.7 }— 33.5°/0) 9 17.3 3 5.5
Aceitdvel (= 33.5%/o) 43 82.7 52 94.5
Hemoglobina
Deficiente (< 10.3g%/o) 8 15.4 5.5

3
Baixo (10.3 ——11.3¢°/o) 10 19.2 7 12.7
Aceitivel (= 11.3g°/o) 34 65.4 45 818
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tico desta anemia nutricional.

Portanto, as medidas da concentracio de hemoglobina e do hematé-
crito podem trazer informacGes sobre a distribuicdo destes valores, permi-
tindo no caso do Vale do Jequitinhonha, verificar-se a alta prevaléncia
de anemia na regido. Outras determina¢cGes nao foram realizadas em
virtude de dificuldades vdrias: dificil acesso a regido, auséncia de recursos
locais, dificuldade de armazenamento e transporte de sangue, etc.

Quanto ao teste terapéutico com vitamina A, observou-se que o
nimero de escolares portadores de xerose conjuntival que n3o respon-
deram a dose de vitamina A foi altc. Isto nao significa que a eficiéncia do
tratamento desta lesdo com retinol em escolares foi baixa, pois a xerose
conjuntival se presta particularmente a confusoes. E um importante sinal
de xeroftalmia e, estando presente na crianca recebendo dieta deficiente
em vitamina A, indica que lesGes destrutivas dos olhos podem se instalar
rapidamente. Entretanto, segundo Tielsch e Sommer (29), a deficiéncia
cronica de vitamina A pode originar placas engrossadas na conjuntiva que
persistem por grande tempo depois que se normaliza a situagcao da hipo-
vitaminose A, ou seja, por razoes ndo conhecidas as lesdes podem persistir
apés os niveis séricos de vitamina A retornarem ao normal. No caso dos
escolares, as leses podem ser inclusive seqtielas de velhas e corrigidas de-
ficiéncias de vitamina A. Por estas raz0es nao se recomenda o emprego da
xerose conjuntival como critério tinico para o diagnéstico de coletividade,
mas sim elevada freqiiéncia desta lesdo associada a dados bioquimicos,
como foi o caso da amostra estudada, em que a alta incidéncia de valores
deficientes e baixos de vitamina A plasmatica nos leva a pensar na possibi-
lidage da cegueira por hipovitaminose A poder vir a ser problemas nestra
regiao.

Por outro lado sabe-se que as modificacGes bioquimicas precedem as
alteragOes clinicas, podendo detectar precocemente hipovitaminose A e
indicar o nitvel de risco a esta caréncia. A prevaléncia de criancas em alto
risco na regi¥o ¢ alta.

Apesar das diferengas de estilo de vida entre as populacGes das areas
urbana e rural, ndo se encontrou diferenca significativa dos parimetros
bioqu finicos nas criancas destas regides, exceto para o hematdcrito, cujos
valores foram mais baixos em pré-escolares da drea rural. Nao se encontrou
explicacdo plausivel para este fato.

Os resultados observados neste trabalho apontam a deficiéncia de
ferro como sendo um problema de saide piiblica de grande prevaléncia
na regido, bem como mostram haver hipovitaminose A em nivel de pro-
blema de saide piblica nesta populagdo, de acordo com critérios do
ICNND (26). Evidentemente a alimentaco precdria da populacao pro-
voca uma deficiéncia nutricional global, em que estas caréncias nutricio-
nais especfficas (hipovitaminose A e anemia) sao apenas um dos aspectos.

Com base nestes resultados, e com o objetivo de se erradicar a hipovi-
taminose A e a anemia ferropriva no Vale do Jequitinhonha, o Instituto
Nacional de Alimentagio e Nutricio (INAN), érgdo do Ministério de
Satide do Governo Brasileiro, implantou na regido do Vale do Jequi-
tinhonha o “Programa de Combate 4 Hipovitaminose A e 2 Anemia Nutri-
cional Ferropriva™ que consiste na administracao semestral de sulfato fe-
rroso, vermrfugo polivalente e dose macica de vitamina A a todas as
Criangas da regido, bem como administragdo de sulfato ferroso is gestantes
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no 3o. trimestre da gravidez e de dose macica de vitamina A a todas as
nutrizes. Paralelamente estdo sendo realizadas intervencGes em educag¥o
nutricional, incentivo a producio e consumo de alimentos fontes de vita-
mina A e tratamento de casos diagnosticados de hipovitaminose A.

As gestantes foram incluidas no programa de intervencdo pelo fato da
anemia ser grave neste grupo populacional, aumentando a morbidade e
mortalidade maternas. Quanto a nutriz, sabe-se que a administracio de
200,000 UI oral de solucido oleosa de vitamina A aumenta a quantidade
deste nutriente no leite de modo apreciivel, durante vdrias semanas, o
que justifica a inclus3o das nutrizes no programa de intervengdo.

A recomendag@o para administracio de vermifugos estd apoiada em
dados da literatura que mostram haver correlagdo entre parasitose intes-
tinal e anemia ferropriva (21 e 30).

A administrac@o oral de sulfato ferroso na dose sugerida pelo INACG
(31), foi o tratamento de elei¢3o, por sua boa absorcao e menor custo.
Todas as alteragbes de caréncia de ferro s3o reversiveis com uma terapia
adequada com ferro, a curto prazo, o que justifica programas preventivos
em grupos selecionados da populagao.

Finalmente, entre as estratégias para combate 3 hipovitaminose A, o
INAN optou pela dose macica semestral de vitamina A, nas dosagens
sugeridas pelo IVACG (22).

SUMMARY

NUTRITIONAL STATUS OF THE POPULATION OF VALE DO JEQUITINHONHA,
MINAS GERAIS, BRAZIL, CONCERNING VITAMIN A DEFICIENCY
AND IRON-DEFICIENCY ANEMIA

A survey was carried out with the purpose of evaluating the nutritional status of
the population of Jequitinhonha Valley in regard to vitamin A deficiency and iron-
deficiency anemia. A Program — “Programa de Combate & Hipovitaminose A e d
Anemia Nutricional Ferroprivaem Bolsoes de Pobreza de Minas Gerais” — is being
implanted by the Instituto Nacional de Alimentagao e Nutricdo (INAN) aiming to the
prevention of such deficiencies.

A random sample of 2,357 children from the towns: Turmalina, Minas Novas and
Capelinha (Vale do Jequitinhonha), Minas Gerais (1,604 living in the urban and 753
in the rural areas) was submitted to an eye examination. Blood was drawn from a
random subsample of these children (157 from the urban area and 107 from the rural
area), in order to detect possible nutritional problems. The following results were
observed (preschool children and school children, respectively):

1. Hemoglobin: 23.9%/o and 20°/o of the population in the urban area, 34.6 and
18.2%/o in the rural area, had low and deficient values, respectively.

2. Hematocrit: 1.5 and 2.2°/o of the population in the urban area, 17.3 and 5.5%/o
in the rural area, had low values,

3. Vitamin A: 8.9 and 4.4°/o of the population in the urban area, 5.8 and 0°/o in
the rural area, had deficient values (< 10ug/dl); 26.9 and 31.1° /o in the urban
area, 26.9 and 23.6° /o in the rural area, had low values (10— 20ug/dl).

These results show the occurrence of nutritional anemia and vitamin A deficiency
in the observed children. As to the eye examination this was performed in 2,357 chil-
dren. A high incidence of conjunctival xerosis (3.16 and 6.04°/o in the urban area,
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7.7 and 12.69/o in the rural area, in preschool and school children, respectively), was
detected. Five cases of conjunctival xerosis with Bitot spot (0.2° /o), corneal xerosis
(0.08°/0) and kerotomalacia (0.04°/o) were observed. The therapeutic effect of
200,000 UI of oral vitamin A was more efficient in preschool children (90.3%/o of
positive reactions) than in school children (25.9%/o of positive reactions). The causes
of the different reactions are now under study.
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PREVENCION DE LA CARENCIA DE HIERRO EN LACTANTES,
MEDIANTE LA FORTIFICACION DE LA LECHE

1. ESTUDIO SOBRE EL TERRENO DE UNA LECHE
SEMIDESCREMADA? -

Abraham Stekel,2 Manuel Olivares,® Fernando Pizarro,3
Patricia Chadud,?® Marisol Cayazzo,? Inés Lopez3 y Mirna Amar3

Instituto de Nutricion y Tecnologia de los Alimentos (INTA),
Universidad de Chile, Santiago de Chile

RESUMEN

Durante un afo a partir de los tres meses de edad, se entregé a las madres de
lactantes sanos, nacidos a término, una leche semidescremada en polvo, fortificada
con hierro (15 mg{100 g como sulfato ferroso). El grupo confrol recibié el mismo
producto no fortificado. Del total de 510 nifios que ingresaron al estudio, se analiza-
ron 388 casos a los nueve meses de edad, y 314 a los 15 meses. El consumo de la
férmula fortificada se controlé mediante la determinacion de hierro en las heces.

Los valores promedio de hemoglobina fueron significativamente mds altos en el
grupo que recibié la férmula fortificada a los nueve y 15 meses de edad: 11.7£1.0vs
114 £11y 120+ 1.1 vs 11.4 1.2 g/dl, respectivamente. En el grupo fortificado,
el 14.89/o0 acusaba anemia (Hb < 11 g/dl) a los nueve meses, y el 7.0°/o, a los 15
meses, siendo los porcentajes en el grupo control de 27.7%/o y 35.3%/o, respectiva-
mente. El porcentaje de sujetos deficientes en hierro (Fe/TIBC < 9°2/0) fue mis bajo
en el grupo fortificado (28.0°/0 vs 49.1° /o a los nueve meses y 20.0°/o vs 41.8%/c a
los 15 meses de vida.

Se concluye que si bien la férmula ldctea utilizada mejora significativamente la
nutricion de hierro del lactante, no logra prevenir del todo la deficiencia de este nu-
triente. Es posible que ello se deba a la baja biodisponibilidad del hierro agregado a
leches no modificadas.

Manuscrito modificado recibido: 24-4-86.

1 Este trabajo fue financiado con fondos provenientes de una subvencion otorgada
por la Research Corporation, Estados Unidos de América.

2 g primer autor, Dr. Stekel, lamentablemente fallecié durante la preparaciéﬂ de
este manuscrito (R.LP.).

3 Miembros de la Unidad de Hematologia, Division de Nutricién Humana y Cien-

cias Médicas, Instituto de Nutricion y Tecnologia de los Alimentos (INTA),
Universidad de Chile, Casilla 15138, Santiago 11, Chile
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INTRODUCCION

La deficiencia de hierro es una de las carencias nutricionales mds fre-
cuentes y la causa principal de anemia en la infancia (1). Por su elevada
velocidad de crecimiento y bajo aporte de hierro a través de su dieta, cons-
tituye uno de los grupos etarios mds vulnerables. Estudios realizados en
Chile, muestran que el 28°/o de los nifios menores de dos afios presenta
anemia y un 659 /o tiene una saturacién de transferrina < 15©/o (2).

Existe consenso entre los expertos que el mejor método de prevenir
esta carencia, es mediante la fortificacion de los alimentos (3-5), siendo la
leche y los cereales los vehiculos ideales para este propésito en la infan-
cia.

En la prevencién de la deficiencia de hierro en lactantes, se han utili-
zado exitosamente leches fortificadas (6-8), las que por ser altamente mo-
dificadas, resultan ser bastante caras. La informacién disponible en cuanto
al efecto de leches en polvo, adicionadas de hierro, es escasa. Por este
motivo, se acord6 estudiar el efecto de la nutricién de hierro, administra-
da mediante una leche en polvo semidescremada y enriquecida con 15 mg
de Fe por 100 g de polvo.

MATERIAL Y METODOS

En Chile existe un Programa Nacional de Alimentacién Complemen-
taria (PNAC) que cubre alrededor del 80°/o de la poblacién infantil.
Este suministra a la nodriza, para el lactante, 3 kg/mes de una leche en
polvo no fortificada, a partir del nacimiento hasta los seis meses de vida,
y 2 kg/mes hasta los dos afios. Al momento de efectuarse este estudio, se
les entregaba una leche semidescremada (129 /o materia grasa).

En el perfodo comprendido entre 1972 y 1975, se inicié un estudio
prospectivo en tres consultorios pertenecientes al Servicio Nacional de
Salud. La poblacién investigada provenfa de un estrato socioeconémico
bajo de la ciudad de Santiago, con una duracién promedio de la lactancia
materna de cuatro meses.

Previo consentimiento de los padres, se seleccioné a nifios destetados
espontdineamente en forma parcial o total antes de los tres meses de edad,
los que debian cumplir los requisitos siguientes: tener un peso al nacer,
mayor de 2,500 g, ausencia de anomalfas congénitas graves o de afeccio-
nes perinatales y malnutriciéon, que no hubiesen recibido terapia con hie-
Iro ni transfusion sanguinea.

A los lactantes se les administré la leche fortificada o control (no for-
tificada) durante un afio a partir de los tres meses de vida. Cada sujeto fue
asignado al azar a los siguientes grupos:

Grupo fortificado: Un total de 278 nifios recibi6é una leche semides-
cremada (129/o grasa) en polvo, enriquecida con 15 mg de hierro por
100 g de polvo como sulfato ferroso.

Grupo no fortificado: Un total de 232 nifios recibié una leche semi-
descremada en polvo, no fortificada.

El producto fortificado se distribuyé en envases de latén, no apre-
ciandose cambios organolépticos hasta los dos afios de almacenamiento a
temperatura ambiente.
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Ambos preparados licteos se utilizaron diluidos al 10°/o con agua y
se adicionaron de 52/o de sucrosa y 39/o de harina de mafz. La introduc-
cién de alimentos sélidos fue similar en ambos grupos, indicdndose huevo
y frutas a los cuatro meses, carne y vegetales a los cinco meses, legumbres
a los seis a siete meses, y la alimentacién corriente del hogar a los nueve a
12 meses de edad.

A los tres, nueve y 15 meses de edad, se realizé un control antropomé-
trico (peso, talla y perimetro craneano) y se extrajo en ayunas una mues-
tra de sangre venosa. Esta se sometié a las siguientes determinaciones: he-
matocrito (microhematocrito), hemoglobina (Hb) (9), hierro sérico (Fe),
capacidad total de combinacién de hierro (TIBC), porcentaje de satura-
cién de la transferrina (Fe/TIBC) (10), y protoporfirina libre eritrocitaria
(FEP) (11). Una enfermera visité cada hogar cada 15 dfas para monitori-
zar y fomentar el consumo de las leches, asi como para realizar una en-
cuesta alimentaria. Quincenalmente se estudié ademds el contenido de
hierro en deposiciones. De acuerdo a estudios llevados a cabo en nuestro
laboratorio (12), los nifios que consumen consistentemente la férmula
fortificada, excretan mds de 15 mg de hierro por 100 g de deposiciones.

Se excluyé del andlisis a los lactantes que carecfan de muestra san-
guinea a los nueve meses de edad. Todos los lactantes que a esa edad acu-
saron una concentracién de hemoglobina < 9 g/dl, se sometieron a trata-
miento, y no se les incluyé en el andlisis de los 15 meses.

Las principales causas de pérdidas en el seguimiento fueron el cambio
de domicilio y el rechazo a los procedimientos.

Para definir anemia se consider6 una Hb < 11 g/dl (13) y deficiencia
de hierro a una Fe/TIBC < 99/o y una FEP > 120 pg/d] gr a los nueve
meses y > 100 pg/dl gr a los 15 meses de edad (2).

Para el andlisis estadfstico se utilizaron las pruebas “t” de Student
y Chi cuadrado (14).

RESULTADOS

Los grupos fortificado y control no fortificado presentaron un peso
de nacimiento semejante, sin que hubiese diferencias en la evolucién pon-
deral. La frecuencia de consultas por diarrea o infeccién respiratoria baja
fue similar en ambos grupos.

Al analizar los resultados de laboratorio que se exponen en la Tabla 1,
se puede apreciar que a los tres meses de edad no existfan diferencias entre
los grupos, salvo en lo que respecta a la saturacion de transferrina, que fue
significativamente mds alta en el grupo control. A los nueve meses (Tabla
2) se observaron diferencias significativas a favor del grupo fortificado en
la concentracién de hemoglobina y saturacién de transferrina. A los 15
meses (Tabla 3), s6lo persistian diferencias significativas en los niveles de
hemoglobina y protoporfirina libre eritrocitaria. .

Con 1a finalidad de disponer de un grupo de lactantes en los que exis-
tiera la certeza de que hubiesen consumido regularmente la f6rmula fort-
ficada, se seleccioné a aquellos sujetos que excretaron un promedio igual
o mayor de 15 mg de hierro por 100 g de deposiciones. La Figura 1 mues-
tra los resultados hematol6gicos obtenidos en 88 nifios que cumplian
este requisito a los nueve meses, y en 71 a los 15 meses. Las diferencias
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TABLA 1

VALORES HEMATOLOGICOS A LOS TRES MESES DE EDAD*

Hb Fe/TIBC FEP

Grupos (g/d1) (®/o) (1g/d gr)
Leche fortificada 11.1 £ 0.9% 156 £7.1 92.8 + 49.8

n= 213
Control 11.1+0.9 175 +17.2 96.4 +43.1

n= 163

P NS < 0.02 NS
*  Promedio £ 1 DE.
TABLA2

VALORES HEMATOLOGICOS A LOS NUEVE MESES DE EDAD*

Hb Fe/TIBC FEP
Grupos (g/d)) (©/o) (ng/dl gr)
Leche fortificada 11.7 £1.0% 12.6 £ 8.1 88.2+ 36.5

n= 222
Control 114+1.1 105 £6.2 91.9+445

n= 166 .

P < 0.02 < 0.01 NS
*  Promedio * 1 DE.
TABLA 3

VALORES HEMATOLOGICOS A LOS 15 MESES DE EDAD

Hb Fe/TIBC FEP
Grupos (g/d1) (/o) (pg/dl gr)
Leche fortificada 12.0 +1.1% 13.0 6.3 92.2 +31.6

n= 181
Control 11.4+1.2 12.6 7.8 106.8 £54.0
n= 133
P < 0.001 NS < 0.01

Promedio + 1 DE.
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FIGURA 1

. Promedio £ EE de hemoglobina, saturacién de transferrina y protoporfirina
libre eritrocitaria, en lactantes que recibieron consistentemente una leche
fortificada con hierro

estadfsticas obtenidas fueron mds altas que las encontradas al considerar
el grupo total de nifos fortificados.

El porcentaje de sujetos anémicos entre los nifios que consumieron regu-
larmente la leche fortificada, segiin se aprecia en la Figura 2, fue de
14.89/0 a los nueve meses, y 7.00/0 a los 15 meses de edad, en contraste
con los valores correspondientes en el grupo control, que fueron de
27.7%/o y 35.39/o respectivamente. También se constataron diferencias
significativas entre los grupos en la proporcion de sujetos que tenfan una
Fe/TIBC <99/o.
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FIGURA 2

Porcentaje de deficientes en hierro a los 9 y 15 meses, en lactantes que recibieron
consistentemente una leche fortificada con hierro

DISCUSION

La dieta habitual del lactante de estrato socioeconémico bajo, no es
suficiente para cubrir los requerimientos de hierro. Este hecho determina
que un elevado porcentaje de estos sujetos esté expuesto a experimentar
una deficiencia de hierro. March, Long y Stierwalt (6), asi como Andel-
man y Sered (7) fueron los primeros en demostrar la efectividad de una
leche maternizada, fortificada con 12 mg/l de hierro elemental para prevenir
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la deficiencia de hierro. Mds recientemente, Saarinen (8), utilizando una
leche enriquecida con 11 mg/l de hierro elemental, corrobor6 la eficacia
de este procedimiento.

La fortificacién de una leche semidescremada, en polvo, con 15 mg/l
de hierro elemental, fue capaz de reducir dristicamente la prevalencia de
anemia a sélo 7°/o, siendo esta prevalencia de 35.3%/o en el grupo con-
trol. El efecto de la férmula fortificada sobre la prevalencia de la deficien-
cia de hierro fue menos notorio, habiendo todavia 20.00/o de nifios con
una saturacién de transferrina < 99/o en el grupo fortificado.

Fundamentalmente, estos resultados pueden atribuirse a la baja dis-
ponibilidad del hierro agregado a la leche en cuestién. Estudios isotépicos
efectuados en lactantes con una alta prevalencia de carencia de hierro,
acusaron un promedio geométrico de absorcién del hierro agregado a esta
leche, de 3-49/o (15). Asumiendo un consumo diario de 750 ml de leche,
los lactantes absorberfan de 0.3 a 0.4 mg de hierro al dia, cantidad que no
fue suficiente para complementar el aporte de hierro extra licteo. El
agregado de 100 mg/l de dcido ascérbico mejor6 sustancialmente la absor-
cién de hierro de esta férmula, obteniéndose un promedio geométrico de
absorci6n de 8 a 119/o (15). Esta cantidad cubriria totalmente los 0.8 a
0.9 mg requeridos diariamente por el lactante (16).

SUMMARY .

PREVENTION OF IRON DEFICIENCY IN INFANTS BY MILK FORTIFICATION
I. A FIELD TRIAL WITH A LOW-FAT MILK

Healthy term infants were given a low-fat powdered milk fortified with
15 mg/100g of iron, as ferrous sulphate, for one year, starting at three months of age.
The control group received non-fortified milk. A total of 510 infants entered the
study, and 314 could be studied at the age of 15 months. Consumption of the fortified
formulas was monitored through iron determinations in stools. Groups had a compa-
rable hemoglobin concentration at the age of three months. Hemoglobin was higher
in the fortified group at nine months (11.7 + 1.0 vs 11.4 + 1.1 g/dl, p < 0.02), and
15 months (12.00 £ 1.1 vs 114 £ 1.2, p < 0.001). The percentage of subjects with
anemia (Hb < 11.0 g/dl) was lower in the fortified group: 14.82/o vs 27.7°/o of the
controls at nine months and 7.0°/o vs 35.3%/o at 15 months.

Percentages of subjects with iron deficiency (Fe/TIBC << 99 /o) were lower in
the fortified group: 28.0°/o vs 49.1°/0 of the controls at nine months, and 20.0%/o
vs 41.8%/0 at 15 months.

Although the fortified milk markedly improved iron nutrition, deficiency of this
mineral was still high in the group receiving it. This was probably due to the low
bioavailability of iron when administered with non-modified milks.
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INFLUENCIA DA DESNUTRICAO PROTEICA SOBRE A
FUNGAO FAGOCITARIA DE NEUTROFILOS DE RATOS
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RESUMO

Estudou-se os efeitos da caréncia proteica sobre a fun¢do fagocitaria de neutréfilos
do sangue e do exsudato peritoneal de ratos.

Os animais carentes apresentaram valores significativamente menores para o
nimero de leucdcitos e de neutréfilos, para os testes de redugdo do NBT, para a ativi-
dade da peroxidase e para a atividade bactericida. A ingestdo de S. gureus e de particu-
las inertes ndo mostrou diferenca entre os grupos. A fosfatase alcalina leucocitéria
apresentou-se aumentada nos neutréfilos dos animais deficientes.

INTRODUGAO

A fagocitose induz nos granulécitos dos mamfiferos alteracGes metabd-
licas que conduzem a um aumento do consumo de oxigénio (1, 2), esti-
mulacdo da via glicolftica e da via da hexosemonofosfato (2, 3), producdo
de H, O, (1) e de radicais de super6xidos (4), geracio de quimiolumines-
céncia (5) e reducao de sais de tetrazélio (1). Em decorréncia desse
estimulo surgem substincias téxicas (1, 4) que levam a destruicao do
material ingerido através de mecanismos dependentes e independentes
do oxigénio (6).

O binémio infec¢do-desnutricdo estd estabelecido, tanto por critérios
clinicos, como de cardter epidemiol6gico, sendo que de uma maneira
geral a incidéncia de doencas infecciosas, bem como a sua severidade,
encontram-se aumentadas em individuos desnutridos (7). A desnutri¢o
geralmente atua sinergicamente (8) com as doencas alterando os meca-
nismos de defesa do organismo (8); por sua vez, a propria doenga agrava 0
estado nutricional do individuo, conduzindo a um balango nitrogenado
negativo (8). ’

Manuscrito modificado recibido: 4—6—86.

1 Professores de Hematologia da Faculdade de Ciéncias Farmacéuticas da Univer-
sidade de Sio Paulo, Caixa Postal No. 30. 786, Sao Paulo, Brasil.
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A caréncia proteica conduz, na fagocitose, a alteracdes diversas nido
tendo, até o momento, sido perfeitamente esclarecidos os mecanismos
afetados (9) visto encontrarem-se resultados controversos quanto aos
parametros estudados. Individuos desnutridos e infectados apresentam
respostas deficientes de polimorfonucleares (PMN) tanto no sangue como
nos tecidos, o que segundo alguns deverse-ia a uma redugao na producgio
de células mieldides (10); porém Aschkenasy (10) ndo relata o achado de
aplasia medular em casos de md nutricdo. Os granulécitos apresentam
comprometimento de fun§5es metabélicas (11, 12) e bacteridas (13) e,
também aqui, os resultados sdo inconclusivos. Para Belghiti et al. (11), a
via glicolitica e da hexosemonofosfato e o consumo de oxugenlo encon-
tram-se diminuidos. Porém Balch e Spencer (14) relatam n3o haver dife-
renca significativa da via de hexosemonofosfato entre os grupos. Os testes
de reducio do azul de nitrotetrazélio (NBT) apresentaram valores baixos
para Shousha e Kamel (15), enquanto que Schopfer e Douglas (16)
citam o encontro de valores normais para o teste. A concentracdo de
lactato e piruvato (12) bem como de AMP e ATP encontrase diminuida
e a atividade bacterida, segundo a maioria dos autores (17, 18), reduzida
nos estados carenciais.

