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EDITORIAL

LATINFOODS Y SUPROGRESO

Ya en Editoriales previos nos hemos referido al concepto que se ha denominado
Latinfoods. Este representa un esfuerzo que poco a poco estd cobrando terreno en
América Latina, y cuyo fin es actualizar la informacion referente al contenido de nu-
trientes de los alimentos. Como se indica, en América Latina esa informacion esta
bastante fuera de época, ya que poco se ha hecho por mejorar los datos actuales de
acuerdo a las necesidades de los usuarios de la informacion. La fuente de utilizacion
mas comiin es la Tabla de Composicion de Alimentos para Uso en América Latina, la
cual fue preparada y publicada con la informacion disponible antes del afio 1964. Es
posible que en algunos paises existan datos mds actualizados, pero la Tabla en cuestion
continia siendo la referencia que mas continuamente se cita. Dicha Tabla es relativa-
mente buena _pero desde 1964 hasta la fecha no sélo han habido cambios en las mate-
rias primas qie’ conforman los alimentos y las dietas de las poblaciones latinoamerica-
nas, sino que también han aumentado las necesidades de informacién por parte de los
usuarios. Tales necesidades no las satisface la citada Tabla, lo que obliga a la consulta
y al uso de informacion existente en otros lugares en donde si ha habido un programa
continuo de actualizacion. Pero esa actualizacion no se refiere exclusivamente al me-
joramiento de los datos o incremento del niimero de los mismos. Atafie también a la
necesidad de mejorar la metodologia analitica para que ésta —con un buen sistema de
muestreo— rinda los mejores datos que satisfagan plenamente las necesidades de los
usuarios.

El intento de iniciar un programa de actualizacion no es tarea fdcil, y mds bien
parece casi imposible. ;Donde principiar? ;Qué muestras se deben analizar? ;Qué
nutrientes son los mas importantes? ;Qué significado tendrd un valor analitico si la
muestra no esta bien identificada? ;Qué método utilizar? Estas y muchas interro-
gantes mas surgen al querer iniciar el programa de actualizaciéon. Luego cabe la pre-
gunta ;Quién desea financiar una empresa de tan grandes dimensiones como implici-
tamente es esa actualizacion de Tablas de Composicién de Alimentos, sobre todo hoy
dia en que posiblemente existen necesidades mds urgentes por satisfacer que la dispo-
nibilidad de datos de esa indole? Después de todo, convengamos en que los problemas
nutricionales de América Latina son bastante bien conocidos y, con o sin Tablas de
Composicion de Alimentos, éstos no han sido aun resueltos. En todo caso, la informa-
cion referente al contenido de nutrientes de los alimentos es necesaria y se debe
actualizar. Unae primera actividad podria ser el recuperar en forma ordenada y con
criterios estrictos, la informacion que se ha producido en los altimos 20 afios en todos
los paises, por diferentes organismos nacionales. La verdad es que esa informacion
archivada es como una mina de oro sin explotar. Un simple cdlculo seria, por ejemplo,
que un laboratorio podria analizar alrededor de 1,000 muestras por afio. En un pe-
riodo de 20 afios, podria decirse que existen 20,000 muestras enalizadas. Si se estima
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que por cada andlisis- que incluyera solo la composicion proximal, a un costo de
$100.00 por muestra, en esa institucion en particulor se tendria informacién por
valor de 2 millones de dblares. Obviamente, si ademds del andlisis proximal existen
otros datos de composicion, la disponibilidad teodrica en dinero sobrepasa esos dos
millones. Cualquier intento de actualizacién de las Tablas de Composicion de Ali-
mentos, por lo tanto, deberia iniciarse con la recoleccion de esos datos.

Después de la Primera Reunion de Latinfoods celebrada en noviembre de 1986,
los grupos nacionales interesados en el rubro, han iniciado ya en varios paises el proce-
so a través de organismos nacionales. Estos ya existen en paises como Chile, Venezue-
la, Ecuador, América Central. Otros paises estan tratando de organizarse, por lo que se
confia contar con datos de interés en un futuro no lejano, algunos de los cuales posi-
blemente serdn conocidos durante la Segunda Reunién de Latinfoods. Se espera que
ésta tenga lugar durante la proxima Reunion de la Sociedad Latinoamericana de
Nutricion (SLAN), cuyos miembros, en verdad, deberiamos mostrar mds interés en
conceptos como Latinfoods, ya que sus repercusiones prometen desde ahora, grandes
adelantos en una materia tan vital.

Ricardo Bressani
Editor General
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GUIDE TO MATERIALS FOR USE IN TEACHING CLINICAL
NUTRITION IN SCHOOLS OF MEDICINE, DENTISTRY, AND
PUBLICHEALTHII': 2

Merrill S. Read,® Janice Bodner* and Hassan Sayadi®

The American Society for Clinical Nutrition
Bethesda, Maryland

In November, 1983, the Guide to Materials for Use in Teaching
Clinical Nutrition (1) was published under the auspices of the Committee
on Education of the American Society for Clinical Nutrition. The very
positive response to that publication has prompted the successor Com-
mittee on Nutrition Education (Medical/Dental and Residency) to prepare
a supplement Some 3 yr later.

The methodology was similar to that used previously, namely a
questionnaire was sent to nearly 400 individuals known to be involved in
nutrition education for students of medicine and dentistry. More than
150 individuals from 63 schools submitted suggestions for this supplement.

Publicado originalmente en el American Journal of (linical Nufrition, 45:643-666,
1987.

1 Address reprint requests to The American Society for Clinical Nutrition, 9650
Rockville Pike, Bethesda, MD 20814, USA.

2 This special article was prepared by the Committee on Education of the American
Society for Clinical Nutrition.
The first article, entitled “‘Guide to Materials for Use in Teaching Clinical Nutri-
tion in Schools of Medicine, Dentistry and Public Health,” by Merrill S. Read,
originally published in the American Journal of Clinical Nutrition, 38:775-794,
1983, was also reprinted in Archivos Latinoemericanos de Nutricibn, Vol. 34(3):
433-454, 1984.

3 (hairperson, University of Maryland, College of Human Ecology, Mane Mount
Hall, College Park, MD 20742.

4 From the University of Maryland, College Park, MD20742.
MD from Washington, D. C
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Emphasis has been placed on books and materials published between
1981 and 1986. Books are cited in both lists only when new editions have
appeared or when their uniqueness transcends the publication date. There-
fore, it is necessary to refer to both lists to obtain a complete picture of
books published in recent years.

To increase the usefulness of this compilation, we have sought pub-
lished reviews of as many books as possible; citations for .these are
included. The comments in the final column represent a synthesis of the
" published reviews. When no reviews were located, these comments are
the consensus of our correspondents.

It is to be noted that Section F, Teaching Modules and Audiovisuals,
contains only materials specifically called to our attention. This aspect of
teaching resources is expanding rapidly. The interested teacher or
clinician should consult the Food and Nutrition Information Service of
the National Agricultural Library, USDA or the Medlars II Retrieval
Service of the National Library of Medicine, NIH for additional citations.
Computer-based learning programs also are becoming available but our
workgroup found this area to be too fragmented and elusive to include.
For those interested in software for use in teaching programs, attention
is called to the Journal of Dietetic Software (see Section H).

Unlike in the first guide, we have included several regularly appearing
newsletters in Section I. These have been broadly recommended to us as
objective and useful adjuncts to nutrition teaching and clinical practice.

Finally, an expanded list of journals, has been included for the guid-
_ ance of libraries in schools of medicine, dentistry, and public health.

BIBLIOGRAPHY
1. Read M.S. Guide to Materials for Use in Teaching Clinical Nutrition in Schools

of Medicine, Dentistry, and Public Health, Am. J. Clin. Nutr., 38:775-794,
1983. Reprinted in Arch. Latinoamer. Nutr., 34:433454, 1984.
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sevier/North Holland - x
$33.25 52 Vanderbilt Avenue X . X Deals »scncnnﬁcally with difficult
New York, NY 10017 subject of interest to patients,
e e - _— SR public, and media.
Committec on Pediatnc Nutrition 2nd ed American Academy of X X X 3
Nutnition. Handbook 1985 Pediatnics v Useful, concise, complete,
American $20.00 PO Box 927 authoritative general text for
Academy of 141 NW Point Road pediatric nutrition prepared
Pediatrics . Elk Grove Village, IL by contributing authors.
o o . 60007
Committee on Diet. Nutnition, and 1984 V2 2 cEare
Diet. N f National Research Counail | X X X X J Am Diet Assoc Valuable reference;
et. Nutntion Cancer us National Academy Press 983: 83: >
and Cancer. $19.95 2101 Constitution Ave. 198382393 comprehcnsive bleadiof
National Forcign NW N - science and concern for
Academy of $2400  Washington. DC 20418 acuon.
Science
E— T WICNNE U N o _— Lo
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C Snediaiized textbooks and hs (cont) -
P i Good introduction to
RE Dean Enteral Feeding: A 1983 Pluribus Press, Inc X X J Am Diet Assoc m' -
i 1984; 84:740 techniques of nutritional
Practical Approach $12.95 PO Box 11403 support; well illustrated.
Chicago, IL 60611 pport;
- - i Practical guide to TPN;
RE Dean Total Parenteral Nutrition: 1983 Pluribus Press, Inc X | X X J Al‘;‘s?';éfgc msolulio:s Al
Standard Techniques $15.95 PO Box 11403 ; 84:
; problems of catheter
Chicago, IL 60611
placement, care,
management, and formula
selection.
e | ic principles of nutrition and
I ition 1 i Wi d Wilkins Co X X X Isted Basic principl r
b S Nustmlon i f;g;d 42'8112";:;:‘% SlI l J Am Diet Assoc nutritional support applicable
urgery TS i ions.
us Baltimore, MD 21202 1981; 78:669 to all patient populations.
$68.50
Foreign
$69.00
J Dobbing Maternal Nutrition in 1981 Academic Press X | X
Pregnancy: Eating for $44.00 111 Fifth Avenue i
Two? New York, NY 10003 |
i i 985; General reference on nutrition
EB Feldman Nutrition in the Middle 1983 John Wright-PSG X | X X J 043?::;01 I and aging; easy to read
Publishing Inc : ng; 3
and Later Years $31.00 5 452;;‘:0“ J Am Diet Assoc overall is well balanced and
983; 83:631 carefully edited; individual
PO Box6 . i : in depth of
Littleton, MA 01460 J Am Geriatr Soc chapters vary i P
1986; 34:76 coverage; chapter on
nutrition and oral health is
particularly good.
- - Clearly written, pointed, useful
JE Fischer Surgical Nutrition 1983 Little Brown and Co X X disc);sswn
$71.50 200 West Street t
PO Box 902
Waltham MA 02154
RJ Frankle Dietary Treatment and 1985 John Libbey and Co, Ltd X Excellent summary of current
J Dwyer Prevention of Obesity $30.00 80-84 Bondway knowledge.
L Maragne London, SW8-1SF UK
A Owen
CF Gastineau Fermented Food 1979 Academic Press X J Nutr 1980; 12:27 Comprehensive text on nearly
WJ Darby Beverages in Nutrition $77.00 111 Fifth Avenue every aspect of alcohol:
T Turner New York, NY 10003 history, biochemistry,
medicine.
ME Gershwin Nutrition and Immunity 1985 Academic Press X Am J Clin Nutr Adequate but somewhat narrow
RS Beach $64.00 111 Fifth Avenue 1986; 43:333 overview of rapidly moving
LS Hurley New York. NY 10003 area of considerable clinical
| interest
M Gracey Nutritional Needs and 1985 Raven Press x Il X A good reference volume; not a
F Falkner Assessment of Normal $32.50 1140 Avenue of the basic textbook.
Growth: Nestle Americas
Nutrition Workshop New York, NY 10036
Series, Vol 7
E Haller Nutrition in the Young 1983 Collamore Press X Individually authored chapters
G Cotton and the Elderly $29.50 ¢/o MacMillan & Co | presume a fairly good
Front and Brown Sts i knowledge of basic nutrition.
Riverside, NJ 08075 }!
. —a T
SL Halpern Quick Reference to 1987 JB Lippincott Co X 1; X Office resource; information
Clinical Nutrition: A E Washington Square “‘ presented in concise,
Guide for Physicians Philadelphia, PA 19105 1l encapsulated format.
— - _———— 1
J Hefferren Foods, Nutrition and 1984 American Dental X X N X Good overview; major emphasis
H Kochler Dental Health: Sixth ADA Association ‘ is on research issues.
JC Osborn Annual Conference, members 211 E Chicago Ave ‘i
Vol 5 $995 Chicago. IL 60611 1
Others |l
244 |
B . sna 8 | WO S .
WPT James Obesity: Clinics in 1984 WB Saunders { X Excellent monograph with
Endocrinology and $60.00 West Washington Square H extensive references on
Metabolism Philadelphia, PA 19106 }‘ endocrine and metabolic
li aspects of obesity.
KN Jeejeebhoy Total Parenteral Nutrition 1983 CRC Press. Inc Il X J Am Diet Assoc Short, practical guide oriented
in the Hospital and at us 2000 NW 24th Street i 1984; 84:868 mostly toward establishing a
Home $84.50 Boca Raton, FL 33431 | Am J Clin Nutr parenteral-nutritional support
For~ign | 1983; 38:819 team and toward home care;
£97.00 11 Ann Intern Med level of detail of presentation
(l 1983; 99:888 variable.
| Gastroenterology
1984 86:1626
Gut 1984; 25:215
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C Specialized books and hs (cont)
JA Kerner Manual of Pediatric 1983 John Wiley and Sons Gastroenterology Practical, detailed guide with
Parenteral Nutrition $42.50 605 Third Avenue 1984; 86:376 good tables and
New York, NY 10158 J Am Diet Assoc documentation.
1984; 84:972
Gut 1984; 25:215
AB Lasswell Nutrition for Family and 1986 George F Stickley Co X X X Practical reference for teaching
DA Roe Primary Care $29.00 210 W Washington Square residents.
L Hochheiser Practitioners Philadelphia, PA 19106
RA Lawrence Breast Feeding: A Guide 1985 CV Mosby Co X X J Nutr Educ 1981; A practical guide to all aspects
for the Medical $25.95 11830 Westline Industrial 13:162 of the clinical management of
Profession Dr breast-feeding.
St Louis, MO 63141
E Lebenthal Textbook of 1981 Raven Press X X X J Am Diet Assoc Good balance between science
Gastroenterology and (set) 1140 Avenue of the 1982; 80:196 and clinical practice; easy to
Nutrition to Infancy $130.00 Americas JAMA 1982; 247: read.
Vol I: Gastrointestinal New York, NY 10036 889
Development and Gastroenterology
Perinatal Nutrition 1982; 82:391
Vol 2: Gastrointestinal
Diseases and
Nutrition
Inadequacies
MH Lessof Clinical Reactions to Food 1983 John Wiley and Sons X X X Am J Clin Nutr A brief introduction to
$38.00 605 Third Avenue 1984; 39:984 behavioral and clinical
New York, NY 10158 Gut 1984; 25:1018 aspects of the topic.
CS Lieber Medical Disorders of 1982 WB Saunders X X X X N Engl J Med 1981;  Brings together for first time all
Alcoholism: $65.00 West Washington Square 308:728 the medical complications of
Pathogenesis and Philadelphia, PA 19105 Hepatology 1983; 3: alcoholism, including various
Treatment (Major 274 nutritional disorders.
Problems in Internal Ann Intern Med
Medicine XXII) 1983; 98:428
Arch Intern Med
1983; 143:614
Mayo Clin Proc
1983; 58:410
Alcoholism: Clin
Exp Res 1983;
7:423
Gastroenterology
1984; 86:212
F Lifshitz Pediatric Nutrition: Infant 1982 Marcel Dekker X X Gastroenterology A clear, concise overview of
Feedings-Deficiencies- us 20 Madison Avenue 1984: 86:212 perinatal and pediatric
Diseases $65.00 New York, NY 10016 JAMA 1984: 251: nutrition, including
Foreign 966 international aspects.
$78.00
TO Lipman A Bibliography for 1987 ASPEN X X A core reference resource.
A Fletcher Specialized Nutrition ASPEN Suite 500
Support members 8605 Cameron Street
$5.00 Silver Spring, MD 20910
Others
$7.50
LJ Machlin Handbook of Vitamins: 1984 Marcel Dekker X J Am Diet Assoc Comprehensive, solid volume
Nutritional, us 270 Madison Avenue 1986: 86:150 useful for students and
Biochemical and $79.50 New York, NY 10016 clinicians alike.
Clinical Aspects Foreign
$95.25 o o 3 o
AO Moore Food Medication 1982 California State University X Useful but some sections are
DB Powers Interactions (1-2) Food Science and not up-to-date.
ea $9.95 Nutrition, Home
(3-10) Economics Dept
ca $8.95 Northridge, CA 91330
(10-20)
ea $8.25
(20-30)
ea $7.55
(30-50)
ea $6.85 S e
PA Neuman Anorexia Nervosa and 1983 Van Nostrand Reinhold X J Nutr Educ 1984 Very readable volume onented
PA Halvorson Bulimia: A Handbook $27.95 135 W 50th Street 16:182 towards meeting the
for Counselors and New York, NY 10020 J Am Diet Assoc questions of patients and
their families.

Therapists

1984: 83:376
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C Specialized books and (cont)
GH Newell Nutrition and Cancer: 1981 Raven Press X J Nutr Educ 1982; A comprehensive overview yet
NM Ellison Etiology and Treatment  $71.00 1140 Avenue of the 14:125 sufficiently general to be
Americas highly useful for clinicians
New York, NY 10036 and other members of health
leam.
P Pencharz Pediatric Clinics of North 1987 WB Saunders Co X X Aimed at pediatric residents
America 32(2): $45.00 West Washington Square and practitioners; several
Symposium on Philadelphia, PA 19105 chapters provide basic
Nutrition information on nutrient
requirements and the
composition of human milk.
C Raab Heart to Heart: A Manual 1983 NIH X X X Excellent resource; outlines
J Tillotson on Nutrition Counseling  comp National Heart, Blood & | steps in nutritional
for the Reduction of Lung Inst | counseling useful to any
Cardiovascular Risk Info Office 1 health provider.
Factors Bldg 31, Rm 4A-2 !
Bethesda, MD 20892 !LJ
DA Roe Geriatric Nutrition 1983 Prentice-Hall, Inc X X I X J Am Coll Nutr Designed as a textbook with
$32.00 Rte 9W ‘ 1985; 4:584 guided questions; good
Englewood Cliffs, NJ } Am J Clin Nutr coverage of the nutritional
07632 | 1984 39:173 needs of the elderly and how
i J Nutr Educ 1984: to meet them in a practical
i" 16:23 way: useful information
| J Am Diet Assoc presented on drug-food
} 1983: 83:511 interactions in the elderly.
! J Gerontol 1984:
i 39:379
DA Roe Drugs and Nutrients: The 1984 Marcel Dekker X X H X Clear. well written, useful for
TC Campbell Interactive Effects us 270 Madison Avenue 1 students and residents alike.
$99./, New York, NY 10016 |
Foreign ‘;
$119.50
JL Rombeau Clinical Nutrition Vol 1: 1984 WB Saunders X X X Am J Clin Nutr Comprehensive review of
MD Caldwell Enteral and Tube $70.00 ‘West Washington Square 1985; 42:166 present knowledge,
Feeding Philadelphia, PA 19105 Mayo Clin Proc indications, types of
1985; 60:360 solutions, and clinical uses;
presents theory and practice
in a logical, well-planned
format.
R Schemmel Nutrition, Physiology, and 1980 CRC press X X X J Am Diet Assoc Well-documented presentation
Obesity us 2000 NW 24th Street 1981; 79:97 of diverse theories and
$82.00 Boca Raton, FL 33431 approaches; not suitable for
Foreign first-time students of the
$94.50 topic.
H Silberman Parenteral and Enteral 1982 Appleton-Century-Crofts X X X JAMA 1983; 249: Comprehensive yet concise and
D Eisenberg Nutrition for the $39.95 25 Van Zant St 1772 readable reference volume
Hospitalized Patient E Norwalk, CT 06855 Ann Intern Med and guide to clinical
1983; 98:687 management.
MD Simko Nutrition Assessment: A 1983 Aspen Systems X X X Am J Clin Nutr Excellent reference for
C Cowell Comprehensive Guide $36.50 Publications 1984; 40:666 planning, executing, and
JA Gilbride to Planning 1600 Research Blvd J Am Coll Nutr evaluating nutritional
Intervention Rockville, MD 20850 1985; 4:485 interventions based on the
J Nutr Educ 1985; systems approach including
17:27 quality assurance and cost-
J Am Diet Assoc effectiveness measurement.
1986; 86:150
JB Stanbury The Metabolic Basis of 5th ed McGraw-Hill Book Co X X X X JAMA 1983; 249: The bible for inborn errors of
JB Wyngaarden Inherited Disease 1982 1221 Avenue of the 3251 metabolism, some of which
DS Fredrickson $130.00 Americas Ann Intern Med respond to nutritional
JL Goldstein New York, NY 10020 1983; 99:425 intervention.
MS Brown
LD Stegink Aspartame: Physiology 1984 Marcel Dekker X X X X J Am Diet Assoc Thorough review of the research
LJ Filer and Biochemistry us 270 Madison Avenue 1986; 85:1036 and FDA review leading to
$79.75 New York, NY 10016 approval of aspartame in
Foreign food products.
$95.50
A Stunkard Eating and its Disorders: 1984 Raven Press X X X Mayo Clin Proc In-depth analysis of the
E Stellar Association for $54.50 1140 Avenue of the 1984; 59:654 literature and its application
Research in Nervous Americas Am J Clin Nutr to clinical practice.
and Mental Disease, New York, NY 10036 1984; 40:187
Vol 62 J Nutr Educ 1984;
16:145
J Am Diet Assoc
1984; 84:1282
Gastroenterology
1985; 88:1289
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2 e (, ) X X J Nutr Educ 1982; Comprehensive reference of all
RM Suskind Textbook of Pediatric 1981 Raven Press 14:80 aspects of nutrition for
Nutrition $84.00 II:O Av‘enue of the T A Dici Assoé infants, children, and
mericas
1982; 80:195 adolescents.
. NY 10036 3
Rew Yotk JAMA 1981; 246:
1960
X X Up-to-date authoritative
H Trowell Dietary Fibre, Fibre- 1985 Acsdemic Press, Inc X | % volume on fiber.
D Burkitt Depleted Foods and $71.00 111 Sth Avenue
K Heaton Disease New York, NY 10003 -
X X X Am J Clin Nutr Basic data on requirements and
RC Tsang Vitamin and Mineral 1985 Maroel Dekker 1985: 45:572 their interpretation for
Requirements in us 270 Madison Avenue clinical care.
Preterm Infants $45.00 New York, NY 10016
Foreign
$54.00 hensi d detailed
— 4 X N Engl J Med 1985:  Comprehensive an il
WA Walker Nutrition in Pediatrics: 1985 Little Brown and Co X gl % | X 3121718 coverage of a broad range of
JB Watkins Basic Science and $77.00 200 West Street Am J Clin Nutr nutrition topics; probably the
Clinical Application PO Box 902 2154 1986; 44:160 best current textbook of
WalthamMAD J Pediatr 1985; 107: nutrition in pediatrics.
411
Gastroenterology
1985: 89:697
— 1 A ivi ical
— X Am J Clin Nutr Comprehensive and gmnnca
WA Walker Manual of Pediatric 1985 wB Sﬂll"df_“ Co X 1986: 44:160 guide to the managing of
KM Hendricks Nutrition $29.95  West-Washinglon Square J Pediatr 1986: 108 clinical-nutritional problems
Philadelphia, PA 19105 463 in pediatric patients:
extensive tables and figures.
= X X X A rational nonfad approach to
RL Weinsier Time Calorie 1983 George F Stickley weight control suitable for
MS Joh Displ Approach  $9.50 Publishing Co teaching students and
D Doleys to Weight Control ZI(S) West Washington resdents,
treet
Philadelphia. PA 19106
M Winick Nutritional Management 1980 University Microfilms, Inc X X | X Am J Clin Nutr Good for use as reference in
of Genetic Disorders: (paper) 300 N Zeeb Road | 1980: 33:2230 clinical practice.
Vol 8, Current Concepts ~ $61.30 Ann Arbor, MI 48106 il J Am Diet Assoc
in Nutrition (hard- [ 1980; 77:110
cover) '
$67.30 i
RW Winters Nutritional Support of the 1983 Academic Press X !{ X J Am Diet Assoc Primarily a reference volume:
HL Green Seriously Ill Patient: $32.50 111 5th Avenue .f 1984: 84:1283 not heavily oriented to
Bristol-Myers Nutrition New York, NY 10003 Gastroenterology patient care.
* Symposia Vol | ” 1984: 87:449
World Health Energy and Protein 1984 WHO Publication Centre X } X More comprehensive scientific
Organizati Requi $9.75 USA ' background than the RDA's
Expert 49 Sheridan Avenue basic review of literature.
Committee Albany, NY 12210 K problems. and
il recommendations.
B Worthington- Nutrition in Pregnancy 3rd ed CV Mosby Company X ‘f 2nd ed Good source of information on
Roberts and Lactation $16.95 11830 Westline Industrial ! J Nutr Educ 1981: lactation.
J Veimeersch Dr 13:125
SR Williams St Louis, MO 63141 '
RA Wright Nutritional Assessment 1984 Yearbook Medical X X X : X Am J Clin Nutr Reference volume covering
S Heymsfield us Publishers i 1984: 40:1307 evaluation of nutritional
C McManus $35.00 35 E Wacker Dr ! J Am Diet Assoc status and requirements for
Foreign Chicago. IL 60601 f 1985: 85:392 hospitalized adult patients:
$37.00 ;‘v Gut 1985: 26:645 contains tabular information
i Gastrointest Endosc not found ¢lsewhere
| 1985 31:116
| Ann Intern Med
h 1984: 101:577
D Popular texts suitable for teaching I':
Anonymous Quackery and You 1985 Book Department X X X[ X Pamphlet on nutrition
$1.25 Review and Herald Pub t quackeny: excellent. bref
55 West Oak Ridge Dr I review for all nealth
Hagerstown, MD 21704 il professionals.
CW Marshall Vitamins and Minerals. 1983 George F Stickley X [{ X X Am J Clin Nutr Good resource 10 deal with
Help or Harm? $10.95 210 W Washington Square ] 1984: 39:171 questions from patients
Philadelphia. PA 19106 if J Am Diet Assoc concerning foods. cating. and
I 1984: 84:494 food fads.
il JAMA 1985: 253:
I} | 1042
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D Popular texts suitable for teaching (cont)
AY Owen Nutntion in the 1985 CV Mosby Co X X | X Discusses nutrition in public
RT Frankle Community $28.95 11830 Westline Industnal I health, community, and
Dr Il clinical settings; includes
St Louis, MO 63141 | management of nutritional
| care at each stage in life
| cycle.
E Selected publishers from industry If
SC Finn Nutntional Support 1986 Aspen Publishers, Inc X | X } Written in layman’s terms; for
System $21.50 Hospital Matenal | the novice or nonclinical
Management Quarterly personnel.
1600 Research Blvd
Rockville, MD 20850
F Teaching modules and audiovisuals
1JB Anderson Apphed Nutnition for 1982 Health Sciences X | J Am Diet Assoc Well-written text on both basic
Health Professions— $15.00 Consortium 1l 1984; 84:612 and clinical nutrition;
Basic Nutrition 201 Silver Hill Court . ‘ functions like a programmed
. Chapel Hill, NC 27514 I learning module.
Anonymous Norwich Eaton Audio- 1984-85 Norwich Eaton Audio- X X X { X Directory of 237 audiovisual
Visual Directory comp Visual Library | presentations available for
17 Eaton Avenue ! loan or purchase on wide
Norwich, NY 13815 | range of medical topics
( including special nutrition
R . 1l topics.
Anonymous Nutrition and Dental 1983 i ic i
(various) Health Series Part | H?::S{S;:ic:;ts * X X M & Very basic lnforfnat_io.n well
§ s | presented for individual
$9.60 201 Silver Hill Court I instructi
Part Il Chapel Hill, NC 27514 i instruction.
$5.00 It
Part 111 |
$75.20 |
Part IV i
$72.00 I|
Part V fl
$67.20 I
Anonymous Nutrition in Health 1985 Dept of Family Med .
(various) Promotion Series: Self (set) Oh?o State Un'iversi(:rﬂ"e X X ‘! e Thiese nine modules "
Study Modules $4000 456 Clinic Drive I compiementitie earliee 16::
Columbus, OH 43210 ‘ mf)dule series on nulmlqn in
primary care; strongly clinical
’ in orientation; overall index
’ and teaching guide also
HL Bonkowsky Alcohol Use and lts 1982-83 4 available.
se an 2- Milner-Fenwick, Inc Il ic of i
Medical Consequences: $855.00 2125 Greenspring Drive & ® X j‘ X COYers a topic oflmpol-‘lancg
A Comprehensive Timonium, MD 21093 it since many mzlnounsl.wd
Teaching Program for = i Americans are alcoholics.
Biomedical Education {
R Bozian Nutrition and Health 1983-85 Health Scien ' i
Series Purchase C onsorliux‘:s el { % Auseries of onc-hour scifs .
price 201 Silver Cedar Court ! l:sr:::F‘f°"“ll 3“:“"‘"5“;‘ -
: | ining teaching guide,
:{3:,:[5::00 Chapel Hill, NC 27514 ]’ videocassettes, and post-tests;
per tape :’ developed by Ohio Regional
$60.00 ;\ Medical Audiovisual
| Consortium; earlier kits are
: ‘ being revised and updated.
Food and Nutrition  Audiovisual Resources in 1984 The Oryx Press X X X isti
Information Food and Nutrition, $47.00 2214 North Central at ‘ Listings of all currently
Center, US Dept Vol 2 Eficanito | m:h'bl; ?“:'0‘;5‘:‘ N
of Agriculture : | matenals indexed by the
8 Phoenix, AZ 85004 ‘ USDA Food and Nutrition
I Information Center from
" % 1979 through 1982.
M Jones Nutrition Issues 1983 American Association of | i
$130.00 Cereal Chemists X X ;‘{ X A:S0 min wdcotapc O
3340 Pilot Knob Road | Fonsumcr n_ulnhf)nal beliefs
St Paul, MN 55121 ‘ including discussion of
. MN 55 | carbohydrates, protein, fat,
! and other dietary
. | components.
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F Teaching modules and audiovisuals (cont) :
i X X X Focuses on various types of
T'W Sheehy Famous Teachings in 1985 Medcom, Inc vitamin mainutrition and
Modern Medicine $148.00 PO Box 116 compares diagnostic
Series: Vitamin Garden Grove, CA 92642 approaches to cach;
Deficiency and Toxicity photographs of signs and
symptoms.
G Annual reviews o b S | S
GD Aurbach Vitamins and Hormones: ongoing Academic Press X X \ X
DB McCormick Advances in Research Vol 42 111 Fifth Avenue
and Application 1985 New York. NY 10003 |
$49.50 I
Vol 43 |
1986 I
$59.00 t—=- Y S — it
i ” { | Reviews of physiological,
BM Barker Vitamins in Medicine ongoing Yearbook Medical X X ! X biochemical, nutritional, and
DA Bender Vol 1. 1980 us Publishers \ clinical aspects of vitamins;
$92.75 35 East Wacker Drive | | individually authored
Canada Chicago, 1L 60601 \ chapters.
$129.90 |
Foreign ;
$102.05 S N G
R X x | X In-depth reviews on current
RE Olson Annual Review of $30-34 Annual Reviews, Inc l subjects.
E Beutler Nutrition Vol | (1981) per vol 4139 El Camino Way ‘
th Vol 7 (1987) Palo Alto, CA 94306 .| R s -
Hgm“*——— o > ‘7 X T X X Ongoing series on subjects of
RS Rivlin Contemporary Issues in ongoing Alan R Liss, Inc I current interest: three
Clinical Nutrition, Vols  $36-58.00 41 East | [th Street | ’ ; "
New York. NY 10003 i: \aluwes per year. cach on
8-10 ‘ specific topic.
; S _— T 1
Contemporary Issues in $23-37.50  Churchill Livingstone X X 1‘ X
Clinical Nutrition, Vols 1560 Broadway |
1.2.4.5.6,7 (Vol 3— New York, NY 10036 .
out of print) o i L 1
Recommended
for:
s
8
g |3
=
El 8¢
2 5
| 3| £
, g g
16 |¢
H Journals and periodicals: primary
American Journal of Clinical Nutrition X X X Edited for the physician or scientist who wishes to keep abreast of current progress in the field of clinical nutrition;
peer reviewed; official journal of the American Society for Clinical Nutrition.
British Journal of Nutrition X X An international journal devoted to the science of human and international nutrition; peer reviewed.
International Journal of Obesity X X X Oriented to both metabolic and behavioral aspects of obesity and to the development and treatment of obesity;
blished in collaboration with the Associ for the Study of Obesity.
International Journal of Eating Disorders X X Quarterly; original reports of bi dical and b | science i related to eating disorders.
Journal of the American Dietetic Association X X Publishes original dietetic research, case studies, theoretical and review articles, and commentaries.
Journal of Dental Research X X X Original research including experimental and clinical nutrition as reiated to dental diseases; peer reviewed.
Journal of Parenteral and Enteral Nutrition X X X Original articles dealing with parenteral and enteral nutrition interests of surgeons, dietitians, nurses, and hospital
pharmacists; official publication of the American Society for Parenteral and Enteral Nutrition.
Journal of Nutrition X X Edited for and related h workers engaged in i | ition; peer reviewed;
official journal of American Institute of Nutrition.
Journal of Nutrition Education X X interest and h in applied nutritional sciences and di i infi ion to and
others concerned about positive nutritional practices and policies; peer reviewed.
Journal of the American College of Nutrition X X X International journal of original articles on basic research and clinical applications; peer reviewed; official journal
of the American College of Nutrition.
Nutrition Abstgacts and Reviews X X X Provides critical, authoritative, up-to-date reviews in areas of i to clinical
Nutrition and Metabolism X X X Articles and studies concerned with nutrition, metabolic disease, and dietetics.
Nutrition Reviews X X X Enables professional nutritionists to keep up with current progress in nutrition through unbiased reviews of
research literature; published by the Nutrition Foundation.
Nutrition Reports International X X X Concise reports of original research in the areas of clinical and I nutrition; provides a medium for
rapid ication of ad and newer knowledge of nutritional biochemistry and food sciences.
Nutritional Support Services X X Forum for communication, dialogue, and debate among professionals in field; very ical; peer
reviewed for clinical articles.
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H Journals and periodicals: secondary
Alcoholism: Clinical and Experimental Research X Frequently contains papers on nutritional disorders associated with alcohohsm.
X X Research. reviews, commentaries, and program evaluation relating to public health; peer reviewed.
Annals of Internal Medicine X X Clinical, laboratory. socioeconomic, cultural, and histoncal topics pertinent to internal medicine and related
fields; all manuscripts are read by the editor; most are peer reviewed.
Annals of Surgery Devoted solely to the surgical sciences.
Canes Research X X X Original articles relating to diet. food. and dental caries.
Current Concepts in Nutntion X X Each volume deals with a different subject.
Digestive Diseases and Sciences i X X X f Articles on ga: gy and ga: | problems. (Formerly American Journal of Digestive Discases.)
Drug-Nutrient Interactions X X Quarterly: biomedical and behavioral research in nutrition. pharmacology. and toxicology . refereed.
Gastroenterology X X Devoted to clinical and basic studies ot the digestive tract and liver.
Journal of Clinical Investigation X X X Oniginal papers on rescarch pertinent to human biology and disease
Journal of Dietetic Software X X X Software for nutrition, dietetics, and food science professionals.
Journal of Lipid Research X X Scientific papers dealing with the chemistry, biochemistry, and metabolism of lipids including morphological and
clinical studies; peer reviewed.
Journal of Pediatrics X X X Adolescent health care; ambulatory care; child health services; preventive approaches to health via research case
| studies.
Journal of Pediatnc Gastroenterology 2nd T X X International forum for clinicians and scientists: an international journal of chnical, expenmental. and
Nutrition developmental investigations.
Journal of Surgical Research X Original articles dealing with chinical and laboratory investigations pertinent to surgical management and teaching
| of surgery.
Metabolism, Clinical and Experimental X X X Articles with definite metabolic apphication concerned with nutntion. endocrines, genetics. dystrophies. diabetes,
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RESUMEN