Frente a estas informacGes interessou-nos estudar a influéncia da
caréncia proteica sobre alguns aspectos da fungdo fagocitdria dos neutré-
filos oriundos do sangue e do exsudato peritoneal de ratos.

MATERIAL E METODOS
Animais e Racao

Foram utilizadas 42 fémeas adultas da linhagem Wistar, sendo 17
destinadas ao grupo Controle (peso médio de 195.88 g) e 25 ao grupo
Carente (peso médio 203.60 g). Os animais receberam agua e racio ad
libitum por 29 dias. Os animais do grupo Controle e Carente foram ali-
mentados, respectivamente, com as racoes 1y II contendo 200/0 (19) e
40/0 (20) de proteinas (Tabela 1), sendo a2 caseina empregada como
fonte proteica.

Sangue

Foi obtido por puncdo cardiaca, empregando-se heparina como anti-
coagulante (75 Ul/ml) (21). Para as determinacOes citoquimicas ndo se
utilizou anticoagulante.

Exsudato Peritoneal

No 290 dia do experimento injetou-se intraperitonealmente, 10 ml
de solucdo de glicogénio (tipo II-Sigma) 050/0 em NaCl 0850/0 (22); 12
horas apés, o abdomen foi lavado com tampio de Hank contendo hepari-
na (10 Ul/ml). As células foram a seguir lavadas por tres vezes com o
referido tampao (700 xg, S minutos, 40C).
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TABELA 1

comosxg[io PERCENTUAL DAS RACOES

Constituintes Racdo I Racgiio I
Caseina 20 4
Mistura salina 4 4
Mistura vitaminica 1 1
Sacarose 10 10
Oleo 8 8
Celulose 1 1
Amido q.s.p. 100 100

Viabilidade Celular

A viabilidade celular foi avaliada pelo teste do azul de tripano (23),
sendo utii:zadas as amostras contendo 9990 /o de células vidveis.

Proteina Plasmdtica

A protefna plasmitica total e a fracao albumrnica foram determinadas
pelo método do Biureto (24) e eletroforese em acetato de celulose (25),
respectivamente.
Fagocitose de Particulas Inertes — Indice de Fagocitose

O teste foi realizado em granulécitos neutréfilos do sangue e do
exsudato peritoneal, empregando-se a técnica de Garcia e Barbieri (26). O
indice de fagocitose (1. F.) foi obtido através da férmula:

No.de neutréfilos com partrculas fagocitadas s
IF = x 100
No. neutréfilos sem partfculas

sendo apresentado em valores percentuais € por mm3.
Fosfatase Alcalina

Utilizamos a técnica citoqufmica de Kaplow (27) e os resultados fo-
ram expressos segundo o indice de positividade (‘‘score”) em valores
percentuais e por mm?, para os neutréfilos obtidos do sangue e apenas
em valores percentuais para os neutréfilos do exsudato.

Peroxidase

Empregamos a técnica de Graham (28) modificada (29, 30). O crité-
rio de positividade adotado para os neutréfilos do sangue foi o proposto
por Meloni-Bruneri e Barbieri (31). Para os neutréfilos do exsudato
peritoneal elaboramos novo critério: Reacdo negativa (—): citoplasmd
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sem granulos corados; Reacdo positiva (+): citoplasma com raros granu-
los corados em azul; Reacao (++ ): diversos granulos corados; Reacao
positiva (+++): citoplasma com frequentes grinulos corados, agrupados;
Reagdo positiva (++++): numerosos grinulos corados, ocupando todo o
citoplasma. Os resultados foram expressos analogamente ao item anterior.

Teste do Azul de Nitrotetrazdélio (NBT)

Foi realizado em neutréfilos do sangue e do exsudato peritoneal
segundo a técnica de Park, Fikrig e Smithwick (21), modificada (31, 32),
tendo sido por nds adaptada: em cubetas pldsticas, adicionamos 100 pl de
tampdo fosfato 0.2M; pH 7.2; 10 pl de NaCl 0.850 /o; 50 pl de NBT (grau
Ill-Sigma) 0.20/0 em NaQ 0.859/o,e 100 pl de suspensio celular. A
mistura foi homogeneizada, mantida em cimara dimida a 370C por 10
minutos e a seguir, por mais 10 minutos i temperatura ambiente. Como
critério de positivade utilizamos o proposto por Meloni-Bruneri e Bar-
bieri (31), sendo os resultados expressos analogamente ao teste da Pero-
xidase.

Teste do Azul de Nitrotetrazolio Estimulado

A técnica utilizada foi semelhante a anterior sendo a solugio de
NaCl 0.850 /0 substituida por igual volume de suspensio de partrculas de
litex 0.82 p (Difco). O critério de positividade foi semelhante ao citado
(31), considerando-se como positivas as células contendo 10 ou mais
particulas de ldtex no citoplasma (33). Os resultados foram expressos
como indice de positividade.

Foi realizado em granulécitos do exsudato peritoneal, segundo a téc-
nica de Baehner (34), e os resultados expressos como Absorbancia (30
minutos, 25 x 10° granulécitos/ml).

Empregamos a técnica de Solberg (35) e de Solberg e Hellum (36) por
nés adaptada. Utilizamos os meios de tripticase-soja e agar Miiller-Hinton
(Difco); as aliquotas das suspensdes celulares foram obtidas com auxilio
de pipetas automdticas e as suspensdes bacterianas foram semeadas na
superficie do meio de cultura.

Métodos Estatisticos

A anélise foi feita através de dois métodos nao-paramétricos: o Teste U
de Mann e Whitney e o Coeficiente de Correlacio de Spearman (37).
O Teste U de Mann e Whitney foi aplicado para verificar-se a existéncia
ou nio de diferenca significativa entre os resultados obtidos com os
grupos Controle e Carente. Neste teste para que haja diferenca significati-
va, o U* deve ser menor que o U** tabela.

U* Valor de U do Teste de Mann e Whitney obtido com as amostras em estudo.
Uk Valor critico para U do Teste de Mann e Whitney, obtido em tabela, confor-
me o nimero de dados.



666 ARCHIVOS LATINOAMERICANOS DE NUTRICION

O Coeficiente de Correlagio de Spearman foi utilizado para verificar
a existéncia ou ndo de correlagio entre os testes executados. Nos casos de
existir a correlacdo rs*** é menor que rtabela**** e quando nao houver
correlac@o, rs € igual a zero.

RESULTADOS

Os animais alimentados com a racdo hipoproteica (ra¢@o II) apresenta-
ram valores significativamente (37) mais baixos para o peso corporal
(11.80 g contra 220.59 g do grupo Controle), consumo didrio e total de
ragdo, consumo total de proteinas, protefnas totais, albumina, niimero de
leucécitos e de neutrofilos (Tabelas 2 e 3).

TABELA 2

RESULTADOS, EM VALORES MEDIOS, DE PESO INICIAL (PI), PESO FINAL
(PF), CONSUMO DIARIO DE RAGAO (CDR), CONSUMO TOTAL DE RAGAO
(CTR) E CONSUMO TOTAL DE PROTEINAS (CTP) DOS RATOS
PERTENCENTES AO GRUPO CONTROLE E CARENTE, SA0 PAULO, 1983

PI PF CDR CTR CTP
Grupo (® (8 (®) (e) (@)
Controle 195.88 220.59 1152 354.35 68.53
Carente 203.60 118.80 7.64 229.32 8.31

g = grama,

Indice de Fagocitose

Nio houve diferenca significativa (37) entre o Indice de Fagocitose
nos grupos Controle e Carente, tanto para os neutréfilos do sangue como
do exsudato (Tabela 4). N3o houve correlagdo (38) entre os resultados
dos testes e as concentrag¢8es de proteinas e albumina (Tabela 5).

Fosfatase Alcalina
A atividade da enzima, quer nos neutréfilos do sangue quer nos do

exsudato, revelou ser mais intensa no grupo Carente (Tabela 6), embora
a diferenca ndo tenha sido significante (37). Os resultados revelaram que a

psokk Coeficiente de Correlacdo de Spearman obtido com as amostras em
estudo.

riabela**#+ Coeficiente de Correlagio de Spearman, obtido em tabela, conforme
o nlimero de dados.
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TABELA 3

RESULTADOS, EM VALORES MEDIOS, DA CONCENTRAQI\'O PLASMATICA
DE PROTEINAS TOTAIS E ALBUMINA E DO NUMERO DE LEUCOCITOS E
DE GRANULOCITOS NEUTROFILOS DOS ANIMAIS PERTENCENTES AOS

GRUPOS CONTROLE E CARENTE EM PROTEINAS. SAO PAULO, 1983

Proteinas Albumina Leucocitos Neutréfilos
Grupo (g°/0) (°/0) (/mm?) (©jo)  (/mm3)
Controle 7.09 3.69 Sangue  7,364.71 4535  3,418.41

Exsudato 25,073.53 71.12 18,885.12

Carente 4.50 2.44 Sangue  4,016,00 49.48 1.977.00
Exsudato 14,672.00 85.00 12,471.20

atividade enzimdtica foi mais intensa no sangue que no exsudato, indepen-
dentemente do grupo a que pertenca o animal. Encontramos correlacio
(37) entre a albuminemia e a atividade da enzima nos neutréfilos do san-
gue (Tabela 7).

Peroxidase

No grupo Controle os neutréfilos do sangue exibiram significativamen-
te maior (37) atividade enzimdtica do que no grupo Carente (Tabela 4).
A atividade enzimdtica exibiu correlacfo (37) com a proteinemia (Tabelas
8e9).

Testes de Redugao do NBT

Nos testes de reducio do NBT, espontineo e estimulado, os neutré-
filos peritoneais e sanguineos dos animais carentes revelaram, em valores
percentuais, maior atividade redutora (Tabela 4) sem, contudo haver
diferenca significativa (37). Entretanto, em valores absolutos, esta ativi-
dade apresentou-se significativamente (37) menor que a do grupo Con-
trole (Tabela 4). A determinacdo espectrofotométrica do NBT (Tabela
3) revelou valores menores, mas n3o significativos (37), para o grupo
Carente. O teste estimulado em neutréfilos sanguineos do grupo Con-
trole exibiu correlacdo (37) com a proteinemia (Tabela 8).

Atividade Bactericida

A atividade bactericida dos neutréfilos do exsudato peritoneal, nos
animais carentes, apresentou-se reduzida em relacio aos controles. Em
média, o grupo Carente fagocitou 51.710/o0 das bactérias enquanto que
nos controles, a fagocitose foi de 67.400/o0 (Tabela 9). O nimero de



TABELA 4

RESULTADOS, EM VALORES MEDIOS, DOS TESTES DE FAGOCITOSE DE PARTfCULAS INERTES, FOSFATASE
ALCALINA, PEROXIDASE, TESTES CITOQUIMICOS ESPONTKNEO E ESTIMULADO, E ESPECTROFOTOMﬁTRICO
DE REDU(;AO DO NBT, REALIZADOS EM NEUTROFILOS DO SANGUE E DO EXSUDATO PERITONEAL DOS
ANIMAIS DO GRUPO CONTROLE E CARENTE EM PROTEINAS E EXPRESSOS EM INDICE DE POSITIVIDADE EM

VALORES PERCENTUAIS (IPp) E EM VALORES ABSOLUTOS (IP,)

Fagocitose de Fosfatase  Peroxidase NBT Espectrofotométrico
particulas alcalina Espontaneo Estimulado
Exsudato (IPp) 63.88 152.00 203.69 43.50 106.33 0.03567*
Grupo Sangue  (IPp) 29.13 211.69 197.75 32.13 64.18 -
Controle (IPa) 1,068.38 7,020.00  6,553.25 1,089.25 2,822.27
Exsudato (IPp) 76.20 165.33 157.52 63.83 169.24 0.02873*
Grupo Sangue  (IPp) 41.67 228.73 167.00 39.18 97.39 -
Carente (IPa) 626.89 3,998.00 3,561.00 813.73 1,702.61

IPp = (° /o de neutréfilos x respectivo grau de intensidade da rea¢3o).
IP; = (No. de neutréfilos /mm® x respectivo grau de intensidade da reacdo).
* = /\ Absorbancia (30 minutos, 25 x 10° granul6citos/mi).

899
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TABELA 5

COEFICIENTE DE CORRELAQKO DE SPEARMAN ENTRE ALBUMINA E OS TESTES DE: INDICE DE FAGOCITOSE

(IPp e I[Pq), FOSFATASE ALCALINA (IPp e IPg), NBT ESPONTANEOQ (IPp e IPy), NBT ESTIMULADO (IPp e IPy)
E NGMERO DE LEUCGCITOS (/mm®), REALIZADOS EM NEUTROFILOS DO SANGUE DE RATOS DOS GRUPOS

CONTROLE E CARENTE
Grupo Controle Grupo Carente
Is Is rtab Is Is Itab
(IPp) (IPa) (IPp) (IPy)

Indice de fagocitose 0.23 0.40 0.60 0.08 0.13 058
Peroxidase 0.21 0.18 0.41 0.00 0.04 0.34
Fosfatase alcalina 0.25 0.06 0.41 0.09 . 0.58%* 0.40
NBT espontaneo 0.07 0.13 0.53 0.26 0.25 0.40
NBT estimulado 0.28 0.44 0.53 0.48* 0.07 0.40
Nimero de leucécitos + 0.40 0.41 + 0.13 0.34

Is (IPp) = Coeficiente de Correlagdo de Spearman obtido com os resultados, em valores percentuais, das amostras em estudo;

rs (IPg) = Coeficiente de Correlag@o de Spearman obtido com os resultados de Spearman, em valores absolutos, das amostras em estudo;

I'tab = Coeficiente de Correlacio de Spearman, obtido em tabela de acordo com o niimero de dados.
* = Correlacao obtida . + = Correlagdio ndo efetuada.

¥ 'ON (9861 '3HENIIDIA) INXXX “T0A
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TABELA 6
ATIVIDADE BACTERICIDA EM NEUTRGFILOS DO EXSUDATO PERITONEAL DE RATOS.
MEDIAS -
No. de colénias iniciais No. de coldnias vidveis .Colonias fagocitadas Colénias viaveis intracelulares
ap6s 120 minutos ap6s 120 minutos ap6s 120 minutos
(x 10° col/ml) (x 10® .col/ml) (x 10% col/ml) ©/o (x 107 col/ml) %jo

Grupo
Controle 2.20 7.40 16.40 67.40 22,20 19.20
Grupo '
Carente 2.00 © 10.00 10.00 51.71 5.00 " 52,00

049
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TABELA7

COMP}RA(}KO ENTRE OS GRUPOS CONTROLE E CARENTE EM
PROTEINAS QUANTO A: CONSUMO DIARIO E TOTAL DE RAGAO;
VARIACAO DE PESO; PROTEINAS TOTAIS; ALBUMINA; NUMERO DE
LEUCOCITOS E DE NEUTROFILOS, NO SANGUE, ATRAVES DO TESTE
UDE MAN E WHITNEY A NIVELDE 59/o

Testes U Ut
Consumo diario de ra¢io 49% 135
Consumo total de racao 49%* 135
Varia¢ao de peso 0* 135
Proteinas totais 0* 135
Albumina 135% 135
Nimero de leucécitos 45% 135
Niimero de neutréfilos (/mm3) 73.5% 135

U = Valorpara U do teste de Mann e Whitney obtido com as amostras em estudo.
U = Valor critico para U do teste de Mann e Whitney, obtido em tabela, de acordo
com o numero de dados.

* Enconiram-se as diferencas significativas.

1i

bactérias vidveis intracelulares foi significativamente (37) maior no grupo
Carente do que nos controles, sendo encontrada correlacdo (34) entre o
teste e a proteinemia (Tabela 9).

Verificamos ainda, existir correlagao (37) nos testes realizados com
neutréfilos do sangue (em valores absolutos), entre a peroxidase e fndice
de fagocitose (grupo Controle); fosfatase alcalina (grupo Carente); NBT
espontineo e estimulado (grupo Controle e Carente), conforme revela a
Tabela 6.

DISCUSSAO

A importdncia dos neutréfilos atuando como células fagocitdrias
evidencia-se pela incidéncia e severidade das infecgbes em pacientes
que apresentam alteracSes destas células como, por exemplo, na doenca
Granulomatosa Crénica (38). A md nutri¢io proteica poderia ser consi-
derada como uma deficiéncia adquirida da célula fagocitdria.

A leucopenia neutropenica observada no grupo Carente, nio nos
surpreendeu, visto admitir-se que a desnutricdo conduza a um estado de
hipoplasia medular (19). Entretanto s¥o relatados casos de Kwashiorkor
sem leucopenia, havendo casos acompanhados por leucocitose e neutro-
filia (16, 18).

Os neutréfilos exercem, na maioria das vezes, funcao em situs extra-
vasculares, acreditando-se que a deficiente mobiliza¢gdo extravascular dos
leucécitos possa estar relacionada com a susceptibilidade as infeccGes
(39). O mimero de leucécitos e de neutréfilos do exsudato dos animais



TABELA 8

COEFICIENTES DE CORRELAGAO DE SPEARMAN ENTRE PROTEINAS TOTAIS E 0S TESTES DE: INDICE DE
FAGOCITOSE (IPp ¢ IPy), PEROXIDASE (IPp ¢ IPy), FOSFATASE ALCALINA (IPp ¢ IPy), NBT ESPONTANEO
(IPp e IPy), NBT ESTIMULADO (IPp e IPy), NOMERO DE LEUCOCITOS (]mma), REALIZADOS EM
NEUTROFILOS DO SANGUE DE RATOS DOS GRUPOS CONTROLE E CARENTE EM PROTEINAS

Grupo Controle Grupo Carente
Is Is Itab Is Is Ttab
(IPp) (IPy) (IPp) (IP3)
fadice de fagocitose 0.16 0.02 0.60 0.18 0.08 0.58
.'é Peroxidase 0.04 0.31 041 -0.34* 0.28 0.34
8 Fosfatase alcalina 0.01 0.28 0.41 0.39 ' 0.29 0.40
‘é NBT esponténeo 0.28 0.39 0.53 0.04 0.05 0.40
€ NBT estimulado 0.45 0.56* 0.53 0.26 0.18 0.40
& Niimero de leucéritos + 0.64% . 0.41 + 0.09 0.34
rs (IPp) = Coeficiente de Correlag@o de Spearman obtido com os resultados, em valores percentuais, das amostras ein estudo.
Is (IPy) = Coeficiente de Correlagao de Spearman obtido com os resultados, em valores absolutos, das amostras em =studo.
Itab = Coeficiente de Correlagdo de Spearman, obtido em tabela, de acordo com o niimero de dados.
* = CorrelagSes obtidas.
+ = Correlagdo nio efetuada.
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TABELA 9

COEFICIENTE DE COl}RELA(}KO DE SPEARMAN ENTRE PROTEfNAS TOTAIS
E OS TESTES DE: INDICE DE FABOCITOSE, PEROXIDASE, FOSFATASE
ALCALINA, ATIVIDADE BACTERICIDA, NBT ESPONTANEO, NBT
ESTIMULADO E NBT ESPECTROFOTOMETRICO, REALIZADOS EM
NEUTROFILOS DO EXSUDATO PERITONEAL DE RATOS DOS GRUPOS
CONTROLE E CARENTE EM PROTEINAS

Grupo controle Grupo carente
Is Ttab Is I{ab
Indice de fagocitose 0.05 0.60 0.25 055
-4 Peroxidase -0.14 0.43 -0.38% 0.34
> Fosfatase alcalina —-0.42 0.48 0.37 0.40
* Atividade bactericida 0.70 0.80 0.71% 0.68
£ NBT espontineo -0.36 0.60 0.28 050
8 NBT estimulado 0.03 0.53 0.05 0.41
E NBT espectofotométrico -0.19 0.77 0.43 053
r; = Coeficiente de Correlacdo de Spearman, obtido com as amostras em estudo.

rtab = Coeficiente de Correlagio de Spearman, obtido em tabela, de acordo com o
nimero de dados.
* = Correlagdes obtidas.

carentes foi cerca de 610/o menor que o dos controles. Admite-se ainda
que a reducdo na mobilizacdo dos granulocitos esteja relacionado as taxas
plasmdticas de cortisol que encontram-se elevadas na deficiéncia proteica
(39).

Embora alguns autores relatem alteracoes no processo de ingestdo de
partfculas-(40) ndo encontramos diferenca entre os grupos estudados, seja
quanto a ingestdo de partfculas inertes seja quanto a de bactérias, assim,
ndo nos parece que o processo de englobamento de partfculas pelos neu-
tréfilos tenha sido afetado pela privacao proteica.

As granulacOes especificas dos granul6citos de ratos exhibem reacgio
fortemente positiva para a fosfatase alcalina. A funcdo desta enzima
ainda nao foi esclarecida admitindo-se que possa estar envolvida com a
glicogénese e formagdo de acidos nucleicos (41), ou refleita o desempenho
das granulagoes especificas (40), ou ainda que, juntamente com a lisozima,
exerca funcao na fase digestiva da fagocitose (42). O comportamento da
fosfatase alcalina, em situacGes de caréncia proteica ndo estd perfeitamen-
te estabelecido, sendo relatado o aumento de sua atividade em criangas
desnutridas. Os nossos resultados demonstram aumento de atividade en-
zimdtica nos neutréfilos do sangue e do exsudato dos animais carentes.

A avaliacdo de alguns mecanismos bactericidas dos neutréfilos pode
ser realizada através da determinac¢do de peroxidase, da reducdo do NBT e
da atividade bactericida. Os resultados obtidos indicam que os neutr6fi-
los do exsudato e do sangue dos animais carentes apresentaram menor

"atividade enzimdtica da peroxidase que os respectivos controles, fato este
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que pode ser relacionado a alteracdo da atividade bactericida. A maior
atividade de enzima em neutré6filos do exsudato parece indicar que, nessas
condi¢des, as células encontram-se sob maior atividade metabélica.

Nos polimorfonucleares humanos, durante a fagocitose, a atividade de
enzimas relacionadas a fungdo bactericida, como NADPH oxidase e a
mieloperoxidase, encontram-se significativamente aumentadas. Nos esta-
dos carenciais surgem alteragoes no metabolismo celular durante a fago-
citose. Os dados da literatura quanto a peroxidase sio contraversos:
Avila et al. (42), Schopfer e Douglas (16), encontraram valores normais,
enquanto Felsenfeld e Gyr (40) relatam valores elevados para esta enzima.
Apesar destas divergéncias, julgamos providvel que um dos mecanismos
afetados pela caréncia envolva a peroxidase. Nossos resultados corrobo-
ram esta hipétese pois os animais carentes exibiram menor atividade
juntamente com uma reducao da atividade bactericida.

Introduzimos alguma "modificacdo no teste citoquimico para o NBT
espontineo e estimulado, objetivando conseguir adequada proporgao
entre células e reagente visando a manutencdo da integridade celular e
maior intensidade de reacdo. Reduzimos o tempo originalmente recomen-
dado (21, 32) para a incubacgfo, visto 0 mesmo acarretar intensa degene-
racdo celular, especialmente nos neutréfilos do exsudato peritoneal. Nos
testes de redugdo do NBT os neutréfilos dos animais carentes exibiram, em
valores percentuais maior capacidade redutora. Estes resultados ndo eram
os esperados pois julgavimos que devido a desnutricao uma das proviveis
alteracGes ocorreris em relagdo is oxidases NADPH ou NADH e seria
evidenciada pela diminuicio da atividade redutora do teste do NBT. Con-
tudo quando os resultados foram expressos em valores absolutos, de-
monstrou-se que as células dos animais carentes exibiram menor capacida-
de em reduzir o NBT, conforme hipétese inicial. A determinag@o espec-
trofotométrica do NBT demonstrou que o grupo Carente tem diminurda a
sua capacidade em reduzir o corante, reforcando a idéia de que na caréncia
proteica ocorram alteragdes nos mecanismos oxidativos.

As células do exsudato peritoneal, independentemente do grupo
animal, exibiram maior capacidade em reduzir o NBT que os neutréfilos
do sangue, o que seria explicdvel devido 4 maior ativacdo dessas células.

A atividade bactericida exibida pelos granulécitos € diretamente pro-
porcional ao niimero de bactérias mortas e inversamente ao de bactérias
vidveis intracelulares (43). Os nossos resultados revelaram que o mimero
de bactérias vidveis intracelulares foi significativamente maior nos animais
Carentes do que nos Controles, havendo pois, correlacio entre a atividade
bactericida e a concentragdo proteica. Nossos resultados sdo concordan-
tes com os da literatura, justificando a idéia de que hd maior susceptibi-
lidade as infec¢Ges nos desnutridos. Estes resultados nos induzem a
concluir que na desnutrigcio proteica ocorram alteracGes de mecanismos
envolvidos no “burst” respiratério (17, 18).

Os neutréfilos provenientes do exsudato peritoneal e do sangue
apresentaram comportamento semelhante quanto ao tipo de resposta
frente aos testes executados, diferindo no que se refere a intensidade da
reacao. Esta diferenga provavelmente decorre de modificagdes e estimulos
a que estio expostos os neutréfilos peritoneais, fato este que deve ser
considerado quando da andlise de resultados.
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CONCLUSOES

O processo de ingestdo de particulas inertes e bacteriais nao é compro-
metido pela caréncia. Nossos resultados demonstraram que na caréncia
proteica os neutr6filos dos animais Carentes apresentaram diminui¢io da
capacidade das células em reduzir o NBT, diminui¢do da atividade enzi-
matica e da atividade bactericida. Houve correla¢do direta entre a atividade
da peroxidase, atividade bactericida e a concentragdo proteica plasmaética.
Acreditamos ocorrerem alteracoes no metabolismo oxidativo, provavel-
mente nas oxidases NADH ou NADPH e no sistema envolvendo a peroxi-
dase, acarretando em diminuicdo da capacidade bactericida dos neutréfi-
los. Estas alteracGes contribuem para a maior susceptibilidade ds infecgOes
observadas nos estados de md-nutricio. Os neutréfilos obtidos do exsuda-
to peritoneal exibiram reagGes mais intensas nos testes da peroxidase, de
reducdo de NBT e da fagocitose de particulas de litex.

SUMMARY

EFFECT OF PROTEIN DEFICIENCY ON THE PHAGOCYTIC FUNCTION
OF NEUTROPHILS IN RATS

A study was carried out to determine the effect of protein deficiency on the
phagocytic function of blood neutrophils and of peritoneal exudate of rats.

The deficient animals exhibited significantly lower leukocyte and neutrophil
values, as well as NBT reduction and diminished peroxidase and bactericidal capacity.
Englobement of S. aureus and latex particles was found to be normal in both groups.
Alkaline phosphatase activity in the neutrophils appear to be increased in the deficient
animals.
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METABOLISMO ENERGETICO DURANTE EL DESARROLLO DE
LA PLACENTA EN RATAS — EFECTO DE LA DESNUTRICION
MATERNA CRONICA!
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RESUMEN

Se estudi6 el efecto de la desnutricion crénica materna en el metabolismo energé-
tico durante el desarrollo de la placenta en ratasy su relacién con el crecimiento fetal.
Ratas hembras virgenes de la cepa Wistar se sometieron a la restriccién de una dieta
con 259 /o de caseina, desde la pubertad y durante la prefiez.

Los resultados revelaron que la desnutricién materna disminuye significativamente
la actividad de adenilato kinasa expresada por gramo de DN A, y aumenta significativa-
mente el contenido de adenina nucleétidos (ATP y ADP), en la placenta, cerca del
término de la prefiez. Se postula que el aumento significativo de la carga energética
(ATP + 1/2 ADP:/ ATP + ADP + AMP) de la placenta de ratas desnutridas, es el
resultado de una inhibicion de los sistemas que utilizan ATP para procesos de sinte-
sis de macromoléculas y transporte activo de sustratos en las iltimas etapas de la
gestacion.

Ello coincide con la significativa disminucién del crecimiento fetal en esa etapa.

INTRODUCCION

H suministro de nutrientes hacia el feto depende de la cantidad y
composicion de la sangre materna que llega a la placenta y de la capacidad
de este 6rgano para transferirlos hacia el lado fetal (1). El retardo del
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crecimiento del feto se atribuye a varios factores tales como des6rdenes
genéticos, patologfa materna, insuficiencia placentaria y desnutricién fetal
intrauterina originada por desnutricion materna (2). El efecto de esta
dltima en el crecimiento feto-placentario ha sido extensamente investi-
gado, pero existe relativa poca informacién acerca de la relacion que existe
entre el retardo de crecimiento del feto y la capacidad funcional de la
placenta para transportar nutrientes. La capacidad de la placenta para se-
cuestrar nutrientes de la circulacién materna, concentrar, sintetizar, se-
cretar y transportar sustratos, requiere energia metabélica, generada por
este 6rgano a través de la liberacion de energfa a partir de nutrientes po-
tencialmente energéticos, procesos que son catalizados por enzimas (3,4).

El propésito de este estudio, por lo tanto, fue determinar el efecto
que la desnutricion materna crénica ejerce en el metabolismo energético
durante el desarrollo de la placenta,y su relacién con el crecimiento fetal
en distintas etapas de la gestacion. Se postula que la desnutricién materna
puede modificar la carga y capacidad energética de la placenta, lo que
podria afectar la eficiencia de los mecanismos responsables del transporte
activo de substancias entre circulacién materna y fetal, originando un cre-
cimiento insuficiente del feto.

MATERIAL Y METODOS

Cien ratas hembras virgenes de 50 dfas de edad fueron divididas en
dos grupos equivalentes, y se alojaron en jaulas individuales. Cincuenta
ratas se destinaron al grupo control (C) alimentdndose ad libitum con una
dieta con caseina al 259/o; se midié diariamente la ingesta y la ganancia
de peso. Las otras 50 ratas integraron el grupo desnutrido (D), y recibie-
ron como alimento, la misma dieta ofrecida al grupo C, pero en forma res-
tringida. Para ello, se consigné la cantidad de dieta consumida por 100 g
de rata control, ddndole sélo el 50°/o de esa cantidad al grupo desnutrido,
también en relacion a 100 g rata. Al alcanzar las ratas de ambos grupos un
peso promedio de 154 g, el grupo C alos 60 dias y el grupo D alos 75
dias, se cruzaron con machos control s6lo durante 12 horas. Antes del
cruzamiento se detect6 la fase proestro en frotis de secrecién vaginal, y
después del apareamiento se detectaron espermos en la vagina.

Las hembras prefiadas fueron devueltas a sus jaulas individuales, si-
guiendo con el mismo tratamiento dietético impuesto desde antes del
cruzamiento. La composicion de la dieta preparada con casema al 259/o
ha sido previamente informada (5).

A los 16, 18 y 20 dias post-concepcion se sacrificaron de nueve a 15
ratas de cada grupo, y en cada oportunidad se les extrajeron los fetos,
los cuales se pesaron. Se extrajeron todas las placentas, y la mitad de las
placentas de cada rata fue congelada de inmediato, recibiéndolas en dis-
positivos metdlicos, los que previamente fueron colocados y mantenidos
en un bafo de acetona-hielo seco. Los 6rganos se congelaron de inmedia-
to, se pesaron rapidamente y se vaciaron sobre una solucién de dcido per-
clorico helado, el cual fue congelado inmediatamente. Luego se homoge-
nizaron, permitiendo un descongelamiento lento que da lugar a la incorpo-
racién del perclérico al tejido antes de que éste esté totalmente desconge-
lado. EI homogenizado se centrifugé en frfo, y en el sobrenadante neutra-
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lizado se determiné ATP, ADP y AMP, enzimiticamente,segin la técnica
de Adam (6). El resto de las placentas que no fue sometido a congelacion,
fue recibido en solucién de sacarosa 0.25 M fria. Se homogenizaron en
sacarosa 0.25 M al 100/o (peso/volumen) y las mitocondrias fueron sepa-
radas por centrifugacion diferenciada en frio, segtin Dow (7). Las mitocon-
drias aisladas fueron resuspendidas en buffer Tris 10mM pH 7.5, agregan-
doles sacarosa 1.8 M con 2 mM de ATP y 2 mM de MgSO,. Esta suspen-
sién se sonica para romper las membranas mitocondriales a una oscilacién
de 3 amperes por 15 segundos a 00C. La suspension sonicada se deposita
sobre sacarosa 1.18 M y se centrifuga a 24,000 rpm durante tres horas, en
frio. La subfraccion soluble que corresponde a la capa superior de tres
capas, se separa cuidadosamente y en esa fraccion se mide actividad de
adenilato kinasa segiin Sottocasa et al. (8).

Se determind DNA en el homogenizado al 100/o segiin la técnica de
Burton (9), y en la subfracciéon soluble, el contenido de proteina, de
acuerdo a Lowry et al. (10).

Con los datos del contenido de adenina nucleétidos se determiné la
carga energética siguiendo el método de Atkinson (11), que se define co-
mo ATP + 1/2 ADP:/ATP + ADP + AMPYy la capacidad energética. Esta
altima se calculé multiplicando el nivel de energia disponible (ATP + 1/2
ADP) por la actividad de adenilato kinasa mitocondrial. La determinacion
del ATP, ADP, AMP y actividad de adenilato kinasa se hizo en la misma
placenta, expresando los valores del contenido de los adenina nucle6tidos
y actividad de adenilato kinasa por gramo de DNA. Los resultados fueron
expresados como promedios + desviacién estdndar de los promedios, y el
cdlculo de la significancia estadfstica de las diferencias entre los grupos se
hizo aplicando la prueba “t” de Student.

RESULTADOS

El efecto de la restriccion de una dieta balanceada sobre la ganancia
de peso materno, peso de la placenta y peso fetal a los 16, 18 y 20 dfas
post-concepcién, se informa en 1a Tabla 1. Segun se aprecia, la desnutri-
cién materna crénica redujo significativamente (P < 0.001) la ganancia
ponderal materna en las tres etapas estudiadas. El peso de la placentay el
peso fetal también disminuyeron significativamente, pero sélo al dfa 20,
cercano al término.

El contenido de adenina nucleétidos expresados por gramo de DNA,
aumento6 significativamente al dfa 18 con respecto al dfa 16 en ambos
grupos, a excepcién del AMP que permaneci6 constante. El aumento en el
contenido de ATP y ADP observado al dia 18 se mantuvo alto hasta el
dfa 20 post-concepcién. Al comparar el contenido de ATP y ADP entre
los grupos C y D, se observa que estos dos nucleétidos se encuentra signi-
ficativamente aumentados en el grupo D, en relacién al grupo C (Tabla 2).

La carga energética de la placenta calculada a partir de la relaci6n
(ATP + 1/2 ADP): /(ATP + ADP + AMP), de ambos grupos se detalla en
la Tabla 3. Puede observarse un aumento significativo de la carga energé-
tica en el grupo D al dfa 18 (P < 0.05)y dfa 20 (P <0.01), con respecto
al grupo C. .



TABLA 1

INCREMENTO DEL PESO MATERNO, PESO DE PLACENTA Y PESO FETAL DURANTE LA PRENEZ
DE RATAS CONTROL Y DESNUTRIDAS

Ganancia ponderal materna : Peso placenta Peso fetal
Edad gestacional ® (mg) (mg)
(dras) Control Desnutridos Control Desnutridos Control Desnutridos
16 58.6%% 10.9 24.4% + 8.3 245 * 36 215 = 37 279+ 62 251 *20
18 93.5 *12.6 37.8* + 15 341 £52 308 * 43 787% 50 654 *30
20 115.3 *19.5 55.1% £10.6 4717 1 40 3910+ 49 2,390+ 36 1,750% +16

*  Valor promedio * desviacién estdndar. El mimero de ratas prefiadas sacrificadas en cada oportunidad y en cada grupo fue de 9
al5.

3 Desnutridas con respecto al control, P < 0.001.

b Desnutridas con respecto al control, P < 0.001.
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TABLA 2

CONTENIDO DE ATP, ADP Y AMP EN PLACENTAS DE RATAS CONTROL Y DESNUTRIDAS

Edad ATP? ADP® AMP° : Adenina nucleétidos
gestacional __totales®
(dias) Control Desnutridas Control Desnutridas Control  Desnutridas Control Desnutridas

16 153.8°+ 38.6 183.0 +49.5 191.0 +49.1 226.1 +42.2 105.0+12.8 123.2+ 135 4625 *79.5 514.7 + 70.0
18 219.4%+ 41.2 316.0%+ 89.0 244.4% + 20.2 287.8*+ 49.3 110.8 +30.4 124.1+ 30.4 '580.5%+ 54.4 674.6%+ 90.2
20 209.2 *34.3 356.0°%81.3 254.8 * 55.3 343.8% £61.2 123.8+22.8 133.8% 22.8 538.8 *22.0 82332 +127.9

Valores expresados en pmoles por gramo de DNA.
Valores promedios * desviacion estindar de 9 a 15 ratas sacrificadas en cada grupo y en cada edad gestacional.
Grupo desnutrido versus control, P <0.001.

Estadisticamente diferente con respecto a la edad gestacional precedente, en cada grupo, a un nivel de por lo menos
P <0.01.
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TABLA 3

CARGA ENERGETICA EN PLACENTAS DE RATAS CONTROL Y

DESNUTRIDAS*
Edad gestacional Carga energética*
(dfas) Control® - Desnutridas P
16 0.54° + 0.04 0.54 +0.07 NS
(10) : (10)
18 0.60 * 0.05 0.64 +0.02 <0.05
(9 (11)
20° 0.59 + 0.04 0.64 +0.04 <0.01
(10) (13)

ATP + 1/2 ADP
ATP + ADP + AMP

0 Valores expresados en imoles por gramo de DNA.

e Valores promedio * desviacién estindar del niimero de determinaciones entre pa-
réntesis.

*  Cada determinacion enzimdtica del ATP, ADP y AMP se hizo en la misma placenta.
NS = No significativo.

La actividad de adenilato kinasa expresada por g de DNA o por mg de
protefna mitocondrial para ambos grupos, figura en la Tabla 4. Al expre-
sar la actividad de la enzima por gramo de DNA, no se observan cambios
con el progreso de la prefiez; sin embargo, al comparar el grupo D con el
grupo C se observan valores menores en el grupo D (70-800 /o del valor del
grupo C), alcanzando diferencias estadisticamente significativas sélo al dfa
16 post-concepcién. Al expresar la actividad por mg de protefna mitocon-
drial, se aprecian diferencias entre ambos grupos, siendo significativamente
menor la actividad del gmpo desnutrido s6lo al dfa 20 de edad gestacional.

En la Tabla 5 se informa la capacidad energética de las placentas de
ambos grupos, calculada del producto del nivel de energfa disponible
(ATP + 1/2 ADP) por la actividad de adenilato kinasa,expresados ambos
valores por mg de DNA placentario. Segiin revelan los datos, en ambos
grupos se observa un aumento de la capacidad energética con el avance de
la prefiez, especfficamente al dfa 18 con respecto al dfa 16, mantenién-
dose el nivel alto hasta el dia 20. La capacidad energética del grupo D
es el 72-750/o de la del grupo C.



684 ARCHIVOS LATINOAMERICANOS DE NUTRICION

TABLA 4

ACTIVIDAD DE ADENILATO KINASA EN FRACCION SUBMITOCONDRIAL
DE PLACENTA DE RATAS CONTROL Y DESNUTRIDAS

Edad Actividad de adenilato kinasa
gestacional Control Desnutridas Control Desnutridas
(dfas) (pmoles/g DNA)° (ummoles/mg prot)®
16 4326%* 180 3075t 7.8 1028 * 157 1109 *29.1
() (12) (8) (10)
18 4429 *176 359 * 89 181.59* 663 1373 * 376
%) (9) (®) (9
20 440 *16.9 348 *20.7 1787 * 574 1108%1 475
(14) (12) (12) (11)

o Expresado en micromoles de ADP formados o utilizados por gramo de DNA por
minuto. :

e Expresado en milimicromoles de ADP formados o utilizados por miligramo de pro-
teina de la subfraccién soluble mitocondrial por minuto.

*  Valores promedio * desviacién estandar de las placentas correspondientes al ni-
mero de ratas sacrificadas, entre paréntesis.

a  Nivel de significancia, desnutridas vs control, P <0.01.

b  Nivel de significancia con respecto a la edad gestacional precedente, P <0.01.

TABLA5
CAPACIDAD ENERGETICA DE LA PLACENTA DE RATAS CONTROL Y
DESNUTRIDAS
Edad Capacidad energética* 0/o con respecto
gestacional Grupo Grupo al grupo
(dias) control desnutridas control
(umoles/mg ADN)©
16 10.58+ 6.48 7.98+ 2.28 75.4
(8) ®)
18 18.43* 7.72 13.29% 457 721
G ®)
20 17.32* 6,58 13.06+ 2.90 75.4
(11) (10)

o Los valores se expresan en pmoles por miligramo de ADN.

*  Capacidad enérgetica [(ATP + 1/2 ADP) AK].
Los nimeros entre paréntesis se refieren a aguellas muestras en las cuales se pudo
determinar en la misma placenta el ATP, ADP y actividad de adenilato kinasa, lo
que permite el cdlculo de la capacidad energética.
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DISCUSION

Los resultados de este estudio muestran que la desnutricién materna
créonica provocé un retardo en el crecimiento fetal, retardo que adquirié
significado estadfstico (P < 0.001) en las iltimas etapas de su desarrollo
intrauterino. El hallazgo de menor peso fetal puede atribuirse a muchos
factores, entre los cuales se ha postulado una disminucién de la capacidad
funcional de la placenta para cumplir las funciones para las que ha sido
programada.

El mayor contenido de adenina nucleétidos, ATP y ADP al dfa 18 y
20 post-concepcién en la placenta de ratas desnutridas, comparada con el
grupo control, se traduce en una mayor carga energética en ese grupo. El
contenido de ATP celular, que es considerado como un buen fndice del
nivel de energla disponible para funciones metabdlicas y fisiolégicas,
refleja un balance entre los sistemas que generan ATP y aquéllos que lo
ptilizan. Atkinson (11), ha demostrado que las enzimas que generan
ATP responden a la carga energética del sistema. Segtin nuestros hallaz-
gos, se encontré la actividad de adenilato kinasa, enzima generadora de
ATP, disminuida en la placenta del grupo desnutrido, lo que estaria en
desacuerdo con la mayor carga energética de este grupo. No obstante,
conforme a lo comunicado por Atkinson (11), la mayor carga energética
actuarfa como un sistema de regulacién tipo retroalimentacién negativa,
ocasionado por el aumento del producto final sintetizado, en este caso
ATP. Ya se ha demostrado el efecto inhibidor de ATP para otras enzimas
generadoras de ATP (12).

Cabria postular que la mayor carga energética podrfa atribuirse proba-
blemente a una menor demanda de ATP por la placenta de ratas desnutri-
das. Se ha propuesto y demostrado (13) que el ADPy AMP inhibiben los
procesos que utilizan energfa, a diferencia del ATP que inhibe los sistemas
que la generan. Altos niveles de ADP o AMP inhiben la actividad de
aminoacil t RNA sintetasa, enzima biosintética que utiliza ATP (14),
indicando asf que la carga energética podrfa controlar la sintesis protef-
nica.

Los niveles de ADP en placenta de ratas desnutridas se encontraron
elevados, lo que bien puede explicar el menor contenido de proteina y me-
nor tamaiio celular de la placenta, hallazgo comunicado previamente por
otros autores (15).

Rosado et al. (16), al comparar la actividad de adenilato kinasa por
gramo de DNA y el contenido de adenina nucleétidos en placentas de tér-
mino de nifios normales y pequeiios para la edad gestacional, no encon-
traron diferencias en la actividad de la enzima. Sin embargo, al igual que
en nuestro estudio, encontraron una mayor capacidad energética en las
placentas de niiios con retardo de crecimiento intrauterino. Los autores
del presente trabajo no discuten las diferencias del potencial energético
placentario entre los dos grupos.

Como sabemos, la placenta requiere un sistema muy activo en la gene-
racién de energfa metabdlica para manejar su propio metabolismo y creci-
miento, asf como para cumplir el rol de transferencia de nutrientes hacia
el lado fetal. La carga de energia de la placenta aument6 significativamen-
te con el progreso de la prefiez en ambos grupos, al parecer, anticipindose
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a la alta actividad metabélica de ese 6rgano y a las altas exigencias fetales,
acordes con el significativo aumento del peso fetal al dia 18 y 20 post-con-
cepcion. Se ha evidenciado una efectiva transferencia de nucle6tidos mar-
cados por la placenta hacia el lado fetal en ratas prefiadas, ya cercanas al
término de la prefiez (17), demostrado por la ripida incorporacién de los
nucleétidos marcados en el RNA fetal y por una minima incorporacién en
el RNA placentario.

Los mayores niveles de ATP observados en la placenta de las desnutri-
das, permiten postular una transferencia insuficiente de estos nucledtidos,
lo que originaria una menor incorporacion de ellos a la célula fetal, dismi-
nuyendo la disponibilidad energética para sintesis de la célula fetal. Un
menor contenido de ATP en higado de fetos de ratas desnutridas ha sido
comunicado por los autores de esta investigacion (18).

El estudio aqui descrito, demuestra que la desnutricién materna créni-
ca en ratas, afecta el metabolismo energético celular de la placenta y el
crecimiento fetal cerca del término de la prefiez. El aumento de la carga
energética de la célula placentaria y la disminucién de la actividad de las
enzimas generadoras de ATP en placentas de ratas desnutridas, permiten
sugerir una inhibicién de los sistemas que utilizan energia metabélica para
procesos de sintesis y transporte activo de sustratos.

SUMMARY

ENERGY METABOLISM DURING PLACENTAL DEVELOPMENT IN RATS —
EFFECT OF CHRONIC MATERNAL MALNUTRITION

The effect of maternal malnutrition on the energy metabolism of the developing
rat placenta, related to fetal growth, was studied. Female virgin rats of the Wistar
strain were fed restricted amounts of 259 /o casein diet, from puberty and throughout
pregnancy. According to results, a significant decrease occurred in the activity of
adenylate kinase, as well as a significant increase in the energy charge of the adenylate
system (ATP, ADP), per gram of DNA of placental tissue near term, in the mal-
nourished group. The data suggest that the significant increase of energy charge
(ATP + 1/2 ADP:/ATP + ADP + AMP) of the placenta in the malnourished group,
is the consequence of an inhibition of the reactions controlling ATP-consuming
process, such as macromolecular synthesis pathways and active transport of sustrates
near term. This coincides with the simultaneous and significant decrease in fetal
growth in this group.
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SUMMARY

Two experiments were performed to examine the effects of various carbohydrates
(fructose, lactose, comn starch, wheat starch and potato starch) on the utilization of
iron, on Fe-depleted rats. These received a single meal that contained the test
carbohydrate at a 600/o level, labelled with °>° Fe. The rest of the experiment the rats
were fed a diet which contained glucose at a 600 /o level as the carbohydrate source.

In both experiments rats were fasted overnight, and the dose was offered in the
form of a moming meal. To assay for °° Fe, the animals were counted in a “Whole
body counter” between two and four hours after dosing, and every day for the fol-
lowing 10 days. Percentage retention and absorption, as well as hemoglobin values
were determined,.

In the first experiment, the replacement of glucose by fructose at a 609/o level
enhanced significantly iron absorption and retention. An increase in absorption and
retention also occurred when glucose was replaced by lactose at a 600/o level, but the
difference was not statistically significant. Administration of °Fe as an °°Fe-
fructose chelate did not seem to have a significant effect on retention and absorption
when compared to the effect of dosing with °° Fe adsorbed onto a fructose diet. This
not rule out the possibility that chelation is the mechanism responsible for the
enhancing effect of fructose on iron utilization. The complex could have been formed
in the stomach, resulting in a significant absorption for both the °° Felabelled meal
and the >° Fe-carbohydrate complex-labelled meal.
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In the second experiment, administration of a meal that contained either of the
starches resulted in a reduction on retention and absorption of >°Fe. The decrease,
however, was statistically significant only for cooked corn starch, wheat starch and
cooked wheat starch. The effect of cooking was to reduce even more the retention
and absorption of >° Fe, but this reduction was statistically significant only for com
starch.

The depressing effects of starches on iron retention and absorption are quite
relevant to human nutrition. In the developing countries, diets are generally high in
cereal products -often whole grain cereals- and low in animal products. The inhibi-
tory effects of cereals on iron absorption have been traditionally attributed to the
presence of phytates and fiber, but the data herein presented suggest that high intakes
of starches may be inhibitory as well.

INTRODUCTION

Iron deficiency is considered one of the most common and wide-
spread human nutritional deficiencies in the world. Unlike other nutri-
tional deficiencies this problem is relevant to highly industrialized coun-
tries as well as to developing countries (1).

The total amount of iron in the human body is regulated through
intestinal absorption (2). The form of iron in the diet can have major
influence on availability for absorption. Heme and non-heme iron are
absorbed by different mechanisms. The absorption of heme iron, unlike
that of inorganic iron, is not affected by dietary components. Conse-
quently, the amount of iron absorbed from the diet is dependent not
only of the individual nutritional status, but also of the dietary factors
that affect non-heme iron absorption. Some of these compounds promote
iron absorption by maintaining the iron in a soluble form, either by for-
mation of soluble chelates or by reduction of the ferric to the more
soluble ferrous form (3).

Ascorbic acid (4), succinic acid (5), citric, tartaric and malic acid (6),
cysteine and its peptides (7) and some proteins (8), increase iron absorp-
tion.

Phosphates (9), phytates (10), bicarbonate (11), tannins (6, 12) fiber
(13) and soy protein (14) decrease iron absorption. An increase in iron
absorption has been reported by fructose (15) and lactose (16), and a
reduction of absorption with starches (17), although there are some
discrepancies.

The work described in this paper was aimed at assessing the influence
of some of the common dietary carbohydrates, on iron absorption in
iron-deficient male rats.

MATERIAL AND METHODS

Two experiments were performed using weanling male rats (Sprague
Dawley strain) with an average wenght of 40 g, which were individually
housed in stainless steel cages with wire mesh bottoms. Food and water
were provided ad libitum, and weights were recorded weekly and at the
.end of the experiments.
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Initially the rats were fed an iron-deficient glucose diet (17) (Table 1)
during 25 days for Experiment 1, and during 35 days for Experiment 2.
At the end of this period, hemoglobin values were determined (18) for
each rat, and rats were assigned randomly to their respective treatment on
the basis of hemoglobin values, with 10 rats per treatment. For each
treatment, rats were fasted overnight and 2 g of a meal labelled with
®%Fe(Cl; was offered. The meal contained the carbohydrate at a 609/o
level (dry basis).