Con el propésito de evaluar el efecto de factores dietarios en los niveles de zinc
plasmdtico, se estimé la ingesta de zinc y se midieron niveles plasmaticos en 37 sujetos
adultos jovenes de nivel socioeconémico medio y bajo.

El estudio incluyé 16 hombres y 21 mujeres, con edades promedio de 29 7 y
26 * 6 afios, respectivamente,

La ingesta de calorias, proteinas y zinc se obtuvo mediante una encuesta alimen-
taria de recordatorio de 24 horas. El zinc plasmaitico se midié por espectrofotometria
de absorcion atomica, y también fosfatasas alcalinas. Asimismo, se controlé peso y
talla, calculando el por ciento de peso para-talla segin los estandares de Jelliffe,

La dieta promedio del grupo la constituian cereales, legumbres, huevos, pan y
fideos. El promedio de ingesta calérica fue de 2,051 * 154 Kcal/dia para los hombres
y 1,767 £ 158 Kcal/dfa para las mujeres. La ingesta diaria de zinc fue de 8.3 % 3 mg/dia
en los hombres, y 9.7 £ 2,0 mg/dia en las mujeres. Los cereales constituyeron la
fuente de zinc en el hombre, mientras que en las mujeres, lo fueron los huevos y deri-
vados lacteos,

Los promedios de zinc en plasma acusaron 82 * 22 yg/dl en los hombresy 94 + 19
ng/dl| en las mujetes (P < 0.01). La concentracién de zinc en el grupo total fue de
89 + 21 pg/dL Siete hombres y dos mujeres presentaron valores bajos de zinc plasméti-
co (70 ug/dl o menos). '

Los niveles de fosfatasa alcalina fueron 110 £ 10 UI en los hombres y 71 + 4 Ul
en las mujeres (P < 0,001). No hubo correlacién con los niveles plasmiticos de zinc.
La relacion P/T fue de 100  4%/o para hombres, y de 108 + 490 para mujeres.

Manuscrito modificado recibido: 17-6-87.

1 profesora de Nutricién Clinica, Instituto de Nutricién y Tecnologfa de los Alimen-
tos (INTA), Universidad de Chile, Casilla 15138, Santiago 11, Chile.

Escola Paulista de Medicina, S3o Paulo, Brasil.

3 Instituto de Nutricién y Tecnologia de los Alimentos (INTA), Universidad de
Chile. En la actualidad: Human Nutrition Center, University of Texas, Dallas,
Texas, EUA.
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Los resultados permiten concluir que el grupo en estudio tiene niveles promedio
de zinc plasmitico dentro del rango de normalidad; sin embargo, esos valores son
significativamente més bajos en los hombres,

La ingesta dietaria de zinc resulté ser menor en relacién a las recomendaciones.
La causa de los bajos niveles de zine en plasma observados pueden ser una baja ingesta
y/o una pobre biodisponibilidad.

INTRODUCCION

Desde los trabajos de Prasad en la década de 1960, se conoce la esen-
cialidad del zinc en la nutricién humana (1). La importancia de este ele-
mento ha adquirido aiin mayor relieve, al ir relacionando la funcién cum-
plida por maltiples sistemas enzimiticos que contienen itomos de este
oligoelemento en su estructura, o como co-factores, con diversas patolo-
gias secundarias a la deficiencia de esas enzimas (2,3).

El zinc participa en mas de 40 sistemas enzimdticos, entre los que
destacan la fosfatasa alcalina, dehidrogenasa lictica y glutdmica, carboxi-
peptidasas, polimerasas del ADN y el ARN (4). La deficiencia extrema de
zinc es facilmente diagnosticada por la presencia de un sindrome clinico
ya cldsico de: enanismo, hipogonadismo, hepatoesplenomegalia y geo-
fagia (5). Varios estudios al respecto han demostrado la importancia del
zinc en patologias tales como la acrodermatitis enteropdtica, anemia
falciforme, enfermedades hepdticas crénicas, malabsorcion y enfermeda-
des inmunolégicas (6-10).

No es sencillo determinar el estado nutricional de zinc por la dificul-
tad de evaluacién e interpretaci6bn de los diferentes métodos usados. Se
sabe que la determinacién en el plasma, es la metodologia mds simple,
aun cuando presenta numerosos problemas de posible contaminacién y
variaci6n de niveles por ingesta alimentaria; por ello, se puede decir que es
un procedimiento insuficiente para el diagnéstico de la deficiencia de zinc
(11, 12). La determinacién de zinc en el pelo se plantea como una exce-
lente manera de complementar los diferentes métodos existentes para
medir el estado nutricional de zinc, a pesar de que algunos autores infor-
man resultados contradictorios. Por otra parte, la mediciéon en el pelo,
tiene la ventaja de ser el método menos invasivo (3, 13-15).

Diversos aspectos metodolégicos, tales como posible contaminacién
previa o al tomar la muestra, y cambios en la velocidad de crecimiento del
pelo en relacién al estado nutricional, pueden explicar en parte, algunos
resultados discordantes.

El principal problema en relaciéon al zinc, es diagnosticar los sujetos
con deficiencia marginal. Por los trabajos de Hambidge et al en Denver,
se sabe que poblaciones aparentemente normales pueden presentar defi-
ciencia clinica de zinc (16). Estudios realizados en individuos normales,
aplicando diversos métodos para evaluar nutricion de zinc, han demos-
trado resultados similares en cuanto a la poca sensibilidad para delimitar
el estado nutricional de zinc a los encontrados al medir niveles de zinc
en el plasma (14). En estos estudios no se ha observado correlacion entre
el nivel de zinc en plasma, pelo, orina, saliva y uiias. Sin embargo, los
estudios de Klevay demuestran una buena correlacién entre zinc en plas-
ma y pelo (14). El contenido de éste en el pelo acusa una gran variabilidad
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segun varios investigadores y se 'observan rangos de normalidad que fluc-
tian entre 160 y 200,ug/g (11, 14, 17-19).

La importancia del zinc en la dieta est4 ampliamente demostrada por
los trabajos de Prasad, en que el gran contenido de fitatos y bajo conte-
nido de zinc en la dieta de campesinos egipcios, determinarfa deficiencia
de zinc. Los sujetos estudiados en Irdn y Egipto presentaban una baja
biodisponibilidad de zinc, a pesar de recibir una cantidad adecuada del
elemento traza en la alimentacién (20;21). En un estudio en adultos rea-
lizado en Nueva Zelandia, McKenzie demostr6 que la determinacién de
zinc en el pelo, suero, orina y uiias, no es un indicador sensible del estado
nutricional de este oligoelemento. No se correlacionaron estos pardmetros
con el zinc de la dieta (13).

En una etapa preliminar del estudio objeto del presente articulo, ana-
lizamos la dieta de un grupo de adultos normales, en relacién a la ingesta
de zinc, observando una buena correlacion con los niveles plasméticos de
este oligoelemento (22); los bajos niveles de zinc se relacionaban con la
ingesta de dietas basadas principalmente en cereales y pan. En la presente
publicacién se amplfan los hallazgos iniciales encontrados en individuos
jovenes normales, determindndose zinc en plasma y pelo, y midiendo el
contenido de zinc en la dieta consumida por ellos.

MATERIAL Y METODOS

Con el objeto de determinar el estado nutricional de zinc en adultos,
seleccionamos 38 individuos voluntarios, aparentemente sanos, de nivel
socioeconomico medio y bajo. Todos ellos fueron informados del cardcter
del estudio y firmaron un consentimiento escrito. A los sujetos se les
realiz6 un examen clfnico completo, complementado con antropometrfa
y exdmenes de laboratorio, con el prop6s1to de descartar patologias
intercurrentes. Uno de los sujetos con zinc bajo (34 ng/dl) fue descartado
del estudio por constatdrsele una hepatopatia crénica al examen clfnico,
El grupo definitivo quedé asi constituido por 16 hombres y 21 mujeres
con edad promedio de 27 aifios, y un rango de 19 a 44 afios. El grupo
se caracterizé6 antropométricamente por una relaciéon de peso para talla
de 1059/0 en relacion al estindar de Jelliffe (23); se midieron pliegues
cutdneos (tricipital, subescapular) y perimetro braquial, calculindose
drea grasa y magra segin Frisancho (24). Las caracterfsticas del grupo,
clasificado por sexo, pueden observarse en la Tabla 1.

Cada sujeto se sometié a una encuesta alimentaria por el método de
recordatorio de 24 horas, en tres dfas no consecutivos, incluyendo un dia
de fin de semana (25, 26). Se determiné ingesta de calorias, protefnas
totales, proteina animal y contenido de zinc de la dieta, utilizando la
Tabla de Composicion Quimica de Alimentos Chilenos (27). Las dietas
fueron separadas en sus alimentos bisicos, estableciéndose un orden de
acuerdo a la frecuencia de consumo. A aquellos alimentos que determi-
naban la mayor parte del aporte caldrico, se les midi6 su contenido de
zinc, mediante espectrofotometria de absorcién atémica, comparindose
con una tabla provisional, que se utilizd6 como patrén (28). Se hicieron
correlaciones estadfsticas entre los niveles de zinc en plasma y pelo e
ingesta.
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TABLA 1
CARACTERISTICAS ANTROPOMETRICAS DE LA MUESTRA TOTAL,
SEGUN SEXO0

Sexo d : Q
No. sujetos 16 ‘ 21
Edad (afies) 29+ 7 26t 6
Peso para talla (°/o)" 99 +18 108 £ 18
Area magra (°/o) 80+t13 8317
Area grasa (°/o) 103 £53 107 £ 45

*  Promedio = DE,
*  Por ciento de estdndares (21,22).

Para la determinacién de zinc plasmdtico, se obtuvieron muestras de
sangre en ayunas, recolectindolas entre las 8 y 9 horas, valiéndose de
jeringas plastlcas desechables, con agujas de acero mox1dable, para ev1tar
contaminacién con elementos traza y heparina libre de zinc (LiquemineR),
como anticoagulante. La sangre fue centrifugada, y el plasma se separé
y transfiri6 a tubos libres de iones, siendo analizado en forma inmediata,
seglin técnicas descritas para espectrofotometria de absorcion atémica

" Perkin Elmer 303 (29). Para la determinacién de zinc en pelo se tomo
una muestra de aproximadamente 1 g de pelo de la regi6n occipital de
los sujetos, previo lavado con jabén de glicerina libre de zinc, y usando
una tijera de acero inoxidable, Las muestras eran tratadas con calor hasta
su- conversién a cenizas, las que eran dlgendas con dcido clorh{drico al
500/o, analizdndose el contenido de zinc por espectrofotometria de ab-
sorci6bn atémica. La fecha de toma de la muestra de pelo coincidié con
la muestra de sangre.

RESULTADOS

El contenido de zinc de los alimentos constituyentes de la dieta de
la poblacién en estudio, se observa en la Tabla 2. Al comparar estos
resultados con una tabla de referencia de zinc en los alimentos, las dife-
rencias encontradas principalmente en relacién al pan, azficar y arroz,
pueden explicarse por diferencias en la preparacidn, tipo y procedencia
del alimento (28). Nuestros datos apoyan la necesidad de medir conteni-
do de zinc en los alimentos locales para evaluar ingesta y adecuacidn die-
taria. En nuestro caso, habrfa existido una gran subvaloracién de la in-
gesta real, de haberse utilizado los datos de las tablas de referencia en vez
del anélisis directo.

El andlisis de aporte nutritivo de la dieta consumida por los individuos
correspondié a una ingesta caldrica promedio de 2,150 * 513 calorfas
para los hombres, y de 1,790 £ 690 calorias para las mujeres, valores
ambos que estdn por debajo de las recomendaciones internacionales (21).

El contenido de zinc de las dietas, determinado mediante anilisis por
espectrofotometrfa de absorcién atomica, revel6é que los hombres i ingieren
un promedio de 8 3 + 3 mg/dia de zinc, mientras las mujeres ingieren
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TABLA 2

CONTENIDO DE ZINC EN LOS ALIMENTOS HABITUALES DE
LA DIETA EN ESTUDIO, Y SU COMPARACION CON LA TABLA
DE REFERENCIA (mg/100g materia seca)

Alimentos o Zinc analizado Zinc de referencia
Pan ' 1.5 0.6

Azicar 0.2 0.06

Carne 4.5 6.0

Poroto verde 0.2 04

Papa 0.3 0.3

Fideos 2.5 1.5

Arroz 3.3 1.3

9.7 + 2 mg/dia, ingestas ambas, inferiores a las recomendaciones de
15 mg/dia, que es la calculada para adultos (21). Como lo muestra la
Tabla 3, la ingesta proteinica total y de proteina de origen animal, fue
similar para ambos ®xo0s. No se encontr6é correlacién entre la ingesta de
zinc y los niveles de este elemento traza en pelo y plasma.

El andlisis de las dietas consumidas habitualmente por los adultos
jovenes incluidos en el estudio, demostré que las proporciones de alimen-
tos de origen animal, cereales, legumbres y vegetales son semejantes para
los dos grupos. Sin embargo, la ingesta de pan en los hombres de este
grupo, es acentuadamente superior que en las mujeres.

El promedio de zinc plasmdtico para el grupo total fue de 89 + 21
pg/dl (x £ DE). Al separar por sexo, los hombres presentaron un valor
promedio de 82 + 22 pg/dl inferior a] obtenido en las myjeres, cuyo valor
fue de 94 *+ 19 ng/dl, diferencia que es estadfsticamente significativa
(P <0.01) (Tabla 4).

Siete hombres acusaron valores de zinc plasmétlco menores de
70 ug/dl considerado’ como 1fmite normal (13), mientras que solamente
dos mujeres estuvieron por debajo de ese limite (P < 0.05). La distribu-
cién de los valores de zinc plasmético segin el sexo se ilustra grdficamente
en la Figura 1.

El promedio de zinc en pelo para el grupo total fue de 180 * 25 ug/g,
sin encontrarse diferencia significativa al realizar el andlisis segiin sexo.
Considerando el valor de 160 ng/g como limite inferior, de normalidad
(20), cuatro hombres (259/0) y dos mujeres (9°/0) estuvieron por debajo
de este limite. No se encontr6 correlacién estadistica entre los valores de
zinc en plasma y pelo. De los sujetos que presentaron valores bajos de
zinc, solamente dos hombres y una mujer tenfan, concomitantemente,
depleci6n a nivel plasmético y en el pelo.

DISCUSION

El andlisis de las dietas del grupo sometido a estudio revel6 una
ingesta de zinc muy baja, al compararla con las recomendaciones estable-
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TABLA 3

CARACTERISTICAS DE LA DIETA DEL GRUPO ESTUDIADO

Hombres Mujeres

(n=21) "~ (n=16) P
Calorias 2,150 +513 1,790 £ 690 < 0.01
Proteinas totales (g/dia) 63 21 58+ 25 NS
Proteinas animales (g/dia) 30+ 18 27+ 12 NS
Zinc ingesta (mg/dia) 83 3 9.7+ 2 NS
Zinc (mg/1,000 Kcal) 39+ 14 54+ 1,1 NS

TABLA 4

NIVELES DE ZINC EN PLASMA Y PELO, SEGUN SEXO

Hombres Mujeres

(n= 21) (0 = 16)
Zinc en pelo (ug/dl) 17423 185 + 26
Zinc en plasma (pgfg) . 82 +£22 * 94+19

* P <0.0L

cidas por la NRC-NAS, Estados Unidos (21). No obstante, el contenido
cal6rico y protefnico de las dietas, también se encontraba bajo los limites

considerados como aceptables para la poblacion adulta. Pero si observa-
mos la relacién peso para talla, 1a poblacién tiene en promedio valores de
1049/0 en relacién al estdndar, lo que sugiere que no existia un déficit
en el balance energético. '

Los adultos del sexo masculino consumfan una dieta cuyo aporte de
pan y cereales era mayor que las mujeres. Una de las posibles explicaciones
de la mayor prevalencia de individuos con bajos niveles de zinc en el plas-
ma, podria ser la presencia de una mayor cantidad de fitatos en la dieta,
perjudicando la absorcién del zinc de la dieta, ya bastante pobre en este
elemento (20). ‘ '

Siete de los 16 individuos de sexo masculino presentaron niveles de
zinc plasmitico inferiores al limite normal, hecho que ocurrié s6lo en una
pequefia proporcién de las mujeres (14°/0). Estas diferencias significativas
entre sexos, pueden explicarse a través de la diferencia en la calidad de la
dieta, tipo de protefnas y pérdidas de Zn en hombres y mujeres. En rela-
cion al pelo, los resultados revelaron que no hubo casos por debajo del
rango normal. No se encontré una correlacién estadfsticamente signifi-
cativa entre los valores de zinc en el pelo y en el plasma.

La gran importancia que en muchas condiciones patolégicas se da al
* zinc, su relacién con procesos metabélicos, crecimiento y enzimas, obligan
a verificar con mucha exactitud las variaciones de la normalidad del zinc
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en diferentes poblaciones, considerando edad y métodos utilizados. En la
actualidad, no hay concordanci2 entre diferentes autores sobre cudl es
la mejor técnica para medir zinc, debido a la gran variabilidad de resulta-
dos, contaminacién con otros elementos y diferencias ambientales.

La interrelacion entre dieta, ingesta de zinc y determinacion del zinc
en el plasma y pelo ha sido objeto de estudios investigativos pero, de
nuevo, los resultados son confusos, y algunas veces contradictorios.

Los valores normales para el zinc en plasma y suero en adultos dados
por la literatura, varian de 83 ng/dl a 180 ng/dl, encontréndose diferen-
cias entre sexo, edad, nivel socioeconémico de los grupos y tipo de ali-
mentacién (30,31). A pesar de ello, nuestros resultados iniciales demues-
tran que los hombres acusan valores de zinc plasmdticos de 82 ng/dl,
inferiores a los que se citan en trabajos internacionales, no asi las mujeres,
que- presentan niveles similares. Los resultados obtenidos por nosotros,
comparados con algunos datos de la literatura, pueden verse en la Tabla 5.

TABLA 5

VALORES PROMEDIO DE ZINC EN LOS ADULTOS CHILENOS, JOVENES,
COMPARADOS CON DATOS DE LA LITERATURA

Zinc en plasma Zincenpelo  Zinc en suero

Autores n (ng/dl) (ug/dl)
Gattas, V. et al. 16 & 82+ 22 180 % 252 -
(presente estudio) 219 94+ 19 185 £26 -
Hambidge, K. M. etal. _ 88 - 180t 4b -

~ @ye) _ _
Strain W.H. et al. 124 - 103 £ 4b -
Renhold, J.G. et al. 20 & - 181 +362 - -
Mec Bean, L.D. et al. 14 & - 176 £378 -
Mc Bean, L.D. et al. 75 nifos 72+ 12 199 +222 -
Klevay, L.M. 118 d 95 +125 142 £ 433 -
(n=64)
172 ¢ 76 £111 167 + 129 -
(n = 70)
Mc Kenzie, J.M. 42 & - 180 £15 84*15
E.R. Gabrieli 54 ¢ - 195 +23 12130
Sinha, S.N. & 200
E.R. Gabrieli (dy 9 - - 120 + 222

a x*DE
b X*EE
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Las concentraciones de zinc en el pelo, inicialmente vistas come un
reflejo de las reservas tisulares de zinc, han experimentado innumerables
variaciones dependiendo de las técnicas utilizadas para su medicién. Sin
embargo, estudios realizados en Denver, han demostrado que el zinc en el
pelo puede ser independiente del lugar de corte, de la contaminaci6n am-
biental, del método del lavado o de pigmentacion del pelo, y si dependien-
te de la edad de los sujetos (16).

Asf, adultos jovenes tuvieron niveles semejantes al de los neonatos.
Hay una disminucion importante de los niveles en la infancia temprana
para luego ascender (30). Nuestros datos demuestran que los adultos
chilenos jdévenes, de nivel socioeconémedio medio y bajo, acusaron valores
de zinc en el pelo muy semejantes a los de la poblacién adulta norteameri-
cana. Los datos de nuestro estudio, por lo tanto, confirman que no hay
diferencia entre sexos en cuanto al contenido de zinc en el pelo.

CONCLUSION

En conclusién, podemos decir que la dieta de los adultos chilenos,
jovenes, contiene una cantidad de zinc mds baja que lo recomendable.
Los valores de zinc en plasma se presentan levemente inferiores a los pro-
medios informados por otros autores, y los niveles de zinc en el pelo son
semejantes a los citados en la literatura internacional.

En consecuencia, es necesario investigar el posible efecto funcional
de esta carencia marginal en nuestra poblacién adulta, especialmente en
los hombres.

SUMMARY
ZINC NUTRITION IN YOUNG CHILEAN ADULTS

To evaluate the effect of dietary factors on plasma zinc levels, dietary zinc intake
was estimated and plasma levels were measured in 37 healthy young adults of low and
middle socioeconomic status

Our study included 16 males aged 29 £ 7 and 21 females aged 26 * 6 years.
Dietary intake of zinc and protein was determined from a 24-hour dietary recall
survey. Plasma zinc was measured by atomic absorption spectrophotometry. Alkaline
phosphatase (AP) in plasma was also measured and the weight/height percentage for
each subject calculated according to Jelliffe’s standards.

The average diet was composed of cereals, legumes, eggs, bread and noodles,
caloric intake was 2051 * 154 kcal/day for men and 1767 £ 158 (x * SD) keal/day for
women. The daily intake of zinc was 8.3 £ 3.0 mg/day for males, and 9.7 £ 2.0 mg/day
for females. Cereals were the main source of zinc for men, while egg and dairy pro-
ducts were for women.

Plasma zinc values were 82 * 22 yg/dl for men and 94 * 19 ug/dl for women
(p < 0.01). For the whole group plasma zinc concentration was 89 * 21 pg/dl, Seven
males and tw o females had low plasma zinc values (70 pg/dl or less).

Alkaline phosphatase (AP) levels were 110 £ 10 IU for males and 71 * 4 IU for
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females (p < 0.001). These values did not correlate with the zinc levels. Average
weight/height was 99 * 18 for men, and 108 +18 for females.

Results indicate that on the average, in our study group plasma zinc levels were
within the normal range, although they were significantly lower in men. Dietary intake
of zinc was below the recommendations, being higher for women as related to values
presented by men, The observed low plasma levels of zinc may be caused by a low
intake, and/or poor bioavailability.
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NUTRITIONAL ANTHROPOMETRY AND DIETARY INTAKE OF
CHILDREN FROM THE LAS CUEVAS REGION OF THE DOMINICAN
REPUBLIC
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SUMMARY

A nutritional survey was conducted in the “Las Cuevas’ watershed located in the
southwestern region of the Dominican Republic to assess the nutritional status of
preschool children., Height, weight, mid-arm circumference and triceps skinfold
measurements were taken of 280 children between 6 to 54 months of age. Dietary
recall was elicited from mothers or care givers. Results compared with the National
Center for Health Statistics reference data indicate that these children: 1) experience
growth failure and poor nutritional status as indicated by low weight for age; 2) suffer
chronic malnutrition as revealed by low height for age and reduced muscle mass of
the mid-arm; and 3) have appropriate weight for height measurements.

A food frequency survey revealed that these children consume a diet high in
carbohydrates and low in animal protein. Breast feeding is a common practice although
cow’s milk was introduced early in 25°/o of the sample. The mean age at weaning is
12 months, The results indicate that these children experience the greatest growth
deficits in the second year of life and that these deficits are indicative of chronic
undernutrition rather than acute food shortage or recent disease episodes.

This study was carried out to establish baseline data for a resource management
project initiated by the Secretariat of Agriculture of the Dominican Republic,

INTRODUCTION

Malnutrition is one of the Dominican Republic’s major health pro-
blems. This condition is acute in children under five years of age who
make up 43.19/0 of the country’s six million inhabitants. According to a
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nutritional survey undertaken in 1969 among lower and middle income
families, 759/o of the children comprised between the ages of one to five
years suffered from protein-energy malnutrition (PEM) (1). Subsequent
surveys revealed similar findings. In a 1976 study of the Catholic Relief
Services (CARE) conducted in the central and southwestern regions of
the Dominican Republic, 660/0 of the preschool children were mal-
nourished (2). 'More recently, in 1981, a nutrition survey was carried out
-~ by the Secretariat of Public Health, in the rural area surrounding La
Romana located in the eastern region of the Island. Data for 849 chil-
dren under one year of age indicated that 41°/o were diagnosed as mal-
nourished, although only 1.99/o were classified as severely malnourished
(3). All survey results were compared to the Gémez classification, which
‘measures the degree of PEM according to the percentage deficit in weight
for age.

Little research has been conducted in the rural southwestern region of
the Dominican Republic which consists primarily of small land holders
and tenant farmers and is considered a frontier zone. Previous estimates
suggest that childhood PEM is worse in the southwest, but these data
include an urban coastal population (3). Therefore, the ‘Las Cuevas”
watershed was the site selected for another nutritional survey undertaken
to assess the nutritional status of this rural mountainous region. A second
purpose was to compare results with previous data in order to determine
if there had been any improvement in the nutritional status of Dominican
children since the first 1969 survey.