TABLE 1

COMPOSITION OF BASAL IRON-DEFICIENT GLUCOSE DIET

Ingredient Concentration
B (g/ke)
Casein ' 200
Com oil _ 50
Glucose monohydrate (cerelose) 686.5
Vitamins? 10.0
Minerals” ' 46.3
DL-methionine 5.0
Santoquin (preservative) 0.2
Choline chloride (700/0) 2.0
Vitamin B, , 20.0 pg

Supplies per 100 g of diet: retynil palmitate, 46.8 retinol equivalents; cholecalci-
ferol, 500 pg; dl-alpha-tocopheryl acetate 8.9 tocopherol equivalents; vitamin K
(ks), 152 pg; (in mg) biotin 0.02; D-calcium pantothenate, 2; folic acid, 0.4;
inositol, 25; niacin, 5; pyridoxine. HCl, 0.45; riboflavin, 1.0; thiamine. HCI, 1.0.

b Supplies per 100 g of diet (in g): CaHPO,.2H,0, 3.43; NaCl, 0.25; KHCO3,
0.64; MgSO, (anhydrous), 0.27; (in mg) MnSO,.2H,0, 23; CuSO,.5H,0, 4;
ZnC03, 8.8; K1, 0.065.

To assay for ° ° Fe, the rats were placed in cylindrical plastic containers
Each rat was then counted in a “whole body counter” (Packard Multi-
channel Analyzer, Model A9011) for 50 seconds between two and four
hours after consumption of the meal and every day for the following 10
days. At the end of the experiment, hemoglobin values were again de-
termined.

The per cent retention and per cent absorption were calculated from
the body counts by the method of VanCampen and House (19).



VOL. XXXVI (DICIEMBRE, 1986) No. 4 691

Carbohydrates used in each experiment were as follows:

Experiment 1 Experiment 2
Raw corn starch Fructose
Cooked corn starch Lactose
Raw potato starch Fructose-complex
Cooked potato starch
Raw wheat starch
Cooked wheat starch
Cooking of the Starches

The gelatinization point of the starches was determined in a Brabender/
visco/amylograph (Model VA-VE) so that the same degree of gelanization
could be reached for each starch. Starch slurries of a concentration of
80/0 were cooked slightly below the peak viscosity to avoid breakage of
the starch granule. The time required to reach this point is shown in
Table 2.

TABLE 2

TIME REQUIRED FOR GELATINIZATION OF STARCHES

Cooking time
Starch (min)
Corn 48
Wheat 42
Potato 33

Preparation of the Complex

The complex fluctose-> ° Fe was prepared according to the method of
Stitt et al. (20). The ratio of iron to carbohydrate was 1:100 mole basis.
The final pH of the solution was 10.0. Even though the complex was not
characterized, the absence of a precipitate assured its existence.

Statistical Tests

The retention and absorption data were subjected to an analysis of
variance (21). Individual means were compared in a multiple range test
(22).
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RESULTS
Experiment 1

The Fe concentration of the iron-deficient glucose diet and of the raw
starches used in the two experiments is presented in Table 3. Although
the Fe concentration of the starches was different, they were not likely to
have much effect since they were fed only as a single 2 g meal which
contained 600/0 of the carbohydrate.

TABLE 3
IRON CONCENTRATION OF GLUCOSE DIET AND OF RAW STARCHES
USED IN EXPERIMENT 1%
Treatment Iron (ppm)
Glucose 124
Potato starch 17.2
Corn starch 1.1
Wheat starch 2.1

a Average of three determinations.

P Iron determined by atomic absorption.

No differences in average daily weight gain were observed for rats
dosed with a meal containing the different carbohydrates. The average
daily weight gain for all rats was 5.3 g+ 0.3 from the time they were dosed
until the end of the experiment.

The hemoglobin values prior to dosing and at the end of the exper-
iment are shown in Table 4.

Figure 1 depicts the retention curves for rats subjected to the dif-
ferent treatments. As the data reveal, rats dosed with a glucose meal had
higher retention and absorption percentages than rats dosed with a meal
containing either of the starches (raw or cooked). The difference in reten-
tion between glucose and the starches was statistically significant for rats
dosed with a meal containing raw or cooked wheat starch (Table 5).
Cooking had a depressing effect on iron retention and absorption in rats
dosed with a meal containing corn starch (p < 0.05).

Experiment 2

Table 6 illustrates the average daily weight gain of the rats included in
this experiment. Rats dosed with a glucose meal gained significantly less
weight than those fed a meal containing either of the other carbohydrates.
The initial and final hemoglobin levels are shown in Table 7. The °°Fe
retention curves for rats dosed with different carbohydrate meals labelled
with °°Fe are shown in Figure 2. Animals receiving a fructose meal
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TABLE 4

HEMOGLOBIN VALUES FOR RATS DOSED WITH A MEAL CONTAINING
DIFFERENT CARBOHYDRATES? P

Hemoglobin

Treatment (/100 ml)

Predosing Terminal
Glucose 6.1 (10) 6.8 (10)
Raw potato starch 6.1 (9) 6.6 (9)
Cooked potato starch 6.1 (10) 6.7 (10)
Raw com starch 6.1 (9) 6.9 (9)
Cooked corn starch 6.1 (10) 6.2 (10)
Raw wheat starch 6.1 (10) 6.4 (10)
Cooked wheat starch 6.1 (10) 6.8 (10)
Standard error® 0.2 0.2

3 Values are means. Number of observations are given in parentheses.

Means in the same column did not differ significantly (p <0.05).

¢ Pooled standard error based on error mean square from analysis of variance.

Glucose. —_——
Raw corn starch O ——
Cooked potato starch —.—g—.—.-
Raw potato starch ——e
Raw wheat starch e lae e
Cooked wheat starch  ——e@e—
100 Cooked corn starch ————

"4 RETENTION

g 100 200 300
HOURS AFTER FEEDING

FIGURE 1
Effect of carbohydrates on > 2Fe retention by iron-deficient rats (Experiment 1)



TABLE 5

EFFECT OF CARBOHYDRATES ON THE RETENTION AND ABSORPTION
OF 59Fe BY IRON-DEPLETED RATS2:?

Treatment Retention® Absorption
©/o) ©/lo)

Glucose 73.7 (10) (a) 83.4 (10) (a)
Raw potato starch 67.4 (10) (abc) 75.8 (10) (be)
Cooked potato starch 69.8 (9) (ab) 79.4 (9) (ab)
Raw corn starch 71.4 (9) (c) 81.7 (9) (ab)
Cooked corn starch 64.2 (10) (c) 73.5 (10) (¢)
Raw wheat starch 65.1 (10) (bc) 74.6 (10) (c)
Cooked wheat starch 64.5 (10) (c) 72.6 (10) (c)
Standard errord 2.1 2.2

2 Values are means. Number of observations per treatment are given in parentheses.

b Numbers in any column followed by the same letter in parentheses are not statis-
tically significant (p << 0.05).

€ Percentage of iron retained ten days after oral administration.

d  Pooled standard error based on error mean square of analysis of variance.

TABLE 6

BODY WEIGHT GAINS OF IRON-DEPLETED RATS DOSED WITH A MEAL
CONTAINING VARIOUS CARBOHYDRATES2P

Treatment Weight gain
(g/day)
Glucose 3.2 (6)(a)
Fructose 3.7 (8)(b)
Fructose-Cx¢ . 3.6 (8)(b)
Lactose 3.8 (10) (b)
Standard errord 0.2

3 Values are means. Number of observations per treatment are given in parentheses.

b Values followed by the same letter in parentheses are not significantly different
(p < 0.05).

€ Rats dosed with a > 9 Fe-fructose complex.

Pooled standard error, based on error mean square from analysis of variance.

labelled with 5°Fe and those fed a fructose meal labelled with a 5°Fe
complex, exhibited a significantly higher per cent absorption than rats
ted a glucose meal labelled with 5°Fe (Table 8). Rats fed a lactose meal
had a significantly higher absorption and retention of 5°Fe than rats
fed a glucose meal (p <0.05).
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TABLE 7

HEMOGLOBIN VALUES OF RATS DOSED WITH A MEAL CONTAINING
DIFFERENT CARBOHYDRATES®:P

Treatment Hemoglobin
(g/100 ml)
Predosing Terminal
Glucose 6.0 (6) (a) 8.0 (6) (a)
Fructose 5.9 (8)(a) 8.0 (8) (a)
Fructose-Cx¢ 65 (9) (a) 8.0 (8) (a)
Lactose 6.1 (10) (a) 8.0 (10) (a)
Standard errord 0.3 0.2
2 Values are means. Number of observations are given in parentheses.
b Numbers in any column followed by the same letter in parentheses are not sig-
nificantly different (p < 0.05).
€ Rats dosed with a 5° Fefructose complex.
d  pooled standard error, based on error mean square from analysis of variance,
Glucose ——
Lactose RN RPR
Fructose -—=ge—--
100 Fructose-CX - —®& —--
%0 ‘3“1‘.‘}: ~F—— -
‘! LTINS ?.l‘::':-—r"_ - =}
80 e e .’:'.T‘"‘-:-:I:.:.-_—E:: R T
J @enee.. e @B e
70
Q o ¥ O
63 0 ppm Fe
|
8] 50 100 150 200 25

HOURS AFTER FEEDING

FIGURE 2

Effect of carbohydrates on 39 Fe retention by iron-deficient rats
(Experiment 2)
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TABLE 8

EFFECT OF CARBOHYDRATES ON THE RETENTION AND ABSORPTION
OF 59Fe BY IRON-DEFICIENT RATS3,b

Treatment Retention® Absorption
(°/o) (/o)
Glucose 67.4 (6) (ab) 72.9 (6) (a)
Fructose 776 (7) () 84.8 (7) (b)
Fructose -Cxd 76.7 (8) (c) 834 (8) (be)
Lactose 74.0 (10) (ac) 81.8 (10) (bc)
Standard error® 2.4 2.7

3 Values are means. Number of observations per treatment are given in parentheses.

b Numbers followed by the same letter in parentheses are not significantly different
(p < 0.05).

€ Per cent retention after 10 days of oral administration of 59Fe.

d  Rats dosed with a 59 Fe-fructose complex.

€  Pooled standard error, based on error mean square from analysis of variance.

DISCUSSION

In Experiment 1, a reduction in per cent absorption and per cent
retention of 5°Fe was observed in rats fed a meal containing the starches
at a 600/o level when compared to those fed a 60°/o glucose diet. This
depression was statistically significant (p < 0.05) for cooked com starch,
raw wheat starch and cooked wheat starch.

Cooking of the starches seemed to depress further the iron absorption
and retention, but differences were not significant when compared to raw
starches.

Com starch has been reported by some researchers to be a negative
factor in iron absorption (23,24). Nevertheless, Miller and Landes (25)
informed a positive effect of corn starch on iron absorption by rats.
Binding of iron to modified corn starch has been demonstrated in vitro
(17), and this may be the mechanism by which it reduces iron availability
in vivo. The additional depression in iron retention and absorption
observed with cooked corn and cooked wheat starch —but not present
with potato starch— is possibly due to differences in the structure of the
granules. Since the amylose/amylopectin ratio of the three starches
assayed is similar, the difference cannot be attributed to this factor (26).

Cooking, however, produces a greater absorption surface and there-
fore, a higher capacity to adsorb cations.

The additional depression in iron retention and absorption when
cooked starch is fed to iron-deficient rats deserves further investigation.

The effects of starches on iron absorption is quite relevant to human
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nutrition. In developing countries, diets are generally high in cereal
products, often whole grain cereals, and low in animal products. The
inhibitory effects of cereals on iron absorption have been traditionally
attributed to the presence of phytates (10) and fiber (10,13,27) but the
data herein presented suggest that high intakes of starch may be inhibitory
as well.

The enhancing effect that fructose had on iron absorption, as found
in our experiments, is in accordance with some literature reports (24,28,
29).

Even though the formation of an 5°9Fe-fructose chelate in vitro was
-evident in our experiments, we cannot draw any conclussions as to whether
this is the mechanism by which fructose increases iron absorption as has
been proposed (28). Other mechanisms such as enhancement of iron
absorption by fructose metabolites, pyruvate and lactate have been sug-
gested (29), and it may well be that both mechanisms play a role. The
inability of the 5 °Fe-fructose complex to further increase iron absorption
when compared to 5° Fe-fructose does not rule out the possibility of the
chelate formation as mechanism to facilitate iron absorption. It may
well be that an iron-fructose complex is formed in the stomach, and this
could lead to similar absorption measurements with both 59 Fe-fructose
complex labelling and 5 2 Fe labelling of fructose meals.

In comparison to rats dosed with a glucose meal, a significant increase
in iron retention was observed for rats fed with a lactose meal. There was
a significant increase in absorption but the increase in retention was not
significant.

The enhancing effect of lactose on calcium absorption has been widely
reported (30,31), and there is some evidence that lactose increases zinc
absorption (32). Amine and Hegsted (24), for example, reported an
increased iron retention when iron-deficient rats were fed a 60°/o lactose
diet. The iron retention values notified by Amine and Hegsted were lower
that those found in our study, but the tendency of lactose to increase

iron absorption is evident in both their experiments, and ours.
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RESUMEN
EFECTO DE ALGUNOS CARBOHIDRATOS EN LA ABSORCION DE HIERRO

Se llevaron a cabo dos experimentos, con el propédsito de examinar el efecto de
varios carbohidratos (fructosa, lactosa, almidon de maiz, aimidén de papa y almidén
de trigo) en la utilizacién del hierro, por ratas deficientes en este elemento.

Las ratas recibieron una sola comida marcada con 52Fe que contenia el carbo-
hidrato a ensayar a un nivel de 60%/o. En el resto del experimento las ratas fueron
alimentadas ad libitum con una dieta que contenia glucosa como fuente de carbohi-
dratos al nivel de 60°/o. En ambos ensayos las ratas no recibieron alimento durante
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la noche anterior, y la dosis se ofrecién como una comida, en la mafiana.

Para determinar el hierro 59, las ratas se contaron en un “contador de cuerpo
entero” entre dos y cuatro horas después de 1a dosis, y cada dia durante los 10 dias
siguientes. Se determinaron el porcentaje de retencion y el porcentaje de absorcién,
asi como los valores de hemoglobina.

En el primer experimento, el reemplazo de glucosa por fructosa al nivel de 60° /o
aumento significativamente la retencion y la absorcién del hierro. Con la lactosa tam-
bién se noté un aumento de estos pardmetros, pero dicho incremento no fue estadss-
ticamente significativo.

La administracion de 5° Fe como un quelato 52 Fe-fructosa no tuvo efecto signi-
ficativo en la retencion y absorcion del hierro, comparada con el efecto resultante de
dosificar con el 52 Fe absorbido a 1a fructosa. Este hallazgo no descarta la posibilidad
de que la quelacion sea el mecanismo responsable del efecto promotor de la fructosa
en la absorcion del hierro. El complejo puede haberse formado en el estémago, dando
como resultado una absorciéon similar para la comida marcada con 5° Fe, y la marcada
con el complejo 59 Fe-fructosa.

En el segundo experimento, la’ administracién de una comida marcada con 5° Fe
que contenia cualquiera de los almidones al nivel de 60°/o, se tradujo en una reduc-
cion en la retencion y en la absorcion de 5°Fe. El efecto, sin embargo, fue estadisti-
camente significativo sélo para el almidon de maiz cocinado, el almidon de trigo
crudo, y el almidon de trigo cocinado. El efecto de la coccion en reducir el porcentaje
de retencién y el porcentaje de absorcién fue estadisticamente significativo para el
almidén de maiz,

El efecto inhibidor de los almidones en la absorcion de hierro, es importante en
la nutricion humana. En los paises en vias de desarrollo, las dietas por lo general son
ricas en cereales y pobres en productos animales. Los efectos inhibitorios de los cerea-
les han sido atribuidos tradicionalmente a la presencia de fitatos y fibra, pero los datos
aqui presentados sugieren que una alta ingestion de almidones puede contribuir
notoriamente a inducir este efecto inhibitorio.
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DIETARY PROTEIN SUPPLEMENTATION. FUNDAMENTALS
AND EXAMPLES OF PRACTICAL APPLICATION

J. J. Dreyer*

National Food Research Institute (CSIR)
Pretoria, South Africa

SUMMARY

Involving the most expensive of all the nutrients required by the body, the biol-
ogical utilization of dietary protein remains an important topic, particularly to Third
World countries wherein protein supplies are frequently limited. Protein supplementa-
tion of cereals and other foodstuffs is often used as a means of increasing protein
intake. Supplementation not only increases protein intake but often also changes the
physiological usability of the protein component of the resultant mixture.

Employing an updated biological method for assessment of protein nutritive value,
the author investigated the nature of the change in protein assimilability as a result of
graded changes in the proportions of certain proteins combined pairwise into single
mixtures.

Data are presented on the basis of which the digestibility and/or assimilability of
the protein component of a given mixture can be estimated. Lastly, the author
indicates the need to evaluate high-protein foods and protein supplements in terms of,
not only protein content relative to cost, but also of inherent nutritive value and
complementary effect.

INTRODUCTION

Protein-energy malnutrition is generally associated with Third World
conditions, which are characterized by the consumption of low-protein
diets consisting predominantly of cereals. Supplementation of such diets
with special food mixtures or with high-protein foods in common use is,
therefore, a logical approach to solving the problems caused by the pro-
tein-deficient diets.

Manuscrito modificado recibido: 6—3—86.

1 Head, Biological Evaluation Division, National Food Research Institute of the
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Because protein is known to be the most expensive of human nutrient
requirements, protein supplementation should be employed with discre-
tion (1). The amount supplemented should as far as possible be adjusted
according to physiological requirements, i.e. to the ability of the sup-
plement to meet these requirements in terms of assimilable or physiol-
ogically usable protein.

As was pointed out by Mitchell (2) as early as 1924, the assimilability
of the protein in a mixture of protein-bearing foodstuffs is seldom merely
the weighted mean of the assimilabilities of the different components
combined in the mixture. The fundamental aspects of this issue are as
illustrated in Figure 1. Nutritionally, each of the proteins to be combined
consists of three fractions: anindigestible fraction; an assimilable fraction
(which can be used for synthesis of body proteins), and a fraction which is
unassimilable because it is deficient in one or more of the ssential amino
acids required by the body. It is however, possible that the deficiencies of
the unassimilable fraction of protein A in Figure 1 might be the abun-
dances of the unassimilable fraction of protein B, and vice versa. When
combined, these two fractions could therefore complement each other,
causing the assimilability of the protein in the mixture to be greater than
the weighted mean of the values obtained for the two proteins separately.

UTILIZATION OF PROTEIN MIXTURES
High— & low—quality protein mix

27% A + 73% B

1eg [
wl (Observed)
i Protein B R b
Indigestible ﬁ‘ 6a O-E o
fraction ~ £g F
_ c 70 . (Expected) UHw
o) Protein A -
Aesimilable .g :
fraction [¢] v
RS L 2
Non—~aesmlble k] ; gé
fraction o 4 <w
777 B | - e
=~ 3
[ %
g = 2
18 /
. Zh

PROTEINS AND MIXES CONS!DERED

FIGURE 1

Hiustration used in explanation of “additive” and “complementary” effects on protein
assimilability obtained when two proteins differing in nutritive value are combined in a
single mixture
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With a view to stimulating interest in a fundamental approach to the
evaluation of protein supplements, data are presented on a series of five
trials with pairs of proteins. Each pair of protein sources was tested at
various combinations, in such a way that assimilable protein contents and
gains due to additive, as well as complementary effects can be estimated
from the results for any given combination of the two protein sources.

MATERIAL AND METHODS

The pairs of materials studied were: 1) wheat gluten plus L-lysine;
2) maize protein concentrate plus milk protein; 3) potato protein plus
whole hen’s egg protein; 4) maize protein concentrate plus PVM; and 5)
maize protein concentrate plus a commercial high-protein product, Pro
Nutro. The nature of the materials used and the reasons for selecting
them for investigation are set out in Table 1. The reason for using maize
protein concentrate instead of maize was that the protein content of
maize was found to be too low for the preparation of experimental diets
of appropriate nitrogen content. It is, however, considered that prepara-
tion of the concentrate had no effect on the quality of the maize protein,
as it involved no heat treatment or fractionation of the protein.

Protein digestibility and assimilability were determined in assays with
weanling rats according to the updated procedures for dietary protein
evaluation for monogastric animals proposed by Dreyer and Van der Walt
(4). A total of 42 rats were used for each assay, the animals being of the
F, generation of two inbred strains supplied by the SABS Animal Breeding
Centre, Groenkloof, Pretoria.

Nitrogen was determined in test materials, diets and excreta by the
Kjeldahl method, with use of a Kjel-Foss apparatus. Moisture determina-
tions on test materials and diets were made by means of a Brabender ap-
paratus, at a drying temperature of 900C maintained for three hours.

Data processing over and above calculation of protein digestibility and
assimilability entailed fitting of regression lines representing (i) linear
relationships between digestibility and the change in the ratio in which the
two proteins were mixed; and (ii) biphasal relationships between as-
similability of the digestible protein and the change in the ratios of the two
components ot the mixture. Line-fitting operations were performed
according to the least-squares method. Points of deflexion in biphasal
relationships were calculated by iteration, and data weighting was em-
ployed whenever necessary, according to Bartlett’s test; there were signif-
icant differences in degrees of scattering in the different sets of results
used to fit a given statistical model. The reciprocals of variances were
used as weighting factors.

RESULTS AND DISCUSSION

The relationship between protein digestibility and the ratios in which
the nitrogen from the two protein sources were combined, is given in
Table 2 for each pair of products.



TABLE 1

DESCRIPTION OF MATERIALS USED IN PROTEIN SUPPLEMENTATION TRIALS, AND REASONS FOR THE CHOICE
OF EACH OF THE VARIOUS COMBINATIONS OF PRODUCTS TESTED*

Pair
No.

Nature and origin of materials

Reasons for selection of combination

Gluten + L-lysine. Laboratory grade (BHD) wheat gluten. N content on air-
dry basis = 12.49/o. Analytical grade (Merck) L-lysine hydrochloride. Con-
centrations of lysine nitrogen in total nitrogen contents of mixtures (°/o):
0, 1.88, 3.69, 5.43 and 7.12.

Milk protein + maize protein concentrate. Hih-grade, defatted, spray-dried
milk powder supplied by the Animal and Dairy Research Institute, Irene, N
content on air-dry basis = 5.8%/o. Maize protein concentrate prepared by
the Fermentation Technology Division of the N Food R I through amylase
digestion of the starchy component of sifted granulated maize meal and sub-
seqnent filtration of the digest. Total protein loss is estimated at only about
4%/o. Nitrogen content on air-dry-basis = 2.77°/o. The concentrations of
milk nitrogen in the total nitrogen contents of the combinations investigated
were: 0, 20, 30, 40, 60, 80 and 100°/o.

Egg protein + potato protein. Fresh, whole, hen’s eggs were boiled, minced,
freeze-dried and ground by mortar and pestle. N content on air-dry basis =
5.18%/o. Fresh potatoes were cooked in boiling water, peeled, minced,
freeze-dried and ground in a pindisc mill. N content on air-dry basis =
1.818%/0. Concentrations of egg-protein nitrogen in the nitrogen contents
of the mixtures investigated were: 28.2, 40, 60, 80 and 100°/o.

To show the effect of supplementation with a
single essential amino acid of a protein gross-
ly deficient in that amino acid.

Used as an example of combining a high-
quality protein (milk) with a poor-quality
protein (cereal) resulting in mutual comple-
mentation of protein nutritive value.

It has been claimed (3) that, when combined
in a specific ratio, a mixture of potato and
egg protein can be obtained which is superior
to egg protein in protein quality. A product
having this property would be very useful in
the feeding of subjects suffering from kidney
disease or from phynylketonuria.
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Table 1 (Cont.)

Pair
No.

Nature and origin of materials

Reasons for selection of combination

PVM + maize protein concentrate. A commercial sample of the P(rotein)
V(itamin) M(ineral) supplementary food mixture developed at the N. Nutr.
R. L in the sixties. Nitrogen content on air-dry basis = 7.19%/o. The maize
protein concentrate was as given for pair 2. Concentrations of the PVM
nitrogen in the nitrogen contents of the mixture were: 0, 50, 67, 83 and
100°/o.

“Pro Nutro’ + maize protein concentrate. A 4-kg quantity of this com-
mercial food mixture (the so-called “regular” version) was purchased at a
supermarket and ground in a pindisc mill. Nitrogen content on air-dry
basis = 3.249/0. The maize protein concentrate was as given. for pair 2.
Concentrations of nitrogen from the Pro Nutro in the nitrogen contents
of the mixtures were: 0, 50, 67, 83 and 100°o.

*

The choice of products was for the purpose of comparison and not because of either approval or disapproval of any of the materials

investigated.

Because PVM was developed at the CSIR and
is used by the Dept. of Health and Welfare for
distribution to needy children, its protein sup-
plementary value is of special interest.

Because of the wide use of this commercial
product and of earlier indications that protein
quality as well as complementary effect is
mediocre.
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TABLE 2

DATA SHOWING THE CHANGE IN THE DIGESTIBILITY OF THE PROTEIN CONTENTS OF MIXTURES OF
CERTAIN PAIRS OF PROTEINS DUE TO CHANGE IN THE RATIO IN WHICH THE TWO SEPARATE COMPONENTS
OF EACH MIXTURE WERE COMBINED#*

‘a’ in equation, i. e.

Pair of products Product of increasing digestibility when ‘b’ in equation, r = correlation P = probability
combined concentration in the X = zero, i. e. i. e. change in coefficient of no
‘ nitrogen mixture digestibility of the un- digestibility relationship
(=X in equation) supplemented protein (Y) with between Y and
in the other member change in X X
of the pair
1. Gluten + L-lysine L-lysine nitrogen (/o) 97.6 0.043 0.834 <0.05
2. Maize + milk Milk nitrogen (0/o) 93.2 ~0.0067 -0.67 <0.05
3. Potato + egg Egg nitrogen (/o) 80.7 0.107 0.964 <0.01
4. Maize + PVM PVM nitrogen (©/o) 91.1 -0.034 -0.972 <0.01
5. Maize + Pro Nutro Pro Nutro nitrogen (/o) 91.4 -0.086 -0.999 <0.001

In all cases the change can be described on the basis of a simple linear relationship of the type: Y +a + bX, where Y =
digestibility and b =rate of change in Y due to an increase in X, where X = 0/o of N in tota! N mixture from one of the

two components.
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From previous experience, as well as that gained in the present series
of trials, it was clear that the above relationship is linear in every case.
This means that there is no interaction with respectto digestibility
among different proteins when proteins are combined in a single dietary
mixture. The digestibility of a mixture of proteins from different sources
is therefore the weighted mean of the digestibility figures obtained when
the proteins are tested separately.

To prove this point, the results obtained with PVM and maize protein
should suffice. The figures obtained for these products separately were
880 /0 and 91.390 /0, respectively. The comparison of results obtained with
those predicted from the values obtained for the two products separately
is as follows:

i) The 50:50 ratio: obtained = 890 /o, predicted = 89.70/0.
ii) The 33:67 ratio: obtained = 88.40/0, predicted = 90.20 /0.
iii) The 17:83 ratio: obtained = 88.59/0, predicted = 90.70/o.

The data listed in Table 2 can therefore be used confidently for predic-
tion of the digestibility of the protein mixture for any combination of
any two of the products investigated. On the basis of these data we can
estimate, for example, the digestibility of the various “proteins” in un-
supplemented form as gluten = 97.6; lysine = ca. 1000/o: milk protein
= 92.50/0; potato protein = 80.70/0; egg protein = 91.40/0; PVM pro-
tein = 87.79/o; Pro Nutro protein = 82.80/0;and maize protein (average
of 3 values) = 91.99/o.

The effects of combining pairs of proteins from different sources on
biological utilization of the absorbable fraction of the dietary protein
(the assimilability of the absorbable fraction) are shown in Figures 2 to 6.
The broken lines in these Figures represent the changes due merely to
the increase in the level of one protein of a specific quality and simulta-
neous decrease in the level of another protein of another quality. The
broken lines, therefore, show the relationships to be expected had there
been no interaction in respect of nutritive value between the two proteins
when combined in a single mixture.

Because, with the exception of the lysine, the supplements were
generally of higher quality than the supplemented proteins, the broken
lines mostly have positive slopes, the latter varying in magnitude ac-
cording to the quality of the protein supplement.

It can be seen, however, that most of the data obtained suggest
assimilability figures which exceed the values suggested by the straight-
line relationship represented by the broken lines. The above difference
indicates the effect of an essential amino acid complementation varying
in nature and magnitude according to the types and quantities of the
materials combined to obtain a particular series of mixtures.

One of the most informative sets of results is that obtained in the
maize + milk protein series (Figure 2). This case represents supple-
mentation of a poor-quality cereal protein with a high-quality animal
protein, having both an additive and a complementary effect; the broken
line has a steep, positive slope, and there is a substantial difference
(indicated by the shaded area) between values expected and values
obtained. It can also be seen that, in this case, mutual complementation
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FIGURE 2

Effect on protein assimilability of combining maize and milk proteins. "The shaded
area indicates gains due to a complementary effect and the broken line the values to
be expected in absence of a complementary effect

is obtained: maize protein quality is improved through addition of milk
protein, and milk protein is improved through the addition of maize
protein. There is also a point of optimal complementation at about maize
N:milk N = 27.1:72.9. At the optimal N:N ratio a protein mixture is
obtained of an assimilability equal to that of egg protein. At this point,
the gain due to complementation is about 360/o of what would be
obtained in an assimilable protein, had there been no complementation
or had the two proteins been fed separately in comparable amounts.

The gluten + lysine pair (Figure 3) shows certain points of correspon-
dence with the maize + milk pair. This combination can also be con-
sidered a case of mutual complementation because the point of optimal
assimilability exceeds both of the values suggested by the data for the
two components separately; it can be said that the lysine complements
the gluten, and the gluten complements the lysine. I comparison with
the maize + milk combination, lysine did, however, not have an additive
effect, because it represents the case of a single amino acid which, when
fed alone or in excess of what is needed to complement the protein in
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question, has an assimilability of zero. As is shown in the Figure, addi-
tions exceeding the optimal supplementation level, therefore have a
“diluting” or assimilability-diminishing effect. The ability of lysine to
improve the assimilability of the gluten is thérefore limited, but it is
nevertheless impressive in the sense that supplementation at a lysine
ni7tr(/)gen level of less than 30/o caused assimilability to rise from 34 to
570/o0.

100

| GLUTEN + L-LYSINE

Observed relationship:
sal Y = 57.4 +8.51(X~-2.76) , X<= 2.76
Y = 57.4 «B.61(X-2.76) , X > 2.76

1%}

%)

0

Expected relationship in the
absence of interaction:-

ASSIMILABILITY(1488]) (Y

LYSINE NITROGEN IN MIX (X ; %)

FIGURE 3

Effect on protein assimilability of combining gluten and L-lysine. The shaded area
indicates gains due to a complementary effect and the broken line the values to be
expected in absence of a complementary effect

Egg protein supplementation of potato added to, and also comple-
mented potato protein in terms of assimilability (Figure 4). The match,
however, appears to be a one-sided affair, as potato protein did not
improve egg protein assimilability. The results therefore do not support
Kofranyi’s claim (3) that there is a combination of egg and potato protein
which is more assimilable than egg protein alone. It is, however, interesting
to note that the point of optimal N:N ratio of 530/0 egg nitrogen in the
mixture obtained in the present study, corresponds closely to Kofrdnyi’s
470 /0 as obtained in trials with human subjects.
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FIGURE 4

Effect on protein assimilability of combining potato and egg protein. The shaded area
indicates gains due to a complementary effect and the broken line the values to be
expected in absence of a complementary effect

The assimilability of the protein in the CSIR’s PVM supplementary
food mixture was found to be approximately the same as that of milk
(Figure 5). These proteins were, therefore, equal in additive effect, but
the complementary effect on maize protein of PVM was, less than that of
milk protein. The average complementary gain represented by the shaded
area in Figure 4 is about 550 /o that represented by the corresponding area
in Figure 2.

The results summarized in Figure 6 (maize + Pro Nutro protein) exem-
plify a combination in which the additive effect was small (on account
of the relatively low assimilability figure obtained for the supplement per
se), while no significant complementary effect could be detected. Absence
of a complementary effect was probably due to prior inclusion of cereal
protein in the production of the supplement in question.

Equations given in Table 2 on digestibility, and those recorded in the
graphs on assimilability (Figures 2-6), can obviously be used to estimate
all the various parameters pertaining to protein value (digestibility, as-
similability, net utilization (NPU) and assimilable protein contents (NPV))
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Effect on protein assimilability of combining maize and PVM protein. The shaded
area indicates gains due to a complementary effect and the broken line the values to be
expected in absence of a complementary effect

at any given combination of the two products in question. Such data
fumish a rational basis for evaluation of protein supplements relative to
the cost, which should involve consideration not only of the protein
content, but also of its inherent nutritive value (the additive effect) and
the prospect of a favorable interaction between the supplementary and
supplemented protein (the complementary effect). It is scientifically
unsound to compare protein supplements solely on the basis of cost per
unit protein content since inherent protein assimilability and comple-
mentary effect can vary substantially from one combination of proteins
to another.
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Effect on protein assimilability of combining maize and Pro Nutro protein. The data
represent a case in which there was no complementary effect and only a small additive
effect in terms of protein quality
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RESUMEN

SUPLEMENTACION DE LA PROTEINA DIETARIA: CONSIDERACIONES
FUNDAMENTALES Y EJEMPLOS DE APLICACION PRACTICA

La utilizacién bioldégica de la proteina dietaria, el mas costoso de los nutrientes
requeridos por el organismo, sigue siendo un tépico de importancia, particularmente
para los paises del Tercer Mundo, donde los abastecimientos proteinicos frecuente-
mente son limitados. Como medio de incrementar la ingesta de proteina, a menudo se
utiliza la suplementacion con proteina de cereales y otros productos alimenticios.
Esa suplementacién no sélo aumenta la ingesta de dicho nutriente, sino que a menudo
también induce cambios en la utilizacion fisiolégica del componente proteinico de la
mezcla resultante.

El autor investigé la naturaleza de esos cambios en cuanto a la asimilabilidad de la
proteina, como resultado de cambios escalonados en las proporciones de ciertas pro-
teinas que, en combinaciones por pareja, se incorporan a mezclas simples. Empleé
para el caso un método biolégico actualizado de evaluacion del valor nutricional de la
proteina.

Se presentan datos con base en los cuales es factible estimar la digestibilidad y/o
asimilabilidad del componente proteinico de una mezcla dada. Por ultimo, el autor
sefiala la necesidad de evaluar alimentos ricos en proteina y suplementos proteinicos,
no sélo en términos de su contenido de proteina en relacion al costo, si no también
del valor nutritivo inherente, y de su efecto complementario.
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EFECTOS ADITIVOS DE LA MALNUTRICION PROTEINICA Y
DEL CORTISOL EN LAS PROTEINAS PLASMATICAS E
INMUNOGLOBULINAS DE RATAS GESTANTES, Y SUS

NEONATOS

Emilia Mufioz-Martinez' | Ascencion Marcos?, Pilar Varela®,
Maria Teresa Unzaga® y Gregorio Varela*

Departamento de Fisiologia Animal, Facultad de Farmacia,
Universidad Complutense
Madrid, Espana

RESUMEN

La presente investigacién se llevé a cabo con el objeto de determinar las conse-
cuencias de la adicion de dos mecanismos inmunosupresores: malnutricion proteinica
y cortisol, en la unidad materno-fetal. Se estudiaron asi los niveles plasmaticos de Ig G
e Ig M en ratas gestantes malnutridas y tratadas con cortisol (0.5 mg/100 g peso) du-
rante la gestacion, asi como en sus neonatos. Por otro lado y con el fin de evaluar el
estado nutricional, se determinaron también los parametros ponderales, juntamente
con las proteinas plasmdticas y sus fracciones en las madres y en sus crias.

El déficit nutricional se confirmoé mediante la disminucién de los pardmetros pon-
derales y de las proteinas plasmaticas en las madres y en sus neonatos. El cortisol dis-
minuyé los parametros ponderales en los animales control e incremento las proteinas
plasmaticasen el grupo malnutrido. Al parecer, la malnutricién proteinica determina
una menor funcionalidad de los linfocitos B, puesto que se produjo un descenso en
las tasas de Ig G e Ig M plasmdticas. Sin embargo, la Ig M neonatal se incrementd, lo
que aparentemente pudo ser consecuencia de la aparicion de infecciones concomitan-
tes. Por su parte, el cortisol indujo una deficiencia inmune humoral, tanto en las ratas
madres control como en las malnutridas, con descenso en los niveles plasmaticos de
Ig G e Ig M. No obstante, la hormona parecié aumentar la susceptibilidad a la infec-
cién en los recién nacidos, especialmente en los procedentes de madres malnutridas,
ya que en estas condiciones se suscité un aumento de Ig G e Ig M.
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INTRODUCCION

La relacién tridimensional entre malnutricién, inmunidad e infeccién
ha sido puesta de manifiesto en los tltimos afios, en el sentido de que la
desnutricion determira una mayor susceptibilidad a la infeccién a través
de una menor capacidad inmunolégica humoral.

Stiehm (1), Alvarado y Luthiringer (2) y Neumann et al. (3) sefialan
que el nimero de linfocitos B no varfa en la malnutricién protefnica.
Ajeno a ello, tanto los niveles séricos como la sintesis y el metabolismo de
las inmunoglobulinas, pueden presentarse normales o incrementados.

No obstante, en nifios con marasmo y en edades comprendidas entre 0
y 2 afios, coexisten bajos niveles de globulinas gamma, junto con estados
infecciosos (4). .

Por otra parte, la malnutricién intrauterina y las infecciones afectan
significativamente la morbilidad y mortalidad de los nifios al momento del
nacimiento. Asf, Faulk (5) sefiala la aparicién de un bajo nivel de Ig G en
nifos con malnutricion prenatal, a consecuencia de una reduccién en su
transferencia materno-fetal.

La importancia de la menor capacidad inmunoldgica de estos nifios
que nacen con retardo en el crecimiento, ocasionada por el déficit nutri-
cional, es el incremento en la susceptibilidad a la infeccion. Esta altima
contribuye al aumento de la mortalidad infantil, especialmente en estos
primeros momentos de la vida.

Por otra parte, diversos autores (6, 7) han sefalado la utilizacién de
glucocorticoides en terapéutica a fin de facilitar la maduracion de tejidos
fetales en desarrollo. No obstante, en trabajos previos se han observado
factores de riesgo (8) en el uso de estas hormonas.

En este sentido también, Kenney et al. (9) indican el papel inmunosu-
presor del cortisol.

Todo ello nos llevé a estudiar los niveles plasmaticos de IgGe IgMen
ratas gestantes sometidas a malnutricién proteinica y tratadas con cortisol
durante el periodo de la gestacion, asf como en sus neonatos. El proposi-
to fue establecer cudles son las consecuencias de la adicion de estos dos
mecanismos inmunosupresores: cortisol y malnutricién, sobre el binomio
materno-fetal en el momento del parto.

Asimismo, se acordé evaluar el estado nutricional mediante el estudio
de los parametros ponderales y determinar las proteinas plasmaticas y
sus fracciones en las ratas gestantes y sus neonatos.

MATERIAL Y METODOS

Se utilizaron 40 ratas gestantes de la raza Wistar, con un peso inicial
de 160 * 10 g, asi como sus neonatos. Las ratas gestantes se dividieron en
dos lotes: 1) Control, alimentado con una dieta al 100/o de proteina
(casefma + DL-metionina) y 2) Malnutrido, que recibié una dieta al 40/o
de proteina (caseina HDL-metionina). Las dos dietas utilizadas eran isoca-
I6ricas entre si (Tabla 1) (10). A su vez, cada lote se dividio en dos gru-
pos: A) Grupo Testigo, al que se administr6 (s.c.) una solucion salina 0.1
mt/100 g peso/dia, y B) Grupo Problema, el que recibié (s.c.) una dosis
terapéutica de 0.5 mg acetato de hidrocortisona/100 g peso/dia (11).
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TABLA 1

COMPOSICION TEORICA DE LAS DIETAS

Lote
Ingredientes Control Malnutrido
Caseina 9.80 3.80
Aziicar 38.02 41.02
DL-metionina 0.20 0.20
Almidén 38.02 41.02
Celulosa 5.00 5.00
Aceite de oliva 5.00 5.00
Aceite de girasol ' 0.50 0.50
Corrector mineral® 3.34 3.34
Corrector vitaminico® 0.12 0.12

1 El corrector mineral contiene (g/100 g dieta): yoduro potasico, 0.029; sulfato de
cobre, 5H,0 2.472; fluoruro sédico, 0.2431; sulfato de manganeso, H, O, 16.92;
sulfato ferroso, TH, O 19.904; carbonato magnésico, 76.978; sulfato magnésico,
TH, 0 225.0; fosfato bicdlcico, 1476.03; fosfato dipotasico, 359.92; carbonato
calcico, 412.40; carbonato de zinc, 2.556; bicarbonato potasico, 610.34; oxido de
cromo, 0.048; seleniato de sodio, 0.024, y cloruro sédico, 141.10.

2 El corrector vitaminico contiene (g/1000 g dieta): colina, 1111; dcido félico,
1.11; niacina, 22.22; pantotenato cdlcico, 8.88; riboflavina, 3.33; tiamina, 4.44;
piridoxina, 6.60; cianocobalamina, 0.055; vitamina A, 4444.44 U. I.; vitamina D,
1111.11 U. L; vitamina E, 33.33 U. 1., y menadiona, 0.055.

Los animales se sometieron a un periodo de adaptacién a ambas die-
tas, durante una semana. Con el fin de obtener las ratas gestantes, se
procedié al cruce de los animales de cada lote, para lo cual se alojé un
macho con dos hembras, comprobando la fecundacién por aparicién de
esperma en la vagina.

A lo largo del perfodo experimental (21 dias), los animales fueron
instalados en jaulas metabdlicas individuales, ubicadas en una habitacion
termorregulada (230C) e iluminada de 08 a 20 horas.

Durante todo el experimento se suministro agua y dieta ad libitum,
controlando diariamente la ingesta y el peso.

Los parimetros determinados fueron: Ig G e Ig M, segiin el método
de Neumann et al. (12) modificado, en plasma de ratas gestantes al mo-
mento del parto, y de sus neonatos. Asimismo, con el objeto de evaluar
su estado nutricional, se estudiaron los siguientes pardmetros ponderales:
pesos pre y post-parto de las madres, ast como peso individual del neonato
y de la camada. Ademds, se determinaron las proteinas plasmaticas (13) ¥
sus fracciones en el plasma de las ratas gestantes y de sus neonatos, dentro
de las cuatro horas inmediatamente después del parto.

Los resultados se expresan como valores medios * EE. El tratamiento
estadistico se realiz6 mediante el test de la ““t” de Student (4). La proba-
bilidad menor de 0.05 se considera significativa.
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RESULTADOS Y DISCUSION
Efecto de la Malnutricion en Ratas Gestantes Testigo

El cuadro de malnutricién protemica se pone de manifiesto en la ma-
dre gestante por la pérdida del peso pre-parto, en relacién a las ratas con-
trol, lo que conduce a su vez a la carda del peso post-parto (Tabla 2). El
déficit proternico condiciona, pues, el desarrollo normal de la gestaciéon
en la rata, ya que ésta no puede almacenar sustratos al mismo nivel que las
ratas bien alimentadas. En concordancia con lo expuesto, Morgan y
Naismith (15) sefialan el descenso ponderal en ratas gestantes malnutridas.

Asimismo, y como consecuencia de este estado nutricional, se observa
un claro descenso del nivel de proternas plasmadticas totales y sus fraccio-
nes (Tabla 2). De acuerdo con Lunn et al. (16) es la disminucién de la
albuminemia el fndice mds significativo del déficit protefnico. Segun
Golden (17), este descenso es consecutivo a la pérdida de la capacidad de
sintesis de albumina hepdtica en tales circunstancias.

Ademds, l1a tasa de < y (3 globulinas disminuye por efecto de !a malnu-
tricion. Ello podria relacionarse con un posible descenso de varias pro-
tefnas de fase aguda que, como la proterna C reactiva, puede tener una
significacién inmunopatolégica (18).

El efecto de la malnutricién proteinica resulta ser un proceso alta-
mente selectivo, puesto que junto con la disminucion de los niveles de
albumina, se produce el mantenimiento de la tasa de globulinas gamma.
Cohen y Hansen (19), también seiialan que la distribucién y el “turnover”
de las globulinas gamma no se afectan en nifios con kwashiorkor libres de
infecciones.

A pesar de ello, tanto la Ig G como la Ig M de las ratas malnutridas se
presentan claramente disminuidas frente a las ratas control, lo que parece
sefialar la existencia de una hipofuncién de los linfocitos B en las madres
malnutridas que, a su vez, puede comprometer el paso de IgG al feto (5).
Este resultado nos hace suponer que son otra clase de inmunoglobulinas
las que mantienen la tasa global de las globulinas gamma.

Por otra parte, los bajos niveles de Ig G e Ig M encontrados, también
sugieren la inexistencia de procesos infecciosos en las madres deficientes,
ya que el aumento de las mismas parece ligado a una reaccién humoral
contra antigenos bacterianos (20). Por consiguiente, tinicamente parece
producirse el efecto de deplecion causado por la dieta.

Efecto del Cortisol en Ratas Gestantes Control y Malnutridas

El efecto catabolico del cortisol sobre la proteina extrahepdtica se
manifiesta en las ratas gestantes control, mediante la disminucion de los
pesos pre y post-parto, indicativo del efecto negativo que la administra-
cion de glucocorticoides tiene durante la gestacion.

Sin embargo, las madres malnutridas no sufren modificaciones ponde-
rales por accion del cortisol (Tabla 2), lo que sefiala que la interaccién
malnutricién protefnica-cortisol impide la accion catabélica del esteroide.
En este sentido, Millward et al. (21) indican que la actividad del RNA se
mantiene, e incluso se incrementa cuando se administra corticosterona a
ratas malnutridas.



TABLA 2

EFECTO DE LA MALNUTRICION Y DE LA ADMINISTRACION DE CORTISOL SOBRE LA TASA DE PROTEINAS
E INMUNOGLOBULINAS PLASMATICAS EN RATAS GESTANTES AL MOMENTO DEL PARTO

Lote

Control

Grupo testigo

Grupo problema

Peso pre-parto (g)

‘Peso post-parto (g)

Proteinas totales (mg/100 ml)
Albumina (mg/100 ml)

o =globulinas (mg/100 ml)
{3-globulinas (mg/100 mi)

¥ «globulinas (mg/100 ml)

Ig G (ug/100 ml)

Ig M (ug/100 ml)

268.80+ 275
199.00+ 5.09
6.61% 0.14
2,72+ 0.11
1.71+ 0.09
1.00x 0.05
0.56+ 0.06
344.04 % 48.57

379.20* 98.35 .

225.25+ 8.27%
181.83+ 6.29%
6.08% 0.13
2608t 0.11
1.64% 0.09
1.21+ 0.07*
052% 0.64
281.40 * 65.33*
171.09+ 25.70%

Malnutrido
Grupo testigo Grupo problema
202.05 + 4.25% 19493+ 3.47
161.66 + 4.73* 159.01+ 4.15
4.76* 0.18% 554t 0.28%*
2.11+ 0.15% 2.26% 0.15
1.07 £ 0.09* 1.12% 0.09
0.78 % 0.06* 1.23* 0.07**
0.80% 0.09 0.90% 0.07
229.80% 0.14% 175.36 % 23.98%*
76.68 £ 0.03* 37.35% 4.48%*

Valores medios de 10 animales + EE.

*  Indica diferencias significativas entre el grupo problema y el testigo del Lote Control (efecto del cortisol con dieta control) y entre
los grupos testigo de ambos lotes (efecto de la malnutricion).
** Indica diferencias significativas entre el grupo problema y el testigo del Lote Malnutrido (efecto del cortisol con la dieta deficiente

en proteina).
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Ajeno a ello, el cortisol induce el incremento de la tasa de protefnas
totales en los animales malnutridos, mientras que no ejerce efecto alguno
sobre los controles (Tabla 2). Ello podrfa indicar que la malnutricién pro-
tefnica favorece el incremento de la stntesis de RNA hepdtico, provocada
por los glucocorticoides (22).

Ademds, tanto en las ratas gestantes como en las malnutridas, el corti-
sol determina un aumento en la tasa de globulinas beta, sin modificar el
resto de las fracciones. Este resultado esdebido, quizis, a la elevacién de
la tasa de beta-lipoprotefnas, que podrria estar ligada a un posible incre-
mento en la sintesis protefnica lipidica hepdtica. A este respecto, Hender-
son, Fischel y Loeb (23) hacen notar la aparicién de una mayor sintesis de
protefnas y Ifpidos en el higado de animales tratados con cortisol.

No obstante, tanto en los animales control como en los malnutridos, el
efecto inmunosupresor del cortisol (9, 24) origina un profundo descenso
de ambas inmunoglobulinas estudiadas, Ig G e Ig M, depletando la capaci-
dad humoral de estos animales. Bien podrfa ser que este hecho se debiese
a la accién linfolrtica del cortisol, principalmente a nivel de los linfocitos
B (25).

En el caso de las madres gestantes malnutridas, la administracién de
cortisol supone un efecto inmunosupresor adicional, que se une al provo-
cado por la accién del déficit proteinico dietario.

Efecto de la Malnutricion en Neonatos Testigo

Segtin se aprecia en la Tabla 3, la dieta del 40/0 de proteina no modi-
ficé el peso individual de los neonatos, en relacion al de las control. Sin
embargo, el déficit nutricional se observé mds claramente en el peso de la
camada, ya que a consecuencia del menor ntimero de neonatos por cama-
da, el descenso ponderal del conjunto llegé a ser de 6490 /o respecto al
control. '

En este caso, por lo tanto, no podemos hablar de retraso en el creci-
miento neonatal, si se tiene en cuenta sélo el peso individual, aun cuando
el déficit protefnico no permite el desarrollo normal del nimero de neo-
natos. De acuerdo con lo expuesto, Zeman y Stanbrough (26) notifican
un descenso tanto del peso corporal como de diversos 6rganos de ratas
recién nacidas, a consecuencia de la malnutricién prenatal.

Ahora bien, el estado de malnutricién también se manifiesta por la
disminucién en la tasa de proteinas plasmdticas totales y de sus fracciones
(Tabla 3). Bien podrfa ser que este resultado se hubiese debido a la menor
cantidad de aminodcidos transferidos por la madre en estas circunstancias,
impidiendo el mantenimiento de la sintesis protefnica hepdtica a nivel
control, la cual aparece muy elevada al momento del nacimiento, segin
afirma Miller (27).

Anderson y Altmann (28) también encontraron bajos niveles de albu-
mina en nifios con kwashiorkor, aunque los valores de las globulinas
gamma fuesen normales o estuviesen incrementados, como resultado de la
existencia de infecciones asociadas.

Por otro lado, la malnutricién prenatal origina un incremento en la
tasa plasmdtica de Ig M en los neonatos, ya que esta inmunoglobulina no
se detecté en los neonatos control, mientras que la tasa de Ig G no fue mo-
dificada.