The survey was conducted in the summer of 1982 as part of an
interdisciplinary research project initiated by the Secretariat of Agricul-
ture of the Dominican Republic and the Center for Latin American
Studies of the University of Florida. The main purpose of the “Las
Cuevas’ project was to improve resource management in an underde-
veloped rural region of the country and to train professionals to conserve
- natural resources (4). At the initiation of the ‘““Las Cuevas’’ project, nu-
tritional status of the population was taken to provide baseline data for
assistance programs (4).

The “Las Cuevas” 'watershed is located on the southwestern flank of
the Cordillera Central and covers 600 km2. In 1981 the estimated po-
pulation was 31,148 inhabitants, with an average density of 52 persons per
km2. The populatlon of “Las Cuevas” is 719/o rural (4), most of the
inhabitants being small-farm agriculturists who cultivate land and tend
goats. In the same year of 1981, family income in the region was es-
timated to be less than US$800.00 annually (4). Mortality in the water-
shed is difficult to calculate due to the absence of accurate records.
Although the stated mortality rate for the province of Azua is 4.5/1,000
(37/1,000 for the Dominican Republic) (5), it is suspected that this rate
is considerably underestimated.

MATERIAL AND METHODS
The sample population was comprised by 100/o of the children from

six to 54 months of age in every community in the watershed, accessible
by four wheel-drive vehicles. Households with preschool children were
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randomly selected, and were either measured at home or brought to a
meeting place for this purpose and for interviews with their mothers.
A total of 280 children, 141 males and 139 females were measured. The
preschool children population for each community was determined by
statistics from the Department of Rural Health and from the rural health
agent (6).

Anthropometric measurements were taken to determine nutritional
status based on the National Center for Health Statistic’s (NCHS) age and
sex specific reference data for weight, height, arm circumference and
triceps skinfold. (7-12). From these measurementsrelationships of weight
for age, height for age, weight for height and the fat and muscle areas of
the upper arm were derived, Weight was measured with a hanging scale
hung from a stable pole or fixture, removing clothes and shoes except
underwear before weighing. Weights were recorded in kilograms to the
nearest tenth. Height was measured by recumbent length to the nearest
tenth of a centimeter on a 100 cm. length board. Recumbent length gives
a slightly larger measurement than standing length. The difference be-
tween the two measurements is approximately one centimeter (9). The
NCHS data report recumbent length for children birth to 36 months and
“stature for children 2-18 years (7).

Upper arm circumference was measured at the midpoint between the
acromion process of the scapula and olecranon process of the elbow at the
posterior midline over the belly of the triceps. A fiber glass, non-stretchable
tape was used to measure the circumference. Measurements were recorded
in centimeters to the nearest 0.1 centimeter. Triceps skinfold, a measure
of a double layer of skin and subcutaneous fat on the midpoint of the
upper arm, was taken with an Adiometer™ skinfold caliper. Measure-
ments were recorded to the nearest millimeter. Using both skinfold and
upper arm circumference the cross-sectional area of fat and muscle was
calculated in order to determine the relative tissue of the upper arm
(8, 10, 12). :

The National Center for Health Statistics (NCHS) reference data
were used to evaluate the anthropometric data collected in ““Las Cuevas.
Considering that well-fed ethnic groups have reached similar growth
standards as well-nourished Caucasians in the United States and Europe,
the NCHS tables wrere used as a reference to assess growth deviations of
the ‘“Las Cuevas” children (11). Upper arm circumferences, tricep skin-
folds and the derived tissue circumferences and areas were compared to
the National Health and Nutritional Examination Survey I (NHANES I)
standards. This reference includes children from one to five years of
age (12, 13).

Food frequency data were collected for 90°/o of the children sur-
veyed. Each mother was interviewed by a Dominican interviewer to
determine food frequency consumption, breast-feeding practices and
weaning foods. No attempt was made to quantify food eaten, determine
standard composition, or calculate nutritive values. Food frequency was
taken so as to obtain a general dietary profile.

RESULTS

According to the weight-for-age measurements, 23°/o of the children
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were at, or below the 5th percentile. Over 609/o of them did not achieve
weights over the 25th percentile, while only 219/o of the children were
above the 50th percentile (Table 1). Males tended to have lower weights
than females. For all ages, nearly 30°/0 of males were at or below the
5th percentile, while less than 209/o of females were in this category. The
children who showed the greatest deficits in weights belong to the age
range of 12 to 23 months old. Twenty-nine of the total 104 children in
this age group were at or below the 5th percentile.

As to measurements for height for age, these indicate that 39°/o of
the sample were at, or below the S th percentile. Over 70°/0 of the children
did not exceed the 25th percentile (Table 1). A small 17°/o were above
the 50th percentile, males generally being of shorter stature than their
female counterparts. More than 400/o of the males were at the Sth
percentile, while 350/0 of the females were in this category. Children
from 24 to 35 months of age experience the greatest deficits for age.

Children in the ‘“Las Cuevas” watershed did not experience great
deficits in weight for height. Fewer than 8°/o of the children were at or
below the 5th percentile (Table 1). As the data reveal, a little over 50°/o
of the children were above the 50th percentile, which is to be expected
in a normal centile distribution.

Both upper arm circumference and triceps skinfold measurements
of the sample were low when compared to the NCHS reference data. As
may be observed, over 300/o of the subjects were at or below the 5th
percentile, while over 709/o did not exceed the 25th percentile (Table 2).
A mere 120/o were above the 50th percentile. Triceps skinfold thickness
was equally low in the sample; while 160/o of the children were at or
below the Sth percentile, only 13%/o of them were above the 50th per-
centile.

Calculated from upper arm circumference and skinfold thickness,
the fat area of the sample was low. Nearly 600/o of the sample had fat
areas at or below the 25th percentile; while less than 200/o exceeded the
50th percentile. Calculated muscle area shows approximately 57°/o of
the children with reduced muscle mass, falling at or below the 25th per-
centile. Only 200/0 of the sample were greater than the 50th percentile
(Table 2). '

According to the dietary survey, the customary diet consists primarily
of high carbohydrate foods: rice, bread and spaghetti as well as starchy
tubers such as yucca, potatoes, and plantains comprise the daily fare.
Beans (habichuelas, gandules, etc.), which are grown locally, are also
consumed on a daily basis. The main sources of animal protein, milk
and eggs, are consumed daily by 50°/0 of the children. 'Meat, chicken,
fish and goat are eaten from one to three times a week to once a month.
Fruits and vegetables are not an integral part of the diet. Except for the
small banana, guineo, fruits and vegetables are consumed once or twice a
week at the most. The consumption of fruit, however, may have been
under-reported since mothers were not questioned about their children
consuming seasonal fruits such as mangoes, which are picked from the
trees and eaten as snacks. Condiments, peanut oil, sugar, as well as coffee
and tea are usually part of every meal. -

Breast feeding is a common practice in the Dominican Republic.
According to the dietary survey, 600/o of the mothers breast-fed their
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TABLE 1

CENTILE DISTRIBUTION OF WEIGHT FOR AGE, HEIGHT FOR AGE
AND WEIGHT FOR HEIGHT BY SEX

Percentile rank of

NCHS standardl Female2 (No.) Male (No.) Total  (No.)
Weight

5 or less 19%/o (26) 29%o (40)  24%o 66
10-24 37%o0 (52) 3790 (51) 37%0 103
25.50 17%o (24)  17%o (24)  17% 48
51 or more 26°/o (36) 16%/o (23) 2190 59

Height

5 or less 3590 (49)  43%0 (61) 390 110
10-24 35%/o (49)  30%0 (42) 320 91
25-50 1290 (17)  10%o (15) 1190 32
51 or more 17%jo (24) 16%jo (23) 17%jo 47

. Weight for height ’

5 or less 89/o (11) 9°/o (13) 8%/o 24
10-24 17%/o (24)  25%o (35) 21% 59
25.50 19°/o 27 25%o (35)  22% 62
51 or more 559/o (76) 40°/o (55) 47%/o 131

1 National Center for Health Statistics (7).
2 Percentages may not equal 100°/o, due to rounding off,

children, a practice that lasts from 6 to 24 months. The mean weaning
age was 12 months. Twenty-five per cent of the babies received cow’s
milk, and 10°/o formula. Whether or not some mothers combined breast-
feeding with formula was not explored.

The average age for introducing solid foods was 6-7 months. In some
cases children were not introduced to solid foods until they were 12
months old. The most severe cases of malnutrition were found among
those children who were not given solid foods until 16 to 24 months of
age. They continued breast-feeding often in competition with another
sibling.

The most frequent weaning foods are variations of the daily diet. Rice,
pureed tubers and beans along with plantains, guineo and coffee are the
most common introductory foods. Sources of protein such as cow’s milk,
eggs, stewed meat and breast milk complement the infant’s diet.

DISCUSSION
Based on weight for age the children in “Las Cuevas™ experience sig-

nificant growth failure and poor nutritional status. As can be gleaned from
the data nearly a quarter of the children do not surpass the 5th percentile
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TABLE 2

PRESENTATION OF CENTILE DISTRIBUTION OF ARM CIRCUMFERENCE,
SKINFOLD THICKNESS AND FAT AND MUSCLE AREAS BY SEX

Percentile rank of

NCHS standardl Female? (No.) Male (No.) Total  (No.)
Arm circumference
5 or less 33%/o (40) 38%/o (48) 36%/o 88
10-24 33%/o (41)  34%o (42)  34%po 83
25.50 20°/o 25  15%o0 (19)  18%0o 44
51 or more 13%/o (16) 1290 (15) 129/o 31
Skinfold thickness
5 or less 14%/o a7 - 17%o0 (22) 169%/o 39
10-24 39%/o (48) 40°/o (50) 40°/o 98 .
25-50 34%o (42) 28%/a (35) 319 11
51 or more 12%/0 15) 14%/o a7 13%/o 32
Fat area
5 or less 11%/o (13) 15%/o a7 129 30
10-24 49%/o (60) 45%/o (56) 47%/o 116
25.50 229/o 27 21%o (26)  21%o 53
51 or more 18%/o (22) 19%jo (23) 18%jo 45
Muscle area
5 orless 18%/o (22) 19%o (23) 18%/o 45
10-24 39°/o (47)  40%o (50)  39%0o 97
25.50 2390 .(28)  20%o 25)  21% 53
51 or more 20%/o (24) 21%/o (26) 20°/o 50

1 National Center for Health Statistics (7).
2 Percentages may not equal 100°/o, due to rounding off.

in weight and more than 60°/o of them do not reach the 50th percentile.
Males in particular, tend to be lighter than females. These low weights
appear to be the result of decreased body fat, poor muscle development,
deficient skeletal growth or a combination of all three. Height for age,
weight for height, arm circumference and skinfold thickness will evaluate
the degree of malnutrition as expressed by these low body weights.

For the purpose of this study, deviations in weight for age are evaluated
according to the NCHS standard of reference. The Gémez Classification,
frequently used for evaluating malnutrition in Latin America and the
Caribbean, was not used because it does not take into account edematous
weight nor distinguish between acute and chronic PEM. For comparison
sake, however, the authors have also compared the *“‘Las Cuevas’ children
to this classification. According to the Goémez standard, 52°/o of the
sample suffered from 1st degree malnutrition, 179/0 from 2nd degree
malnutrition, and 29 /o experience 3rd degree.
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Low height for age reflects a prolonged period of nutritional stress
and subsequent retardation of linear growth (11). This is an important
measure to distinguish present day, from past nutrition. Due to the fact
that height cannot be gained in a short period, significant deficits in height
indicate a period of prolonged undernutrition. Height-for-age measure-
ments for the “Las Cuevas’ sample revealed children who were very short
for their ages. Nearly two-thirds of the sample did not exceed the 25th
percentile. This low stature was found among all age groups, but is par-
ticularly low after 24 months of age. The low height for age indicates a
retardation of linear growth especially after the weaning age. The height/
age data demonstrate that these children have suffered a history of mal-
nutrition and retarded growth.

A deficit in weight for height disregarding age suggests that a child

currently is, or has been in the period immediately prior to examination,
on an inadequate diet (13). Nevertheless, a recent work by Cole (14) on
the weight-for-height standard and by Rolland-Cachera et al. (15) on
adiposity indices in children, suggest that weight for height may over-
estimate the proportion of children who are undernourished. The over-
estimation is greatest for children at the extremes of the distribution,
.., those under the 5th centile and over the 95th centile and for all
children at about two years of age. Unexpectedly, welght—for—height
measurements are not particularly low for the ‘“Las Cuevas’ children.
Only 8%/o of the subjects were below the 5th percentile, while over 659 /o
were at or above the 50th percentile. This means that only a small per-
centage of the subjects were suffering from acute malnutrition, One
explanation of the favorable weight-for-height measurements may lie in
the fact that the sample was measured during the summer months, when
crops were being harvested and food was more plentiful. For whatever
reason, however, the weight-for-height ratio suggests that the children did
not experience unusual nutritional stress before or during the survey.

Upper arm measurements are valuable indicators of nutritional re-
serves (10, 12, 13). A decreased amount of subcutaneous fat and poor
muscle development or “muscle wasting’’ are cardinal features of all forms
of protein-calorie malnutrition. Arm measurements for the “Las Cuevas”
subjects indicated reduced protein reserves. Over 309/o of the children
had upper arm circumferences at or below the Sth percentile. Calculated
muscle area revealed decreased muscle size, a sign of poor muscle de-
velopment and decreased protein reserves. This phenomenon usually
occurs from chronic calorie deprivation as revealed by low height for age.
Skinfold thickness and estimated fat area indicate only moderately low
fat reserves. Moderate deficits in fat storage may reflect an overall thinness
but no acute deprivation of calories. Thus, the low arm circumference
measurements appear to be a result of poor calorie and protein reserves
rather than an acute deficit in calories.

The diet of the ‘““Las Cuevas’ children evidently was high in carbo-
hydrates, and relatively low in protein. Starchy items such as rice, bread,
tubers and plantains were consumed daily. Although milk and eggs are
eaten daily by 50°/o of these children, beef, fish, and goat were consumed
from two to three times a week at most. This diet may be one of the
contributing factorsrelated to the poor nutritional status in the watershed.
Insufficient calorie consumption is reflected in low weight for age, and
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low protein intake.is shown by poor muscle development, low weight and
retarded linear growth experienced by the children. This seemingly high
carbohydrate, low-protein diet does not provide sufficient calories and
nutrients to support proper growth and development as reflected by the
poor nutritional status of the children in ‘“‘Las Cuevas”.
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RESUMEN

ANTROPOMETRIA NUTRICIONAL E INGESTA DIETETICA DE NINOS DE LA
REGION “LAS CUEVAS” DE LA REPUBLICA DOMINICANA

Se llevé a cabo un estudio nutricional en la cuenca de “Las Cuevas”, localizada
en la region suroeste de la Repiiblica Dominicana, con el propésito de analizar el es-
tado nutricional de los nifios de edad preescolar. Se hicieron mediciones de estatura,
peso, circunferencia braquial y pliegue cutaneo del triceps de 280 nifios comprendidos
entre las edades de 6 a 54 meses. Sus antecedentes alimentarios fueron recabados de
sus madres o encargados.

Los resultados se compararon con datos de referencia del Centro Nacional de
Estadisticas de Salud, los cuales revelaron: 1) que los nifios experimentan un retardo
de crecimiento y estado nufricional deficiente, indicado por un bajo peso para su
edad; 2) que los nifios sufren desnutricion crénica, como lo reveld la baja estatura para
su edad y masa muscular reducida del antebrazo; y 3) que los nifios tienen un peso
adecuado para su estatura.

Un estudio de la frecuencia de alimentacion demostré que los nifios consumen una
dieta rica en carbohidratos y baja en proteinas de origen animal, La lactancia materna
es practica comun, aunque la leche de vaca se introdujo tempranamente en el 25° o
de los nifios, L3 edad para la ablactacion es de 12 meses.

Los resultados seiialan, asimismo, que los nifios experimentan los mayores déficits
de crecimiento en el segundo afio de vida, y que esos déficits son ocasionados por la
malnutricion crénica, y no por la carencia aguda de alimentos ni por episodios recien-
tes de enfermedad, El estudio se llevé a cabo con miras a establecer datos basicos re-
queridos para un proyecto de manejo de recursos iniciado por la Secretaria de Agri-
cultura de la Reptiblica Dominicana.
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SOCIOECONOMIC CONDITIONS, FOOD HABITS AND
FORMULATED FOOD PROGRAMS IN THE PUEBLOS JOVENES
OF LIMA, PERU

Marisela Benavides! and Robert E. Rhoades?

International Potato Center (CIP)
Lima, Peru

SUMMARY

The present article examines attempts to develop and introduce formulated foods,
or mixes, to low-income populations in Lima, Peru’s Pueblos Jovenes (squatter settle-
ments). :

It discusses how socioeconomic conditions, dietary patterns, and economic
pressures often mitigate against consumer acceptance. An alternative approach which
stresses a prediagnostic study of clients’ needs and careful monitoring of product
development with consumer input is suggested.

INTRODUCTION

Formulated or blended foods, sometimes called ‘“‘mixes’’, have been
widely investigated and debated as to their merit over the past two de-
cades (1,2). While a number of nutrition studies and guidelines for de-
velopment of the composition of formulated foods have been published,
little research has been conducted on the social and economic conditions
which encompass acceptability or rejection by beneficiaries of formulated
food programs. This article, which presents the findings of a study done
in 1983, examines formulated food programs in Lima, Peru, both his-
torically and at present. Acceptability of formulated foods is examined
in light of various factors: household economics, cultural preferences,
dietary patterns, and food assistance programs. A major objective of the
paper is to broaden our understanding of non-biological factors that play
a major role in the successful transfer of formulated foods designed for
Third World populations.

Data collection procedures involved a literature review of socioeco-

Manuscrito modificado recibido: 5-3-87+
1 Sociologist, International Potato Center, (CIP), Lima, Peru.

2 Leader, Food Systems, International Potato Center (CIP), P.O. Box. 5969, Lima,
Peru.
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nomic conditions and present dietary habits in Lima’s Pueblos Jovenes or
“young towns,” interviews with specialists working on food-related
problems among the urban poor, in-depth interviewing of mothers as well
as women working in the comedores populares (common kitchens), and
the administration of a questionnaire to a sample of mothers. The potato
(Solarium tuberosum) was selected as a focal point due to the importance
this tuber has in the Andean diet, and attempts in other world areas to
use potato as a base for formulated mixes (3-6).

SOCIOECONOMIC CHARACTERISTICS OF LIMA’S PUEBLOSJOVENES

1. Development of Pueblos J6venes

Modern Lima is surrounded by a belt of marginal settlements called
pueblosjovenes or barriadas containing a population of 1.2 million (4).

The first barriadas appeared in Lima in the 1940’. They were estab-
lished in the areas surrounding the Mercado Mayorista, Lima’s main
produce market. New barriadas or pueblos jévenes appeared on the
margins of the Rimac River during the 1940 and 1950 decades. From
1955 onward, however, an acceleration in the expansion process of these
settlements occurred, and new barriadas emerged around the contour
of the urban center and along the main access roads leading to the capital
(See Figure 1).

The constant growth and yearly expansion of barriadas (Table 1), is
currently evidenced in the settlements occupying the sandy, desert areas
surrounding the city.

The formation of a pueblos jovenes begins with the “invasion” of
state or private land by an organized group and, in fewer cases, the re-
location of populations. Once installed, the inhabitants formally or-
ganize themselves to obtain official government recognition, legal title
to property, and installation of electricity, water, and sewage services. The
age of the pueblo joven and its organization power explains the differ-
ences between pueblos jovenes: older settlements tend to have better
facilities (e.g. San Martin de Porres located in the margins of the Rimac)
than new ones. Nevertheless, even in the best pueblos jévenes, severe
problems are found in regard to sanitation, water, and most basic ame-
nities.

2. Population Characteristics

Reliable statistical information on the populations of pueblos jovenes
is difficult to obtain and available data often correspond to different
years. In this paper, a few general conclusions are drawn, which are im-
portant for understanding the target populations of formulated food
projects.

Origin of slum population is important in determining food customs
and dietary practices. The original inhabitants of pueblos jévenes are
primarily rural migrants to the city where a tremendous amalgamation of
races and ethnic groups is found. While the greatest proportion of mi-
grants are of highland origin, many originate as well from the coast and
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Panamericana Highway
to the North

Collier, David, 1978

FIGURE 1

Map indicating the location of barriadas in Lima, Peru



262 ARCHIVOS LATINOAMERICANOS DE NUTRICION

TABLE 1
TOTAL POPULATION, AND POPULATION GROWTH IN PUEBLOS JOVENES,
METROPOLITAN LIMA
Year Lima’s total population Population in Percentage

Pueblos Jovenes

1953 13,5992

1955 1,200,000 119,1402 10
1959 1,641,900 236,7163 14
1967 . 2,628,700 491,340 19
1970 2,990,000 761, 755a 25
1972 3,418,500 783,039 23
1981 4,608,010 1,171, '839b 25
Sources:

a  Rodriguez, Alfredo et al (8).
b  Henriquez, Narda et al. (9).

jungle. For example, a study of a pueblo joven in Callao revealed that one-
third of its inhabitants originated from the coast (10). Not all people
living in pueblos jovenes have taste preferences of the highlands (also a
highly variable cultural zone) as is sometimes assumed in food programs.
The population of pueblos jévenes is demographically young, and
families tend to be large by Lima standards. According to a pueblo joven
census conducted in 1972, 459/o of the total population of Lima and
Callao pueblos jovenes are less than 15 years of age (11). The average
family size of the low-income groups in Metropolitan Lima is 6.7 persons.

3. Employment Patterns

According to a 1982 survey carried out in 18 Lima pueblos jovenes
by INADUR (National Institute of Urban Development), 57%/o of the
active economic population have stable employment, 36°/0 have tem-
porary employment, and no information was available on the remainder
(12). Concerning occupations revealed in this survey, 37%/o declared
themselves laborers, 31 claim to be self-employed, 269/o classified them-
selves as employees, while the remainder (6°/o) fell into miscellaneous
categories (12). Self-employed workers include street venders, artisans,
and semi-skilled workers (carpenters, plumbers, etc.) all of which are com-
mon activities for men. The most typical economic activity among women
is hourly domestic employment, small businesses, street vendors, and in a
few cases,sewing.

In the implementation of any formulated food program special at-
tention should be given to the activities of mothers. In one pueblo joven
study, 629/0 of women gave up work at marriage (859/0 worked before
marriage), 15%/o remained unemployed and approximately 23°/o re-
mained permanently in the labor force (13). This pattern of leaving work
is explained in part by the necessity of the mother to remain at home to
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take care of children and the house, especially in the cases of “invasions”.
As the family matures, women will return to the labor force due to eco-
nomic pressures. When the children are older, or one child can watch the
younger children, the mother will again frequently engage in an outside
economic activity. They devote themselves primarily to commercial
ventures which are compatible with maternity and which permit the
greatest liberty in establishing their own hours and allowing, if possible,
the mother to take her children with her. They frequently become street
vendors or, if capital can be accumulated, they open a small local shop,
often in their own house.

4. Income

According to the 1982 INADUR survey, and other data from 1983
the average family income in the pueblos jovenes fluctuated, between 1.5
and 1.6 MLS (minimum labor salary) which was equivalent to US$110-
118.3

Two other surveys —the first, in San Juan de Lurigancho (north-east
part of the city) and the other, in the Fundo Marquez (port of Callao)—
provided the data on income levels shown in Table 2. In both studies,

S0Y/o of the analyzed population had incomes fluctuating between 80
and 160 US dollars.

THE FAMILY BUDGET AND FOOD EXPENDITURE

According to information in the National Survey of Food Consump-
tion (15), conducted between August 1971 and August 1972, the ex-
penditures among the lower income groups for food and drink in the
Lima Metropolitan area required almost half of the total family budget.
This was corroborated by another survey undertaken in 1977 and 1978
(16) which showed that 559/0 of expenses of the two lowest income
strata are oriented toward food.

Hilary Creed de Kanashiro (17) in reference to food expenses of the
lower income groups based on data obtained between 1972 and 1979
from various pueblos jovenes (Ciudad de Dios y Pamplona), argues that
food expenses are even higher than government data suggest:

“In 1972 these groups spent 78°/o of their total income to eat. It
was not possible to obtain this information for all families but the
impression is that some families have maintained more or less this
percentage between 1972 and 1979 while for others it has risen.
One of the families spent 85%/0 of their total income for food in the
3 weeks prior to the interview.”

Inflationary trends have continued to drive food costs higher.
2. Nutritional Situation

The close correlation between consumption patterns and income

3 On April 20, 1983, the average exchange rate was 1,306 Soles per US dollar. The
exchange rate in 1987 is 14,000 Soles or 14 Intis.
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TABLE 2

INCOME LEVELS IN TWO PUEBLOS JOVENES

Population Income levels
(Percentage) Us$
Fundo Marquez
27 <179
35 82-117
21 119-163
15 > 163
2 n.d.

Survey applied to 209 persons
Zolezzi, M. and G. Romero (14)

San Juan de Lurigancho
34 < 82
44 82-156
17 > 156
5 nd,

Survey applied to 246 persons.
Zolezzi, M. and G. Romero (14)

makes it clear that in pueblos jovenes the low nutritional level has im-
portant consequences for health. According to the ENCA 1972
survey (15), 199/o of the Lima population less than six years of age face
malnutrition problems: 170/o suffer from first degree malnutrition, while
20/0 are of second degree (18). The ENCA survey indicated also that
470/o of Lima families do not satisfy 909/o of their caloric requirements,
and 2290/o their protein requirements (12), a situation which has worsened
since 1972 to the present. In addition, severe water and sanitation prob-
lems in pueblos jévenes compound health and nutritional problems.

FOOD HABITS IN THE PUEBLOS JOVENES

1. Nursing
a. Breast-feeding

Breast-feeding is the main feeding method for babies in the pueblos
jovenes, and as Table 3 shows, mothers try to extend this practice for as
long as possible, generally up to one year of age. Most mothers considered
their own milk more adequate than artificial feeding. Breast-feeding is
primarily used because of custom, its natural character, and savings to
the family. In the pueblo joven Matazango a survey of 94 mothers re-



VOL. XXXVII (JUNIO, 1987) No. 2 265

vealed that mother’s milk is considered by 909/o of the mothers as
better than any other kind of milk (19). Mothers declare they stop breast-
feeding when they no longer have milk or the child is old enough to eat
other foods.

TABLE 3
BREAST-FEEDING PERIOD: COMBINED RESULTS OF TWO
PUEBLO JOVEN STUDIES
(N = 163)
Time No. of mothers
Less than 6 months 22
6 - 12 months 73
More than 12 months 68
Source: Gonzilez, Elias, 1979-1980. Pueblo joven Villa Maria del Porvenir

(N = 103) (20).
Source: Leon Angeles Lauritz, Nov. 1977-1978. Pueblo joven San José, and Virgen
del Rosario near Ancon (N = 60) (21).

b. Breast-feeding, supplementary feeding and non-maternal milk

In cases of insufficient mother’s milk or if the mother works, sup-
plementary feeding on non-maternal (canned or powered) milk is made. In
San Jose and Virgen del Rosario, for example, evaporated milk* is used
by 71%/0 of the mothers, pasteurized or homogenized by 8°/o and
powered milk by 29/o (21). In addition to mother’s or other milk, babies
are given substances such as tea and anise to eliminate gases and colic.

2. Transition to Solid and Non-Milk Food

This period begins when the child starts to eat solid foods at three to
six months of age. The first foods given to the child are soups or broth
containing noodles or potatoes prepared by the mother. Other foods given
to the child are: potato purée prepared from the family soup bowl, squash
purée, banana, boiled egg, pudding-dessert (mazamorra), and juice (mainly
papaya and granadilla). These are traditional convenient methods of
feeding babies from readily available table foods which are part of the
regular adult meals and do not have to be specially prepared. The con-
cept of a prepared child’s meal as something separate from the adult’s
meal is not found, only in the sense that food may be separated out of the
family pot (e.g., potatoes) and then mashed or made palatable for the child.

4 Gloria was the brand best known until 1985, This situation has probably changed.
Although these are not recent studies, ENCI, a highly subsidized powdered milk
may well have replaced it as the most commonly used.
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Ninety-four mothers in pueblo joven Matazango responded to the
question: which are the most common foods used to begin weaning? The
most frequently mentioned items were mashed potato and vegetable
broth (36 responses each) followed by fruit juice and boiled egg (20 and
8 responses, respectively) (19).

Results of a survey (N = 21) conducted specifically for the present
article (Table 4) revealed the following first foods:

TABLE 4

FIRST FOODS FOR BABIES

Food Frequency of
response

[y

=HNWWWWNNDN O

Soups (vegetable, noodle, semola)
Potato ( purée or mashed)
Banana

Eggs

Chicken broth

Fruit juice (granadilla, papaya)
Carrot

Purée squash

Corn pudding

Spinach

Source: Author’s survey 1983.

3. Incorporation of the Child into the Adult Diet

The age of incorporation of the baby into the adult diet varies ac-
cording to family resources. In the lowest income families, the child is
incorporated as rapidly as possible into the family diet (although individ-
ual components may be prepared especially). This occurs generally after
six months of age (Table 5).

a. Child diet: 1-6 years

The daily diet of small children like that of adults, is divided into the
three usual meals: breakfast, lunch, and supper. Often, the evening meal is
in reality the noon meal warmed over or, on other occasions, it is a lonche
(snack) consisting of tea, bread, or pudding (mazamorra) with a bit of
milk. There is limited consumption of fruit, eggs, and meat. Milk is used
in some preparations, but this is diluted, canned evaporated milk. When
the child is weaned, he does not always receive the proper substitute for
mother’s milk, a state which is compounded by the attention a mother
must give to the newly arrived baby (22).
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TABLE 5
INCORPORATION OF CHILP INTO THE ADULT DIET

(N=21)
Age ) Frequency of mention Perc'entage
4 months 1 6
6 months 4 25
8 months 3 19
9 months 1 6
1 year 4 25
1 year + 3 19

16 100%/o

Source: Authors’ survey 1983,

Mothers often fear that the use of fish and dried legumes (menestras)®
produces infection, allergy, and diarrhea. Legumes (menestras) are ranked
highest by mothers as harmful to children, describing their effect as caen
pesados, aflojan el estomago, empachan, Spanish expressions which refer
to gastrointestinal problems (23). Beans, fish, and bananas are also thought
to cause stomach problems. These are considered too ‘heavy” for the
young child. At this age, preferred foods are noodles, puddings, fruits,
and gelatines. Processed foods that children receive. at this age are oats,
sémolas, including preparations previously mentioned. For the preparation
of puddings it is common to use corn starch (Maicena).

b. Diets of children: 6-14 years

The diet of children comprised in this age bracket is virtually the
same as the family diet, although the proportion is greater than in the 1-5
year-age group. Despite their limited diets, by this age children have
formed certain|food habits and tastes which are important in determining
acceptability of donated or formulated foods.