TABLA 3

EFECTO DE LA MALNUTRICION Y DE LA ADMINISTRACION DE CORTISOL PRENATAL SOBRE LAS PROTEINAS

E INMUNOGLOBULINAS PLASMATICAS EN NEONATQS

Lote

Malnutrido
Grupo testigo Grupo problema Grupo testigo Grupo problema -
Peso camada (g) 55.96 +2.57 39.87 + 4.43% 85.71 £ 1.56* 31.10 £2.26
Peso individual neonato (g) 5.37£0.53 490+ 0.11 4,70 £ 0.06 4.76 +0.96
Nimero neonatos/camada _ 10.50 £ 0.84 8,16+ 0.67* 7.62 +0.42% 6.53 £0.60
Proteinas totales (mg/100 ml) 1.96 £ 0.26 1.89 % 0.19 0.94 +0.13* 1.47 £ 0.14%*
Albumina (mng/100 ml) 1.04£0.17 091t 0.08 0.42 £ 0.07* 0.66 £ 0.06%*
<« -globulinas (mg/100 ml) 0.40 £0.03 045+ 0.08 0.21 £ 0.02% 0.29 £ 0.03
{3-globulinas (mg/100 mi) 0.31 +0.06 028 £ 0.03 0.16 £ 0.03* 0.27 £ 0,03%*
¥ globulinas (mg/100 mi) 0.19 £0.03 022 0.05 0.11 £ 0.02* 0.20 £ 0.04**
Ig G (ug{100 ml) 81.70 +4.79 75.60 £ 15.80 91.40+0.28 104.09 +2,89%*
Ig M (ug/100 ml) - - 38.07+ 4.29* 16.62 £ 0.34% 29.48 + (0.34%*

Valores medios de 10 animales * EE,

*  Indica diferencias significativas entre el grupo problema y el testigo del Lote Control (efecto del cortisol con dieta control) y entre

los grupos testigo de ambos lotes (efecto de la malnutricién).

** Indica diferencias significativas entre el grupo problema y el testigo del Lote Malnutrido (efecto del cortisol con la dieta deficiente

en proteina).
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Ello significa que, al parecer, la tasa de Ig G neonatal transferida pasiva-
mente a través de la placenta, no estd afectada por el déficit proternico, a
pesar de su descenso en el plasma de las ratas gestantes malnutridas.

No obstante, Chandra (29) comunica que los nifios con retardo de
crecimiento por malnutricién intrauterina, tienen bajos niveles de Ig G,
a consecuencia de una menor transferencia placentaria. Podemos sugerir
que en nuestro caso, podrfa existir alguna subclase especffica de Ig G que
se encontrara disminuida en la madre, mientras que la transferencia del
resto de subclases de Ig G no se afectan.

De acuerdo con lo que antecede, Chandra (30) también indica que el
transporte de Ig G, se afecta en mayor medida que el de Ig G, cuando la
funcionalidad placentaria se reduce. Ademis, hay que considerar que la Ig
G, significa aproximadamente el 65°/o del total de 1a Ig G (1).

Por otra parte, estudios clfnicos en humanos han relacionado las bajas
tasas de Ig G con disminucién en el peso al nacimiento, o bien con el
menor tamaiio de los fetos para la edad gestacional (30,31).

A este respecto, cabe sefialar que el grado de malnutricién alcanzado
por nosotros no produce retraso en el crecimiento neonatal por individuo,
hallazgo éste que se correlaciona con el mantenimiento de las tasas de Ig
G en el recién nacido. No obstante, como ya se describi6, sf incide profun-
damente en la funcién inmunolégica humoral de la madre.

Ajeno a ello, los altos valores de Ig M indican la existencia de un pro-
ceso infeccioso en los neonatos malnutridos, que induce la sintesis de
esta protefna por parte del recién nacido, ya que esta inmunoglobulina no
atraviesa la placenta (15,32,33). Esto parece confirmar el incremento de
la susceptibilidad a la infeccién originada por el déficit protefnico.

De acuerdo con lo mencionado, Stiechm (1) subraya que la presencia
de altos valores de Ig M o de anticuerpos especificos Ig M en el recién
nacido, puede utilizarse en el diagnéstico de infeccién intrauterina.

Efecto del Cortisol en Neonatos de Ratas Control

El cortisol origina un efecto de depauperacion en el peso de la camada
de las ratas gestantes bien alimentadas, que llega a ser 299/0 mayor que
los valores testigo. No obstante, como lo indica la Tabla 3, el peso indivi-
dual de los neonatos no se modifica por efecto del glucocorticoide.

Este hecho es consecuencia directa de la accién catabdlica de dicha
hormona sobre la madre gestante, disminuyendo la transferencia de sus-
tratos al feto, e impidiendo, por lo tanto, una sintesis y depésito proteini-
co a nivel de los neonatos no tratados (34).

No obstante, no se observan variaciones en las tasas de protefnas plas-
mdticas totales y sus fracciones, ni en el nivel plasmidtico de Ig G de los
neonatos (Tabla 3). Ello parece indicar que el cortisol no afecta la trans-
ferencia de Ig G placentaria en animales gestantes bien nutridos, a pesar
de las bajas tasas de esta inmunoglobulina en la sangre materna.

Ahora bien, la aparicién de Ig M en el plasma de estos recién nacidos,
induce a pensar que pese a su buena nutricién, parece existir un proceso
infeccioso intrauterino que puede estar facilitado por la menor capaci-
dad de defensa materna producida por la hormona.
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Efecto del Cortisol en Neonatos de Madres Malnutridas

La interaccibn malnutricién proternica-cortisol no afecta los pari-
metros ponderales de los neonatos, manteniéndose a nivel de sus testigos.
Ello estd en consonancia con la invariabilidad en el peso de las madres
gestantes de este mismo grupo, segiin se aprecia en la Tabla 3. )

Los niveles de protefnas plasmdticas totales, albamina, § y ¥ globuli-
nas, sin embargo, aparecen incrementados.

A estos mismos datos llegan Silber y Porter (35) en ratas con baja
ingesta protefmica y adrenalectomizadas, tratadas con acetato de hidro-
cortisona.

A nuestro juicio, tanto la elevacién de las § como de las & globulinas
podrfa relacionarse con el incremento encontrado en las tasas de Ig M
e Ig G, por su pertenencia respectiva a ambas fracciones de globulinas.

El aumento en la tasa de Ig G puede proceder de una mayor facili-
taci6n del paso de esta inmunoglobulina a través de la placenta, lo que
contribuirfa a reducir la tasa de estas proteinas en el plasma matemo.

Podrfamos pensar que el cortisol induce un mayor flujo de Ig G al
neonato, quizd por existir en éste un proceso infeccioso. De hecho, el
incremento en la tasa de Ig M parece depender del aumento en la sinte-
sis end6gena de Ig M neonatal, en respuesta a un agente bacteriano.

Por lo tanto, parece ser que el agregado de los efectos de la malnu-
tricién proternica y el cortisol incrementan la susceptibilidad de la infec-
cién en los neonatos y obligan a las células B a una respuesta inmediata.
Este mecanismo es mds acentuado que el que se suscita en los animales
que tienen suficiente aporte proteinico en la dieta materna.

SUMMARY

ADDITIVE EFFECTS OF PROTEIN MALNUTRITION AND CORTISOL
ON PLASMA PROTEINS AND IMMUNOGLOBULINS OF RAT DAMS,
AND THEIR OFFSPRING

This research work was carried out to study the effects of two immunosuppressive
mechanisms: protein malnutrition and cortisol treatment on the feto-maternal unit.
Therefore, plasma Ig G and Ig M levels were tested in pregnant rats submitted to a
low protein diet (4°/o) and cortisol treatment (0.5 mg/100 g b.w.) during pregnancy
and in their offspring.

Nutritional status was evaluated by measuring ponderal parameters and plasma
protein levels in rat dams and their neonates. Thus, a fall in ponderal parameters and
in plasma protein levels was observed, both in rat dams suffering protein malnutrition
as well as in their newborns. Cortisol treatment produced a decrease in the ponderal
parameters of the control group, and an increase in plasma protein levels of the mal-
nourished one, both in rat dams and in their neonates.

Apparently, protein malnutrition might lead to a low functionality of B lym-
phocytes, caused by a decrease in Ig G and Ig M rates of malnourished rat dams.
Ig M levels, however, increased in neonates as a consequence of possible concomitant
infections.

Cortisol treatment promoted humoral immune deficiency, since Ig G and Ig M
levels decreased both in the control and in the malnourished pregnant rat groups.
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Nevertheless, cortisol administration seemed to increase susceptibility to infection in
the newboms, especially in those born from malnourished rat dams.
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SUMMARY

The antimicrobial ability of the lactoperoxidase system was increased by the
addition of larger amounts of the thiocyanate and hydrogen peroxide at levels above
those suggested by other authors. Results of laboratory and field trials revealed that
the potentialized system was able to preserve poor-quality raw milk for longer periods
of time, at “tropical” temperatures, than when used as recommended previously. It
was possible to preserve some milks at 200C for more than one day, without
diminishing their overall quality. At 360C, the milks did not show acidity develop-
ment for about 10 hours. Tests conducted under real collection and transportation
conditions validated these findings. It was therefore proved that the system can be
used practically and that its bactericidal /bacteriostatic effect on the spoilage flora of
milk can be increased in order to overcome the particularly adverse conditions of milk
handling in the tropics.

INTRODUCTION

Preservation of raw milk in some tropical regions poses a number of
difficulties, mainly in its handling and transportation process, from the
farms to the processing or consumption sites. Those transportation
periods vary from 2 to 8 hours, or even longer. Milk producers of the
tropics in developing countries usually do not count with an adequate
infrastructure for the appropriate handling of raw milk. This situation
forces producers to find methods for raw milk preservation, the addition
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of products that represent a potential public health hazard, for example,
formaldehyde, antibiotics and others (1). Due to the fact that in the short
run it is not possible to foresee an immediate technification of the milk
handling procedures, it becomes necessary to look for alternative preserva-
tion technologies. These technologies should be capable of protecting
raw milk from spoilage for periods long enough to assure its safe handling
from the farm to the processing plant. They must be simple to use, and
not pose any kind of hazard for the consumer.

The basics of the lactoperoxidase/thiocyanate/hydrogen peroxide (LP
system) have been covered during the past years (2-10). Through previous
research, it has been established that in order to activate the system, the
natural content of thiocyanate (SCN™) in milk should be raised to 0.25
mM/It, with the subsequent addition of the equimolar amount of hydrogen
peroxide (H; O2) (5, 11). The enzyme will then carry one oxygen molecule
from the H, O, to the SCN~, which is converted mostly to OSCN™, a
bacterial inhibitor that is more effective against gram-negative and
pathogens than the use of lactic bacteria.

The purpose of the work herein presented was to prove that the anti-
microbial power of the LP system can be increased by raising the SCN™
and H, 0, levels in equimolar proportions, since the enzyme is not
limiting.

MATERIAL AND METHODS

Our research work was carried out in two stages, first under tempera-
ture-controlled laboratory facilities, and second in field trials, working in
collaboration with a 20,000 1t/day milk pasteurization plant.

For the first study (12), fresh raw milk was obtained from “La Posta”
Animal Research Center located 18 km from Veracruz, with mechanical
milking and a mixed Holstein-Brown Swiss herd. Fresh milk was taken to
the laboratory in clean containers, at ambient temperature, within 60
minutes following milking. At the laboratory, samples were analyzed for:
titratable acidity (T.A.), pH and standard plate count (SPC}, according to
the Standard Methods for the Examination of Dairy Products (13). The
level of SCN- naturally present in each milk was also determined as fol-
lows: to 10 ml aliquots of the milk, 10 ml of 200/o trichloroacetic acid
were added; the mixture was then centrifuged at 3,000 rpm for 10
minutes, and the supernatant filtered through Whatman No. 2 filter paper;
‘5 ml of the Sorbo reagent (100 g of Fe(NO;), .9H, O dissolved in 650/0
HNO; ) were added to 1 ml of the filtrate, and taken to 1 It (with distilled
water); the mixture was allowed to stand for 4 min and its absorbance
read at 460 nm in a Carl Zeiss PM 2K spectrophotometer. Once the SCN™
level of the milk was known, the LP system was activated in duplicate
samples at the 1X, 2X, 3X, 4X and 5X potencies, defining potency 1X as
the concentration of SCN™ and H, O, of 0.25 mM/it, 2X to 0.50 mM/It,
and so on. The SCN™ and H, O, levels were fixed by direct addition from
stock solution of NaSCN, and prepared fresh daily from 300/o H, O,
(both Baker, A. R.). The remaining H, O, was monitored with TiCl,, by
the method of Ferrier, Olson and Richardson (14). The LP-treated milks,
along with their respective controls were stored in laboratory incubators
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set ai. 20, 24, 28, 32 or 36 £ 0.50C. Their deterioration was followed at
regular intervals until spoilage was evident.

The second study (15) was carried out under actual conditions of milk
collection and transportation used by a milk pasteurization plant located
in the county of Veracruz. Each of the four collection routes (A, B, C
and D) was studied in terms of time required for the milks to reach the
plant, and temperatures at which the milks arrived. At the plant, at least
20 samples of each route were analyzed for their SCN™ content to deter-
mine an average for each route. Later, additions of SCN™ and H, O,
were calculated and performed at the collection points, using stock solu-
tions of the reagents, prepared at the plant laboratory and carried cold.
The LP system was activated first in 500 ml samples at potencies 1X to
4X. Two controls were used: one refrigerated sample with nothing added,
and one at ambient temperature wherein the chemical currently used by
the plant as preservative was added (C10,). In a second set of trials, the
system was activated in 40 1t cans at potency 3X. In both sets of runs the
milks were analyzed upon their arrival for SPC and T.A.; their tempera-
tures and transportation times were also recorded.

RESULTS AND DISCUSSION

The behavior of milks stored at 280C, which may be considered a
temperature typical of those found in the tropics,is presented in Figure 1.
The ordinate was transormed to increments in T.A., as compared to the
initial values, since this was variable, ranging from 0.14 to 0.180/0. Each
point is the average of three runs. As observed, for some treatments,
shortly after the activation, the T. A. decreased below the initial value.
This has been a common finding in previous works of our team, but has
not been reported in the literature. Although the exact origin of this
acidity loss was not determined, it is supposed to be due to the formation
of OH™ radicals or to the neutralization of hydrogen ions by reaction with
a system product or by-product.

Observing the development of T. A. of the milks activated with the
system at different potencies, it is possible to notice an inversely propor-
tional relationship between potency and rate of acidity development.
Potency 1X —which is the one recommended by researchers working in
other countries as Sri Lanka (16), Poland (17, 18), Kenya (11, 19), and
also in Mexico (20)— does have some preservation ability, but it is much
smaller than the other potencies and would not seem likely to solve the
problem of milk transportation for long periods of time at high tempera-
tures. The other potencies show that the quality of the milks could be
extended up to 14 hours. These results could appear very sound, but
considering the fact that the experiments were made with “good”
quality milk, with a standard plate count (SPC) of about 10° cfu/ml,
preservation times would surely decrease with poor-quality milks, as
those usually handled in the tropic.

The results of all the runs at the temperatures and potencies stated
above are condensed in Table 1, in terms of preservation time, defined as
the time in hours required for the T. A. to reach 0.010/0 above its initial
value. Preservation times decreased with temperature, and were minimum
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FIGURE 1

Development of Titratable Acidity in milksstored at 28°C. ) Control (] Milk
treated with the LP system at potency 1X, A\ potency 2X, @ potency 3X,A
potency 4X, [} potency 5X

at 320C which apparently, is the optimum growth temperature for the
natural flora of milk. Bjorck (11) reported preservation times for potency
1X of 7-8 hours at 300C, and 15-16 hours at 200C. It may be considered
that, although we are comparing two different experiments made in two
different countries and milks, our preservation times achieved with
potencies above 1X are much higher than hose reported previously. Based
on our data, we can further suggest that milks similar to those used in our
tests, stored at an average temperature of 200C, common in higher lands
with temperate climate, may Kkeep its original T. A. for over one day,
allowing every-other-day pick up. At 280C milks can be kept without
change for over 12 hours, and for about 10 hr at 36°C, the last two
temperatures being common in the tropics. Nevertheless, those times
should allow the producer to transport his milk to the processing plant,
where it is rapidly cooled. A strong limitation arises when the storage or
transport temperature is close to 320C, since the system is overpowered in
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TABLE 1
EFFECT OF ACTIVATION OF THE LP SYSTEM POTENTIALIZED IN RAW

MILKS STORED AT DIFFERENT TEMPERATURES (PRESERVATION
TIMES IN HOURS REQUIRED TO OBSERVE A CHANGE IN 0.010/o OF

THEIR INITIAL T.A.*)
Sample 200C 24°C 280C 320C 36°C
Control 8 6 4 4 4
1X 19 10 6 3 5
2X 27 13 14 5 -
3X 26 - 13 3 10
4X 26 23 16 6 -
5X 22 - 13 9 11

*  Dashes indicate runs not performed.

less time by microbial growth. In such a situation, a viable alternative
would be to periodically reactivate the system by the addition of H, O,
only, since the level of SCN~ is only slightly reduced.

Based on the encouraging results derived from the laboratory study, it
was decided to take the system to work in the field. From initial observa-
tions, it had been noticed that the milks were of a very poor microbiolog-
ical quality, with SPC in the range of 10°-10® cfu/ml. Other finding was
that the SCN™ content of milks from each route was variable having
detected the following values:

Route SCN™ (mM/1t)
A 0.19 £ 0.072
B 0.11 £ 0.034
C 0.12 £ 0.038
D 0.15 £ 0.063

Depending on the SCN™ content, the milk from each route was treated
differently, using its own average SCN™ concentration as the basis for
calculation of the addition of exogenous SCNT, in order to fix its levels at
those required for the different potencies. Among a number of experimen-
tal runs oneach route, Figure 2 shows the T. A. and SPC of the different
milks in experiments with 500 ml. If the original quality of the milk is
considered as the one represented by the refrigerated sample, we can see
that potencies 1X, 2X and 4X were unable to retard acid production and
bacterial proliferation. If seems clear that there is a kind of additive
effect between potency and bacteriostasis, being potency 3X apparently
the most adequate in this run, and also in most of the others. Again, the
high initial bacterial counts are noticeable, which is the hardest difficulty
to overcome with any preservation system. On the other hand, the chem-
ical of current use by the plant did not compare with any of the potencies
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Figure 2. Titratable acidity (void bars) and Standard Plate Count (solid bars)
of raw milk samples in 500 ml bottles. The milks were collected in
route C, with a transportation time of 6 hours and temperature at
arrival of;32°C.

FIGURE 2

Titratable acidity (void bards) and Standard Plate Count (solid bars) of raw milk
samples in 500 ml bottles. The milks were collected in route C, with a
transportation time of 6 hours and temperature at arrival of 320C

of the LP system, being the milk treated with C10, within the range of
T. A. observed in every day operation during the summer. In most of the
other runs, the pattern was similar, concluding, therefore, that the use of
the LP system offers a better choice.

With the system tested in all routes under different times and tempera-
tures, it was found that the potency 3X appeared to be the most adequate
for our conditions. A series of runs was made using this potency in all
routes, but in 40 1t cans, that is, the unit for regular handling of the raw
milk by the plant. An example of the 40 It runs is presented in Figure 3.
Again, the milk treated with the system was similar in T. A. and SPC to
the refrigerated sample, and better than the rest of the milk treated with
C10,. There were other runs that involved longer transportation times
and higher temperatures; in all of them, except when there was
mishandling, the LP system proved its effectiveness, yielding milks with
characteristics that still allowed their processing into pasteurized milk.

One of the important points of the work herein reported is the fact
that, providing that the plant’s chemist prepared the reagent solutions, the
truck driver was able to activate the system at the collection points,
simply by adding in order the contents of two tubes, which were carried
cold in the truck’s cabin. This proposes that, with adequate technical
supervision, there should not be any need for specialized training of the
milkhandlers.

With reference to the possible health risks for using the system, the
only concern could arise from the SCN™, which is known as a goitrogenic
agent. However, an excellent review by Reiter and Harnulv (21) depicts
the most important studies made so far on this subject. It is possible to
say that even using potency 3X —which represents a level of about
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FIGURE 3

Titratable écidity (void bars) and Standard Plate Count (solid bars) of raw milk in
40 It cans. The milks were collected in route B with a transportation time of 6 hours
and temperature at arrival of 330C

42 ppm of SCN™—, the system is not expected to indirectly pose any risk
for the consumer. The H, O, does not present any health hazard because
it fades out a few hours after its addition, since it is consumed as substrate
by the system, yielding H, O. Finally, the inhibitor formed by the reac-
tion, the OSCN™ among others, is not stable to the pasteurization treat-
ment, so there is no inhibitor remaining; in the event there were any, the
same review by Reiter and Harnulv states that it will not affect adversely
human cells or organs. Furthemmore, it has been suggested by some
researchers that the LP system exists in the mouth and may play a role
against the microorganisms responsible for oral cavities (22).

Finally, it must be strongly stressed that no chemical or biochemical
method of milk preservation should be used to substitute or mask poor
hygienic practices of milk handling, and that milks with original high
bacterial counts cannot yield good-quality manufactured products. We
propose a system that may contribute to relieve the hot problem of raw
milk preservation in warm regions of developing countries. In the medium
to long term, these regions should be able to adopt refrigerated transporta-
tion and storage for their product, along with better sanitation practices
for its handling. '
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RESUMEN

POTENCIALIZACION DEL SISTEMA LACTOPEROXIDASA PARA LA
PRESERVACION DE LECHE CRUDA EN LOS TROPICOS

Se aument6 la capacidad antimicrobiana del sistema lactoperoxidasa, mediante la
adicién de tiocianato y peréxido de hidrégeno en cantidades mayores a las sugeridas
por otros autores. Los resultados de laboratorio y las pruebas de campo revelaron que
el sistema potencializado pudo preservar leches de baja calidad microbiolégica, a tem-
peraturas “tropicales” por periodos mds largos que al usarlo como se recomienda en
la literatura. Se pudo conservar leches a 200C por mas de un dia, sin menoscabo de su
calidad general. A 360C, las leches no acusaron desarrollo de acidez durante el térmi-
no de 10 horas. Las pruebas realizadas en condiciones reales de recoleccién y trans-
porte validaron los resultados de laboratorio.

Se logré asi probar que el sistema lactoperoxidasa es viable de uso en la prictica,
* y que su poder bactericida/bacteriostdtico sobre la flora deterioradora de la leche
puede aumentarse a fin de superar las condiciones especialmente adversas que involu-
cra el manejo de la leche en los trépicos.
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. RESUMEN

Este trabajo da cuenta de un estudio sobre la eficiencia del proceso de descascara-
do de sorgo granifero, efectuado en un molino abrasivo a escala de laboratorio. Los
taninos residuales como dcido tanico y catequina equivalente, al igual que las medidas
de color de los productos, fueron determinados como parametros de control del pro-
cedimiento. Ajeno a ello, se evalué el contenido de fibra, ceniza, grasa y otras varia-
bles.

Los ensayos se llevaron a cabo a tres velocidades y a diferentes tiempos de opera-
cién. De acuerdo con los resultados obtenidos, se establecié que una velocidad de las
piedras de 1,700 rpm por el término de 12 minutos, son las mejores condiciones de
operacién. Se encontrd, asimismo, que las medidas de color de los productos consti-
tuyen el mejor método para controlar el descascarado.

INTRODUCCION

El sorgo producido en Salta es de tipo granifero, con granos de color
pardo rojizo, resistentes al ataque de los pdjaros. Estd clasificado dentro
del grupo III de sorgos, ya que posee testa pigmentada con genes B1, B2
y S (1). Este tipo de sorgos presenta un alto contenido de taninos, princi-
palmente del tipo condensados (2).

Ademds de impartirle sabor astringente, tales sustancias reducen el
valor biolégico de dietas para animales de laboratorio y domésticos, y
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ain de humanos (3), por lo que su eliminacién es necesaria a fin de dismi-
nuir o eliminar esos efectos.

La remocién de la cubierta de los granos produce un aumento conco-
mitante en la digestibilidad de las proteinas, ya que casi la totalidad de los
taninos se encuentra en el tegumento (1).

En los ultimos cinco a 10 afios, la investigacién relacionada al sorgo se
ha centrado principalmente en la resolucién del problema del descascarado
del mismo (4). Con este propésito se ha utilizado una variada gama de
procedimientos, los que en general pueden dividirse en dos grupos:

1) Descascarado por via himeda
2) Descascarado por via seca

En el primer caso, se recurre al ablandamiento de la c4scara sumergien-
do los granos en agua o en soluciones alcalinas. Luego se separa el tegu-
mento ablandado del resto del grano por lavado en corrientes de agua, y/u
otro procedimiento adecuado (5).

Si bien este método es considerado como mds eficiente que los proce-
sos en seco (5), tiene la desventaja de que parte de los pigmentos extraidos
por el liquido durante la maceracién, difunden hacia la fraccién amildcea
del grano, dando productos finales coloreados.

En los procedimientos correspondientes al segundo grupo, si bien la
eficiencia es menor, no se presentan los problemas de difusién.

En el descascarado por via seca se aplican dos principios generales:

a) Aplicacién de fuerzas de compresién, como es el caso cuando se usan
molinos a rodillos.
b) Aplicacién de fuerzas de abrasién o tangenciales, usando superficies a-

brasivas y /o cortantes (4).

Con miras a incorporar sorgo como materia prima en la elaboraciéon de
mezclas extruidas de cereales y oleaginosas, reemplazando parte del marz
—ya que su composicién proximal, perfil de aminodcidos (6) y costo lo
permiten—, se enfrento el desarrollo de su tecnologfa.

En el trabajo aqui descrito, se analizé el efecto del descascarado de
sorgo mediante abrasion, sobre el contenido de taninos, grasa, fibra,
cenizas e indice de color de los productos finales. Se determinaron, ade-
mds, las condiciones de trabajo mds apropiadas.

MATERIAL Y METODOS

El material utilizado fue sorgo granifero (Sorghum bicolor, L. Moench)
producido en la provincia de Salta, cosecha 1982-83. El descascarado se
llevé a cabo en un molino abrasivo, escala laboratorio, disefiado y cons-
truido en nuestro Instituto. El equipo, que se muestra en la Figura 1,
consta de dos piedras de carborundum de 15.2 cm de didmetro y 3.1 cm
de espesor, montadas sobre un eje horizontal, el cual gira a velocidades
ajustables y puede operarse en forma continua o discontinua. En el pre-
sente estudio, todos los ensayos se realizaron en forma discontinua, con-
troldndose el tiempo de contacto de los granos con la superficie abrasiva
y la velocidad de las piedras.
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FIGURA 1

Molino abrasivo usado en el descascarado de sorgo .

El descascarado se efectué con cargas de 800 g de sorgo, las cuales se
procesaron en etapas sucesivas, con tiempos de contacto de un minuto
hasta completar, para las distintas muestras, 4.5, 8, 12, 16 y 20 minutos.
En el caso de la muestra procesada durante 4.5 minutos, se operé en tres
periodos de un minuto y un periodo de 1.5 minutos, y en todos los casos
a cada una de las siguientes velocidades:

W = 1290 rpm
W = 1700 rpm
W = 2370 rpm

Seguidamente, los productos obtenidos se pasaron por una serie de ta-
mices, recogiéndose unicamente las fracciones retenidas en los tamices de
malla 10 y 14, mezcladas, molidas y pasadas por malla 100 de la serie
ASTM, para las determinaciones andliticas correspondientes.

Las muestras de sorgo con porcentajes determinados de descascarado
(0, 10, 20, ... 1000/0) fueron preparadas por mezclado de sorgo descas-
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carado manualmente y sorgo sin descascarar. Se usaron como patrén de
comparacién en la determinacién de la regresién lineal de descascarado y
reflexion.

El contenido de taninos de los productos se establecié mediante dos
técnicas:

1. Método de Folin-Denis (7) y modificaciones (8).

2. Método de vainillina HCl de Burns, modificado por Earp et al. (9). El
contenido de grasa, cenizas y fibra, se determiné mediante los métodos
oficiales de la AOAC (7).

Las medidas de color en términos de reflexién, en la escala lineal L, se
realizaron en un colorfmetro Hunterlab-D25 (con calibrado L = 93.1 para
el 1000/0 de reflexién) (10).

El criterio a utilizar en 1a determinacién de la eficacia del descascarado
incluye consideraciones de dos tipos:

a) En cuanto al equipo:

1. Puesta en efecto y consideraciones de trabajo

2. Consumo de potencia

3. Costos de operacién

4. Rotura de granos y porcentajes de granos recuperados

b) En lo referente a la pureza del producto, juzgada principalmente por:

1. Color
2. Porcentaje de macrocomponentes (grasa, ceniza, fibra, etc.)
3. Porcentaje de taninos

Para el estudio de nuestro equipo operando en las condiciones antes
descritas, se consideraron los siguientes pardimetros:

*  Porcentaje de granos rotos (GR) .

*  Porcentaje de producto recuperado (©/oR)

* Taninos como 4dcido tdnico equivalente (ATE), y catequina equiva-
lente (CE).

* Medidas de color por reflexién (MR)
También se determiné el porcentaje residual de grasa, fibra y ce-
nizas

RESULTADOS Y DISCUSION

Rotura de Granos

Para este anadlisis, se definié el porcentaje de granos rotos como la frac-
cién de granos que pasa el tamiz de malla 10 (ASTM). El comportamien-
to observado se muestra grificamente en la Figura 2.

A 2,370 rpm se registré un alto porcentaje de granos rotos, que superé
el 600/0, 1o que indica que a esta velocidad predomina la rotura por im-
pacto sobre el desgaste por abrasién. A 1,700 rpm la rotura de los granos



738 ARCHIVOS LATINOAMERICANOS DE NUTRICION

80 | I
310 T
70 g
7
e
L
._--_..—.—-—--l/
60 J -~
1 MU
’l; ‘\‘IQO //’
~
5
w
]
& 50 4
g
o
[=]
S
= 40 J
$o
3
8
5
e 30 +
[7a]
[=]
=
s
(3]
8 20 1
u
2
£
8 10 |
&
a

Ty v v

0 445 &6 8 10 12 14 16 18 20
TIEMPO DE DESCASCARADO (minutos) -

FIGURA 2
Porcentaje de granos rotos en funcién del tiempo a las tres velocidades de trabajo

varfa desde un 150/0 a los 4.5 minutos hasta un 609 /o a los 20 minutos.
A 1,290 rpm la rotura de los granos es atin menor, variando de 7 a 350/o
entre los mismos tiempos extremos.
Porcentaje de Producto Recuperado

Este comprende la suma de las fracciones retenidas en los tamices de
mallas 10 y 14 para cada tiempo y velocidad de descascarado. Los datos

obtenidos figuran en la Tabla 1, expresados en gramos de producto por
cada 100 gramos de grano entero. Segln se observa, como consecuencia
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TABLA 1

VALORES PROMEDIO DE LOS PORCENTAJES DE PRODUCTO
RECUPERADO

0 /o recuperado (g/100 g)
w Tiempo de descascarado (min)
rpm 45 8 12 16 20

2,370 57.14£1.89% 57271045 45.13 £373 39.10% 0.40 34.10 £0.75
1,700 88.74+0.14 78741024 67.44 £139 60.04* 0.87 5455 +0.30
1,290 9436 +020 87.291070 83.69 *0.80 79.95% 402 72.98 +1.47

*  Desviacion est4ndar. 1

de la rotura de los granos por impacto, las fracciones recuperadas son me-
nores a mayores velocidades. Asi, a los 4.5 minutos, y 2,370 rpm, la pér-
dida de material es de 42.860/0, llegando a 65.900/0 a los 20 minutos. A
1,700 rpm entre 4.5 y 20 minutos las pérdidas varfan de 11.26 a 45 45,
respectivamente. Como era de esperar, a 1,290 rpm las pérdidas son me-
nores. ‘

Estos resultados y los obtenidos en la determinacién de granos rotos,
indican la inconveniencia de operar a 2,370 rpm, ya que al romperse
demasiados granos, se hace mds dificil el descascarado y las pérdidas de
material son excesivas.

Descascarado en Funcion del Tiempo
Con las medidas de color por reflexién de los productos y mezclas pa-

trones, se obtuvo por regresién lineal (mmimos cuadrados) la siguiente
expresion:

0 /o Descascarado (X) Reflexién (Y)
Y = 44.78 + 0.5526X (I)
r = 0.999

La Figura 3 muestra el avance del descascarado obten.do mediante la
expresion (I), en funcion del tiempo. El andlisis de estos valores se realizé
teniendo en cuenta los datos que figuran en la Tabla 1, es decir el produc-
to recuperado.

A 2,370 rpm, los mayores cambios se producen en los primeros ocho
minutos, al cabo de los cuales el material recuperado estd entre 50 y 5590 /o.
A 1,700 rpm las principales variaciones ocurren en los 16 minutos iniciales,
con recuperaciones de 60 a 700/0. A la menor velocidad de ensayo
(1,290 rpm), durante el tiempo total considerado, aun cuando el material
recuperado es de 74 a 9490/o0, el descascarado obtenido no llega a 600/o,

"dando productos muy coloreados, e inadecuados para nuestros propdsitos.
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FIGURA 3

Avance del descascarado en funcion del tiempo y velocidad de las piedras

Taninos

La Figura 4 muestra la variacién porcentual de los taninos residuales,
determinados como catequina equivalente y como 4cido tdnico equivalen-
te, en funcién del tiempo de descascarado. Segun se aprecia, los respectl-
vos valores no representan relacion entre si, sobre todo en los primeros
minutos, lo cual podrfa deberse a los distintos fundamentos en la evolu-
cién (9, 10). Sin embargo, entre los 12 y 20 minutos, las diferencias entre
los taninos obtenidos por ambos métodos,y en productos obtenidos a
1,700 y 2,370 rpm,no son grandes (menos del 100/0). Esta observacién y
las resultantes del andlisis de los pardmetros anteriores, indican que una
velocidad conveniente serfa la de 1,700 rpm.
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FIGURA 4

Variacién del contenido de taninos en sorgo descascarado en funcion del tiempo a
1,290 rpm (1y 2), 1,700 rpm (3 y 4) y a 2,370 (5 y 6), relativo al valor inicial

Grasa, Ceniza y Fibra

Los datos referentes a estos componentes se exponen en la Tabla 2 ex-
presados en gramos por 100 gramos de muestra seca. Como se observa,
tales valores disminuyen a medida que aumenta el tiempo de abrasién de
los granos, siendo la fibra el componente que llega a porcentajes mds bajos
a cada velocidad considerada. Ello resulta l6gico, ya que como determina-
ron Hubbard, Hall y Earle (11), aquélla se encuentra en mayor proporcién
que los otros dos componentes en la cubierta de los granos. Asi, a la velo-
cidad intermedia de 1,700 rpm, se llega a 340 /o de fibra, 480/0 de grasa y



TABLA 2

CONTENIDO DE GRASA, CENIZA Y FIBRA, EXPRESADO EN BASE SECA DE SORGO DESCASCARADO, A DISTINTOS
TIEMPOS Y VELOCIDADES (g/100 gramos de producto)

Tiempo de descascarado
Velocidad Componente _ (minutos)
(rpm) 0 45 8 12 16 20

Grasa 3.62 £ 0.057* 3.59+0.057 3.2610.078 2.96 +0.276 2.80 £ 0.071 2.69 £0.198

1,290 Ceniza 1.75 £ 0.051 1.65+0.006 1.55*0.026 1.45+0.029 1.32£0.010 1.23+0.017
Fibra 2.63*0.049 2.62+0.396 2.29 £0.368 1.72+0.016 1.55 +0.052 1.40 £0.025
Grasa 3.62 £ 0.057 3.26 £0.007 2.57%0.007 2.09 £0.042 1.82 +0.020 2.74 £0.052

1,700 Ceniza 1.75 £ 0.051 1.64+0.007 1.38%0.014 1.24 £ 0.002 1.11 £0.013 1.02 £0.008
Fibra 2,63 £0.049 2.30+£0.035 1.89 £0.007 1.64£0.017 1.53 £0.028 0.89 £ 0.033
Grasa 3.62 £ 0.057 2.63%0.023 1.94 *0.042 1.63 £0.049 1.52 £0.012 1.42 £0.000

2,370 Ceniza 1.75 £ 0.051 1.33+0.010 1.09 £0.020 0.98 £ 0.011 0.84£0.014 0.79 £ 0.007
Fibra 2.63+0.049 1.53+£0.009 1.26%0.005 1.11 £0.007 0.98 £ 0.000 0.98 £0.002

* Desviacion estandar.
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420/0 de cenizas en relacion a los valores respectivos en el grano entero. El
mismo comportamiento, es decir el descenso de estos componentes con
el avance del decorticado de sorgo fue notificado por Shepherd (12, en-
tre otros autores.

CONCLUSIONES

Del andlisis de los resultados obtenidos y considerando como acepta-
ble un porcentaje de granos recuperados que oscile entre 65 y 759/o, se
adoptaron como condiciones de trabajo mds convenientes, una velocidad
de 1,700 rpm, con un tiempo de descascarado de 12 minutos. Como con-
trol del proceso, se acordé utilizar las medidas de color por reﬂexnon por
su mayor simplicidad, rapidez y reproducibilidad.

En una etapa posterior se correrdn evaluaciones biolGgicas con miras a
encontrar correlaciones que sustenten estas primeras conclusiones.
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SUMMARY
SORGHUM GRAIN DEHULLING BY ABRASION MILL

The efficiency of the dehulling process of sorghum grain was studied in a labora-
tory abrasive stone mill. Residual tannins as tannic acid and cathequin equivalent, as
well as color measurements of the product were determined as control parameters of
the procedure. Besides, fiber, ash and fat contents as well as other variables were
evaluated.

Assays were performed at three stone speeds and at different operation times.
According to the results obtained, a stone speed of 1,700 rpm and a 12-minute period,
are the best operating conditions, while measurements of color of the product consti-
tute the best method for controlling the dehulling process.
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EFEITO DA TORREFACAO NO PERFIL CROMATOGRAFICO
OBTIDO POR FILTRACAO EM GEL DE EXTRATOS DE CAFE
ARABICA?

Luiz C. Trugo?
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Universidade Federal do Rio de Janeiro
Rio de Janeiro, Brasil

RESUMO

As modifica¢bes que ocorrem durante a torrefacao do café, em relagdo aos pesos
moleculares de seus componentes, foram estudadas, usando-se cromatografia de fil-
tracio em gel com colunas do tipo TSK-pW 4000, sob alta pressdo. Os extratos obtidos
de amostras de café verde e torrado em diferentes intensidades foram cromatografados
e monitorizados usando-se detectores de indice de refragdo diferencial (IRD) e de ultra
violeta (UV) a 280, 325 e 420nm. Marcantes diferengas foram verificadas nos cromato-
gramas dos extratos, usando-se o detector IRD, em relagio ao café verde e ao café
torrado em diferentes intensidades. O uso do detector de UV a 280nm e 325nm mos-
traram similaridades no perfil cromatogrifico, indicando que a formacao de compo-
nentes de alto peso molecular, durante a torrefagZo, envolve a participa¢o de liga¢Ges
entre proteinas e compostos fenélicos. A formac@o de pigmentos pode ser claramente
acompanhada durante a torrefacio com detecgio a 420nm.

- O uso de cromatografia liquida de alta resolu¢do provou ser um método extrema-
mente rapido, em comparacio a filtracio em gel tradicional, mostrando-se iitil para
estudos mais detalhados das modifa¢Ges de pesos moleculares que ocorrem durante o
processo de torrefacdio do café.

INTRODUGAO

Durante a torrefacio do café acentuadas transformacdes fisicas e
quimicas ocorrem no produto, modificando inteiramente suas caracte-
risticas. Reagdes de condensacdo entre grupamentos aminados e grupos
carbonilas (reagio de Maillard), caramelizagdo da sacarose e reacdes degra-
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dativas de trigonelina, dcidos clorogénicos, proteinas e polissacaridios,
sdo apenas alguns exemplos de reagcdes e compostos envolvidos no proces-
so. Embora os mecanismos dessas complexas transformacgdes ainda nido
esteja elucidado, essas reagdes sdo indispensdveis para a formacgdo do aro-
ma e sabor caracteristicos do café bebida. A torrefa¢cio promove também
modificacGes acentuadas na distribuicao de componentes em rela¢do aos
seus pesos moleculares e o estudo da natureza desse material de alto peso
molecular formado, tem sido alvo de intensas pesquisas, na tentativa de
se alcancar um melhor entendimento dos mecanismos de formagdo dos
componentes organolépticos, caracteristicos do café torrado, bem como
dos processos envolvidos na reten¢do do aroma no produto final.

Os estudos realizados para verificacado de componentes de alto peso
molecular no café torrado, baseados na técnica de filtragio em gel, tém
utilizado materiais cromatograficos tais como Sephadex (1,2) ou Bio-
gel (3). Recentemente, novas fases para cromatografia de filtracio em gel,
com a propriedade de resitirem a altas pressdes, foram desenvolvidas.
Alguns exemplos desse tipo de material sio aqueles obtidos a partir de
polimeros hidrofilicos com ligacGes cruzadas (TSK-PW) (4) e os obtidos
através da ligagao quimica de silica gel com compostos hidrofilicos (TSK-
SW) (5). O uso dessas novas fases possibilitam a obten¢do de um sistema
que reduz significativamente o tempo de andlise e, em muitos casos, au-
menta consideravelmente a resolucido, quando comparado a filtra¢gdo em
gel convencional. Embora varios exemplos da aplicacdo desse material
sejam encontrados na literatura, o0 mesmo ainda ndo foi utilizado para o
estudo de extratos de café e de seus derivados. Utilizamos portanto nesse
trabalho colunas do tipo TSK-PW 4000 para se efetuar a filtracio em gel
de extratos aquosos de café verde, bem como de amostras submetidas a
diferentes graus de torrefacio.

MATERIAL E METODOS
Preparo das Amostras

Amostras industriais de café verde e torrado (Arabica-Guatemala),
sem secagem prévia, foram moidas em moinho Brook Motors (Inglate-
rra) e peneiradas em malha de 0.841mm. O café verde foi torrado em uma
indistria, usando-se equipamento Probat, em escala piloto, a 205°C.
Foram utilizados 5 kg de amostra em cada torrefa¢io, sempre provenien-
tes da mesma partida, de maneira a se obter 4 diferentes graus, em fungdo
do tempo utilizado. As amostras (2.00 g) foram entio extrafdas com
20 ml de dgua fervente, agitando-se por 3 minutos em um banho maria
com dgua em ebuli¢cdo. A mistura foi a seguir filtrada sob vicuo, deixada
chegar a temperatura ambiente e refiltrada, usando-se filtro Millipore
(0.45 um) (Varian Ltd., Inglaterra). Este iltimo filtrado foi entdo utili-
zado para a cromatografia.

Cromq tografia

Para a cromatografia dos extratos foram utilizadas duas colunas em
série, do tipo TSK-PW 4000, de 300 mm de comprimento e 8 mm de
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didmetro interno cada (Varian Associates Ltd., Inglaterra) e uma bomba
Altex modelo 110 A (Beckman Ltd., Inglaterra). Como fase mdével foi
usado dgua deionizada em uma velocidade de escoamento de 0.8 ml/min.
A temperatura da coluna foi mantida a 200C por meio de uma jaqueta
com digua circulante. Foi utilizado um sistema de detec¢do que consistia

"de um detector de IRD, modelo 750/14 (Applied Chromatography
Systems Ltd., Inglaterra) com atenuacgao x 4, em série com um detector de
UV, modelo CE 212 (Cecil Instruments, Inglaterra), ajustado a 420nm e
0.5 AUFS. Alternativamente foram utilizados dois detectores de UV, em
série, um a 280nm, modelo 750/11 (ACS Ltd., Inglaterra) e o outro a
325nm, modelo CE 212, ambos ajustados a 1 AUFS. A injec3o dos ex-
tratos foi realizada através de uma vilvula de injecio com lupa de volume
fixo (50 ul), modelo 7120 (Rheodyne Inc., USA). FracGes de dextranas
Pharmacia Fine Chemicals (Suécia), foram utilizadas como padrdes croma-
togrificos em concentragoes de 5 mg/ml.

RESULTADOS E DISCUSSAO

As amostras de café verde foram torradas em quatro tempos diferentes,
de maneira a se atingir caracterfsticas normalmente utilizadas na indiistria.
Os tempos de torrefacao, bem como as perdas de peso durante o pro-
cessamento, em relacio a matéria seca, estio descritos na Tabela 1. O
teor de umidade do café verde foi de 8.40/0 (determinado em estufa a
vdcuo a 700C).

TABELA 1

CARACTERISTICAS DOS CAFES TORRADOS EM RELAQAO AO TEMPO
DE TORREFAQAO PERDAS DE PESO E TEOR DE UMIDADE

Tipo de Tempo Perda de peso Teor de umidade
torrefagio (min) (©/o) (©/o)

Leve 1 38 2.1

Média 10 37 2.1

Escura 13 10.0 1.8

Muito escura 19 9.8 1.7

A utilizagdo do detector de IRD mostrou diferencas marcantes entre
as amostras analisadas. Essas diferencas foram verificadas tanto na regido
de alto peso molecular, como na de baixo peso molecular do perfil croma-
togrdfico. Substancias com alto peso molecular (> 2.5 x 10°) foram for-
madas durante o processo de torrefacio, entretanto a quantidade desse
material diminuiu com o grau de torrefacdo. Mostrando que com a
torrefacdo mais acentuada essas substincias sofrem determinado grau de
degrada¢o, ou entio tornam-=e insoliveis em agua (Figura 1). O pico
predominante no café verde, detectado nessas condicdes de andlise, foi
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FIGURA 1

Cromatografia de gel filtracdo de café Arabica (Guatemala), verde e torrado, usando-se

para a deteccdio o detector de indice de refra¢do diferencial. Cromatografia usando-se

duas colunas em série, do tipo TSK-PW 4000 (300 x 8 mm diametro interno) e agua

deionizada com fluxo de 0.8 ml/min. Cromatogramas de (a) café verde, (b) café

levemente torrado, (c) torrefa¢io média, (d) torrefacdo escura e (e) torrefacio muito
escura. (+) sacarose

identificado como sacarose, pelo método de adicio de padrdo. Este pico
diminuiu sensivelmente no café torrado, o que estd de acordo com o
processo de degrada¢io que a2 mesma sofre durante o processo e também
com resultados obtidos quando métodos especificos foram utilizados para
a andlise desse composto (6). Na regido do cromatograma correspondente
a faixa de peso molecular intermedidrio, um perfil mais complexo foi
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observado no café torrado, em comparacio com o café verde, ilustrando
as acentuadas transformacdes que ocorrem durante o processo de torre-
facdo. Alguns compostos foram excessivamente retidos na coluna na
regiao de peso molecular abaixo de 103, indicando também a ocorréncia
de processos adsortivos durante a cromatografia.

A utilizagao do detector a 420nm demonstrou claramente a formacio
de pigmentos durante a torrefacdo, com poucos picos aparecendo no café
verde mas com uma grande variedade no café torrado. Grande parte
desses pigmentos apresentou peso molecular intermedidrio entre os
limites estudados, entretanto, maior ou menor quantidade desses com-
postos estavam distribuidos por todo o perfil cromatogrdfico (Figura 2).

c U\L‘—’\
.

r \J T

257 01 (x10%)
peso molecular

FIGURA 2

Cromatografia de gel filtracdo de café verde e torrado usando-se detecgZo a 420nm.
Condicoes descritas na Figura 1.
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FIGURA 3

Cromatografia de gel filtragdo de café verde e torrado usando-se detec¢do a 325 nm.
CondigGes descritas na Figura 1 (+ ) acido clorogénico.

Um perfil cromatogrifico relativamente simple do café verde foi
obtido com detec¢io a 325nm, conforme mostra a Figura 3, sendo o pico
correspondente ao acidoclorogénico, predominante. Entretanto esse perfil
foi consideravelmente alterado apés a torrefacdo, com modificacGes
acentuadas nos componentes de menor peso molecular mas também com
o surgimento de material com peso molecular acima de 2,5 x 105. E inte-
ressante notar que compostos fenolicos absorvem fortemente neste com-
primento de onda indicando que os mesmos também participam nas
reagbes de polimeriza¢ao durante o processo. Esta fracdo de alto peso
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molecular aumentou com o grau de torrefacdo, exceto em torrefacio
extrema, onde a mesma diminuiu.

A detecgdo a 280nm, que é geralmente usada em filtragio em gel de
compostos proteicos, apresentou um perfil similar aquele obtido a 325nm,
especialmente na regido de peso molecular acima de 102 (Figuras 3 e 4),
com a maioria dos picos detectados a 325nm também aparecendo a
280nm. Nio foram detectadas proteinas com peso molecular acima de
2.5 x 10° no café verde, somente aparecendo no café torrado. Esta ob-
servacdo esta de acordo com os resultados (em torno de 32/o) obtidos,
por Underwood e Deatherage (7) para proteinas soliveis em agua. Embora
o teor total de proteinas em caté verde seja comumente cotado entre
10-13%/o0 (8) é possivel que outros componentes nitrogenados, nio pro- |

20 min . 60

On

25 7 0.1 (x104)
peso molecular

FIGURA 4

Cromatografia de gel filtragdo de café verde e torrado usandkz-se detecgdo a 280 nm,
Condi¢Ses descritas na Figura 1 (+) cafeina.
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teicos, tais como trigonelina, cafeina, peptonas, bases de Schiff e outros,
estejam também sendo considerados no calculo desses resultados, ja que os
mesmos sdo geralmente baseados na determinagao do nitrogénio total da
amostra. Portanto, observando-se a Figura 4, nota-se que a maioria
das proteinas do café verde estio possivelmente distribuidas na faixa de
peso molecular intermediaria e que a similaridade entre os cromatogra-
mas obtidos a 325nm e 280nm é uma forte indicacdo de que compostos
fenoélicos (acido clorogénico) apresentam-se ligados a proteinas, como tem
sido sugerido por outros autores (9). Existem indica¢cSes de que grande
parte das proteinas do café verde sdo desnaturadas durante o processo
de torrefa¢do, tornando-se insoliaveis (10).

Consequentemente o surgimento de material de alto peso molecular
no extrato aquoso do café torrado, como verificado a 280 e 325nm,
sugere que os compostos fenolicos participam de reacSes de polimerizacgio
nfo somente com proteinas, como também com outras macromolécu-
las, como por exemplo polissacaridios soliveis em agua. Cafeina foi de-
tectada nessas condi¢des de analise, tanto no café verde como no café
torrado, entretanto esta ficou fortemente retida na coluna, send o somente
eluida apos 60 minutos (Figura 4). Isso mostra que na separacio desse
composto houve nitidamente a predominzincia do mecanismo de adsor¢do
. no processo cromatografico.