4. The Adult Diet
a. Foods consumed most frequently

Soups are important elements in the pueblos jovenes diet since they
are consumed daily, as is rice and bread. The soup ingredients include
basic items such as onions, tomatoes, garlic, supplemented by vegetables
such as carrots, potatoes, often mixed with a chicken broth or piece of
inexpensive meat. In other cases, they prepare soups with wheat, beans
and pea flours, or with noodles, sémola and rice. The mother prepares the
soup using many different forms which depend on their availability and

5 In Peru the menestras include beans, broad-beans, peas and Lima bean.
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market prices. Flavoring adding cubes are often added to
soups.

Consumption of legumes and rice is common, due to the volume
that can be bought with family budgets and generally their more, secure
supply in the market. Eggs are important in the diet, particularly if the
mother has her own backyard chickens, a pattern common in pueblos
jovenes. Fruit consumption is variable due to price fluctuations and supply.
The most commonly consumed fruits are oranges (cheap in winter) and
bananas (cheap in summer). Consumption of milk is also variable.

Legumes are generally consumed every other day. The diversity of
legume types (e.g. green beans, broad-beans, chick pea) in the market
permit a variation in consumption. Legumes are eaten with rice and in
some cases with a piece of fish, egg and other high~density protein food
if the family income permits.

Stews are prepared with greens and pieces of inexpensive meat, gen-
erally viscera. Stews are also quite diverse according to the green ve-
getable or grain with which it is prepared: e.g., squash, maize, olluco,
potato or cabbage. Choice of vegetable depends on whichever ingredient
is lowest in price at the market. Noodles, prepared in soups or separately,
are consumed at least once 3 week. Fish and shellfish are frequently
consumed since they are cheaper than chicken.

Frequency of chicken consumption also varies according to pre-
vailing market prices. Generally, mothers purchase small pieces (wings,
backs, feet, liver, etc.) for soups and for broths. Other meats, such as
beef or pork, are rarely consumed due to their high cost. If meat is con-
sumed, it is the less expensive pieces (e.g., viscera, head pieces, feet)
which are selected.

According to the 1980 national household survey (ENHI) (24),
Table 6 includes a list of the foods frequently consumed among low-
income groups in the Lima Metropolitan area.

The adult diets of the pueblos jovenes are primarily made up of high
carbohydrate foods such as rice, bread, noodles and dried legumes. Po-
tatoes are also commonly consumed, reflecting a highland cultural pre-
ference. The former are consumed because of lower price in relation
to volume. Concern with price does not necessarily mean, however, that
people do not perceive differences in the nutritive value of foods. For
example, in a study of mothers’ opinions on the health value of foods,
by Bardales de Hoyos (25), milk, meat, eggs, fish, fresh vegetables, fruits,
and legumes were ranked highest, in the order presented.

Susan Lobo (10) in her excellent study of squatter settlements in
Lima, reports that strong feelings of trust must pervade a situation in
which food is given and received. Although men often eat en la calle
(in the street) from vendors, this is considered disagreeable and often
unhealthful. They prefer food prepared in the home, by one’s own re-
latives. Culinary arts of the pueblos jovenes can be quite elaborate, es-
pecially on festive occasions. Foods which they can afford to eat are
always well prepared.

5. Shopping Patterns, Food Storage, and Kitchen Activities

Mothers generally acquire food daily. Very few go to the market
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TABLE 6

FOODS MOST FREQUENTLY CONSUMED AMONG THE LOW-INCOME
GROUPS IN THE LIMA METROPOLITAN AREA

Food Grams per family Percentage of the daily
per day total consumption
Potato .899 16.3
Rice .738 13.4
Bread ) .459 8.3
Figh .328 5.9
Sugar 275 5.0
Chicken meat .242 4.4
Sweet potato .242 4.4
Onion 234 4.2
Noodles .184 3.3
Evaporated milk .162 2.9
Banana 158 2.8
Tomato .140 25
Beans .139 25
76 (rounded)

Source: Encuesta Nacional de Hogares Individuales (ENHI) (24).

only once a week, as is common among the middle and upper classes.
They purchase food in small open-air markets called paraditas, but in
small amounts, a pattern reflecting in part limited cash availability.

In Lobo’s study (10), the shopping patterns in Callao are described
as follows:

“In Ciudadela, Chalaca and Dulanto each household purchases food
daily. Generally, the women do the shopping since it is they who
prepare the meals. Purchase of foodstuffs and preparation of food
represent a large portion of the female head of the households’ con-
cerns. The morning trip to the market, in which food is selected for
the entire household’s consumption, generally lasts about an hour
and is carried out efficiently. The market represents a focal setting
for communication, for sizing up the available products, for commis-
erating on rising prices, and for exchanging quick bits of information
with intimates.”

“Food is generally stored in boxes or left in sacks in places protected
from humidity and light” (cf. study by Bardales Hoyos) (25). Daily
shopping minimizes household storage.

a. Types of kitchens and availability of water and fuel. Primarily, ke-
rosene stoves are used and kerosene is an important expense. Water in
the newer pueblos jévenes is brought in by truck, sold in containers at
a relatively high price and is often of dubious quality.

Time spent preparing food. As illustrated in Table 7, time dedicated



270 ARCHIVOS LATINOAMERICANOS DE NUTRICION
to food preparation is approximately four hours daily, and 4.45 hours in
families with small children (22). Preparation of food is the mother’s

task, or in her absence, the grandmother, an older sister, or other adult
family member.

TABLE 7

PREPARATION TIME OF FOODS CONSUMED IN PUEBLOS JOVENES

Oats with milk 30 minutes
Sémola and green vegetable soup ' 1.5 hours

" Quinua soup with egg 1 hour
Broad-bean flour soup 1 hour
Noodles (tallarines) 20 minutes
Rice 45 minutes
Sweet potato (boiled) 35 minutes
Cau-cau 2 hours
Purée of squash (zapallo) 40 minutes

Source: Cabieses, C. (22).

FOOD ASSISTANCE PROGRAMS

Diverse private and public institutions have organized distribution
systems for donated foods in Peru. These organizations place great em-
phasis on the pueblos jovenes. The population that receives donated foods
often participates in food programs to receive oil and animal protein
foods. Some other foods in the donated packages are said not to be to
their liking. From this it might be inferred that the “poor”’ will not accept
any food (especially those labelled “for the poor™) and that foods being
promoted among low-income people should be attractive in color, taste,
smell and culturally acceptable in terms of preparation and presentation.

1. Food for Work

This program requires participation of recipients in community works,
such as construction of local buildings, roads, street cleaning, road levelling
and caring of parks. They require that recipients work at least 10 days a
month to receive 24 kg of food (26). The workers should be family heads
of either sex who do not have regular employment. The maximum permit-
ted work time is 25 days, for which they receive 48 kg of food. The pro-
gram allows up to five rations per family. The participants receive six pro-
ducts: wheat, maize flour, wheat flour, rice, oats and vegetable oil.

2. Program for Mother-Infant Food Support
This program distributes packages (powdered milk and corn-soy-milk

mix or CSM) to pregnant or nursing mothers. Evidence shows, however,
that the ration is consumed by all family members.
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3. Popular Kitchens

Another mechanism through which donating agencies operate is
that known as comedor popular (popular kitchen) which is an important
form of women’s organization in the pueblos jévenes. Through this or-
ganization, women use a common fund to buy the food and jeintly
prepare the meals, taking turns in the different tasks involved in the
process. This type of organization was started in 1979,.and has-quickly
extended in recent years due to the population’s urgent foods needs.
At present, around 200 popular kitchens are found in different pueblos
jovenes.

4. The Glass of Milk Program

In recent years, and taking advantage of the existence of women’s
organizations in the pueblos jovenes, the Glass of Milk Program (Progra-
ma del Vaso de Leche) was implemented. This program, which receives
donated milk for distribution among children, is supported by 7,000
organized committees in different pueblos jovenes.

PREVIOUS EXPERIENCES WITH PROCESSED FOOD ORIENTED TOWARD
LOW-INCOME GROUPS

The experience of promoting formulated processed foods for low-
income groups is not new in Peru. The most notable cases occurred in
the 1960’s when two products were developed and introduced to the
market: 1) concentrated fish protein, and 2) cotton-seed flour.

1. The Concentrated Fish Protein Case®

This project received wide newspaper coverage and was strongly
supported by the political sector and international organizations. In the
early 1960s Peru was the world’s top supplier of fish flour. Given the
alarming rate of malnutrition and infant mortality in the country, it was
believed that fish flour for human consuption could be an effective way
to fight these problems. As shown in Table 8, at that time the cost of fish
protein was six times less than milk protein, prices reflected in soles,
then the currency of Peru. '

At the Nutritional Investigation Institute located in Lima, nutritionists
began tests on tolerance and nutritive value of fish flour in baby foods.
Fish flour (produced by the company VIO-BIN in the USA) was mixed
with bread and noodles to be consumed in soups and nursing bottles for
children suffering from malnutrition. As a result of these studies, it was
found that concentrated fish protein could, for example, fortify wheat
flour to levels from 3 to 109/o.

Five-year introduction trials were conducted in entire communities
using noodles enriched with 10°/o fish flour. One acceptability test

6 This section is based in part on the analysis given in the Junta del Acuerdo de
Cartagena, n.d. (27,28).
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TABLE 8

COMPARATIVE PRICES OF FISH FLOUR AND OTHER PRODUCTS

Product Soles/kg
Fish (corvina) 35
Meat 25
Eggs 18
Evaporated milk 10
Fresh milk 4
Fish flour 3
Cotton-seed flour 1

Source: La prensa, Feb. 6, 1965.

was carried out for more than one year in Pucald, a village of 4,000 near
Chiclayo. For this specific purpose, the population was divided into three
groups: 1) control group with regular diet; 2) a group that received a
supplemented diet with fish flour in wheat mix in noodle form (0.5 kg
weekly, per capita); 3) the group received a diet supplemented with a
wheat and fish flour base (0.5 kg weekly per capita, of noodles, enriched
with 100/o concentrated fish protein). Results revealed a lowering of
infant and preschool mortality in the two diet-supplemented groups, with
a more marked effect among the preschool and the adolescent categories,
respectively.

In 1964, after four years Of research and publicity, fish protein
concentrate was finally produced in Peru. To stimulate interest among
private industry, in that same year the Government approved a Supreme
Decree exonerating industries from paying import and other taxes for
material, machinery, and parts required in the study. This alse included
investigation, production, utilization, and marketing of products that
might have the quality of ‘“‘compensatory nutritive supplements’ for
human consumption. Furthermore, industrial processors were not re-
quired to pay any taxes on profits.

The first concentrated fish-protein product, called CPP (Concentrado
de Proteina de Pescado Verrando) was first introduced into a soup or chupe
mix that could be utilized for making soups, or in less quantity, for the
enrichment of noodles, bread and other foods. The product had less than
29/o oil and grease, with very little fish odor. CPP Verrando (the de-
veloper of the product was named Verrando) was sold combined with
vegetable protein and condiments, having between 72 and 759/o pure
protein, 989/o digestible, and was sold in packages meant to serve six
persons. The product received favorable backing from FAO and UNICEF.

A second project developed another type of fish-protein concentrate
product with 0.02%/o of oil and grease, with no smell, capable of being
included in all kinds of foods and which might be given different tastes:
vanilla, chocolate, chicken, ham, or other ingredients. Selling fish-protein
concentrate in pure form to be utilized for people in combination with
their foods, including baby foods, was also considered.
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To test acceptability of the product Caritas of Peru carried out a
6-month pilot program of food distribution for preschool children,
especially during the weaning period, in various parishes of Lima. Twenty
children from 6 to 30 months of age were selected in each parish and their
regular diets were supplemented two times daily,with a soup prepared
with noodles ‘“cabello de angel,” a nursing baby bottle with a base of
skim milk, and special crackers. The companies Arture Field and Nicolini
Brothers collaborated with Caritas of Peru in preparing the crackers ané
noodles for this program.

According to available information on these projects, the markets of
fish protein concentrate products had access to were fundamentally
institutional (Military Hospital and National Eating Halls). The demands
with which CPP met made its production possible only 2-3 times per year.
Promotional campaigns were not undertaken, nor a systematic distribu-
tion developed (27,28).

Despite the careful, exhaustive, and highly technical study on the
nutrition and digestibility of the fish concentrate products, attempts to
gain acceptability by the public failed. The technological development
phase of the project was first-rate, the work almost exclusively of a
dedicated Peruvian scientist who defined the technical processes necessary
to obtain fish-protein concentrate, assigned his own team, and carried out
an important investigation on marine species. Furthermore, the primary
product was of extremely low cost and was widely available in the coun-
try. The project received support of private and government groups.
Dislike of the fish taste and odor by consumers might have been one
aspect in the rejection and limited diffusion of concentrated fish protein.
Likewise, introduction of CPP for massive consumption was not accom-
panied by educational and promotional campaigns on a national level.

The Andean Pact, however, explains its failure, not in relation to taste
or palatability problems alone, but in terms of socioeconomic problems
which were never considered: -

“The major omissions were found in the pre-development stage of the
product. There was no clear knowledge of the market, no knowledge
of food habits in the consumption of foods with fish taste nor of
preparation in the kitchen, nor of soups prepared from powder, and
no understanding of the population segments in Peru nor of their food
habits. It was not possible to identify adequate promotion. No studies
of feasibility were conducted. The basic aspects of investment, costs,
profitability were unknown. The operative phase involved a limited
introduction of the product, the sole promotion of essentially its
creator. There were no systematic studies of operation, supply, etc.
Practical mechanism of evaluation and control were not implement-
ed”. (27,28). (The author’s translation).

2. Cotton-Seed Flour

Another effort of the supplementary food projects was made by the
UNA (Universidad Nacional Agraria) and 1IN (Instituto de Investigaciéon
Nutricional) to produce a food based on cotton-seed flour. The UNA
worked on the problem of preparing cotton-seed flour for human con-



- 274 ARCHIVOS LATINOAMERICANOS DE NUTRICION

sumption, while INN carried out studies in the field of nutrition and
digestibility of cotton-seed flour as a principal source of proteins. The
Nestle Company prepared two rice flour and cotton-seed meal mixes.
They also experimented with a mix based on cotton-seed flour, quinua,
and beans. The purpose was to define the method of incorporating these
flours into prepared products for human consumption. This project
received the support of the Ministry of Health, which requested bids
from private enterprises for the production of a new commercial product.

Perulac, a subsidiary of Nestlé, won the bid and in 1966 initiated
the production of a cottonseed product called ‘“PeruVita.” After a
campaign of support and promotion, “PeruVita’ appeared on the market
in two forms: sweet and salty. Easy to rehydrate; it was characterized
by fine creamy-brown color powder. Its basic components were cotton-
seed flour, quinua flour, calcium carbonate, and vitamins B4, B,, and
A,. The salty version also contained sodium glutanate, onion powder,
and- dehydrated orégano. The sweet version contained: vanilla extract,
powdered cinnamon, and finely ground nuts. Ten months after intro-
ducing PeruVita, however, Perulac withdrew the product from the market.
A total of 197 metric tons had been sold during this period. Seventy-
three per cent of the purchases came from the Government for institu-
tional programs. The main reasons given for stopping this project were
the bitter taste of PeruVita and the palatability of the product (Junta
del Acuerdo de Cartagena, n.d., p. 196).

NEW APPROACH TO BLENDED F OODS: A CASE STUDY

Although we have discussed the best known cases in Peru over the
past 25 years, other numerous less known attempts have been made to
develop supplementary foods for low-income groups. Government or-
ganizations and private and international companies have been involved.
There has been limited success due not only to taste and palatability
problems but also because of educational, promotional, socioeconomic
and marketing problems. These cases and similar ones around the world
should be carefully considered to avoid repeating history (1).

In 1983, the International Potato Center (CIP) embarked on a food
processing project using potato as a base for a mix, aimed at low-income
groups in Lima. In Peru, the homeland of the potato, the tuber is
highly valved and a much-sought—after item by urban migrants. In an
effort to avoid past mistakes, an investigation, in which the authors
participated, was undertaken to understand how the urban poor would
evaluate a potato-based mix. The first step was to go to the clients of the
proposed project and obtain their input early in product development
stage. The philosophy applied was similar to the “Farmer-back-to-Farmer”
approach of CIP which posits that successful adaptive research must
begin and end with the presumed beneficiaries of the project (29). It was
felt that a strong diagnostic stage —prior to committing resources to the
mix development— would assist in preventing failure or at least in re-
orienting the project design.

Initial questions the research team anwered were:

— What processed products were presently consumed in pueblos jovenes?
— How m‘i,ght a potato-based mix fit into the local diet and was there
interest? .
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— What might the cost of an acceptable mix be for the low-income
groups?

1. Processed Products Consumed in Pueblos Jovenes

A survey of the markets revealed the following processed products
were presently in use:

a) Flavor - adding items, e.g., Sibarita and Maggi cubes (brand names).

b) Sémola, a wheat-based product used in soups and different types of
noodles for soups.

c) Broad-beans, peas, wheat and maize flours are used primarily by
people from the highlands for the preparation of soups.

d) Papa seca and chufio. Papa seca, a dried potato product made in the
highlands, is consumed on a limited scale in a festive dish called
carapulcra. Churio, the Andean freeze~dried potato, is rarely con-
sumed on the coast due to its cost.

e) Products for children. Maicena (maize starch), sémola, and oats are
used in puddings. Oats are used for breakfast and evening meals.

2. Feasibility of a Mix Acceptance

A “ready mix’’ mentality or need for the pueblos jévenes of Lima was
not identified in the survey, especially if a mix had to be cooked for some
time. Adding a formulated processed product to their diet might shorten
the amount of time it takes a mother to mix the processed ingredients
into a soup or a pudding. The overall preparation time remains roughly
the same, unless a potato-based product is meant to replace fresh potatoes
which need peeling. Considering the high culinary standing fresh potatoes
hold, this proved to be difficult. )

A formulated mix which still requires home cooking (as opposed to
a complete ready-mix) and is aimed at children above six months of age,
should be adapted to the same forms of preparation of foods now con-
sumed by adults. Children are incorporated into the general family diets
as rapidly as possible, although mothers may especially mash or prepare
some foods for babies. )

An acceptable mix would probably be similar to sémola which is
presently used in soups and puddings (mazamorras). Mothers would most
likely try to utilize a creal-based mix in the preparation of stews, purées,
and other typical preparations. For children, it might be possible to pre-
pare the mix in the form of mazamorra, with sugar or other ingredients.
Based on experiences with mixes in other countries, mothers would have
to be taught forms of preparing the mix, by supplying recipes that take
into consideration seasonal fluctuations in prices and supply.

3. Possible Expenditures for the Potato-Cereal Legume-Based For-
mulated Mix for Low-Income Groups

The diets of people in the pueblos jévenes are constrained by their
limited disposable incomes. They attempt to stretch their budgets as
carefully as possible, often through purchasing relatively low-cost foods
which are “filling” (noodles, rice, bread, beans). Mothers frequenily
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express that their diets lack the more expensive, non-bulky, highly nu-
tritive foods: e.g., eggs, milk, fish and meat. It is therefore important
—early in the development of a mix— to make sure cost is acceptable to
project clients.

Analysis of household budgets can be a helpful exercise for programs
aimed toward improving the nutritional status of low-income groups. The
following calculations illustrate how the CIP team estimated how much
a family might afford for a formulated mix replacing other foods. The
following two calculations illustrate an economically attractive cost level
to whlch a potato-based mix must be brought for low—-income groups
in Lima.’

Calculation 1: Estimation of possible expenditures for the mix,based
on family expenses for its components in the proportions presently
consumed, using as a base the average income of pueblos jovenes.

According to data on food consumption among lower income groups

_ of Metropolitan Lima in the National Survey of Individual Households
(24), consumption of potato, rice, beans, broad-beans, maize and oats
(Quaker) represent 25.17%9/o of the food family expenditures per day
(Table 9).

According to data on family income previously presented, the average
family monthly income for pueblos jévenes was US$118.00. The per-
centage for food was 602/o or US$71.00, of which 25.17%/o went for
the components of the prototype mix or US$18 00 per month, per family.
In daily terms, this amounted to US$0.59.

The daily family consumption of the mix components was equivalent
to 1.822 kg (see Table 9); thus, the expenditures per kg consumed were
US$0.32.

Calculation 2: Estimation of possible expenditures for the mix, using
the prices of April 1983 of the products assumed to be in it, in the propor-
tions presently consumed.

Through this calculation we see that expenditures per kg of the mix
components iri:the proportions regularly consumed, amount to US$0.4S.

These calculations show that in 1983, the cost per kg should not have
risen above US$0.50 per kilo, the approximate cost of sémola at that
time. Unfortunately, given the high cost of dehydrated potatoes, it was
difficult to keep cost of the mix within this range.

Given the high consumption of fresh potatoes by the Lima popula-

_ tion (0.899 kg daily, per family, an amount which obviously varies ac-
cording to the price of potatoes) and given fluctuations in prices for
fresh potatoes, a potato-based mix might serve as an interesting alternative
when the potato is out of the economic reach of the low-income groups.
When the price of potato rises beyond their ability, we know that this
group substitutes potatoes with other foods such as sweet potato, cassava,
and rice. A potato-based product within an affordable price range and
with an agreeable flavor might be acceptable. Nevertheless, this implies
that the mix processors should buy potatoes cheaply, process, and store
them.

7 The prototype mix would involve potato, broad-~beans, rice, oats, maize and

barley.
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TABLE 9
PERCENTAGE OF FAMILY EXPENDITURES IN FOODS POSSIBLY INCLUDED
IN A FORMULATED MIX
Products Family’s daily consumption O/o of family expense
(kg) per day
Rice 738 9.25
Potato 899 10.49
Beans 139 4.25
Broad-beans (habas) 019 0.32
Maize 005 0.10
Oats (Quaker) 022 0.76
1.822 25.17%/o
Source: ENHL 1980. (24).
TABLE 10
PRICE OF PROTOTYPE MIX AND DAILY FAMILY CONSUMPTION OF
INGREDIENTS
Food Price/kg 4/83 Family daily Cost of the
“Minorista” Market consumption amount con-
of Jesis Maria (kg) sumed/day
US$ US$
Rice 0.38 0.738 0.28
Potato 0.46 0.899 0.41
Beans 0.61 0.139 0.08
Broad-beans 0.65 0.019
Maize : 0.46 0.005 0.03
Oats (Quaker) 0.92 0.022
1.822 0.80

Source: Authors’ survey and ENHI 1980. (24).

As a result of these types of early diagnostic exercises, the idea of a
potato-based mix to be developed within, and for the pueblos jévenes
of Lima, was dropped. Research shifted to highland communities and
government institutions where, in terms of cost and preparation, the
processed product could have a better chance of success. Research con-
tinues, but bearing in mind the cost and acceptability factors. Our po-
sition is that if more pre-diagnostic exercises like the ones we have pre-
sented are executed, fewer failures in formulated food projects would

take place.
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CONCLUSION

Many of the attempts to develop supplemental and formulated foods
have encountered acceptability as the principal problem to address.
After reviewal of the literature on formulated foods and our study of
socioeconomic characteristics and food habits in the pueblos jovenes
of Lima, it becomes clear that the technology development stage cannot
be considered as a process isolated from the socioeconomic context. The
characteristics of these products should be designed from the viewpoint
of nutritional needs of consumers, taking into account their preferences
and habits, their economic possibilities, and alternatives. It is crucial that
formulated food projects begin and end with their ultimate clients: the
consumers who are to benefit from their efforts.

RESUMEN

CONDICIONES SOCIOECONOMICAS, HABITOS ALIMENTARIOS
Y PROGRAMAS DE ALIMENTOS FORMULADOS EN LOS PUEBLOS JOVENES
DE LIMA, PERU

Este artfculo examina algunos intentos por desarrollar e introducir alimentos for-
mulados, 0 mezclas de éstos, a las poblaciones de bajos ingresos de los Pueblos Jovenes
de Lima, Peni.

Se pone en evidencia el hecho de que las condiciones socioeconémicas, los hébitos
alimentarios y las presiones econémicas actiian muchas veces en perjuicio de su consu-
mo. Se sugiere, en consecuencia, un enfoque alternativo que haga énfasis en un estudio
previo de diagnodstico de las necesidades de los consumidores, y un cuidadoso segui-
miento en el desarrollo del producto, con participacion de los consumidores.
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EFFECT OF COCAINE INTAKE ON THE DEVELOPMENT OF
FATTY LIVER IN RATS FED A LOW-PROTEIN DIET* -2
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SUMMARY

It has been shown that cocaine given in the diet is able to reduce fat accumulation
in the liver of protein-malnourished rats (Arch. Latinoamer. Nutr. 19: 69-79, 1969).
This study was, therefore, designed to approach the probable action of the drug upon
the process (increased triglycerides synthesis and normal/decreased capacity for ex-
porting triglycerides from the liver into the blood) which leads to an increased fat
accumulation in the liver under this physiological condition. To accomplish this pur-
pose, the total and fractioned lipids in the liver and total lipids as well as lipoproteins
in serum were determined in female Wistar rats (120-130 g) fed either a 5%/o corn
protein diet or a 20°/o casein diet, with and without cocaine (15 mg HCl :ocaine/10 g
of diet) for 18 days.

The results, aside from confirming the reduction (p < 0.001) of fat accumulation
in the liver of rats fed on the 5°/o corn protein diet plus cocaine, revealed that this
drug also reduced triglycerides concentration (significantly, (P << 0.001, when results
were calculated by difference, and slightly reduced them when results were deter-
mined) in this tissue. Nevertheless, it increases both total lipids (p < 0.05) and trigly-
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ceridesrich pre-beta lipoprotein (p J < 0.10) levels in the serum of these animals.
Otherwise, these lipidic parameters were not modified by cocaine in rats on the 20°/o
casein diet, except for the total cholesterol level in liver and the cholesterol-rich be
lipoprotein level in serum. Respectively, these were slightly and significantly (p /<
0.001) reduced by the drug.

These evidences and their statistical significance suggest that cocaine given |
chronically with the 5%/o com-~protein diet for 18 days, reduces at least partially
(other biochemical event in the liver could have also accounted for its effect at this
level) the liver fat accumulation, by increasing the triglycerides output from the liver
into the blood. Elsewhere, cocaine appears to be able to induce some metabolic al-
terations in the hepatic cholesterol of well-nourished rats.

INTRODUCTION

Some years ago we reported (1) that cocaine given]a 5%/o corn-pro-
tein diet for four weeks to growing rats reduces the accumulation of fat
in the liver. The reduction phenomenon of the liver lipids concentration
was not seen in animals fed a 200 /o casein diet, plus the drug. In an effort
to explain this finding, we searched for a possible association between the
metabolism of cocaine after a long-term pretreatment with the drug, and
its preventive effect on fat deposition in this tissue via a de novo in-
creased synthesis to methyl groups to form choline, the molecule of which |
has been claimed to hold/iipotropic properties (2). Keeping this hypothesis
in view, we studied the enzymatic N-demethylation of cocaine which
yields formaldehyde and norcocaine and showed that it takes place pre-
ferently in the liver (3). Furthermore, we also observed that a long-term

“pretreatment with the drug induces both much higher increases in
the activity of this reaction in rats under a protein-deficiency condition,
than in other protein-sufficient ones (4) with no significant increments
of the contents of choline isolated from the liver lipids in rats fed a 5°/o
corn-protein diet (5). Although these results are consistent with our
above-mentioned hypothesis, the latter result —which appears not to offer
conclusive evidence for the role of cocaine as a source of methyl groups—
suggests, however, that the drug, as inductor of the hepatic drug micro-
somal enzymatic system when it is given orally (3, 4), might play some
role in the hepatic metabolism of phospholipids. This, in turn, would
lead to an increased synthesis of intracellular membranes concerned with
the lipoprotein synthesis (6). A

Therefore, to provide basic information as to the role of cocaine in
reducing fat deposition in protein-malnourished rats, we have found it
plausible to approach the metabolic condition of lipids in both liver and
serum of rats fed both a 5%/o corn-protein diet, and a 20°/o casein diet.
In performing the experiments we have taken into account the following
fact. Increased triglycerides concentration, the main disturbation of the
liver lipid metabolism in rats (7) and humans (8) under protein mal-
nutrition, might be affected, interfering with its metabolism/secretion
by cocaine administered chronically and reflected both in its concentra-
tion in this tissue, and its mobilization into the blood.

Thus, in this preliminary work we determined total and fractioned
lipids in liver and total lipids as well as lipoproteins in serum. Results of
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our research work revealed reduction of hepatic triglycerides concentra-
tion by cocaine, with concomitant increase of triglycerides-rich pre-beta
lipoprotein level in serum. These findings confirm, at least partially, the
important role played by cocaine in protecting the liver against fat ac-
cumulation in protein-malnourished rats.

MATERIAL AND METHODS

Two groups of Wistar female rats from the animal colony of the
Instituto de Bioquimica y Nutricién, with an initial weight of 120-130 g
were used. These were housed in galvanized wire-mesh cages in an air-
conditioned room with a 12 hr (0.9.00 to 21.00) light-dark cycle. Before
experimentation, both groups (n = 12) of rats were allowed free access
to either a 50/o corn-protein diet or a 200/o casein diet for five days, so
they could adjust themselves to the new dietary regime. After this period,
each group was divided into two other groups (n= 6) according to whether
they were to be fed a 50/o cornprotein diet with or without cocaine and
a 200/o0 casein diet with or without cocaine. The composition of these
diets has been previously reported (1). However, within a brief term,
proteins were provided from a corn meal brand commercially available
(corn-protein diet) and from a purified casein protein (Nutritional Bio-
chemicals Co., Cleveland, Ohio, USA) (casein diet). These diets were
isocaloric and cocaine hydrochloride (Merck Darmstadt, F.R.G.) (cocaine
groups) was added in the proportion of 15 mg/10 g of diet. Both diets
and tap water were supplied ad libitum for 18 days. Food consumption
was registered every two days and the rats weighed simultaneously. On
the last day of the experimental period, the diets were removed and the
rats were sacrificed by decapitation under a light ether anesthesia. Blood
was collected for analysis of serum lipids, protein and lipoprotein. The
liver was removed, washed with physiological saline solution (NaCl
0.99/0), blotted, weighed and frozen at -20°C until the lipids were
analyzed. To accomplish this step, a portion of the stored liver tissue was
homogenized with ice-cold phosphate buffer (potassium salt) pH 7.4.
Determination of total lipids was performed in aliquots of liver ho-
mogenate, according to the procedure of Frings and Dunn (9). Trigly-
cerides and organic phosphorus in the liver homogenates were determined
according to Bartlet (10) and Soloni (11) methods, respectively. Phospho-
lipids were calculated from P values using a factor of 25. Total cholesterol
was measured with a commercially available test (cholesterol enzymatic
method, Merckotest, Kit No. 14350, Merck Darmstadt, F.R.G.) (12)
according to Richmond’s method (13). Lipoproteins in serum were then
separated in beta, pre-beta and alpha fractions by electrophoresis on
76 x 25 mm cellulose acetate plates (Titan III-Lipo; Helena Laboratories,
Beautmont, Tex. USA) at 250 volts for 25 min, according to a procedure
established by the Helena Laboratories (14). Tinction was made with
oil red, and evaluation of the percentage of every fraction in a densitometer
R-110 (Beckman Inst. Inc. USA). Protein in serum and liver homogenates
was determined according to Lowry et al. (15). Protein efficiency ratio
(PER) or body weight diminution/g of protein consumed, were calculated
at 15 days of dietary treatment, according to Osborne, Mendel and



VOL. XXXVII (JUNIO, 1987) No. 2 - 285

Ferry (16) after determining the N in food by the Kjeldahl meth-
od (17).

RESULTS

The dietary and nutritional parameters after cocaine pretreatment
(18 days) of growing female Wistar rats on either 50/o corn-protein diet
or 209/o casein diet are presented in Table 1.

Other results obtained in the liver (expressed per g of wet tissue or
per g of protein) and in serum (expressed per g of serum protein) are
shown in Table 2 and Figure 1, respectively. Taken together, these results
confirm and extend a previous ﬁndmg (2), i.e., that cocaine administered
to growing rats of both sexes with a 50/o cormprotem diet, reduces fat
accumulation in the liver (Table 2). These findings also demonstrate that
there is no significant decrease of the total cholesterol and phospholipids
levels in this tissue. With regard to these results, we note both a s1gmf1cant
increase (p < 0.05) of the level of total lipids and a notorious increase
(p < 0.10) of the triglycerides-rich pre-beta lipoprotein level in serum
(Figure 1). The levels of other lipoproteins, alpha and beta, are not
modified by the drug.

Apart from these results, our findings in rats on a 209/o casein diet,
plus cocaine, exhibit a different pattern (Table 2). Thus, concentration of
total lipids as well as triglycerides and phospholipids levels of total
cholesterol concentration in the liver, is observed. In the same way,
neither the total lipids level nor tnglycerldes-nch pre-beta lipoprotein
concentration in serum are changed by cocaine, but cholesterol-rich beta
lipoprotein level is significantly decreased (p <0.001).

DISCUSSION

Keeping in mind an early assumption concerning a possible physiolo-
gical role that cocaine might play in the metabolic economy of human
beings who chronically chew coca leaves under poor nutritional condi-
tions, some years ago we carried out several experiments in animals in
order to learn more about the biochemical background underlying the
effect of the drug. From these studies we must stress the findings already
reported (1) and confirmed in the present study, that cocaine, added to
a 59/o corn-protein diet administered to growing rats, counteracts fat
accumulation in the liver. In trying to explain this particular finding,
however, our new results, herein presented, still do not sufficiently
explain the intrinsic mechanism behind this effect, even though we can
approach it when we examine the results obtained, in the light of other
findings in this respect.

Thus, the effect of cocaine appears not to be due to a reduction of
the dietary calories ingested by the animals (Table 1). The data (Table 1,
Table 2, and Figure 1) show, in turn, that the effect is due to metabolic
events taking place in the liver. Furthermore, they also suggest that in
rats, cocaine given chronically with the diet would not be hepatotoxic
but, as reported previously (4), it might contribute (e.g. by mediation of



TABLE 1

DIETARY AND NUTRITIONAL PARAMETERS IN GROWING FEMALE WISTAR RATS FED EITHER A
20°/o CASEIN DIET OR A 5°/o CORN-PROTEIN DIET PLUS COCAINE FOR 18 DAYS!?

Parameters 20°/o Casein diet 50/o Corn-protein diet
Without With Without With
cocaine (6) cocaine? (6) cocaine (6) cocaine? (5)

Initial weight, g 136.9 * 5.1 1274 £ 1.5 1086 * 8.6 104.2 *114
Final weight, g 183.5 113.0 162.9 £ 8.5 964 * 8.8 89.1 £10.3
Weight change, g 46.5 * 9.7 35.5 + 81 -125 * 1.9 -141 * 1.3
Food consumed, g 176.8 *17.3 158.8 £ 8.8 825 * 5.4 76.8 *10.4
Energy consumed Kcal/

100 g b.w. 383.8 +21.3 389.6 *t13.4 2980 +19.6 2945 *22.0
PER indexes (15 days) ,

or b.w. diminution 1.31+ 0.16 1.29+ 0.18 -3.57+ 0.65 ~4.30 = 0.40
Cocaine, HCI. ingested

mg/100 b.w. - 146.2 £ 8.1 - 129.2 *17.5
1 Before the 18-day-experimentation, both groups of rats were fed their corresponding diets without cocaine for 5 days.
2

During experimentation, cocaine hydrochloride was given in proportion of 15 mg/10 g of diet. The results are expressed as mean
values * s.e.m. for the number of animals, given in parenthesis. Protein (N x 6.25),PER indexes and b.w. diminution were determined
as described in Material and Methods.
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FIGURE 1

Serum total lipids level (A) and serum lipoproteins concentration (B) in rats fed
either a 200/o casein diet without (a) and with (al) cocaine, or a 59/o corn protein
diet without (b) and with (b1) cocaine, for 18 days. Cocaine was given in proportion
of 15 mg/10 g of diet. Results are expressed as mean values * s.e.m. for the number
of animals given in parenthesis. Levels of lipids (averages, mgO/o: a) 319.5, al) 303.5,
b) 204.4, bl) 281.3), proteins (averages, g0fo: a) 7.4, al) 8.1, b) 6.8, b1) 6.5) and
lipoproteins fractions (averages, ®/o: a) beta = 28.5, pre-beta = 50.7, alpha = 20.8;
al) beta = 20.5, pre-beta = 56.2, alpha = 23.5; b) beta = 20.2, pre-beta = 58.4,
alpha = 21.5; bl) beta = 19.7, pre-beta = 61.7, alpha = 18.6) were determined as
described in Materials and Methods, and used to calculate the results.



TABLE 2

LIVER LIPIDS COMPOSITION IN FEMALE WISTAR RATS FED EITHER A 200/o CASEIN DIET OR A 59/o
CORN-PROTEIN DIET PLUS COCAINE POR 18 DAYS?

200/o Casein diet 50 /o Corn-protein diet
Parameters Without With Without ~ With
cocaine (6) cocaine® (6) cocaine (6) cocaine® (5)
Liver weight, g/100 g b, w. 3.68% 1.33 3.93% 0.18 3.79% 0.24 3.79t 0.24
Lipids, mg/g wet tissue
Total lipids 80.21* 3.61 78.65+ 5.82 108.59+ 6.10% 73.95 & 2.54%*
Total cholesterol 16.33% 1.11 15.54% 0.88 11.00x 0.58 11.64* 1.58
Phospholipids 525 0.25 575% 0.75 600t 0.25 550 0.25
Triglycerides (determined) 61.18* 2.82 62,99 17.29 77.12% 254 71.95+ 813t
Triglycerides (calculated) 58.63% 3.64 57.39t 5.74 91.60% 6.52 56.80+ 3.44%%
Lipids, mg x 10°/mg protein
Total lipids 555.00 £ 31.00 512.00:52.00 78150 126.00° 528,80+ 25.00T
Total cholesterol 114.40% 12.29 100.05* 5.84 75.93% 5.34 83.88 1 12,52
Phospholipids 36.25+ 2.75 37.00+ 4.75 4175+ 375 39.75 3.75
Triglycerides (determined) 422.23* 24.68 41051+ 51.21 549,70+ 71.82 519,98* 73.39
Triglycerides (calculated) 402.72% 24.09 37057+ 52.71 668.66 £ 122.50 405.11 + 23,88**

1 Theresults are expressed as mean values T s.e.m. for the number of animals, given in parenthesis.

2 Cocaine hydrochloride was given in proportion of 15 mg/10 g of diet. Levels of lipids (above) and proteins (averages, mg/g wet
tissue, casein 200/o: without cocaine 146.6; with cocaine, 156.1; corn protein 50/o: without cocaine 149.0, with cocaine 140,9)
were determined as described in Materials and Methods. * P < 0.005 (vs. 200/o casein diet without ¢ocaine). ** P <0.001 (vs.
50/o corn-protein diet without cocaine). + p <060 (vs. 500 cornprotein diet without cocaine), ++ P <0.20 (vs. 50/o corn-
protein diet without cocaine). © P <0,20 (vs. 200/o casein diet without cocaine).
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some factor/by inducing adaptive responses in the body/through more
direct action on the liver) to favor its own metabolism in this tissue and,
therefore, its elimination from the body. Any of these conditions (or all of
them together) induced by cocaine could have had a special meaning in
protein-malnourished rats, where the drug appears to be acting against the
induction of fatty liver. In partial support of this suggestion are previous
laboratory findings (2-4) which show no apparent damage of the liver (as
determined each by macroscopic examination, fat concentration and
activity of the glutamic pyruvic transaminase, the latter considered to be
an adequate marker for hepatocellular damage) caused by cocaine in both
well-nourished and malnourished rats, but an increase of the liver cocaine
N-demethylation, depending upon changes in the body (decrease of PER
indexes/body weight values) induced by the drug. In like manner, results
from other investigators (18, 19) show no injury and injury (fat accumula-
tion, necrosis and increase glutamic pyruvic transaminase activity) in the
liver of rats and mice, respectively, as a consequence of the different
hepatic metabolism of norcocaine (N-demethylated metabolite of cocaine)
between these two animals species (20).

In this context, our present results (Table 2 and Figure 1) appear in line
with the above-mentioned facts, and the study of their biochemical back-
ground allowed rgs to observe after cocaine pretreatment, patterns of lipid
distribution in liver and serum which are opposed to those claimed to take
place under protein malnutrition following the administration of either
vegetable protein diets (21, 22) or an unbalanced amino acid mixture
(23). After these dietary treatments, a feature of fatty liver, different
from those features obtained by administration of different chemicals
(CC14, ethanol, phosphorus, puromycin, orotic) or by feeding a choline-
deficient diet, is obtained. In the former cases, normal/decreased (by
diminution of pre-beta apolipoprotein(s) synthesis) capacity for exporting
triglycerides-rich pre-beta lipoprotein with increased triglycerides synthe-
sis has been suggested (8, 21-23) while in the latter two, some researchers
have suggested a block in the secretion of triglycerides into the blood
(24-26), as the pathogenic factor for inducing fatty liver. Nevertheless,
an increased concentration of triglycerides is the common response of the
liver to these injuries (27, 28).

From these facts we can draw the suggestion that the effect produced
by cocaine in protecting the liver against fat deposition in rats which
received a choline-supplemented 50/0 corn-protein diet (Table 2) (1), could
have been accomplished by an increased secretion of hepatic triglycerides
(as pre-beta lipoprotein) into the blood (triglycerides account for about
600/0 of the pre-beta lipoprotein mass, and for about 10-150/0 of each
protein, cholesterol and phospholipids) (29), even though it could have
also been theoretically accomplished by other means (e.g. inhibition of
free fatty acids output from adipose tissue, increased fatty acids oxida-
tion in the liver or decreased hepatic triglycerides synthesis). Of these
possibilities, the former appears to be consistent with our findings (Table
2), showing a decrease of the liver triglycerides concentration either
determined or calculated (by difference between [the total lipids content
and the contents of both total cholesterol and phospholipids (averages:
without cocaine, 91.60/0 mg/g wet tissue, 668.6 mg x 10° /mg protein;
with cocaine, 56.8 mg/g wet tissue, 405.1 mg x 103/mg protein)] and
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concomitant increases of both the level of total lipids (P < 0.05) and the
level of triglycerides-rich pre-beta lipoprotein (P < 0.10) in the serum
(Figure 1) of these animals. However, the significance of some of these
changes (significant reduction~caused by cocaine- of the amount of liver
triglycerides when assessed by calculation, but only a slight reduction
when experimentally determined, [as well as the notorious increment of
the serum triglycerides-rich pre-beta lipoprotein, the significance of which
is not as high as the increments of total lipids level determined in the same
fluid) prompt us to think that their dissimilar values are probably
dependent on the reliability of the techniques used. Despite this, findings
reveal a similar meaning and, according to the interpretation, this means
that the increased secretion of triglycerides-rich pre-beta lipoprotein
could have accounted for avoiding fat accumulation in the liver.

Concerning the cause of this increased secretion, we must say that it
is not immediately known. Nevertheless, when this effect is discussed
taking into account some experimentally well-established facts regarding
induction of the drug-metabolizing-enzymatic system by certain drugs
(including cocaine) (3, 4, 30), as well as evidence (some already mentioned
above) showing and/or suggesting that some chemical/physiological
factors other than dietary protein[e.g. increased contents, of protein and
phospholipids in the liver cell membranes, efficient hepadtic reutilization
of the greater flow of aminoacids from the peripheral tissues (muscles)]
caused by malnutrition (31) but magnified by the drugs (4, 32) (e.g.
phenobarbital, cocaine), account for some adaptive responses in the liver
of rats on protein-deficient diets —plus either plenobarbital (33) or cocaine
(4) (increased N-demethylation of ethyl-morphine and cocaine)- we must
suppose that this drug administered with the diet to protein malnourished
rats could have also induced [like the N-demethylation reaction in protein
(casein)-deficient rats] an increase of the triglycerides-rich pre-beta lipo-
protein secretion by increasing the synthesis of pre-beta apolipoprotein(s)
in the liver. This, in turn, could have led to an increased assembling of
both triglycerides and cholesterol to the phospholipid-apolipoprotein(s)
complex in the endoplasmic reticulum of |parenchimal cells.

The apolipoprotein(s) is (are) synthetized in the rough endoplasmic
reticulum (8), and the triglycerides-rich pre-beta lipoprotein is assembled
and packed in the smooth endoplasmic reticulum and Golgy apparatus,
respectively (34, 35) and both reticula, rough and smooth, although the
latter in major degree, are newly synthetized by the inductive phenome-
non resulting from the drug action at this level (36). Therefore, through
its effect of inducing both its own hepatic-N-demethylation and the
decrease of body weight [and perhaps favoring so the enzymatic induction
in the liver by increasing the muscle protein catabolism, as has been sug-
gested previously (4) and commented above], cocaine could also have
been responsible for increasing the apolipoprotein(s) (by enhancement
of its synthesis and/or the synthesis of membranes of the endoplasmic
reticulum) available for assembling the particles of pre-beta lipoprotein
in the smooth reticulum.

Even though we still must provide evidence for this assumption
neither can we discard another early suggestion about a probable and
additional contribution of the cocaine N-methyl groups (through the
formaldehyde produced by the N-demethylation reaction of the drug
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which is ingested repeatedly and in great amount by the animals under
these experimental conditions) to increase the rate of synthesis/turnover
of some phospholipids (e.g. phosphatidylcholine) required for the in-
ductive phenomenon (6) in the liver cells.

Among other ways by which the phenomenon of fat accumulation
reduction in the liver could have also taken place, as well as regarding the
results which show an increase of the serum triglyceridesrich pre-beta
lipoprotein level, the possibilities that both an inhibition of the free
fatty acids output from adipose tissue, and a decreased removal of that
lipoprotein from plasma by cocaine, could have accounted for the effect
of the drug in the liver and plasma, respectively, appear not to be con-
sistent with facts showing reduced triglycerides concentration in the liver
and hyperlipemia by cocaine (Table 2). We must note, however, that we
have not determined the free fatty acids level in serum.

Concerning the other possibility, i.e. that a decreased hepatic tri-
glycerides synthesis could have also been involved in the preventive
phenomenon by cocaine, we must comment on the probable diversion of
the NADPH equivalents from triglycerides synthesis (fatty acids synthesis)
to the N-demethylation reaction of the drug in the liver.

Although in the present study we have not approached the metabolism
of cocaine, this suggestion is supported by facts showing the requirement
of NADPH by both processes (3, 36, 37) and the characteristics of one of
them (N-demethylation of cocaine) which is significantly stimulated in
rats fed on protein (casein)-deficient diets plus cocaine (4). Aside from
- this fact, the striking finding showing a significant (p < 0.001) reduction
of the cholesterol-rich beta lipoprotein in the serum of rats fed the 20°/o
casein diet, with concomitant slight decrease of total cholesterol in the
liver, constitutes a relative support for our assumption that the availability
of NADPH for synthetizing both triglycerides (reductive steps for fatty
acid synthesis) and cholesterol (reductive steps and demethylation) in each
physiological case (malnourished and well-nourished animals respectively),
could have diminished by increasing the metabolism of a foreign chemical
compound such as cocaine. These probable metabolic influences of
cocaine are now being tested in our laboratory. Nevertheless, whatever
the mechanism(s) (increased output of pre-beta lipoprotein/increased
output of this lipoprotein plus either diversion of the NADPH from
triglycerides synthesis to N-demethylation of cocaine or other additional
metabolic event) for reversing the protein malnutrition-induced fatty
liver, all the results in this respect constitute clear evidence for supporting
the assumption of the physiological role for cocaine in those organisms
which ingest the drug chronically (coca chewers, human beings/animals,
experimentally). Even more, these findings and others already cited (3, 4),
allow us to stress the influence of the physiological status upon the
metabolic effect of cocaine, probably via the metabolism (N-demethyla-
tion) of the drug. This is important to emphasize, because reasonable
influences of this metabolism upon relevant metabolic pathways in the
liver (according to nutritional status) may occur when we take into ac-
count the structure (N-methyl groups), site of biotransformation (mainly
in the liver), route and frequency of the doses (orally and repeatedly)
and the cellular/physiological influences of cocaine.

Finally, apart from the striking effect of cocaine in reducing the level
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of cholesterol-rich beta lipoprotein in serum of rats fed a 20°/o casein
diet, the magnitude of the other cocaine-induced changes suggests, among
other things, that further experimentation and usage of either long co-
caine pretreatment or younger rats than those used in the present study
must be done, in order to obtain more conclusive results. Formerly
we reported (1) a very significant reduction in liver lipids accumulation
in growing rats (46 g b.w.) after 28 days-cocaine pretreatment, which
showed signs of severe protein malnutrition.
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RESUMEN

EFECTO DE LA INGESTA DE COCAINA EN EL DESARROLLO DE HIGADO
GRASO EN RATAS ALIMENTADAS CON UNA DIETA BAJA EN PROTEINA

Se ha demostrado que la cocaina que se administra oralmente con la dieta es
capaz de reducir los niveles de acumulaciéon de grasa hepitica en ratas con malnutri-
cion proteinica (Arch. Latinoamer. Nutr. 19: 69-79, 1969). Por consiguiente, el pre-
sente estudio fue disefiado para tratar de determinar la accion de la droga sobre el pro-
ceso (aumento de la sintesis de triglicéridos en el higado y capacidad normal o dis-
minuida para liberar estos triglicéridos al plasma) que induce la acumulacion de grasa
en el higado bajo esta condicion fisiologica. Para lograr este proposito, se determiné
lipidos totales y fraccionados en el higado, y lipidos totales, asi como lipoproteinas
en el suero de ratas Wistar hembra (120-130 g) alimentadas con cada una de las dos
dietas siguientes: una con 52/o de proteina de maiz, y la otra, con 20°/o de caseina
sin y con cocaina (15 mg HCl cocaina/10 g de dieta) durante 18 dias.

Ademas de confirmar ‘el hallazgo previo de reduccién (P < 0.001) del valor de
grasa acumulada en el higado de las ratas integrantes del grupo con malnutricion
proteinica, que recibieron la dieta con 5°/o de proteina de maiz méis cocaina, los
resultados también muestran que esta droga disminuye la concentracion de triglicé-
ridos (significativamente, P < 0,001, cuando el resultado se obtiene por célculo y,
ligeramente, cuando este resultado se obtiene experimentalmente) en el tejido hepa-
tico, y aumenta los niveles de lipidos totales (P <<0.05) y de la lipoproteina pre-beta
rica en triglicéridos en el suero de estos animales (P < 0.10). Por otro lado, estos
parimetros no fueron modificados por la cocaina en el grupo de ratas alimentadas
con caseina al 20°/o, excepto en lo concerniente al colesterol hepético total y a la
lipoproteina beta, rica en colesterol, en el suero. Estos valores fueron ligera y signi-
ficativamente (P <0.001) reducidos por la droga, respectivamente.

Las evidencias en cuestion y sus significancias estadisticas sugieren que la cocaina
administrada en forma crénica con la dieta de proteina de maiz al 5°/o por 18 dias,
disminuye —al menos parcialmente— (otros procesos bioquimicos en el higado pudie-
ron también haber contribuido en alguna forma al efecto producido en este tejido) la
acumulacion hepitica de grasa, al incrementar la secrecion de triglicéridos desde el
higado al plasma. En otro sentido, parece ser que la cocaina es capaz de inducir tam-
bién ciertas alteraciones metabdélicas del colesterol, en el higado de ratas bien nutridas.
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RAT SERUM PROTEINS AND NUTRITIONAL QUALITY OF
FULL-FAT SOY FLOUR: APPLICATION OF RESPONSE
SURFACE METHODOLOGY

Nohad Buassi!

Universidade Estadual de Londrina
Londrina, Parand, Brasil

SUMMARY

A study was conducted to diagnose nutritional status by determining total serum
proteins and electrophoretic patterns of protein reserves. Serum proteins are affected
by privation of several amino acids. The purpose of the present research work was to
evaluate protein quality of full-fat soy flour (FFSF) obtained from various hydro-
thermal processes by measuring changes in the serum proteins of Wistar rats. Response
surface methodology was used as tool to determine the optimum conditions of
hydrothermal process. The mean values of total serum proteins for the experimental
group fed treated FFSF, were §, = 5.12 £ 0.13 g0/o; for the untreated FFSF group,
C; =4.60 * 0.28 g0/o,and for the control group fed casein, C, = 5.63 * 0.33 g0/o.
All these values differ at 50/o of significance ( p <0.05).

Results confirmed that treated full-fat soy flour is nutritionally superior to un-
treated FFSF, but not to casein.

INTRODUCTION

At present, there is an increasing interest in the use of soybean as an
important energetic and protein source. Anti-nutritional factors are
normally present which call for the use of proper heat treatment (1).
Insufficient heat treatment results in a suboptimal product and excessive
treatment reduces the bioavailability of lysine and sulphur amino acids,
also affecting the nutritional value of the products (2). Some authors
have reported that alkaline processing of soybeans- alters the nutrient
profiles by reducing the thiamine content (3).

Biological methods used to evaluate protein quality are important,

Manuscrito modificado recibido: 16—1—87.

1 Departamento de Ciencias Fisiologicas, Centro de Ciencias Biolégicas, Universi-
dade Estadual de Londrina, Campus universitdrio, Caixa Postal 6001, 68055,
Londrina, Parand, Brasil.
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particularly when dealing with proteins of similar amino acid composition,
but subjected to modifications during processing (4). Moreover, for each
species and body function there is an optimal amino acid profile, and
profile alterations reduce the efficiency of protein use (5). Serum protein
has been related to protein-deficient nutrition. According to Dimopoullos
(6), factors that affect protein metabolism may influence total serum
proteins or individual protein fractions. Protein depletion has been
induced by protein-free diets. As reported by Bressani, Brenes and Bra-
ham (7), it can also be induced by the use of protein diets deficient in
essential amino acids, which determine protein quality.

Protein reserves are affected by the quantity and quality of protein
ingested (8). Determination of serum proteins has been used to find
variation of protein reserves. It would be interesting to determine changes
in serum proteins for the better diagnosis of nutritional status. Serum
proteins are affected by absence of several essential amino acids. Albumin
neoformation could be blocked in rats deprived of sulphur and phenolic
amino acids, tryptophan and valine (9).

The purpose of the present work, therefore, was to evaluate protein
quality of full-fat soy flour obtained from various hydrothermal processes
by measuring changes in the serum proteins of rats. Response surface
methodology was used as a tool to determine the optimum conditions for
hydrothermal process.

MATERIAL AND METHODS

Certified soybean seeds (Parand variety) were dehulled according to
Sastry et al. (10), and cotyledons were selected using a mesh sieve of 0.45
~-0.55 cm. _

Cotyledons were then processed by the hydrothermal method (11)
employing response surface methodology (12) to determine optimum
conditions.

Full-Fat Soy Flour Hydrothermal Processing
The important steps of the process were:

1) Soaking of cotyledons in a 1:3 solid/liquid ratio (3 kg cotyledons/3
It water) for 0, 4 and 8 hours at room temperature.

2) Blanching of cotyledons in tap water containing Na HCO; (0, 0.25
and 0.500/0 concentrations) at 960C, atmospheric pressure for 5, 20
and 35 min in a 1:10 solid/liquid ratio.

3) Dehydration in an air-circulating oven at 50 to 600C for 20 hours.

4) Grinding in a hammer mill to obtain full-fat soy flour.

Experimental Design

As Table 1 shows, the incomplete 33 factorial design with equidistant
levels was used. The plan of work constituted a group of 12 experiments,
with three replicates in the central point (for the estimate optimum)
totalling 15 experiments at random (Table 1). This procedure was selected
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TABLE 1
EXPERIMENTAL DESIGN

Number of Variables
treatments X3 X, X3
1 —1 | 0
2 1 -1 0
3 -1 1 0
4 1 1 0
5 -1 0 -1
6 1 0 -1
7 -1 0 1
8 1 0 1
9 0 e | —1
10 0 1 -1
11 0 -1 1
12 0 1 1
13 0 0 0
14 0 0 0
15 0 0 0

VARIABLES AND LEVELS USED FOR OPTIMIZATION PATTERN

Natural Levels

variables -1 0 . +1
X 0 4 8
X5 5 20 35
X3 0 0.25 0.50

X, Hydration — hours.

X, ; Blanching — minutes -
= NaHCO3 - g 9/o.

Coded variables = Variable-Variable at central point
Range

so as to perform an analysis by response surface metholodogy (RSM) to
determine the optimum processing conditions.

Determination of Response Surface

In most RSM problems, the form of relationship between the response
and independent variables is unknown. Therefore, a second order
quadratic equation (13) was selected in this study because it is the
simplest non-linear equation that can be used for optimization with
response surface methodology. Responses are total serum proteins and
their electrophoretic fractions from rats fed different diets prepared with
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full-fat soy flour (FFSF) denoted by Y (1 to 6) and the independent
variables that affect the responses are: hydration time (X, ), blanching
time (X, ) and NaHCO; concentration (Xj; ), since these may affect pro-
tein quality of FFSF. The general form of the quadratic equation in this
study is:

Y =Bo + ZiBi Xi+ Zi Bii Xi? + Zi Zj Bi Xi Xj +e
i<j

Where ¢ is a random error component and s are the coefficients of the
least squares estimators. An analysis of variance (F-test) was done for
coefficients of multiple regression equation terms to determine the
suitability of the model for response surface analysis, that is, the value of
serum proteins as a function of independent variables.

Preparation of Diets and Handling of Animals

Fullfat soy flours were used after determination of proximate analysis
by the AOAC methods (Table 2), as the only protein source for prepara-
tion of the diets (14). Experimental diets (treated FFSF) were identified
with numbers 1 to 15 based on protein source and treatment.  Two
control diets were used, one with untreated FFSF (C,), and the other
with casein (C, ) as protein source.

Male weanling rats (Rattus rattus) of the Wistar strain, 21 days old,
obtained from Tecpar®, were used for the experiments. Animals were
divided into 17 groups, identified from 1 to 15, C; and C,, according to
protein source of the diets offered, and housed in individual cages (18 ¢cm
x 18 cm x 18 cm) provided with screen bottoms. Each group was formed
by six animals with a mean body weight of 37 to 40 g, and an individual
body weight of 30 to 42 g. A peiiod of three days acclimatization was
allowed prior to the initiation of the test. During this period, a standard
casein diet was provided for all animals (15), and a 12/12 hr light-dark
cycle and a temperature of 24 * 10C were maintained. The animals were
weighed, and food intake was determined every two days. Spillage food
was collected and used to correct the amount of food intake during 50
days of the experimental period, and hematological tests were then
performed.

Determination of Serum Proteins

Seventeen blood samples were analyzed per day, in a period of six
days, corresponding to 1 sample for each group. Rats from the exper-
imental group were fasted the night before the assays took place.
Bleeding was done by severing the jugular vein, and blood was allowed
to clot at room temperature for 60 minutes, centrifuged for 10 minutes at
2,500 rpm and centrifugation serum was recovered. Total serum proteins
were determined by/Biuret methods (16) using Precinorm U (Boehring)

2 Tecpar — Instituto de Tecnologia do Parani, Brazil.
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TABLE 2

PROXIMATE COMPOSITION OF FULL-FAT SOY FLOURS: TREATED,
UNTREATED, AND CASEIN

Proteins Fat Ashes Fiber Moisture
(N x 6.25) carbohydrate
1 45,18 25.38 4,28 25,15 4,38
2 48.18 16.12 3.61 22,08 4.85
3 47.54 28.90 3.90 19.65 4,66
4 47.75 30.39 3.44 18.42 4,29
5 47.16 26.52 4,00 22,30 5.09
6 48.62 27.66 3.44 20.27 4,08
7 45.68 28.84 413 21.34 490
8 48.80 27.99 3.71 19.49 4.33
9 48.93 24.46 3.77 22,84 4.46
10 47.64 31.23 3.24 17.88 4,16
11 48,78 25.06 3.83 22,32 5.04
12 47.19 30.48 3.88 18.45 5.66
13 46.62 28,60 3.65 21.13 453
14 46.76 29.55 3.62 20.06 4,60
15 46.83 30.04 3.72 19.41 5.02
c1 43.73 2251 4.89 28.86 8.74
c2 96.70 - 0.71 - 9.48

1 to 15 = Treated full-fat soy flour.
Cl = Untreated full-fat soy flour.
C2 = Casein.

‘as standard. Electrophoresis was performed by strips of cellulose acetate,
veronal buffer 0.4M (diethyl barbiturate sodium 8.24 g/It). Serum was
applied with micropipette using a current of 200 volts for 45 minutes.
Staining was done with amido Schwartz. The strips were analyzed by a
recording integrating densidometer (Atago Quick).

RESULTS AND DISCUSSION

Serum protein fractions from all groups are presented in Table 3. Our
results are similar to those obtained by Pestana (17) except for Tglobulins,
which were lower than those found by the author.

Total serum protein and serum albumin may be related to protein
quality of the diet. As stated by Leveille and Sauberlich (18), a decrease
in total serum protein may be attributed to a drop in albumin serum
concentration.