Ficou comprovado que a técnica de cromatograﬁa de filtragao em gel
.descrita é bastante rapida em comparagdo com métodos convencionais,
‘tornando-se, portanto, um método iitil para o acompanhamento de al-.
teracBes no perfil cromatografico que ocorrem durante a torrefagdo do
café, podendo ser um valioso instrumento no fornecimento de importantes
informagdes sobre as modificagcdes quimicas que ocorrem durante o pro-
cessamento. O aprimoramento da resolu¢ao cromatogrifica e o estudo de
fracOes isoladas, em relacio a composicio quimica das mesmas, serdo
importantes para o melhor entendimento dos complexos mecanismos
envolvidos na formacdo do sabor e do aroma do café torrado.
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SUMMARY

EFFECT OF ROASTING ON THE MOLECULAR WEIGHT PROFILE OF
ARABICA COFFEE EXTRACTS

Gel filtration chromatography under a high pressure system was used to.investig-
ate green and roasted coffee aqueous extracts. Chromatographic columns used were of
the type TSK-PW 4000, in series. Chromatography of the extracts was monitored
either using a refractive index (RI) detector in series with an ultraviolet (UV) detector
at 420nm or with two UV detectors at 280 and 325nm, respectively. The utilization
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of Rl detection showed significant differences in the molecular weight profile between
green and roasted coffees. UV detection at 280 and 325nm revealed similar chromato-
graphic pattemns, suggesting that phenolic compounds were probably bound to pro-
teins. Pigment formation after roasting was monitored by detection at 420nm,
showing that colored material was distributed throughout the molecular weight range
studied.

The method provided a more rapid analysis compared to traditional gel filtration

chromatography and proved to be useful for monitoring changes in molecular weight
profile which occur during coffee roasting.

10.
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ALGUNOS ALIMENTOS DE HUMEDAD INTERMEDIA EN EL
MERCADO CHILENO
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RESUMEN

Se determind la actividad de agua, humedad, pH, aziGcares totales y cloruro de
sodio en muestras comerciales tipicas de alimentos de humedad reducida que se ofre-
cen en el mercado chileno. Entre los tipos de alimentos se incluyen productos cdrnicos,
l4cteos, fruticolas y de confiteria.

En todo caso se discuten los principios involucrados en la reduccion de actividad
acuosa.

INTRODUCCION

Los alimentos de humedad intermedia (AHI) constituyen un grupo
heterogéneo de productos en los que el contenido de agua se ha reducido
a niveles que limitan el crecimiento microbiano y minimizan un conjunto
de reacciones de deterioro, conservando una apariencia hiimeda y pléstica.
Ejemplos de AHI tradicionales son las mermeladas, salamis, algunos que-
sos, las frutas tiernizadas, etc. .

Los AHI son importantes por su alta estabilidad durante el almacenaje
a temperatura ambiente, asi como por sus caracteristicas organolépticas.
No obstante, hay que reconocer que la preservacion de alimentos por adi-
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cion de solutos y remocion parcial del agua se ha practicado por siglos. El
interés por los AHI ha resurgido ultimamente al comprenderse mejor cier-
tos principios fisicoquimicos que gobiernan el mecanismo de reduccion
de la actividad de agua (A, ). La A, esuna propiedad termodindmica de
los alimentos que debe usarse en lugar de la humedad para predecir la
estabilidad. El valor de A, variaentre Oy 1 y equivale a la humedad rela-
tiva de la atmosfera en equilibrio con el alimento (1).

La importancia de esta tecnologia ha sido reconocida a nivel iberoame-
ricano por el Programa de Ciencia y Tecnologia para el Desarrollo (CY-
TED-D) de celebracion del V Centenario del Descubrimiento de América,
puesto que el primer proyecto multinacional del Subprograma de Alimen-
tos se denomina “Desarrollo de Alimentos de Humedad Intermedia Rele-
vantes en Iberoamérica”

El objetivo de este trabajo fue caracterizar parcialmente algunos ali-
mentos de humedad reducida, del tipo que se ofrecen en el mercado de
alimentos chileno. Los trabajos de Flink en los Estados Unidos de Amé-
rica (2), y los de Vigo et al. (3) en Argentina, han tenido un objetivo
similar.

MATERIAL Y METODOS

Todos los alimentos utilizados se compraron en un supermercado de
Santiago. La actividad de agua se determind por equilibramiento en un
instrumento Humidat IC-I (Novasina A.G., Zurich) a temperatura de 22-
2390C. La humedad se determind por desecacion en estufa a 1300C duran-
te 3 hr hasta obtener peso constante. En productos con un alto contenido
de azucar se operdo a 60°C. El pH se midio con un pHmetro Orion Re-
search, modelo 231, en una suspension en agua destilada al 10°/o (p/p),
y los aziicares totales por el método de Munson y Walker segiin cita en
Schmidt-Hebbel (4). El contenido de sal se determiné por el método IDF-
ISO-AOAC (16.242) en el queso, y mediante el método volumétrico
(24.010) en salami, charqui y jamén ahumado, por el procedimiento de
la AOAC (5).

RESULTADOS Y DISCUSION

El rango de actividad de agua generalmente aceptado para los AHI es
entre 0.60 y 0.85, y el de humedad, entre 15 y 309/o (base seca) Por lo
tanto, de las muestras examinadas (Tabla 1), ni el queso mantecoso ni el
jamon ahumado claramente son productos de humedad intermedia y, en
consecuencia, necesariamente deben ser refrigerados. La mayor parte de
los quesos poseen un A, sobre 0.92, pero existen quesos con un conteni-
do de sal de 3.4 a 4.5°/0 (los de mohos azules, tipo roquefort) o baja hu-
medad (parmesano) cuyas A,, se acercan hasta 0.70, u otros como el
queso rallado, donde ese contenido es menor de 0.6.

Los productos de confiteria seleccionados —gomitas y sustancias—
estan levemente por debajo del limite inferior de humedad (11.6-149/0),
pero se consideran de humedad intermedia dentro dela industria confitera.

El resto de los productos deben sus propiedades tex turales semi-htime-
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TABLA 1
CARACTERISTICAS FISICOQUIMICAS DE ALIMENTOS DE HUMEDAD
REDUCIDA

Alimento Ay Humedad pH Sal Aztcar

(©/ob.s.) (°/o) (/o)
Pasas 0.551 17.62 3.64 n.d. 70.2
Miel de abejas 0.558 18.10 4.18 n.d. 81.5
Queso rallado 0.586 10.80 5.40 6.1 n.d.
Charqui 0.588 13.60 5.90 10.3 n.d.
Gomitas 0.565 11.61 3.53 nd. 78.5
Ciruelas 0.800 34.64 4.03 n.d. 56.9
Sustancias 0.809 13.98 5.51 .l 85.2
Dulce membrillo 0.818 35.50 3.59 n.d. 62.2
Leche condensada 0.843 25.97 6.72 n.d. 64.7
Salami 0.855 34.69 4.68 4.83 n.d.
Mermelada 0.859 31.20 3.52 n.d. 68.3
Jamon ahumado 0.881 38.37 5.89 6.34 n.d.
Queso mantecoso 0.960 41.18 5.80 1.17 n.d.

n.d. = No determinado.

das y baja perecibilidad al uso combinado de sal o aziicar como principal
soluto depresor de la A, y de agentes preservantes. En el caso del salami
intervienen, ademas, agentes de curado (por €j. nitritos), que contribuyen
al contro del Clostridium botulinum, y acido proveniente de la fermenta-
cion bacteriana. El charqui o carne seca-salada, es un producto carnico de
consumo antiquisimo en la region, dado que extiende apreciablemente la
vida util de un producto tan perecible como la carne.

La deshidratacion de ciruelas y uvas concentra los aziicares y el icido
presente produciendo condiciones de humedad intermedia (AHI) en forma
natural. Las mermeladas también contienen acidos orgéinicos presentes en
los frutos (malico, citrico) y sales inorganicas. La produccion de mermela-
da, ademas, requiere la adicion de azucar refinada y 4cidos preservantes
para prevenir el desarrollo de levaduras que pueden c-ecer hasta a niveles
de A,, cercanos a 0.62. El dulce de membrillo utiliza principios de pre-
servacion similares pero tiene una consistencia sdlida. La miel de abejas, en
cambio, es un producto natural, cuya baja A,, se debe sélo a la presencia
de azucar.

La leche condensada edulcorada se estabiliza mediante la remocion de
cerca del 60°/o del agua de la leche fresca, la adicion de sucrosa, y proce-
sos suaves de pasteurizacion.

La formulacion adecuada de un AHI combina una serie de efectos apor-
tados por diversos solutos que reducen la actividad de aguay el pH a ma-
nera de minimizar las condiciones de desarrollo microbiano a temperatura
ambiente, sin afectar por ello las caracteristicas organolépticas. Por otra
parte, existe un gran potencial de usar ingredientes de bajo costo y valor



VOL. XXXVI (DICIEMBRE, 1986} No. 4 757

nutritivo adecuado para formular productos de humedad intermedia ani-
lIogos a los originales (6). Una ultima alternativa de aplicacion del concep-
to de humedad intermedia es en la prolongacion de la vida ttil de materias
primas a granel, como productos semi-elaborados para uso posterior en
Ia industria alimentaria.

SUMMARY

SOME FOODS OF INTERMEDIATE WATER CONTENT IN THE
CHILEAN MARKET

Water activity, moisture content, pH, total sugars and sodium chioride content of
commercial foods with reduced water content found in Chilean supermarketswere
determined. The sample included meat, dairy, fruits and confectionary products.

Principles involved in the reduction of water activity are discussed for each case.
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NUEVOS LIBROS

La Ficha de Crecimiento en la asistencia a los lactantes y nifios. — Gine-
bra, Organizacion Mundial de la Salud, 1986, 35 paginas. ISBN 92 4
354208 7. Precio: Fr.s. 12 — US$ 7.20. (Publicado también en ara-
be, francés e inglés).

En este volumen, de reciente publicacion, se explican las caracteristicas y aplica-
ciones de una ficha visual sencilla para vigilar el crecimiento del nifio y detectar los
cambios de su estado de salud y nutricion.

Bien ilustrado, con dibujos, graficas y cuadros, consta de dos partes. En la prime-
ra parte se exponen los principios y métodos fundamentales para medir los cambios
del crecimiento y determinar cuando indican un empeoramiento de la salud. Propor-
ciona informacion muy practica sobre el disefio y empleo de fichas de crecimiento,
basada en la amplia experiencia acumulada sobre el terreno con un prototipo de ficha
ideada por la OMS en los afios 1970. Se sefiala a los administradores de programas,
los problemas concretos de disefio, presentacion, registro e interpretacion de progra-
mas que deben tenerse en cuenta al preparar o adaptar una ficha para uso local, para
asegurarse de que los agentes de salud comunitarios comprendan y utilicen adecuada-
mente las fichas de crecimiento. Se muestran el prototipo de ficha de la OMS y las
versiones modificadas que se han ideado para responder a necesidades especiales en la
India, Indonesia, Colombia, Tailandia y Brasil.

Se indica asimismo, como utilizar estas fichas para otros propositos, en particular
para instruir a las madres en las practicas adecuadas de alimentacién y para preparar
una historia clinica en que se anoten ciertos acontecimientos como las enfermedades
padecidas y vacunaciones recibidas.

En la segunda parte del libro se dan pautas para el adiestramiento del personal de
salud en el uso de la ficha. Esa informacion incluye los aspectos importantes que
deben destacarse al ensefiar los procedimientos de pesada, asi como ejemplos reales
de casos en que podria interpretarse mal la informacion sobre el crecimiento.

El volumen, escrito para ayudar a los administradores de programas de salud
infantil, contiene abundante informacién practica, 1til para asegurar el aprovechamien-
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to de todas las posibilidades que ofrece este eficaz y econdmico instrumento de
vigilancia.

Las personas interesadas.en adquirir el libro pueden hacerlo dirigiendo su solici-
tud a los Coordinadores de Programas de la OMS, a las Oficinas Regionales de la
misma, o al Servicio de Distribucion y Ventas, 1211 Ginebra 27, Suiza.



PRESS RELEASE

Under the WHO patronage, the Hospices Civils in Lyon (France) will organize
TEKMED 87, an international Congress on the subject “Health for all in the future...
What appropriate Technologies?”’

This event will take place in Lyon on May 7, 8, 9, 10, 1987 and at the same time
(during May 1987), the WHO World Assembly will be held in Geneva.

On this subject of paramount importance for WHO which is devoting to it some
of its largest efforts, the Health Care professionals (Hospital managers, practitioners,
engineers, researchers, planners, government representatives as well as industrials,
economists, service suppliers) will be given the opportunity to exchange experiments
and research. and will deal with every problem in terms of planning, organization,
innovation, technological transfer and, at last, cooperation.

In the very specific fidld of Diagnosis which has been choiced for this first
forum, TEKMED 87 will allow to know and to analyze more precisely supply and
demand from the different countries and partners concerned.

A call for the papers has been launched on these subjects.
For further details, please get in touch with:

Mrs GUILLOT (Congress)
Communication and Public Relations Department
Hospices Civils de Lyon
3, Quai des Célestins
69002 LYON
~ Tel. 78.38.13.50

or

Mr GRYNFOGEL (Exhibition)
P. G. PROMOTION

17, rue Childebert

69002 LYON

Tel. 78.42.67.70
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CALL FOR PAPERS

Journal of Food Composition and Analysis

The Journal of Food Composition and Analysis is a new peer reviewed, scientific
journal covering all scientific aspects of the data on chemical composition of human
foods, with particular emphasis on analytical methods for obtaining that data, actual
data on composition of foods; and studies on the manipulation, statistics, storage,
distribution, and use of food composition data. The journal is sponsored by the
International Network of Food Data Systems (INFOODS), a United Nations
University Project. It will be published by Academic Press. Publication in 1987 is
anticipated.

The Editors are actively seeking high-quality manuscripts in the area of food
composition and analysis. Authors are encouraged to submit manuscripts for publica-
tion to the Editorial Office at this time. Please submit manuscripts and requests for
additional information to:

Dr. Kent K. Stewart

Editor

Journal of Food Composition and Analysis
Department of Biochemistry and Nutrition
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

U. S A

January, 1987

COLOQUIO NACIONAL DEL AMARANTO
Ciudad de Querétaro, Qro., México
13 a 15 de agosto de 1987

El Gobierno del Estado de Querétaro, a través del Instituto de Desarrollo Estatal
para la Accidn Social, y en coordinacién con otras instituciones, ha convocado a este
interesante evento, el cual promete ser muy concurrido.

La alimentacion de los mexicanos de hoy y del futuro —segiin reza la convocato-
ria— es de vital importancia y preocupacion para el Gobierno, investigadores, técnicos
y productores nacionales, quienes buscan soluciones y mayor colaboracion multidisci-
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plinaria orientada a la busqueda de fuentes alimentarias alternativas de alta calidad.
Una posibilidad es el amaranto, planta que sera el tema del Coloqulo, y cuyas bonda-
des nutricionales eran conocidas ya desde tiempos prehispanicos.

Los objetivos de este promisorio Cologuio son:
1. Difundir las experiencias cientificas y técnicas generadas sobre el amaranto.
2. Rescatar la memoria historica, social y cultural de 1a planta de amaranto.

3. Generar la participaciéon multidisciplinaria entre Instituciones, investigadores
y productores, cuyo material de trabajo es dicho cultivo.

4. Promover el cultivo y aprovechamiento de dicha planta e integrarla a la cultu-
ra alimentaria, y

5. Impulsar el desarrollo agroindustrial e industrial de productos derivados del
" amaranto.

Para el cumplimiento de tales objetivos, se abordaran los temas Botanicos, Genéti-
cos, Agronémicos, Nutricionales, Fitosanitarios, Industriales, y otros. La forma de
trabajo sera en sesiones abiertas, exponiéndose los estudios en un tiempo de 15 minu-
tos y 5 minutos para preguntas. El horario sera de 9:00 a 13:00 horas, y de 17:00 a
19:30 horas.

Podran participar todos aquellos investigadores, técnicos, productores, estudiantes
y personas interesadas en la tematica.

_ El costo de inscripcion sera de $10,000.00 (Pesos Mexicanos), para estudiantes, y
$20,000.00, para profesionales.

Todos los trabajos entregados puntualmente seran publicados, para lo cual éstos
deberan entregarse a mds tardar el dia 30 de junio del presente afio. Se deberin cefir
a una serie de caracteristicas que los interesados en participar podran obtener dirigién--
dose a:

LIC. ENRIQUE VILLA RAMIREZ

Director de Planeaciéon y Comunicacién Social del
Instituto de Desarrollo Estatal parala Accion Social
Pasteur Sur No. 6 (Casa de Ecala)

Querétaro, Qro., C. P. 76000, México

Copia dirigida a:

DRA. TERESA REYNA TRUJILLO
Instituto de Geografia (UNAM)
Circuito Exterior

Ciudad Universitaria

C. P. 04510 México D. F., México
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RADIONUCLIDES IN THE FOOD CHAIN
Lanxenbrug Conference Center near
Vienna, Austria, November 2-5, 1987

This interesting Conference will bring together scientists, industrial managers and
policy makers from eastern and western countries to discuss the factors involved in the
analysis and management of radionudlides in the food chain. The scientific and policy
perspectives discussed at this meeting will contribute to the worldwide harmonization
of exposure standards for radionuclides in foods.

The program has been developed by a Scientific Advisory Council composed of
teading scientists representing several countries and diverse disciplines. The sessions
include:

1. A review of fundamental information on radioactivity and radiation including
environmental pathways critical to man

2. Consequences of radionuclides release to health, safety and the environment

3. Comparative effects of radionuclides and other contaminants of food and
water supplies

4. Risk management of food and water supplies
5. Regulatory and control programs

6. The final session will address the development of guidelines for safety evalua-
tion of food and water after nuclear accidents.

The Conference is designed for an international audience from all relevant disci-
plines, including those working inthe food industry, government agencies, universities
and international organizations.

The program is being sponsored by the International Life Sciences Institute
(ILSI), in association with the International Institute of Applied Systems Analysis
(IIASA). Cosponsors include the International Radiation Protection Association and
other international organizations. For more information, please contact:

Ms. Lili C. Merritt

International Life Sciences Institute (ILSI)
1126 Sixteenth Street, N. W.

Washington, D. C. 20036

U S A

Telephone: (202) 659-0074
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cargo que cada autor desempeiia, identificindolos debidamente).

2. Resumen en el idioma original del articulo

Este debe ser informativo, presentado en hoja separada del texto, y preparado en
forma clara y concisa para el lector que no ha leido el texto del articulo. Debe especi-
ficar también el propésito, método, resultados importantes y principales conclusiones.

3. Introduccion

Debe indicar claramente el objetivo o hipotesis de la investigacion y sus relaciones
con la nutricién y otros trabajos existentes, evitindose largas revisiones bibliograficas.

4. Material y Métodos

La descripcion de los materiales debe hacerse en forma concisa. Cuando las técni-
cas o procedimientos utilizados hayan sido publicados, deberin mencionarse, e incluir
solo los detalles de técnica que representan modificaciones substanciales del procedi-
miento original. Cuando se utilicen términos locales o regionalismos, éstos deberin
ser aclarados mediante su denominacion cientiifica o de uso general.

5. Resultados

Estos se presentardn en lo posible en Tables y/o Grificas que seran respaldadas
por célculos estadisticos, evitando la repeticion de datos y seleccionando la forma que
en cada caso resulte adecuada parala mejor interpretacion de los resultados. Si hubie-
ra subdivisiones ellas se encabezarin con un subtitulo.

a) Las grificas e ilustraciones deberin ser presentadas en fotografias de papel
brillante, no montadas, y llevar el nombre del autor y el nimero correspondiente en el
dorso. Cuando sea necesario deberé sefialarse 1a parte superior e inferior de la grafica.

b)  En caso de dibujos o esquemas, éstos seran realizados en tinta negra en papel
de buena calidad. La ubicacion de cada grafica deberi indicarse, a 1apiz, al margen del
texto original. Los simbolos deberan especificarse en la propia grafica.

¢) Los ejes (coordenadas) de las ilustraciones deben tener una indicacion clave
del fenomeno que representan, asi como de las unidades de medida.

d) Cada grafica o ilustracion debera identificarse con la leyenda respectiva y
contar con los datos imprescindibles para su interpretacion.

e) Las tablas deben numerarse segiin su orden de presentacion en el texto y se
entregaran en hojas aparte.

f) Cada tabla debe contener un breve titulo que indique claramente su conteni-
do. Las aclaraciones a las tablas deben hacerse mediante notas al pie, y se identificardn
con letras miniisculas consecutivas colocadas como post-fijo superior en la cifra o valor
correspondiente. Los encabezamientos de las columnas deben ser cortos o abreviados,
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incluyéndose, en nota al pie, una aclaracion en caso necesario. Las lineas horizontales
deben reducirse al minimo y nunca usar las verticales.

g)  En cada columna se indicara claramente la medida usada, por ej., mg/g, etc.
Para concentraciones no se debe usar 1a expresion 0/o sino, por ej. g/100 g 6 mg/100
ml. Se deben indicar con claridad todas las pruebas estadisticas usadas. Las tablas de-
ben tener toda la informacion necesaria para su interpretacion.

h) No debe presentarse simultineamente el mismo material experimental en
forma de tablas y grificas.

6. Discusion

Debe ser breve y restringirse a los hechos significativos del trabajo. Es recomenda-
ble usar subtitulos en las diversas secciones del manuscrito, indicando las diferentes
materias tratadas. En caso que, a juicio de los autores, l1a naturaleza del trabajo 1o per-.
mita, puede hacerse una discusion de los resultados inmediatamente después de su

expresion, bajo el titulo general de RESULTADOS Y DISCUSION. Lo expresado en
los incisos a) a h) en la seccion precedente, aplican igualmente a esta seccion.

7. Resumen en inglés

Todo trabajo deberd acompaiiarse de un resumen en inglés, si el trabajo original
fuese en espanol, francés o portugués. Si el trabajo es en inglés, este resumen debe
presentarse en espafiol. El titulo del trabajo también debe redactarse en inglés,

8. Agradecimiento (silo hubiere)

9, Citas bibliogrdficas y Bibliografia

Las citas bibliograficas se indican con ntimeros ardbigos en el texto, entre parén-
tesis y por orden de aparicion, no por orden alfabético de autores,

Para la Seccion Bibliografia, al final del trabajo, aplican las mismas normas y serén
presentadas de acuerdo a los siguientes ejemplos:

a)  De revistas:

Liendo Coll, P. & J. M. Bengoa. Necesidades caléricas de la poblacion vene-
zolana, Arch. Venez, Nutr., 5:39-50, 1954,

b) Delibros:

Gomez, P., F. Silvio & R. Gamora. Los Ammodczdos en Alimentos. Caracas,
Ed. Futura, 1972, p. 30.

¢)  De libros sin autor individual:

Associacion of Official Agriculturas Chemist. Official Methods of Analysis
of the AOAC. 12th ed. Washington, D. C., The Association, 1975, p. 30
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d) De un articulo o capitulo de un autor (es) consignado en un libro publicado
por casa editora:

Hoskins, W. G. & M. Charles, Macaroni production. En: The Chemistry
and Technology of Cereals as Food and Feed. S. A.Matz (Ed,). Westport,
Conn,, The Avi Publishing Co., 1959, p. 274-320.

e)  Decitas de compendios:

Krebs, H.A. & K. Henseleit. Urea formation in animal body. Z. Physiol.
Chem,, 210:33-66, 1932, (Original no consultado; compendiado en Chem.
Abst., 26:5624, 1923),

10. Notas al pie de la pdgina

Las notas al pie de la pagina deben ser reducidas al minimo. Cuando su inclusion
sea necesaria debera indicarse su orden de aparicion en el texto mediante nimeros ara-
bigos, consecutivos colocados como post-fijo superior. (Estas notas se redactan, debi-
damente identificadas, en la 2a. hoja del manuscrito, después de la identificacion de
los autores),

11. Abreviaturas y siglas

Se deben usar las abreviaturas aceptadas internacionalmente (American Chemical
Society, Journal of Nutrition, British Journal of Nutrition). En caso de utilizarse siglas
poco comunes, que se repitan frecuentemente en el manuscrito, deberdn indicarse
completas la primera vez que se citan, seguidas de la sigla entre paréntesis. De prefe-
rencia, deberdn usarse las siglas internacionales en vez de las del idioma original del
articulo, por ej.,, DNA, RNA, PER, etc. Todas las abreviaciones y siglas se usan sin
punto, g, b, m, ete.

12. Nomenclaturas

Debera usarse la nomenclatura de 1a Union Internacional de Ciencias de la Nutri-
cion (IUNS) para vitaminas y otros nutrientes. En las unidades de medicion se em-
plearé el Sistema Métrico Decimal. Para las unidades de energia se usaran calorfa (Cal)
o Joules (J) indiscriminadamente.

13. Resultados numéricos

Al consignar nimeros se usari el punto (.) para indicar decimales, p. €j. 35.7;
389.9, y la coma (,) para indicar miles, millones etc.

D. SEPARATAS

A partir del primer nimero de la Revista para 1986 (Volumen 36), las separatas
o sobretiros de los trabajos seran provistos libres de cargo, siempre que los autores cu-
bran debidamente el costo de la publicacion en sus respectivos articulos. Dichas sepa-
ratas se proporcionaran al primer autor en un total de 25.
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E. CARGO POR PAGINA

La revista es un organo de divulgacion cientifica sin fines de lucro y es mantenida
fundamentalmente con donaciones. Sin embargo, a los efectos de contribuir con los
gastos de publicacion, la Asamblea General de la SLAN ha creado un cargo de US
$12.00 por pagina de trabajo publicado. La Oficina Editorial puede considerar una
reduccion por concepto de cargo por pagina previa solicitud expresa dirigida en ese
sentido por el autor (es).
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