Serum protein fractions of groups 1 to 15 were analyzed by multiple
regression equations. The analysis of regression and analysis of variance
for the model are shown in Tables 4 and 5, and as we may observe, R?
represents the per cent of variation explained by the model. Values of
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TABLE 3

SERUM PROTEINS OF RAT GROUPS FED WITH DIFFERENT DIETS

Group Total serum Albumin Globulins go/o

No. proteins gojo g°/o oy x, B T

Y, Y, Ys Y, Ys Yo
1 5.24 2.85 0.72 0.64 099  0.17
2 5.50 2.87 0.62 0.68 132 0.28
3 5.08 2.59 0.72 0.56 0.98 0.28
4 5.30 2.86 0.64 0.67 0.97 0.15
5 5.12 2,83 0.76 0.55 0.94 0.18
6 5.32 2.83 0.73 0.64 1.03 0.22
7 5.12 2.64 0.78 0.64 0.94 0.16
8 5.24 2,65 0.70 0.69 1,05 0.21
9 5.22 2,55 0.78 0.67 1.07 0.21
10 5.04 2,58 0.80 0.65 0.97 0.14
11 5.16 2,70 0.71 0.67 0.92 0.15
12 5.02 2.44 0.86 0.68 1.03 0.16
13 5.07 261 0.75 0.57 1.01 0.20
14 5.27 2,75 0.80 0.69 0.91 0.14
15 5.03 2.64 0.65 0.61 0.94 0.19
B 5.12 2.66 0.73 0.62 0.95 0.17
C; 4.60 2,44 0.51 0.46 1.06 0.13
C, 5.63 3.13 0.72 0.63 1.01 0.27
fo = Animal’s serum from experimental group fed treated FFSF; mean values of

central point trials.
Animal’s serum from control group fed untreated FFSF.
Animal’s serum from control group fed casein.

%!
C,

R? indicate that the present model could be used. Since the multiple
regression ‘analysis is not significant at 5o/o level (p < 0,05), the model
does not establish differences among treatments. Consequently, the mean
in central point (3, ) may be used).

Applying Duncan test to compare serum total proteins and then
albumin of §,, C; and C, (Table 3), one can appreciate that these values
differ at the 50/o0 level of significance (p < 0.05). Values in decreasing
order are C,’ 3, and C;, and the « and 7T globulins seem to be unaffected
by protein ingestion. The difference in the results of 8,, C; and C, is not
significant at the level 50/0 (p < 0.05). As stated by Allison and Fitz-
patrick, the « globulins are considered proteins of specific biological
importance since they are preserved (8). Consequently, « § and T globulin
levels may not provide good estimates of protein nutritional quality.

The means of body weight and the amount of protein ingested during
the experiment were analyzed by multiple regression in groups 1 to 15.
The results revealed that there were no significant differences at the 50/o
significance level (p < 0.05). The Duncan Test was used to compare
mean body weight of groups 8, (146.16 g), C; (90.11 g) and C, (191.37
g). All of these values proved to be significantly different; p <0.05. The
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TABLE 4

MULTIPLE REGRESSION EQUATION AND 3 CALCULATED PARAMETERS

Y= 60 +B1x1 +52X2 +33X3 +511X12 +622X22 +Baax32 +612X1X2 +
513X1X3 +323X2X3

Y Totalserum  Albumin &, -Globulin <,.Globulin [-Globulin 7-Globulin

proteins
By 5.1233 2.6633 0.7333 0.6233 0.9466 0.1753
B; 0.1000 0.0375 -0.03625 0.036250 0.0337 0.0071
B, -0.0850 -0.0625 0.02375 -0.0125 -0.0113 -0.0113
B; -0.0200 -0.0451 -0.0025 0.02125 -0.0100 -0.0099
B;; 0.1233 0.1495 -0.0516 -0.011667 0.0254 0.0364
B,, . 0.0333 -0.0205 -0.0066 0.025833 0.0304 0.0097
B33z -0.0466 -0.0755 0.0608 0.018333 0.0179 -0.0211
B,, -0.0100 0.0625 0.0050 0.0175 -0.0225 -0.0586
B,3 -0.0200 0.0025 -0.01250 0.0100 0.0049 ~-0.0008
B,; 0.0100 -0.0725 0.03250 0.0075 0.0549 0.0210
R2 0.8550 0.8406 0.7516 0.6872 0.7487 0.8605

R2 = Per cent of variation explained by the model.

same procedure was used to compare the mean amount of protein
ingested in groups B, (47.4 g), C; (21.67 g) and C, (49.61 g). The test
did not show a significant difference between the groups 8, and C,,
although the remaining values were different at a significance level of
50/o. The weight increase obtained in group 8, and C, were different
when the same amount of protein was ingested.

The results obtained confirm that FFSF treated by hydrothermal
method is nutritionally better than untreated FFSF, but not so in the
case of casein, as the protein source in animal diets. This statement is
confirmed by other authors in the literature (19). Aside from this fact,
these conclusions agree with Buassi et al. (20), who determined the
protein nutritional quality of these flours by chemical (methionine and
cystine) and biological (net protein ratio) methods.

Measurement of serum proteins, as stated by Bressani, G6mez-Brenes
and Braham (7), is a less sentive procedure than nitrogen balance
in the evaluation of protein quality. In the work herein reported, the same
results could be drawn from chemical, nutritional and hematological
indicators.

The interactions of processing variables of FFSF, at the levels used
in our experiment, did not reveal any modification in protein quality
which could alter the hematological indices of serum proteins,

Since de response sirface mrethodology could not detect differences
in the serum proteins analyzed from various treatments, the use of 20 mi-
nutes blanching, without prior hydration or addition of sodium bicar-
bonate, is suggested.



EFFECT OF EXPERIMENTAL DIETS ON TOTAL SERUM PROTEINS AND ELECTROPHORETIC PATTERNS

TABLE 5

Analysis of variance
Y, Y, Y, Y, w Y, Y,

Total serum Albumin &, -Globulin &, -Globulin -Globulin v-Globulin

protein g ©fo g% g°/o g°o g0/o g%o
Source of Degrees of Q.M (F) Q.M (F) QM (F) QM (F) Q.M (F) Q.M (F)
variation freedom
Regression 9 0.0238(1.44) 0.0233(2.33) 0.0051(0.87) 0.0024(0.64) 0.0033 0.0033
Deviation 3 0.0011(0.07) 0.01 (1.63) 0.0011(0.20) 0.0008(0.21) 0.00(0.90) 0.00(0.47)
Experimental
error 2 0.0165 0.01 0.0058 0.0037 0.00 0.00

z0e
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RESUMEN

PROTEINAS SERICAS EN RATAS, Y CALIDAD NUTRICIONAL DE LA HARINA
INTEGRAL DE SOYA: APLICACION DE LA METODOLOGIA DE
ANALISIS DE SUPERFICIE DE RESPUESTA

Se llevo a cabo un estudio para diagnosticar el estado nutricional mediante la de-
terminacién de proteinas séricas totales y patrones electroforéticos de las reservas
proteinicas. La privacion de varios aminoécidos afecta a las proteinas séricas.

El proposito de este trabajo de investigacion fue evaluar la calidad de la proteina
de harina integral de soya sin desgrasar (FFSF) obtenida de varios procesos hidrotérmi-
cos, a través de la medicion de cambios en las proteinas séricas de ratas Wistar. Se-
utilizé la metodologia de andlisis de superficie de respuesta como instrumento para
determinar las condiciones optimas del proceso hidrotérmico. Los valores medios de
las proteinas séricas totales del grupo experimental alimentado con FFSF tratada,
fueron: f3, = 5.12 £ 0,13 g©/o; para el grupo que recibié FFSF sin tratar, C; = 4.60
+ 0.28 g°/o, y para el grupo control alimentado con caseina, C, = 5.63 + 0.33 g©/o.
Todos los valores difieren al nivel de 52 /o de significancia (P < 0.05).

Los resultados confirmaron que la harina integral de soya sin desgrasar, tratada,
es nutricionalmente superior a la FFSF sin tratar, pero no lo es con respecto a la
caseina.
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EFECTO DE LA HIPERVITAMINOSIS A AGUDA SOBRE LAS
CONCENTRACIONES SERICAS DE Na, K, Mg, Fe, Zny Cu
EN RATAS
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Universidad de Los Andes
Mérida, Venezuela

RESUMEN

Se estudid, en ratas, el efecto de la hipervitaminosis A aguda sobre el contenido
sérico de los elementos sodio, potasio, magnesio, hierro, zinc y cobre. Los resultados
se compararon con los obtenidos en animales control o no tratados con vitamina A.
En los animales tratados se observd un incremento significativo en el contenido sérico
de magnesio, cobre y potasio, y una disminucion también significativa, del sodio,
hierro y zine.

Se comentan los hallazgos resultantes, sugiriéndose posibles explicaciones para los
mismos. Se concluye que la hipervitaminosis A aguda, directa o indirectamente deter-
mina notorias alteraciones en el contenido sérico de los cationes evaluados.

INTRODUCCION

Se han descrito estrechas interrelaciones entre la vitamina A y ciertos
cationes, y viceversa. Asi, tenemos que el zinc es necesario para el meta-
bolismo de la vitamina A (1), sefialindose que-se requieren cantidades
adecuadas del mismo para mantener normales las concentraciones plasm4-
ticas de la vitamina (2, 3) y de su proteina transportadora (4). Esta in-
teraccion es tan evidente que, en la actualidad, el zinc se considera esencial
para el mecanismo de accion de la vitamina A (5). También se ha detectado
cierta relacion entre el hierro y la vitamina A (6) sugerente de que esta
ultima regula la liberacion de dicho catiéon a nivel hepdtico (7). Inclusive,
se ha observado que el ingreso de cantidades elevadas de hierro en la dieta
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se acompaifia por una disminucién de los dep6sitos hepdticos de la vitami-
na (7). Por otro lado, la administracién de vitamina A a dosis elevadas
determina variaciones significativas en el contenido sérico de calcio y
fésforo (8-10), asf como en el contenido hepdtico de sodio, potasio, mag-
nesio (11) y fésforo (12) de diversas especies animales. Estos anteceden-
tes motivaron la presente investigacion, en la que se valor6 el contenido
de sodio, potasio, magnesio, hierro, zinc y cobre en la sangre de ratas
blancas macho’ tratadas con dosis elevadas de vitamina A, y se comparé
con lo que sucede en ratas normales, no tratadas.

MATERIAL Y METODOS
Diserio Experimental

Se utilizaron 60 ratas macho de la cepa Sprague-Dawley, con una edad
de dos meses y con pesos que oscilaban entre 160 y 180 g mantenidas en
jaulas metabdlicas individuales. Se les suministré como alimento, Ratari-
na ProtinalR suplementada con vitaminas y minerales (13), agua de bebida
ad libitum, distribuidas en los grupos que se describen a continuacién:

Grupo I — Hipervitaminosis A Aguda — Este fue integrado por 30 ani-
males, a los que se les inyecté diariamente 1 ml de vitamina A Merk
(palmitato de retinol hidrosoluble: 1 ml = 100,000 UI) V..M. por espa-
cio de siete dias (dosis total: 700,000 UI por rata). La dosis de vitamina
fue similar a la utilizada por Misra (14), Modis et al. (15) y por Vorhees
(16), y sustancialmente inferior a la de Love y Vickers (17).

Grupo II —Control — El grupo control estuvo constituido igualmente
por 30 animales, los que fueron alimentados de acuerdo con las normas es-
tablecidas. Se les inyecté, V..M., 1 ml de agua destilada diariamente y por
igual espacio de tiempo. No se les inyecté palmitato, pues se ha demos-
trado que este compuesto no tiene ninguna influencia particular sobre el
efecto inducido por las dosis elevadas de vitamina A (18).

Durante todo el periodo experimental, los animales l'eClblel‘Ol‘l el
mismo tipo de alimentacién y tuvieron libre acceso al agua de bebida. Las
ratas se pesaron y examinaron diariamente en busca de manifestaciones
patol6gicas, recolectindose muestras de orina para el reconocimiento de
proteinas y de sangre (19). A las 24 horas de inyectada la tltima dosis de
vitamina A o de agua, respectivamente, los ejemplares se anestesiaron con
éter etilico, en campana de vidrio, como paso previo a la obtencién de
las muestras de sangre empleadas para la determinacién de los siguientes
cationes: sodio, potasio, magnesio, zinc, hierro y cobre por la técnica de
inyeccion en flujo continuo — espectroscopia de absorciéon atémica (20-
23). Posteriormente se decapitaron mediante una guillotina Harvard, y
se desangraron durante 3 min. Se les practicé laparatomfa mediana, to-
méindose trozos de higado a fin de determinar el contenido tisular de
vitamina A.

Para el estudio al microscopio 6ptico se tomaron fragmentos de riiién
de 0.5 - 1.0 g aproximadamente, los cuales se fijaron durante 24 hr en for-
mol al 100/0 (v/v) y en formol-calcio (24). Las muestras fueron deshidra-
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tadas con etanol a concentraciones crecientes, aclaradas con cloroformo,
incluidas en parafina, y cortadas con un microtomo rotatorio a un espesor
de siete micrémetros. Para el estudio histoldgico las secciones de tejido se
colorearon con hematoxilina-eosina (25). La vitamina A se valor6 en el
tejido hepdtico segiin el método de Neeld y Pearson (26), expresindose
los resultados en ug por g de tejido himedo.

En cuanto al analisis estadistico, se calcularon los promedios, las des-
viaciones y los errores tipo. Se determind, asimismo, la significancia
estadistica de las diferencias entre las medias, mediante la prueba “t” de
Student.

RESULTADOS

Los animales tratados con vitamina A (Grupo I) acusaron manifesta-
ciones patolégicas muy similares a las descritas previamente (9-11, 27, 28),
siendo las mds interesantes: el edema palpebral bilateral con secrecion
mucopurulenta, los signos de enfermedad general, la presencia de hemo-
rragias a nivel de los conductos auditivos externos y la marcada disminu-
cién del volumen urinario (Tabla 1) al séptimo dia de tratamiento. En las
muestras de orina de estos animales se detecté una ostensible proteinuria
y hematuria en comparacién con los controles correspondientes.

El estudio histolégico efectuado en los animales del Grupo I, demos-
tr6 como hechos mas constantes: degeneracién del epitelio tubular
proximal y distal, necrosis tubular, y presencia en la luz tubular (tibulos

~colectores) de masas multinucleadas, de forma, aspecto y tamaio varia-

bles, que aparecen unidas a las células adyacentes o bien libres en la luz,
obstruyéndola total o parcialmente de una manera similar a lo descrito
previamente por Rodahl (28).

TABLA 1

EFECTO DE HIPERVITAMINOSIS A EN EL CONTENIDO DE DICHA
VITAMINA EN HIGADO, Y SOBRE LA DIURESIS EN 24 HORAS

Pardmetro ‘ Grupo I* Grupo II*
Vitamina A (ug/g)** 1400.00 + 15.38 24.23 + 7.98
Diuresis (ml/24 (hr)** 715+ 1.09 40.00 £ 1.15

*  Promedios * errores tipo de 30 determinaciones.
**  Grupo I vs. Grupo II; P <0.05, estadisticamente significativo,

En la Tabla 2 se muestran las concentraciones séricas de los diferentes
cationes valorados, tanto en el Grupo I como en el Il. Los niveles séricos
de los electrolitos en el Grupo II (Control), concuerdan con los publicados
previamente (29, 30). Segin se observa, la administracién de vitamina A
produjo en los animales del Grupo I, un descenso en los niveles séricos del
sodio, hierro y zinc, con un incremento concomitante en los de potasio,
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TABLA 2
EFECTO DE LA HIPERVITAMINOSIS A AGUDA EN EL CONTENIDO
SERICO DE CATIONES*
Catidn Unidades _ Grupo I (Tratado)** . Grupo II (Control)**
Na mEq/L 129.15+ 1.27 155.30% 1.07
K mEq/L 6.99% 0,08 4.84+ 0.11
Mg mg/dl 4,00+ 0.07 2.90% 0.08
Fe ug/dl 60.00+ 0.39 140.90% 0.10
Zn ng/dl 45,01+ 0,08 90,00+ 1.48
Cu ug/dl . 210.80+ 0,06 107.00% 1.01

*  Promedios * errores tipo de 30 determinaciones.
**  Grupo I vs Grupo II; P <0.05, estadisticamente significativo.

magnesio y cobre. Simultineamente se pudo comprobar un notorio in-
cremento en el contenido hepdtico de vitamina A en los animales del
Grupo I (Tabla 1).

DISCUSION

La hipervitaminosis A aguda, confirmada por los criterios de Regezi
y Row (31) y por las hemorragias presentes (28), determiné lesiones his-
topatolégicas renales similares a las descritas por Drigalski y Laubmann
(32), Arvy (33), Rodahl (28) y Leelaprute et al. (34) y la notable dismi-
nucién de la diuresis (oliguria) que, juntamente con la marcada proteinu-
ria y hematuria, muy bien podrian ser la expresién clinica de dichas
alteraciones. Se determinaria en consecuencia un cierto grado de disfun-
cion renal (;falla renal?) con las respectivas modificaciones electroliticas:
hiponatremia, hiperpotasemia e hipermagnesemia (35) como efectiva-
mente se observé en los animales del Grupo 1. Indiscutiblemente,en estos
hallazgos pueden haber influido otros factores que escapan a las caracte-
risticas de la investigacion aquf comentada. Es de hacer notar que la
mayoria de los trabajos consultados (36, 37) sefialan valores séricos de
sodio, potasio y magnesio en limites normales en animales tratados con
dosis elevadas de vitamina A; s6lo en una oportunidad s¢ ha encontrado
un incremento en las concentraciones del potasio (8). Quizds en nues-
tros resultados pudo haber influido la dosis administrada del compuesto,
el tipo de vitamina y/o la via de administracién, como han seiialado
previamente Strebel et al. (10).

Se podria especular en el sentido que la hiperpotasemia, vista en
nuestros animales experimentales, seria capaz de determinar las alteracio-
nes electrocardiogrificas descritas en terneras intoxicadas con vitamina A
(38), y constituir una de las causas de muerte en esta situacién experi-
mental. Por su parte, la hiponatremia podria condicionar la somnolencia
y la disminucién de la actividad corporal (35). La hipermagnesemia, en
cambio, podria influir en el sentido de deprimir la actividad del sistema
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nervioso central y la muscular (39), manifestaciones ampliamente relacio-
nadas con la hipervitaminosis A, tanto aguda como crénica (9, 28).

El proceso inflamatorio e infeccioso agudo, en los animales tratados
con vitamina A, al estimular la formacién del “mediador end6geno leuco-
citario (LEM)” (40-42) —una proteina termoldbil que favorece la capta-
cion hepdtica de zinc y de hierro con una liberacién incrementada de
cobre (40)— podria explicar, en parte, nuestros hallazgos con respecto a
estos cationes. Tales modificaciones, a su vez, se pueden considerar como
un mecanismo de defensa frente a la infeccién y a la inflamacién (40, 41).
En el caso del hierro su disminucion en sangre también depende indiscuti-
blemente del sindrome hemorrigico presente (28).

En conclusién, los hallazgos previamente descritos permiten sugerir
que la hipervitaminosis A aguda, directa o indirectamente puede alterar el
metabolismo mineral, tal como sucede en el gluctdico (15, 28), el lipidico
(14) y el proteinico (27). Y, al mismo tiempo, nuestros hallazgos confir-
man parcialmente la hipétesis de Modis et al. (15), quienes opinan que:
“. . .la polimorfa sintomatologia vista en la hipervitaminosis A esti rela-
cionada con un mecanismo de accién muy complejo que afecta a todos ( o
- casi todos) los metabolismos intermediarios corporales. . .”.
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SUMMARY

EFFECT OF ACUTE HYPERVITAMINOSIS A ON THE SERUM CONTENT
OF Na, K, Mg, Fe, Zn and Cu IN RATS

The effect of hypervitaminosis A on the content of sodium, potassium,
magnesium, iron, zinc and copper in rat serum was studied. Results were compared to
findings in non-treated animals. The serum content of potassium, magnesium and
copper increased significantly, while the content of sodium, zinc and iron
decreased significantly in the treated animals, when compared to the values obtained
with untreated animals.

Possible mechanisms for these changes are discussed, and we conclude that high
doses of vitamin A cause a marked change in the serum content on the measured
cations.
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SUMMARY

Weanling rats were fed on diets of rice/beans (RB) with or without mineral (M)
supplement; vitamin A (A); M + A (MA); or milk (L), containing from 3 to 149/o
protein. As determined by various measures, the best results were observed in the
group fed the RB diet, supplemented with L. This group was followed by those
receiving the MA and M diets. Protein utilization in the RB diet, as well as minimum
protein requirement for maintaining body weight, depend on the supplementary
nutrients, The mechanism of this effect may be related to the appetite of the animals
and to the voluntary intake, which is influenced and regulated by the diet composi-
tion. .

INTRODUCTION

Rice and beans (RB) are recognized as the most important basic foods
consumed by the Brazilian population, who eat them sporadically, with-
out any other adequate complementary food. Different proportions of
rice/beans are habitually consumed in Brazil as documented by nutritional
surveys; in the Northeast rural aréa (1) the total intake/individual/year
was estimated to be 55.3 kg of cereals, and 46.1 kg of legumes and
oleaginous. In earlier reports it was suggested that the RB mixture is
limited in fat-soluble factors (2, 3). To design a food supplementation
program it is relevant to observe the limitation of these nutrients. In a
recent proposal in Brazil, for a model of basic minimum-cost diet for
adults, the rice/beans daily intake was suggested to be: 100/200 g or
140/120 g, respectively, for the southeastern and northeastern regions

(4).
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Based on these data, the present investigation was designed to study
the basic food system of rice/beans using experimental animal models,
in order to determine the main limiting nutrients in rice/bean mixtures of
55/4590/o.

MATERIAL AND METHODS
Animals
A total of 250 Wistar weaning rats (21 days old) were housed indiv-

idually, and given ad libitum different diets (shown in Table 1) for 25
days. The initial average body weight was 39 = 1.8 g (mean 1 SD).

TABLE 1
DIETS OF RICE/BEAN (RB) OR CASEIN (CAS), CONTAINING 3 TO
1400 PROTEIN
(per 100 g diet)
Diet
Ingredients RB RBM RBA RBMA  RBL  Cas PF5
RB1 +4 + + + + + +
Cas! - - - - - - -
Mik (L)?, g - - - - - - -
Minerals (M)>, g - 4 - 4 - 4 4
Vitamin A (A), g  — = 69/o 6%/o - - -
oil®, g — — - - — 2 2
Codfish oil, g - - - - — 9 2
Vitamins®, g - - - - _ 9 9
Starch®, g + + + + + + +

1 RB or Cas, amount to obtain diets containing 3 to 140/o protein: RB — Rice,
550/0, beans, 450/o (protein of rice, 80 /o, beans, 24.80/0) (Beans, cooked with
water in autoclave, 1150C/40 min and lyophilized).

L —Milk (whole powdered, 250 /o protein), RB, 700/0 + 1, 300/o.

(Ref. 2). .

(+ ) present, (—) absent. .

PF— Protein-free diet.

"Comn-starch to complete 1000/o of diet.

(= 300 U ]

Ten animals/group were fed ad libitum each diet, containing from 3
to 1490/o protein.

Diets

Each individual diet was prepared so as to have a final protein content
of 3, 7, 10 or 140/o, which was estimated by calculating N x 6.25 (5).
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Protein content of the diets is presented in per cents in Table 2, while
their basic mineral composition can be appreciated in Table 3.

TABLE 2

PROTEIN CONTENT OF THE RICE AND BEANS (RB) DIETS
- SUPPLEMENTED WITH MILK (L): MINERALS (M) OR VITAMIN A (A),

AND OF CASEIN (Cas)
Protein content (g/100 g)

Diet 3 7 10 14.5
RB! ' 2.52 6.0 9.0 14.5
RBL 3.3 8.1 12.2 14.0
RBM 3.5 7.0 10.5 14.7
RBA 2.7 5.5 9.8 14.7
RBMA 3.9 8.7 10.5 14.4

Cas 2.8 7.0 10.5 13.1

1 Asdescribed in Table 1.
2 Measured as: Nitrogen x 6.25.
Protein content of PF diet was: 0.15 g/100 g.

TABLE 3
MINERAL COMPOSITION AND VITAMIN A OF THE RICE/BEAN (RB) DIETS

SUPPLEMENTED WITH MILK (RBL) OR WITH MINERALS (RBM) COMPARED
TO THE REQUIREMENTS FOR GROWING RATS (RGR)

(Expressed in mg/100 g)

RB RBL 'RBM RGR?
Calcium® 80 330 633 500
Iron?! 4.71 3.39 15.7 35
Zinc! 3.12 3.23 3.62 1.2
Copper* 0.44 0.35 0.84 0.5
Magnsesium® 870 880 955 400
Manganese! 2.23 173 2.49 5
Phosphorus® 290 390 668 400
Vitamin A? Trace 0.076 Trace 0.067

1 Determined in food.
2 Not analyzed (calculated from ICNND/INCAP Food Composition Table, 1961.
3 RGR — Requirements for growing rats (ref. 9).

Determinations

The following determinations were carried out, as stated:
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1 — Body weight and food intake — The animals’ weight and the food
intake (FI) were recorded twice a week.
2 — Protein efficiency (6)

a) NPR — Net protein ratio — Calculated as body weight gain
(BW) in the 100/0 protein group, plus the weight loss (WL) of the group,
relative to protein intake (PI).

+
PER — BW o WL

b) PER — Protein efficiency ratio — Calculated as body weight
gain in the 100/o protein group relative to protein intake.

BW
PER — PI

¢) RPV — Relative protein value — From the regression line of the
BW, using the 3 to 140/o protein groups.

d) MP — Minimun protein requirement — This was determined
from the regression line of the body weight slopes for each diet related to
the protein content of the diet, at the point of x intercept.

€) NPU — Net protein utilization — Calculated from retained
nitrogen (N) in the carcass, determined from the water content in the
carcass before and after drying at 1000C, (H,0). The calculation used

was N = (3.09 + 0032x) x (H,O) (6), where x represents days of life.
The protein was assumed to be: N x 6.25. The protein of the carcass of

the test groups (P‘llo) of protein minus the carcass protein of the PF group

(PP(I; ) was asumed to be the total protein retained (TPR). The NPU of

each diet (NPUd) was célculated by NPUd = III,)I—R .

f) TPR — Total protein retained — The protein of the carcass of
the test groups at 100/o of protein (Piio) minus the carcass protein of the
PF group (P %F ) was assumed to be the total protein retained (TPR):

pd _ pPF
TR - =P

3 — Minerals — Determined by spectrophotometry (Perkins Elmer 360)
(7), and

4 — Phosphorus — Established following the method of the molyb-
denum blue complex at 700 nm (8).
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RESULTS

The average body weight changes and P {10 over 25 days, in rats fed

the various 3 to 140/o protein diets (RB, RBM, RBA, RBMA, RBL, CAS)
are shown in Table 4,

TABLE 4
AVERAGE ENERGY INTAKE (EI/{d) AND BODY WEIGHT VARIATION (BW)
(g) IN RELATION TO PROTEIN OF DIET (Po/o), AND PROTEIN OF THE

CARCASS AT 100/o (Pi’(}) OF 25 DAYS ON RATS FED DIFFERENT DIETS:
RB, RBM, RBA, RBMA, RBL, CAS, COMPARED TO PF VALUES

El/d Regression of pd (14
Diet Keal , BW/PO/o r! 1008
RB2 25.4+1.20° Bw= 1064 +160p® 096 9.13+0.85(®
RBM 35.1+37M™) Bw=—12.29 +2.44p® 096 11.30+0.95(0)
RBA 28.1+1.8® Bw=— 762 +1.51p® 093 884t0.81()
RBMA 338+ 1.9(P) Bw=-2330 +4.40p© 093 1240 =1.08()
RBL 39.7+4.2(9)  BW=—23.70 +6.08 pid) 0.98 16.80 +1.81(°)
CAS 40.1+2909 Bw=-1057 +764p® 094 2370+1.81(@
PF 23.1+1.9@ Bw=—107¢g 7.2 +0.78(®)
(Mean 1 SD).
n=10.

1 Correlation.

2 Ref. Table 1.

3 Values followed by the same letter = NS; followed by a different letter = p <
0.01 (in column) (t-Student). '

4 Protein of the carcass of the test group at 100/o of protein in the diet.

According to results, L was the best supplement followed by MA,
and them by M. As the data reveal, vitamin A was not an effective sup-
plement by itself, but together with M (AM) it was really effective com-
pared to RB alone. Figure 1 shows the body weight variations of the "
animals fed on the different diets.

The minimums of protein capable of maintaining the body weight were
3.90, 5.38, 5.04, 4.95, 6.65 and 1.380/0 of protein for RBL, RBMA,
RBM, RBA, RB and Cas, respectively (which correspond approximately
to 0.39, 0.54, 0.50, 0.49, 0.66 and 0.14 g/day/rat). Figure 2 illustrates
the regression lines of carcass protein for the different groups. By extra-
polating the correspondent regression of Cas, we calculated the protein

of the carcass of the animals fed on a protein-free diet (PCSS). .The carcass
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FIGURE 1

Body weight evolution (g) of rats fed diets RB, RBMA, RBM, RBL, RBA, CAS for
25 days and protein (©/o) (for details see Table 4)

protein of the animals fed on PF diet (P ) were compared to -the cal-

culated chs

PC?)S (8.72 10.58) was significantly higher than PPg (7.2 + 0.78).

The values of RPV, NPU, NPR, PER, growth, FI and MP are depicted
in Table 5 in relation to the casein-fed group. There was a significant
difference among the groups: RB, RBA < RBM, RBMA < RBL (p <
.0.01) (Student’s “t” test). These data suggest that the best results were
obtamed with the RBL diet.
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FIGURE 2

Regression lines of the carcass protein of the different group versus protein of diets.
Rats fed diets: RB, RBMA, RBM, RBL, RBA, Cas, for 25 days. Values of PCZS
obtained by extrapolating the Cas regression line is compared to PPF obtained with

PF 7.2 +0.61 (p <0.01).

the experimental PF group. Data of P, 8.3 + 0.58; P 0

DISCUSSION

Those animals fed on the rice and beans diet supplemented with milk,
gained weight better than those without supplementation. Even other
added nutrients such as M, A or MA had less effect than the diets assayed
in this study. M and especially L supplements resulted in increased weight
gain. ,

The ‘regression lines of the weight changes versus protein level of the
diet (Figure 1) were different for the RB diet itself, or when supplemented,
suggesting that RB is effectively limited with respect to some of the
minerals contained in the mineral mixture. Other important nutritional
factors must be present in L. Vitamin A per se had no effect; however,
AM had some supplemental effect compared to M alone. In the present
study only vitamin A was used as supplement, since its deficiency
constitutes a public health problem in Brazil, while vitamin D as food
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TABLE 5

RELATIVE NUTRITIVE VALUE OF DIETS* RB, RBM, RBA, RBMA AND
RBL DETERMINED FOR BODY WEIGHT (BW), FOOD INTAKE (FI),
PER, NPR, RPB, TOTAL PROTEIN RETAINED (TPR), NPU,

AND MINIMUM PROTEIN - RELATIVE TO CAS, 100°/o

Diet Method?
BW FI PER NPR  RPV TPR - NPU  MP
CAS 100 100 100 100 100 100 100 100
RBL 73b(2)  gob 61b 72b  gob 72b  50b  36b
+6.8 +5.1 +5.8 +58 *4.2 +82 *68 *21
RBMA 38¢ 56¢ 38¢ 720 57¢ 54¢ 34¢ 26¢
+4.1 +2.9 +29 +12 £5.2 £1.9 *34 +18
RBM 26d 54¢ 30¢ 42¢ 32d 49¢ 23¢ 28¢
+1.8 t4.5 +43 129 *28 £25 *71 *18
RBA 15¢ 40d 23d 720 14e 3gd 1d  26¢
+21 +2.2 +2.8 +61 +6.2 +55 +82 *21
RB 2e 37d 23d 40¢ 21¢ 39d 5d  20d

+7.4 +5.4 7.1 5.6 7.2 +59 72 *29

n = 10.

*  See description in Table 2.

1 Determination at 10°/o protein for BW, FI, PER, NPR, TPR, NPU.
2 Followed by different letters in the column - p < 0.01 (t-Student).

- supplement is not relevant (probably because of our country’s sunlight).
Concerning vitamins E and K, there are no evidences of deficiencies in
our country.

Actually, the increase in protein quantity for improved conditions
(RBL, RBMA) enhanced the slopes of BW on PO/o in relation to the
zero-point of PO/o, reaching to y-intercept with more negative values as
shown in Table 4, because for very low protein levels the intersects of
y-axis are different for high or low protein values. Therefore, determina-
tions only at low levels of protein for RB could over-estimate the true
quality, perhaps due to the conservation of certain amino acids, especially
when in short supply (10). Then, the best measure of protein for growth
is the slope between points of protein around the equilibrium.

The protein retained in the carcass is usually determined from the
final body protein of each animal, corrected by the carcass nitrogen at
the beginning of the experiment (11). It can also be estimated using the
final body nitrogen of animals fed on a protein - free diet (12). Miller and
Bender (13) introduced the body water determination as an easier method
for the calculation of total nitrogen. Bressani et al (11) showed that
there was a high correlation between the nitrogen content of the carcass
and the nitrogen calculated through the water content of the carcass,
as follows: N = (3.09 + 0.032x) x (H20), where x = days of life. In our
previous studies (not published) the total nitrogen content of the carcass
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was determined by the Kjeldahl method and compared to the indirect
method using the formula (11). The results obtained by both methods
were not significantly different.

The fact that the obtained value of Pgas was higher than the de-
termined Pgl,? might be explained by the enhancement of the basal me-

tabolism of the animals fed on protein, as compared to those fed on PF.
The difference (Pé?as - PgF ) might correspond to the greater loss of

metabolic-endogeneous nitrogen in PF animals in relation to the ex-
trapolated P(()Zas

The MP required for maintenance was quite different among the
diets, even considering that the protein quality for all the RB diets
was tundamentally the same (obtained trom rice and beans).

The differences among the MPs might be explained by the effect of
additional factors required for protein utilization. The results suggest that
minerals and other nutrients may be insufficient in RB. On the other
hand, milk (L) was the best supplement for RB. Since in our previous
investigation we observed that casein did not improve the results obtained
with RB (3), the effect of milk supplementation may be related to other
nutritional factors rather than protein quality.

We calculated the regression equation between TPR/day and PI/day,
at 109/o for all diets (Figure 3), obtaining the following equation: TPR/d
= 0.22 +0.70 x PI/d, with r = 0.82. For all diets with 70/0 and 10°/o
protein (RB, RBM, RBA, RBMA, RBL, CAS) the analysis of TPR in
relation to food intake (FI) and energy intake (EI) gave the relationships:
TPR = 16.1 + 0.106 FI (the FI for maintenance would be 6.4 g/d);
TPR = — 16.01 + 0.027 EI (r = 0.80) (The EI for maintenance would
be 23.6 Kcal/d). Concerning only the casein groups, 3 to 140/o of protein,
the relation of TPR with FI presented a correlation of r = 0.999. These
results suggest that ad libitum total food intake plays the primary role
in protein retention. Therefore, L, as well as M or MA supplementation in
the diet of RB are relevant factors in enhancing food intake by the ani-
mals, thus causing increase in the total energy intake.

In a previous paper (14) we suggested that increasing the relative
proportion of Ca/Zn beyond 100, an adverse effect occurs, reducing the
voluntary food intake and growth in rats.

Prasad (15) states that zinc is involved in many biochemical functions
and there exists a competition with other metals as calcium for binding
sites, while Yunice and Hsu (16) ovserved that zinc, as well as copper
and manganese deficiency affect adversely the endocrine glands, either
through decreasing dietary intake, or increasing excretion, and dietary
intake can be influenced by several factors in the diet, such as the pre-
sence of phytic acid, fiber and high calcium intake.

Matuba et al. (17) showed that total zinc contents in the tibia of
rats were decreased when calcium content in the diets was increased. On
the other hand, Franz et al. (18) demonstrated that the addition of
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TPR=-0.22+0.70 IP
(r=0.82)
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FIGURE 3

Regressmn equation between TPR/d and PI/d at 10°/o, for diets: RB, RBM, RBMA,
RBA and CAS

zinc to a basal diet of rats (up to 14 ppm) enhanced the voluntary food
intake.

In the diets used in this investigation, the Ca/Zn relationships for RB,
RBL and RBM were 25, 102 and 175, respectively. It is possible that the
better results obtained with RBL than with RBM are related to the pro-
portion and quantity of Ca/Zn, around 100. Aside from this, the Ca/P
relationship in RBL, RBM and RB were, respectively: 0.85, 0.94 and
0.27. Consequently, RB presented a very bad situation for calcium uti-
lization (19).

The presence of vitamin A improved the effect of M supplementation,
enhancing perhaps the body’s mineral utilization, not by stimulating
appetite.

Although the present results were determined in animals, the im-
plication of these results is that the basic food system RB is deficient in
nutrients. In extrapolating these conclusions to man, we suggest that
populations consuming basically RB may require more attention in ins-
titutional nutrition supplementation programs.
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RESUMEN

ARROZ Y FRIJOLES — EFECTO DE LA LECHE, MINERALES Y VITAMINA A
EN LA GANANCIA PONDERAL, INGESTA DE ALIMENTO Y RETENCION
CORPORAL DE PROTEINA

Ratas recién destetadas fueron alimentadas con dietas de: arroz/frijoles (RB)
suplementadas 0 no con minerales (M); vitamina A (A); M + A (MA), o leche (L),
que contenian de 3 a 14°/o de proteina. Segin se determiné a través de diversas me-
diciones, los mejores resultados se observaron en el grupo alimentado con la dieta
RB suplementada con L, seguido por los grupos que recibieron las dietas MA y M.
La utilizaciéon. proteinica de la dieta de RB, asi como el requerimiento minimo de
protefna para mantenimiento de peso corporal, depende de los nutrientes suplemen-
tarios. Puede que el mecanismo de este efecto esté relacionado con. el apetito de los
animales y con la ingesta energética voluntaria, la que es influenciada y regulada por
la composicion de la dieta.
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RESUMEN

La inclusion de harina de habas (Viciz faba) en la dieta de animales de experi-
mentacioén produce un retardo en el crecimiento, semejante al inducido porla adicién
de 0.20/0 de acido tanico en dietas control de caseina. Tanto los extractos hidro-
alcohdlicos obtenidos a partir de semillas de habas como los taninos extraidos de las
mismas, reducen la absorcion intestinal de glucosa. Asimismo, la presencia de 4cido
tanico al 0.05, 0.1 y 0.20/o en las soluciones de glucosadisminuye proporcionalmente
la absorcion de ésta por el intestino. Los resultados en cuestion parecen sugerir que
los polifenoles afectan, al menos parcialmente, el valor nutritivo de la leguminosa.
(Vicia faba), si bien otros componentes de las mismas también podrian estar invo-
lucrados.

INTRODUCCION

Las leguminosas constituyen una importante fuente de protefnas,
tanto en la alimentacién humana como animal (1, 2). No obstante, la
presencia de determinadas sustancias consideradas antinutricionales, por
ejemplo, lectinas, hemaglutininas, inhibidores de proteasas, polifenoles,
etc. (3, 4) y su bajo contenido en aminodcidos azufrados (4),reducen su
valor nutritivo cuando se emplean en estado crudo. Entre los fen6menos
adversos observados existe una reduccién en el crecimiento (5), alteracio-
nes en la actividad de diferentes enzimas (6, 7), disminucién de la reten-
cién nitrogenada (8), y otros (9). En este contexto, también se ha puesto
de manifiesto que la absorcién intestinal de glucosa, galactosa y leucina se
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encuentra reducida en aquellos animales alimentados con Vicia faba como
fuente de proteina (10). En un intento por contribuir a la identificacion
de las sustancias antinutricionales implicadas en alteraciones del proceso
de absorcién, se llevd a cabo una serie de experimentos en los que se
estudié la influencia de extractos obtenidos de Vicia faba, de polifenoles
aislados de la misma, y del dcido tdnico sobre el transporte intestinal de
glucosa. Se determiné, asimismo, el efecto del agregado de 4cido tdnico
a una dieta de caseina sobre el crecimiento corporal.

MATERIAL Y METODOS
Animales y Dietas

Tres lotes de ocho ratas hembra de la raza Wistar, con pesos compren-
didos entre 91 y 99 g, se alojaron en jaulas metabdlicas, bajo condiciones
ambientales adecuadas. A cada uno de los lotes —en régimen de ingesta
controlada— se les proporcioné durante siete semanas, las dietas siguien-
tes: lote 1 (dieta de casefna 18.80/0), lote 2 (dieta de Vicia faba 18.690/0
de protefna) y lote 3 (dieta de caseina 18.80/0 + 0.20/0 4cido tdnico
MerckR ). La composiciéon porcentual de las dietas ya ha sido descrita pre-
viamente (5). Las semillas de Vicia faba fueron molidas para preparar las
dietas, incluyendo los tegumentos, ya que es en esta fraccién donde se
encuentran los polifenoles. Los animales se pesaron diariamente, y tuvie-
ron libre acceso al agua de bebida. El fndice de transformacién (I. T.) fue
calculado como la relacién entre la ingesta (g) y el incremento de peso (g)
a lo largo de las siete semanas de experimentacién (Tabla 1).

TABLA 1

VARIACIONES DE PESO, INGESTA DIARIA E INDICE DE TRANSFORMACION
EN RATAS ALIMENTADAS DURANTE SIETE SEMANAS CON LAS DIETAS

RESENADAS

Caseina Vicia faba Caseina 18.89/o

18.80/o0 18.69/o -+ Acido tanico

0.20/0

Peso inicial (g) 94.5% 2.3 96.0 £3.1 95.2+ 2.5
Peso final (g) . 198.3% 4.3 166.1 £3.9%* 169.0% 5.1%*
Ganancia diaria (g/dia) 2.20+ 0.22 1.53 £0.30%* 1.58% 0.36**
Ingesta diaria (g/dia) 11.7% 0.8 116 £1.1 11.8% 1.6

Indice de transformacion (LT.) 5.40% 0.61 8.13 £0.93** 7.15% 0.71%*

Medias * DE (n = 8). Grado de significacion de las diferencias respecto al control:
* P <0.05; ** P <0.01.
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Tecnica de Absorcion

Se emplearon ratas hembra (120 a 160) de la raza Wistar. El estudio
de la influencia de los diferentes productos sobre la absorcién intestinal
se llevé a cabo mediante la técnica de absorciones sucesivas in vivo (11).
En sintesis, los animales se anestesian con uretano 12.50/o (1 ml/100 g)
y se sitian en una cdmara de temperatura controlada (35-370C). A conti-
nuacién se les practica una laparatomia, procediéndose a canular una zona
de entrada y otra de salida en el yeyuno, separadas por 15-20 cm. Poste-
riormente se cierra la cavidad abdominal con un clip y se conecta la
cdnula de entrada a una bomba de perfusién por donde se introducen las
soluciones a estudiar. En nuestro caso, glucosa 2mM en presencia de
extractos de Vicia faba, taninos aislados de la misma leguminosa o de
4cido tanioo 0.05, 0.1 y 0.20/0. Se realizaron cuatro absorciones sucesivas
en cada animal en las que la primera y tercera sirven como control de las
otras dos. La absorcién de glucosa se determina mediante 14 C-glucosa, y
las lecturas se llevan a cabo con un contador de radiactividad LKB. Los
resultados, diferencia entre la cantidad de azucar inicial y la cantidad de
azucar recogida en intestino tras el perfodo destinado a absorcién, se ex-
presa en umol/cm de intestino, y referido al tiempo de contacto (10
min).

Preparacion de Extractos y Aislamiento de Taninos

Los extractos de la leguminosa objeto de estudio ( Vicia faba) se prepa-
raron a partir de 140 g de semillas completas previamente molidas, y se
sometieron a maceracion con 300 ml de etanol agua (50:50) con agitacién
continua. Despues de 24 horas, los extractos se filtran, y se procede a una
concentracién con un rotavapor a 500C. Finalmente se centrifuga a 1,500
rpm, durante 30 min, llevindose a un volumen final de 100 ml con agua
destilada.

El aislamiento de los taninos se realiz6 siguiendo el método de Mar-
quardt et al., (12) en el que la separacién final y purificacién se verifica
mediante una columna de Sephadex LH-20 de 2.6 x 30 cm que se eluye
con acetona:agua (50:50). Se obtienen aproximadamente 0.5 g de taninos
por 250 g de semillas, localizdindose sobre todo en el tegumento de las
mismas.

Estudio Estadistico
Para evaluar las diferencias estadisticas entre grupos se empleé el test
de Duncan.
RESULTADOS
Curva de Crecimiento

Los datos obtenidos indican que la dieta elaborada con Vicia faba
provoca una reduccién de 17.10/o de crecimiento a las siete semanas en
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relacién al control de caseina. En cambio, aquellas ratas suplementadas
con dcido tinico (0.20/0) sufren un retardo del 15.60/0. Consecuente-
mente, los indices de transformacién son inferiores en los animales alimen-
tados con la dieta control de caseina.

Efecto de los Extractos de Vicia faba en la Absorcion Intestinal de
Glucosa

Los valores del transporte de glucosa a través del yeyuno de la rata en
presencia o ausencia de extractos se exponen en la Figura 1. En la realiza-
cion de este estudio, se sometieron a ensayo tres concentraciones diferen-
tes de extracto: 259/o, 500/0 y 1000/o, con un contenido de tanino
equivalente a 0.29, 0.58 y 1.16 g/100 ml. La solucién de D-glucosa em-
pleada fue 2 mM y los periodos de absorcién de 10 min en siete absorciones
sucesivas (Figura 1). La presencia de extracto inhibi6 en forma parcial-
mente reversible la absorciéon de glucosa en relacién a la concentracién de
extractos presente. La reduccion observada en el transporte de glucosa
fue de 29.2, 39.8 y 50.10/0 para las concentraciones de 25, 50 y 1000/o
de extracto, respectivamente.

02

0

0 25% 0 0. 0 100%7s 0 Concertracién
de Extracto.

M _de D-glucosa absorbidos/cm intestino/10min

FIGURA 1

Representacion grafica de los valores absolutos de absorcion intestinal in vivo de D-
glucosa 2 mM en presencia de extractos de Vicia faba L. e¢n concentraciones del
250/0, 500/0 y 10000
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Efecto de la Presencia de Taninos Aislados Procedentes de Vicia faba
sobre la Absorcion Intestinal de Glucosa

Los taninos extraidos de las semillas de Vicia faba segin el método
previamente descrito, fueron disueltos (0.1 g/100 ml) en una solucién de
D-glucosa 2 mM, y se introdujeron en el asa intestinal en la segunda y
cuarta absorciones, siendo la primera y tercera de D-glucosa tinicamente.
Los resultados se ilustran graficamente en la Figura 2, donde se observa
que la presencia de taninos en la solucién de glucosa induce una inhibici6n
de 22.30/0 en el segundo periodo de absorcién, y de 280 /0 en el cuarto.

También pudo apreciarse como la capacidad absortiva del intestino
delgado no se recupera totalmente tras la exposicion inicial a los taninos;
asi, la absorcion del aziicar en el tercer periodo fue 16.00/o inferior a la
observada en el primer periodo.

Q3 N

—— CONTROL
ol --—- VICIA FABA MINOR

-glucosa absorbidos/cm.de intestino

uM de D

n 22 3¢ ‘ Iy

Periodos sucesivos de absorcidn

FIGURA 2

Represencion grafica de los valores absolutos ‘de absorcion intestinal in vivo de D-
glucosa 2 mM en presencia de extractos purificado de Vicia faba L. ala
concentracion de 0.10/o
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Efecto de la Presencia de Acido Tdnico en la Absorcion Intestinal de
Glucosa

La presencia de dcido tdnico a tres concentraciones diferentes (0.05,
0.1 y 0.20/0) reduce el transporte de glucosa a través del intestino delgado
de la rata. Se realizaron cuatro absorciones sucesivas de 10 minutos cada
una, en un mismo animal. La primera y tercera con soluciones de glucosa
2 mM, mientras que la segunda y cuarta —ademds de la glucosa (2 mM)—
se adiciond acido tdnico a las concentraciones indicadas.

Los resultados revelan (Figura 3), que en la segunda absorcién con una
concentracién de 0.050/o de acido tdnico, se produjo una inhibicién de
14.00/0 en la absorcién de glucosa; de 33.20/o para la concentracién de
0.10/o0 y de 45.10/o para la concentracién de 0.20/o. Estas inhibiciones
se mantenian en parte en la tercera absorcién para las concentraciones
0.10/0 y 0.20/o0 de dcido tdnico; sin embargo, con el 4cido tdnico al
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ABSORCION EN FUNCION DE LA CONC.DE TANINO

FIGURA 3

Representacion grafica de los valores absolutos de absorcion intestinal in vivo de D-
glucosa 2 mM en presencia de dcido tinico en concentraciones de 0.050/o, 0.10/0 y
0.20/0
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0.050/0 la absorcion volvia a la normalidad tras la eliminaci6n del inhibi-
dor. Al anadir el dcido tdnico en la cuarta absorcion, el transporte de
glucosa fue inferior en un21.4,53.0 y 61.9 para las concentraciones 0.05,
0.1 y 0.20/0, respectivamente.

DISCUSION

El retraso en el crecimiento observado en animales alimentados con
legumbres crudas ha sido atribuido a la presencia de sustancias termoldbi-
les, tales como inhibidores de protefna (13) hemaglutininas y saponinas
(3) y entre otros, también a la presencia de polifenoles (14, 15) y a un
bajo contenido de aminodcidos azufrados (4, 15). En este caso particular,
la adici6bn de metionina a una dieta de Vicia faba, mejor6 ligeramente el
valor biolégico de la proteina, sin que ésta alcanzara los valores correspon-
dientes a la proteina patron (25). No obstante, hasta el presente todavia
no se ha determinado el mecanismo de accién de algunos de estos compo-
nentes y su influencia sobre la utilizacién nutricional de las leguminosas.

Trabajos previos de este laboratorio (10) han puesto de manifiesto la
inhibicién del transporte intestinal de glucosa después de la ingestién de
Vicia faba y posteriormente por la presencia de extractos de tegumentos
procedentes de Vicia faba (16) y otras leguminosas (17) ricas en taninos.
En este contexto, surge la necesidad de determinar la influencia de taninos
extraidos de la leguminosa asi’ como de la adicién de 4cido tdnico a dife-
rentes concentraciones sobre la absorcion de glucosa y el crecimiento.

Los compuestos pertenecientes al grupo de los polifenoles, se encuen-
tran ampliamente distribuidos en las plantas superiores. Su presencia en
las semillas de leguminosas podria afectar significativamente el valor nu-
tritivo de las mismas (18). Por otra parte, es conocido el hecho de que
aquellas variedades de habas cuyas testas son coloreadas suelen ser ricas
en taninos, y su inclusion en la dieta de animales monogdstricos reduce la
digestibilidad de la proterna (19).

En estudios sobre los efectos comparativos del dcido galotdnico y
compuestos fenélicos afines.sobre el crecimiento de ratas, otros investiga-
dores (20) afirman que existe una disminucion en el desarrollo corporal,
proporcional al contenido de estos productos. Resultados paralelos fue-
ron obtenidos por Sobrini et al., (4) al investigar diferentes variedades de
habas con distintos contenidos de taninos, er las que los indices nutricio-
nales estaban correlacionados con el contenido en polifenoles de las
semillas.

El papel de estos componentes de las leguminosas, vistos a la luz de
los trabajos de Calderén et al., (21) podrfan explicarse a través de la for-
macién de complejos entre las proteinas y los taninos, pero otros autores
no comparten esta opinion (22, 23). Se ha sugerido también que los com-
puestos polifendlicos, asociados a la coloracion del tegumento, afectan la
digestibilidad de la proteina e inhiben la actividad enzimdtica intestinal
(24). Estudios mas recientes (18) han logrado mejorar el valor nutricional
de la proteina de leguminosas, tras la adicion de polietilenglicol, que
permite extraer los productos polifenélicos de la semilla.

Los taninos parecen actuar formando complejos que modifican las
estructuras del epitelio intestinal, dando lugar a una inhibicién irreversible,
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aunque no del todo (16). De este modo, los polifenoles podrfan modificar
débilmente el transporte de glucosa sin producir severas alteraciones en la
mucosa intestinal. De hecho no hemos podido detectar alteraciones
histol6gicas con el microscopio electrénico (resultados no publicados). A
pesar de ello, y como lo indica Griffiths, cabe admitir ciertos efectos me-
tabolicos (24). ‘

A partir de los resultados obtenidos por nosotros, puede admitirse que
la reduccién en el crecimiento, observado en animales alimentados con
harina de Vicia faba como fuente de protefna —o bien con caseina a la que
se adicioné dcido tanico—, se debe, al menos en parte, a la presencia de
productos polifenélicos que inhiben el transporte de glucosa por el intesti-
no. Como lo hicimos manifiesto en trabajos anteriores (8), éstos a la vez
reducen la retencién nitrogenada en el organismo animal, tras la ingestién
de tales leguminosas. '
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SUMMARY
ROLE OF POLYPHENOLS IN THE LOW NUTRITIVE VALUE OF Vicia feba

The inclusion of field bean (Vicia fabe) in diets for growing experimental animals,
reduced their growth performance in a similar way as compared with controls fed a
casein diet, with 0.20/o tannic acid. Hydroalcoholic extracts or isolated tannins
obtained from Vicia faba seeds, decreased the intestinal transport of D-glucose. The
addition of 0.05, 0.1 or 0.20/o of tannic acid to the perfusion solutions containing
D-glucose proportionally diminished the intestinal uptake of sugar according to its
poliphenolic content. It has been postulated that polyphenols reduce, at least partially,
the nutritive value of legumes, by altering monosaccharide absorption. Other consti-
tuents, however, could also be involved.
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THE USE OF HYDROGENATED FISH OIL TO EXTEND
VEGETABLE OIL'
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SUMMARY

During the last four years, national production of fish oil has increased ap-
preciably due to the expansion of the “reduction’ industries (fish flour). Nevertheless,
this production is almost totally destined to industrial use (lubricants, tannery, etc.).
In contrast, some countries like Japan, Canada and Peru have been using oil from
different fish species for human consumption.

In view of the above, the objectives of the present work were: first, to establish
the experimental conditions for obtention of a hydrogenated fish oil and second, the
formulation of fish and vegetable oil mixtures for use in the food industry.

The methodology followed comprised: 1) characterization of crude fish oil
through physical and chemical analysis; 2) adaptation of the vegetable oil refining
procedures to fish oil, and 3) development of fish oil with vegetable oils. A hydro-
genated fish oil with a melting point of 360C, iodine index of 80, and lovibond colot,
yellow 20, red 13, was produced.

Based on the results of the sensory test, the possibility of using up to 300/o
extension of this oil with vegetable oils for frying, and up to 509/0 extension for
baking, without affecting acceptability of product, was established.

INTRODUCTION

In Mexico, as in other countries, the production of oleaginous seeds
and edible vegetable oils varies as a result of seasonal changes, field condi-
tions, market prices and industrial storage possibilities (1). Self-sufficiency
has not been achieved and oleaginous seeds have to be imported at a high

Manuscrito modificado recibido: 29—5—87.
1 This research was partially supported by a CONACYT grant.

2  Department of Food Science and Technology, National Institute of Nutrition
“Salvador Zubiran”, Vasco de Quiroga No. 15, Col. Tlalpan, C. P. 14000 —
México D. F., México.
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cost. It was therefore considered that the use of locally available raw
materials for edible oil production could be advantageous.

Countries such as Japan, Norway and Peru, which also need to in-
crease their edible oil production, are processing significant amounts of
oils from marine species (1-3). This product is then mixed with vegetable
oik to extend the available amount. In Mexico, a similar system could be
applied. During the last 10 years, fish oil production has increased consi-
derably (from 1,500 ton in 1976 to around 12,000 ton in 1986). This
increase is a result of the increased demand for fish flour in the animal
food industry (4). Nevertheless, the oil byproduct has so far been used
for industrial purposes, as lubricating grease and for soap manufacture
(5). It is important, therefore, to explore its possible uses in the food
industry.

Marine oils which contain a large variety of fatty acids are obtained
principally from herring, sardine, pilchard, menhaden and whale. Their
exact composition varies widely, depending on the season, type of
nourishment and reproductive cycle, as well as the capture zone of the
different species (6). These differences in composition have little effect
on the energy value of the product. The fatty acids are highly unsaturated
and oxidize rapidly, producing disagreeable fishy flavors and odors (7-9).
However, they become relatively stable upon hydrogenation and develop
a characteristic sweet odor and flavor which are. removed during subse-
quent deodorization (10-12). The objectives of the study herein described
were, therefore, to develop a process for obtaining fish fat with a melting
point of 35-500C and an iodine index of 50-90, and to use this oil as
extender of vegetable oil for its utilization for frying, and in bread produc-
tion.

MATERIAL AND METHODS
A. Experimental

— Characterization of the fish oil and vegetable fat — Physical and
chemical tests were performed on ‘‘sardine oil’’ donated by the “Aso-
ciacion de Productores de Harina del Pacifico, A. C.”, and vegetable
fat from Anderson Clayton obtained in a supermarket in Mexico
City.

— Crude fish oil processing — A procedure, similar to the one employed
in the edible vegetable oil and fat industry was used (13), but in order
to adapt it to the fish sample the following conditions were included:

a) In the bleaching phase, two activated carbon concentrations (3 and
59/o in relation to oil weight) were employed along with a constant
temperature of 1050C for 15 minutes.

b)In the hydrogenation phase, 150 and 2000C temperatures and
nickel rod catalyst concentration of 0.1, 0.2, 0.4 and 0.60/0 were
used. Two reaction periods of 4 and 8 hr were also included,
maintaining the hydrogen pressure at 2.8 kg/cm?.
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— Formulation of fish and vegetable fat mixtures — The hydrogenated
fish oil was heated to 550C and then mixed with 0.050/o, commercial
antioxidants. (BHT) (12). The product was then mixed with vegetable
fat in the following proportions:

Mixture 1: 50:50 fish oil to vegetable fat
Mixture 2: 30:70 fish oil to vegetable fat
Mixture 3: 10:90 fish oil to vegetable fat

The mixtures were then cooled to room temperature and stored for
three days to allow the formation of a more stable crystalline struc-
ture (13 - 15) before being evaluated.

— Physical, chemical and sensory evaluation of fish oil and mixtures —
Evaluation by physical and chemical procedures, plus sensory tests
were undertaken as a last step, as follows:

B. Methods

— Physical methods — Humidity and volatile material were determined
by the AOCS evaporation method (16), and insoluble impuritics
detected with hexane and petroleum ether (17). Lovibond color (18),
melting point using the capillary tube method (19) and smoke point
(20) determinations were also performed.

— Chemical methods — Acidity (21), non-saponifiable material and the
saponification index (22) were determined. For the iodine index,
Wij’s procedure (23) was followed. The peroxide value (24-26) was
determined on samples stored at room temperature (approximately
200C) for periods of 7, 10, 15 and 30 days and 4 months.

— Sensory tests — To establish acceptability of the fish oil and its mix-
tures, as compared to that of vegetable oil, two types of products
were prepared: a sponge cake, and a fried product containing mainly
“tortillas”. The preparations were evaluated by two groups of un-
trained judges, one group formed by 41 and another group by 49
persons. The odor, flavor and acceptability of the products were
evaluated in questionnaires on a scale of 1 to 7 (27-30). The data
were finally submitted to analysis of variance and Duncan’s test (31).

RESULTS AND DISCUSSION

The characteristics of this crude fish oil product compared to those of
other oils such as anchovy and sardine oils are very similar (Table 1). An
important observation was the high iodine index of these samples, indica-
tive of a high degree of unsaturation.

During processing of the fish oil, significant bleaching was obtained
using activated carbon, especially with the 50/0 addition. Quantitative
color determinations confirmed visual observations. Yellow-colored units
diminished 25 and 42.590/o for the 3 and 590/o additions, respectively, and
red-colored units decreased 94 and 960/0. Reduction in the blue-colored
units was 1000/o in both cases.



336 ARCHIVOS LATINOAMERICANOS DE NUTRICION

TABLE 1
PHYSICAL AND CHEMICAL CHARACTERISTICS OF SOME CRUDE
FISH OILS
Fish! Sardine? Anchovy?

Humidity and volatile matter 0.16 - -
Humidity and impurities, 9fo - - 0.5 Maximum
Acidity (oleic acid),0/o0 - 1.68 01—13 1 Maximum
Impurities, ofo 0.04 - -
Unsaponifiable matter, /o 1.40 0.5—2.0 3 Maximum
Iodine content 194 160—194 196 —198.5
Lovibond color® 40YW 28R 3B - -
Gardner color - - 9 Maximum

1 Fish oil — raw material used in the present investigation,

2 Data obtained from Fineberg, H. & A. G. Johanson. Industrial use of fish oils.
In: Fish Oils. M. E. Stansby (Ed.). Westport, Conn., The Avi Publishing Co.,
Inc., 1967, p. 225.

3 YW= Yellow; R =Red; B =Blue.

During hydrogenation, iodine value decreased as the reaction period
increased. In tests conducted at 2000C, the decrease in iodine value
became more apparent as the catalyst concentration was increased. Never-
theless, at 1500C, the decrease in iodine value was greatest with the
0.40/0 catalyst concentration. In both caseshowever, the hydrogenation
rate reached its highest during the first four hours of the reaction. As
Figure 1 shows, with constant catalyst concentrations and reaction times,
the hydrogenation rate was proportional to the temperature. The optimal
conditions for fish oil hydrogenation were a 0.40/0 nickel-rod catalyst
concentration, a 2000C temperature and a minimum reaction period of
four hours. The product obtained was a plastic fat, that is, a deformable
non-flowable soft grease. The objectionable odor of crude fish oil was
replaced by a sweet smell. During deodorization, the FFA content
(expressed as oleic acid) was reduced to 50/o and the sweet smell acquired
during hydrogenation was replaced by a neutral odor. The flow diagram
for the obtention of fish fat is shown in Figure 2.

With regard to oxidation during storage (Figure 3), the rate was
greater in all samples during the first 60 days. This corresponds to the
propagation period during which free radicals become oxidized. After
this period, the oxidation rate was almost constant in all samples. During
the 120-day test period, no unpleasant odors were detected in the fish
fat, or in the 30 and 500/0 mixtures. A slight rancid smell, however, was
detected in the vegetable fat and in the 100/o fish-fat mixture. This may
be a result of the high peroxide value detected in the vegetable fat when
tests were initiated. When the peroxide value was less than 2.5 mEq/kg
of fat, sensory characteristics were not altered, but with values of 3.75
mEq/kg, rancidity was detected in all cases.
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FIGURE 1

Temperature effect of the catalyst concentration and sgeed time for fish oil
hydrogenation (Pressure: 2.8 kg/cm®)

Sensory analysis of the baked products prepared with each mixture
revealed no significant difference at the 950/o level in any of the charac-
teristics analyzed compared to those of the vegetable fat. Only 1000/o
fish fat showed a significant difference. Tortilla fritters prepared with
the 10 and 300/o fish-fat mixtures were undistinguishable from those
prepared with vegetable fat. Those prepared with 50 and 1000/o fish
fat were unacceptable.

On the basis of our findings, we concluded that fish oil can be
processed under the conditions laid out in this article, and extended with
vegetable fat to form a product stable for at least four months at room
temperature. Extensions of up to 500/o for baking purposes and up to
300/o0 for frying, are completely acceptable and undistinguishable from
commercial, 1000/o vegetable fat.

We consider, however, that industrialization of food industry sub-
products in Mexico requires more development to fully exploit the
potential available. : :
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RESUMEN

EL USO DE ACEITE HIDROGENADO DE PESCADO COMO EXTENSOR
DE ACEITE VEGETAL

La produccion nacional de aceite de pescado ha aumentado en forma sensible en
los dltimos cuatro afios, en virtud de la expansion de las industrias de “‘reduccién”
(harina de pescado). Sin embargo, esta produccion se destina, casi en su totalidad, a
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usos industriales (lubricantes, curtiduria, etc.). Algunos paises como Japén, Canad4
y Peru han venido utilizando el aceite de pescado de diversas especies para consumo
humano.

En vista de lo expuesto, los objetivos del presente trabajo fueron: primero, esta-
blecer las condiciones experimentales para obtener una grasa hidrogenada de pescado
y segundo, formular mezclas de ésta con grasas vegetales para su utilizacién en la
industria alimentaria.

La metodologia comprende lo siguiente: 1) Caracterizacion del aceite crudo de
pescado mediante analisis fisicos y quimicos; 2) adaptacién del proceso de refinacion
de aceites vegetales al aceite de pescado y 3) elaboracion de mezclas de grasa de pesca-
do con grasas vegetales, Se obtuvo una grasa hidrogenada de pescado con punto de
fusion 360C, indice de yodo 80; punto de humeo 2480C, color lovibond, 20 amarillo
y 1.3 rojo.

A partir de los resultados de las pruebas sensoriales, se establecio la posibilidad de
utilizar una grasa vegetal “‘extendida” con grasa de pescado en un 300/o para frituras,
y en un 500/o para productos de panificacién.
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RESUMEN

Se determinaron los contenidos de hierro, calcio, zinc y dcido fitico de mezclas
vegetales elaboradas a partir de trigo, maiz y soja. La utilizacion de soja en productos
compuestos, en sustitucion de trigo y maiz, aporta una cantidad apreciable de hierro y
calcio a las mezclas, en tanto que no modifica en forma significativa el contenido ini-
cial de acido fitido del trigo ni del maiz.

Los procesos tecnologicos de descascarado e inactivacion de enzimas denotan
poca influencia sobre el contenido de minerales en soja, y el de extrusion en la canti-
dad de hierro soluble en mezclas. .

La incorporacion de soja en mezclas vegetales disminuye considerablemente la
disponibilidad in vitro del hierro, en tanto que la fortificacion con mezclas de minera-
les interfiere levemente disminuyendo la disponibilidad del hierro, respecto a las mez-
clas vegetales fortificadas sélo con dicho mineral.

INTRODUCCION

En el consumo de alimentos influyen factores geograficos,econémicos,
sociales, culturales, fisiologicos, etc., que = los paises en vias de desarro-
llo originan dietas con niveles caracteristicos de ingesta de nutrientes.

En dietas de la Provincia de Salta, por ejemplo, se detectaron deficien-
cias en minerales, con una adecuaci6n de la ingesta de 34.60/0 de calcio y
de 68.50/0 de hierro (1). También se encontré6 14.90/0 de anemia en
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embarazadas de la ciudad, y 32.30/0 en mujeres con deficiencia de hierro,
mientras que en una villa suburbana, el 520/0 de ellas, acusaban deficien-
cias (2).

El hecho que la anemia por deficiencia de hierro es atn condicién
comin, indica que no todo el hierro presente en los alimentos es capaz de
ser absorbido (3).

En contraste con los de fuentes de origen animal, los minerales a partir
de alimentos vegetales generalmente son poco utilizados por el hombre y
otros animales monogdstricos. Se ha comentado que factores endégenos
tales como dcido fitico, fibras, proteinas quelantes de minerales, etc.,
son causa de la reducida absorcién de minerales a partir de alimentos
vegetales. La interaccién entre minerales como calcio y fésforo, hierro y
cobre, cadmio y zinc, etc. también es importante (4,5).

La fuente y la forma quimica del hierro en la dieta puede afectar noto-
riamente su disponibilidad para la absorcién. Es probable que la capaci-
dad del organismo para absorber el hierro proveniente de vegetales esté
influenciada por varios factores; aumenta si estos ltimos se combinan con
alimentos de origen animal y, por el contrario, la absorcion del hierro de
fuentes animales disminuye en combinacién con alimentos de origen
vegetal (6). Es evidente que estos tltimos contienen factores inhibidores
que impiden la absorcién, no sélo del hierro intrinseco, sino también el
proveniente de otros alimentos (7).

A partir de estudios realizados -en humanos, se ha informado una inhi-
bicién sustancial en la absorcién de hierro asociado a productos de soja.
Al sustituir albimina de huevo como fuente purificada, por harina de soja
desgrasada, harina de soja texturizada y aislados proteinicos de soja, la
absorcion de hierro se redujo en 82, 65 y 920/0, respectivamente (8).

La soja contiene sustancias como el dcido fitico que disminuye la bio-
disponibilidad de minerales, hierro y zinc, por ejemplo. En distintas con-
diciones investigadas en lo que a la reacci6n del zinc con el icido fitico
concierne, s6lo un 250/o de los complejos aislados tienen relaciones
atémicas estequiométricas (9).

Varios autores han encontrado que reemplazando carne por proteina
de soja, ésta inhibe notoriamente la absorcion de hierro no heminico de
las comidas (10).

Nuevos estudios han revelado que el efecto inhibidor, atribuido a los
aislados proteinicos de soja, podria no ser eliminado por calentamiento o
por adicién de mejoradores como el &cido ascorbico y carne de las dietas.
El mecanisno preciso de este efecto de la soja todavia no ha sido dilucida-

. do, pero parece ser que la influencia de la absorcién del hierro es atiin m4s
pronunciada cuando el total de proteinas en una dieta la aporta la soja
(11).

El procesamiento tecnoldgico puede modificar la biodisponibilidad de
un mineral en particular,en un alimento. Aproximadamente el 700/o del
fitato de un aislado de protefna de soja se perdié al someterse al autocla-
ve durante dos horas. Se encontr6 que la harina de soja desgrasada liga
mds hierro, calcio y magnesio al pH de 6.8 que al pH de 5.0, pero la situa-
cion inversa ocurre con el zinc. El testado también produce un significa-
tivo incremento de zinc y calcio ligado a ambos valores de pH (12, 13).

Asimismo, la forma de adicién de los minerales de fortificacién, calcio
y zinc, por sus distintas maneras de interaccién, incide en la absorcién
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de hierro (14).

Los métodos in vitro para predecir 1a biodisponibilidad de hierro, se
han concentrado en la duplicacion del medio ambiente quimico del est6- -
mago y del intestino. Los alimentos son incubados en 4cido clorhidrico
que contiene pepsina a 370C; luego la solucién se ajusta al pH de 7.5,
encontrandose que la fraccién de hierro que es ionizable, correlaciona bien
con el porcentaje de hierro absorbido en estudios humanos (15).

En el presente trabajo se determiné el contenido de hierro, calcio,zinc
y d4cido fitico, en mezclas vegetales preparadas a partir de trigo, maiz y
soja. Por otra parte, se observaron los efectos de tratamientos tecnolégicos
y fortificaciones en el contenido de minerales, y en la disponibilidad de
hierro in vitro de dichos productos.

MATERIAL Y METODOS

Se evaluaron los productos siguientes: grano de soja (G) granos de
soja descascarados en forma mecédnica (G.D.); harina de soja inactivada
mediante tratamiento térmico con vapor a 980C durante 6 minutos (H.S.);
harina 000 (T); sémola de maiz (M); harina de trigo:soja (90:10) ( T.S.);
sémola maiz:soja (70:30) (M.S.); y extruido de maiz:soja (70:30) (E),
producido en la Planta Piloto de Alimentos del INIQUI; (H.S.), (T), (M),
(T.S.), (M.S.) y (E) fortificados con hierro, y con mezclas de minerales
conteniendo hlerro, calcio y zinc.

En la preparacion de las muestras, éstas se molieron, pasiandose por
una malla 60 A.S.T.M.

Para la fortificacion con los minerales hierro, calcio y zinc se utiliza-
ron las cantidades recomendadas por la Secretaria de Agricultura de los
Estados Unidos de América para cubrir parte considerable de las ingestas
adecuadas. Se utiliz6 en la adici6n 10/o de pantotenato de calcio,
0.0469/0 de fumarato ferroso y 0.0049/o0 de Zn SO,-7H, O.

Las muestras se sometieron a anilisis para determinar su contenido de
humedad y cenizas, asi. como de calcio y zinc (por espectrometria de ab-
sorcion atéomica), segin los métodos oficiales de la AOAC (16). En la
determinacién de hierro se aplicé el procedimiento colorimétrico con el
reactivo de « - « dipiridilo (20).

El dosaje de d4cido fitico se realiz6 mediante la técnica que lo extrae
con T.C.A. (30/0) y lo precipita como fitato férrico (17). Se utiliz6 la
relacion Fe:P (4:6), y en la expresién de resultados como porcentaje de
dcido fitico, se tuvo en cuenta que el 28.20/0 de la molécula corresponde
al fosforo (18).

La determinacién de hierro soluble se efectué combinando los proce-
dimientos descritos por Jacobs y Greenman (19). El hierro ionizable fue
determinado expectrofotométricamente con el reactivo « - « dipiridilo
(20).

El anilisis estadfstico de los datos se hizo por andlisis de varianza,
estableciéndose comparacion de medias mediante la prueba de Tukey.
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RESULTADOS Y DISCUSION

En la Figura 1 se observa la influencia del procesamiento técnolégico.
Segin se aprecia, en el descascarado del grano de soja, los minerales, hie-
rro, calcio y zinc decrecen en su contenido inicial, entre 70/o0 y 150/o,
mientras que el 4cido fitico decrece casi en 220/0 su contenido inicial.
En cuanto al tratamiento térmico para inactivar factores indeseables en el
grano, éste no influye en forma significativa sobre el contenido total de
minerales.

La harina de soja fortificada con los minerales hierro, calcio y zinc,
incrementa su contenido de minerales en aproxnmadamente cinco veces
en el caso del hierro, mientras que el calcio y zinc précticamente duplican
su contenido inicial.

El bajo contenido de minerales en la harina de trigo, comparado con el
de la harina de soja, se observa en la Figura 2. En la produccién de harina
compuesta trigo:soja (90:10), esta Gltima aporta una cantidad importante
de minerales a la mezcla. Asi, el trigo pricticamente triplica su contenido
inicial de hierro y duplica el de calcio.

Con respecto al maiz, en la Figura 3 tambi€n se aprecia un bajo conte-
nido de minerales en comparacién con el del grano de soja descascarado,
acentudndose esta diferencia en el contenido de calcio.

En los extruidos de maiz:soja (70:30), ocurre que el contenido inicial
de hierro en el maiz se duplica, mientras que el calcio aumenta casi 15

_veces el valor inicial.

Salta a la vista la importante contribucion de la soja para con la mezcla
en lo que a calcio se refiere, ya que el 260/o del incremento total en el
extruido fortificado se debe al aporte de la soja.

En la Tabla 1 se observa que, en cuanto al contenido de hierro, la hari-
na de soja fortificada con .éste . acusa diferencias significativas respecto
de la soja sin fortificar. No ocurre as{ en el caso del trigo y del maiz, con
o sin fortificacién, y tampoco en el de los distintos tratamientos de forti-
ficacién de la soja.

Las harinas de soja, trigo y maiz, fortificadas con lgual cantidad de
hierro, tienen distintos contenidos de hnerro soluble, seglin se observa en
la Tabla 2. No se presentan diferencias significativas entre la soja, con y
sin fortificacion, en tanto que el trigo y maiz fortificados, sf acusan dife-
rencias en cuanto al contenido de hierro soluble, en relacién a dichos
cereales sin fortificar.

A partir de los datos en 1a Tabla 1 y en la Tabla 2, se aprecia que el
contenido de hierro total en las muestras no tiene relacmn directa con el
contenido de hierro soluble de las mismas. El mayor aporte relativo de
hierro soluble correSponde al trigo, con aproximadamente 5890 /o de hierro
soluble respecto a su contenido total de hierro, en contraste con el mafz
con 150/o, y la soja, con 80/o. Asf, el trigo resulta ser un vehiculo mds
eficaz para la fortificacién con hierro, dado que en la soja existen factores
que inhiben en forma importante la disponibilidad in vitro de ese mineral.

En las harinas-de soja, maiz y trigo, los minerales presentes en la mez-
cla de fortificacion interfieren levemente con la disponibilidad in vitro del
hierro, disminuyendo ésta respecto a la fortificacién con s6lo sal. férrica..

En cuanto a las harinas compuestas, en la Tabla 3 se puede apreciar
que el contenido total de hierro de las mismas, fortificadas sélo con
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TABLA 1

HIERRO TOTAL (mg Fe/100 g de muestra)

Muestra
Tratamiento Soja Trigo Maiz
- 8.49° £ 0.01 0520+ 002 173 +0.06
Fe++ 44752 + 048 9.370+ 0.06 8.5 + 0,006
Mezcla mineral 47.33% + 058 11.39P *0.21 9.33 + 0.15

Las letras iguales no indican diferencias significativas para P <0.05.

TABLA 2

HIERRO SOLUBLE (mg Fe soluble/100 g de muestra )

Muestra
Tratamiento Soja Trigo Maiz
- 0.72: £0,03 0.30°0.007  0.26° £0.05
Fe++ 2.05b° +0.05 7202+ 0,007  3.21° % 0.005
Mezcla mineral 0.97°¢ + 0,01 7.07% £ 0.06 3.02P * 0,01

Las letras iguales no indican diferencias significativas para P <<0.005.

TABLA 3

HIERRO TOTAL (mg Fe/100 g de muestra)

Muestra

Tratamiento Trigo:soja ' Maiz:soja Ext. (maiz:
soja)
- 1.39% + 0.03 3.56° 003  4.08% +£0.03
Fe++ 8.25% + 0,47 10.302° 064  10.132P+0.60
Mezcla mineral 8.02€ + 0.03 9.41° +0.02  11.10® +0.29

Las letras iguales no indican diferencias significativas para P << 0.05.

hierro o mezcla de minerales, no muestra diferencias significativas, pero si
acusa diferencias significativas en las mismas harinas sin fortificar.

Segtin revela la Tabla 4, el contenido de hierro soluble de las harinas
compuestas fortificadas con ambos tratamientos, no presenta diferencias
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TABLA 4

HIERRO SOLUBLE (mg Fe soluble/100 g de muestra)

Muestra
Tratamiento Trigo: soja Maiz: soja Ext. (maiz: soja)

- 0.57f  £0.02 1.29¢f £0,02 1.92d¢ +0.05
Fe+ + 3.492b +9.01 3.912 *0.06 2.67°¢ +0.14
Mezcla mineral ~ 3.152bc £ 0,05 3.353b + 0,05 2.19¢0€ £ 0,26

Las letras iguales no indican diferencias significativas para P << 0.05.

significativas. En cambio, estas diferencias si’ se aprecian en las muestras
fortificadas respecto de las mismas sin fortificar.

En las mezclas de cereal;soja el contenido relativo de hierro soluble
aumenta considerablemente respecto al contenido de hierro total. Mejora
asi la disponibilidad in vitro de las mismas en relacioén a la harina de soja, y
la fortificacidn con mezcla de minerales es levemente menos efectiva que
la fortificacion con hierro solo.

La sustitucion del trigo con 10°/o de soja disminuye el contenido re-
lativo del hierro soluble respecto al Fe total del tngo en valores pré-
ximos a la mitad. En cambio, cuando un 30%/o de soja sustituye al maiz,
pricticamente no afecta la dlspomblhdad relativa del hierro soluble co-
rrespondiente al cereal, tanto en el caso de harinas compuestas fortifi-
cadas, como en las sin fortificar.

En el extruido de maiz: soja, no se observa que el proceso tecnol6gico
influya sobre la disponibilidad ir vitro del hierro. Los contenidos de Fe
soluble en éstos, son similares a los dosados en mezclas de maiz:soja,
con y sin fortificacion.

CONCLUSIONES

En base a los hallazgos comentados, los autores llegaron a las siguien-
tes conclusiones:

El contenido inicial de minerales en el grano de soja es poco afectado
por el proceso tecnolégico de descascarado.

En la harina de trigo: soja (90:10), la viltima resulta ser un importante
contribuyente de los minerales hierro y calcio.

En el caso del maiz, su bajo contenido de calcio aumenta considerable-
mente, al sustituirlo en un 302/o por soja.

Por otro lado, el aporte de esta Gltima a las mezclas, no modlﬁca en
forma s1gmf1cat1va el contenido inicial de 4cido fitico del tngo y del maiz,
mientras que la incorporacién de soja a mezclas vegetales, sf reduce con-
siderablemente la disponibilidad in vitro del hierro.

La adicién de mezclas minerales a las harinas de trigo, maiz y soja,
asi como a sus mezclas, interfiere levemente con la disponibilidad del
hierro, disminuyendo el contenido del mismo.

En cambio, el proceso tecnolégico de extrusién no denota influencia
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en las mezclas de maifz:soja en lo que al contenido de hierro soluble
se refiere.

SUMMARY

EFFECT OF TECHNOLOGICAL PROCESSES AND FORTIFICATION ON
THE MINERAL AND in vitro IRON AVAILABILITY IN VEGETABLE MIXTURES

Iron, calcium, zinc and fitic acid contents in vegetable blends from wheat, corn
and soy were determined. Wheat and corn substitution with soy in compound pro-
ducts, gave an important amount of iron and calcium to the blends, while the initial
content of fitic acid in wheat and corn was not significantly modified.

Dehulling and enzymatic inactivation technological processes denoted a rather low
influence on soy mineral content. In a similar way, the extrusion-cooking process
did not affect appreciably the soluble iron content in blends.

Soy incorporation greatly decreased in vitro iron availability in vegetable blends,
while fortification with mineral blends slightly interfered, decreasing iron availability
with regard to ironfortified vegetable blends.
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ELABORACION DE BLOQUES CONGELADOS DE PULPA
DE PESCADO Y SU EVALUACION DURANTE
EL ALMACENAMIENTO!

Luisa Rodriguez G.? y Rafael A. Bello?
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Caracas, Venezuela

RESUMEN

Se elaboraron cuatro tipos de bloques congelados de carne deshuesada obtenida a
partir de una mezcla de especies de pescado pertenecientes a la fauna de acompaiia-
miento del camarén,de acuerdo a las siguientes especificaciones: a) Lavado de la carne
deshuesada durante 10 minutos con agitacion continua (proporcion agua:pescado
3:1). b) Mezclado de la carne deshuesada con fripolifosfato de sodio (TPP) y sal a
concentraciones de 0.5%/o y 1°/o, respectivamente. c¢) Mezclado de la came des-
huesada con 0.5%/o de TPP, 19/o de sal y 7.5°/o de almidén de maiz, y d) Bloque
control preparado con carne deshuesada sin ningin tratamiento.

Los bloques fueron congelados a -40°C y almacenados a temperaturas de con-
gelacion de ~10°C y -300C durante un periodo de seis meses, durante el cual se rea-
lizaron evaluaciones fisicoquimicas y microbiolégicas. Los resultados obtenidos permi-
ten concluir que los bloques almacenados a -10°C presentaron mayor deterioro en
cuanto a calidad, que los almacenados a ~30°C. Los tratamientos con TPP, sal y al-
midoén, no mostraron ser muy efectivos en lo que a reducir la desnaturalizacion de
las proteinas se refiere, pero si en el aumento de la capacidad de retencién de agua.

INTRODUCCION

En el presente trabajo, se sugiere una alternativa en cuanto al uso de
carne deshuesada proveniente de especies sub-utilizadas de pescado,
especificamente de la fauna de acompanamiento del camardén. Integran
la fauna de acompafamiento del camarén todas aquellas especies marinas

Manuscrito modificado recibido: 14-4-87.
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que son capturadas junto con el camarén en el momento del arrastre
(peces, crustdceos, moluscos, equinodermos). A excepcién de las especies
con valor comercial, la fauna de acompafiamiento del camarén ha sido
considerada como basura (broza), por lo que esta fuente de protefna
animal ha sido sub-utilizada. En los momentos actuales, las naciones ca-
maroneras estdn interesadas en aprovechar este recurso, pero su utiliza-
cion eficiente todavia es casi insignificante (1).

Debido a las caracterfsticas de tamafio y peso de las especies de pes-
cado que conforman la broza, se hace imposible su comercializacién
directa, por lo que es necesario utilizar vias no convencionales para
transformar este recurso en uno m4s manipulable a nivel industrial. Con
este objetivo, se han utilizado deshuesadoras mecdnicas que permiten la
obtencion de pulpa de pescado, la cual se puede usar en la elaboracién de
gran variedad de productos, entre ellos los bloques congelados de carne
deshuesada de pescado. Otra ventaja importante del proceso de deshue-
sado, es el alto rendimiento de carne. Asy, durante el fileteado se recupera
cerca de 309/o del peso del pescado, mientras que con las mdquinas des-
huesadoras se incrementa hasta cerca del 459/o (2).

La produccién de bloques congelados de pescado, tanto en filetes
como de carne deshuesada, ha sido un éxito en los pafses en los que se
manufacturan. Se han realizado numerosas investigaciones con el prop6si-
to de producir bloques congelados a partir de especies sub-utilizadas. En
este sentido, Teeny y Miyauchi (3), desarrollaron bloques congelados
de carne deshuesada de ‘“Black Rockfish”. Miyauchi, Patashnik y Kudo
desarrollaron bloques similares, utilizando la misma especie, pero tratando
de mejorar la calidad de los mismos mediante el lavado con agua frfa, para
eliminar la sangre, otros constituyentes solubles en agua y la grasa. Licciar-
dello y Hill (5) y Licciardello, Ravesi y Allsup (6) prepararon bloques
congelados de ciertas especies de pescado del Atlintico Norte, y las com-
pararon con bloques importados de “Alaska Pollock™. Debido al éxito
mundial que alcanzaron estos bloques, se ha sugerido la posibilidad de
desarrollar bloques similares a partir de carne deshuesada obtenida de la
fauna de acompafiamiento del camarén (7,8).

MATERIAL Y METODOS
Material

Se obtuvieron muestras frescas de pescado pertenecientes a la fauna de
acompafiamiento del camar6én, de barcos camaroneros que realizan sus
capturas en la zona del Golfo Triste en Puerto Cabello, Estado Carabobo
(Venezuela). Posteriormente, se almacenaron y transportaron en hielo
hasta su procesamiento inmediato. Después del lavado y clasificacion se
escogieron las siete especies mas predominantes. Estas eran: Eucinostomus
melanoptereus (espafiola), Gymnothorax nigromarginatus (morena),
Trachinocephalus myops (guaripete), Rhomboplites aurorubens (cunaro),
Priacanthus arenatus (catalana), Alpeneus parvus (salmonete de charco)y
Chloroscombrus chrysurus (chicharra). Se lavo cada una de las especies,
luego se les eliminé la cabeza y visceras, y seguidamente se sometieron a
deshuesado mecdnico, utilizando una deshuesadora japonesa marca
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Yanagiya tipo S. Se mezclé entonces la carne deshuesada perteneciente a
todas las especies entre s{, y posteriormente, ésta fue utilizada en la pre-
paracién de bloques para ser congelados.

Elaboracion de los Bloques

Se prepararon cuatro tipos de bloques de carne deshuesada (56 en
total), segin las éspecificaciones siguientes:

a) Bloque control - Constituido por carne deshuesada exenta de
tratamiento.

b) Bloque de carne deshuesada lavada - La carne deshuesada fue su-
mergida en agua fria (49C) con una relacién de agua-pescado de 3:1,
y se mantuvo bajo agitaci6n manual continua por un lapso de 10 mi-
nutos. Posteriormente se drend el agua, y la carne deshuesada se filtr6
y prensé manualmente utilizando una tela de algod6n.

¢) Bloque con tripolifosfato de sodio (TPP) y sal— A la carne des-
huesada se le agregé TPP y sal en cantidad suficiente para alcanzar con-
centraciones de 0.59/o0 y 19/0,respectivamente.

d) Bloque con TPP, sal y almiddn ~ Se traté de manera similar a la
anterior (c), y se hizo la mezcla de aditivos con la carne deshuesada de
pescado, pero esta vez incluyendo almidén de mafz hasta alcanzar una
concentracién de 7.59/o.

La carne deshuesada, preparada segin los tratamientos indicados,
fue envasada en recipientes pldsticos con capacidad de 250 g y congela-
dos en un congelador de placas de doble contacto marca Dole, Modelo
Freeze-cell (EUA) por 4 hr a ~40°C. Una vez congelados, los bloques de
cada una de las cuatro condiciones sefialadas se almacenaron a dos tem-
peraturas: -10°C y -300C. Luego, cada condicién se sometié6 mensual-
mente a andlisis microbiolégicos y fisicoquimicos durante el periodo de
almacenamiento, que fue de seis meses.

Métodos Analiticos

pH - Este fue determinado potenciométricamente en el producto
" homogeneizado y diluido con una relacion de agua-pescado de 2:1.

Capacidad de retencion de agua ~Se centrifugaron 20 g de muestra
previamente homogeneizada durante 20 minutos, a 18,000 rpm y a la
temperatura de 20C en una centrifuga refrigerada marca Sorvall RC-2B.
Los resultados se informan como ml de agua exudados/g de muestra.

Proteinas extraibles—Se utilizé el método de Dyer, French y Snow (9)
para su extraccién, y se cuantificaron mediante el método del micro-
Kjeldahl (10).

Andlisis de rancidez—Este se llevé a cabo segtin el ensayo del dcido
tiobarbitirico (TBA) sugerido por Tarladgis, Watts y Younathan (11),
con la modificacién introducida por Rhee (12).

Determinacion del nitrégeno de trimetilamina (TMA) —Para el pro-
pésito se aplicé el procedimiento de microdifusién sugerido por Murray
y Gibson (13), y la determinacion de nitrégeno bdsico voldtil (NBV) se
hizo de acuerdo a la técnica de microdifusién de Conway y Byrne (14).

Andlisis proximal —Se llevé a cabo por los métodos de la AOAC (10),
como sigue: las proteinas se analizaron por el método del micro-Kjeldahl,
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utilizando el factor 6.25 para transformar porcentaje de nitrégeno a por-
centaje de preoteinas; grasa cruda, mediante el método de extraccién con-
tinua, utilizando éter de petréleo en un equipo de extraccién de Goldfisch;
humedad, por deshidratacion de la muestra en una estufa de aire seco;
y cenizas, mediante incineracién en mufla a 5500C. Los carbohidratos
fueron determinador por diferencia.

Rcuento de aerobios totales —¥l recuento fue realizado valiéndose del
método de recuento en placa, con siembra en profundidad, utilizando agar
estindar con la adicién de 0.59/0 de NaCl, segiin las recomendaciones de
la American Public Health Association (APHA) (15). Las placas de aero-
bios mesoéfilos se incubaron durante 48 + 2 horas, y las de los psicotrofos,.
a 7 £ 10C durante 10 dias. Los resultados se notifican como unidades
formadoras de colonias por gramo (UFC/g).

" Métodeos Estadisticos

Los resultados obtenidos después del periodo de almacenamiento se
sometieron a tratamiento estadistico mediante un anglisis. de varianza
de dos vias, y también a andlisis de correlaciéon (16).

RESULTADOS Y DISCUSION

En la Tabla 1 se exponen los resultados del andlisis proximal realizado
a los cuatro tipos de bloques preparados. En general, los valores obtenidos
para la carne deshuesada son los que usualmente se encuentran para pes-
cado. Sin embargo, resalta bastante el bajo contenido de grasa del pro-
ducto , hecho que no es de extraiiar si se toma en cuenta que en una gran
proporcion, los peces de la broza son de poco peso y de talla pequeiia,
por lo que pueden caracterizarse como especies magras. Este bajo con-
tenido de grasa permite predecir poco deterioro por efecto de rancidez
oxidativa durante el almacenamiento bajo congelacién. A su vez, el con-
tenido proteinico hace al producto bastante atractivo como fuente poten—
cial de proteina animal, especialmente para los paises que poseen este re-
curso. La comparacién del porcentaje de humedad de los bloques de carne
deshuesada lavada,con el control, sugiere que el prensado manual no fue
lo suficientemente eficiente para eliminar toda el agua del tejido incorpo-
rada por efecto del lavado. Ese efecto que el lavado tiene en la disminu-
cién del contenido de grasa y de pigmentos hemoproteinicos, se ve atenua-
do por las caracteristicas iniciales de la materia prima (bajo contenido de
grasa y blancura de la carne), aun cuando los bloques preparados con
carne deshuesada, lavada, acusaron un aspecto mds blanquecino que los
bloques control (de acuerdo a datos objetivos de color, no publicados en
este trabajo).

El método de proteinas extraibles o de proteinas solubles en solu-
ciones salinas con fuerza idnica de 0.5, permite conocer las variaciones
que durante el almacenamiento en congelaciéon sufren las proteinas mio-
fibrilares. Estas constituyen cerca del 75°/o de las proteinas totales del
pescado, las que —como cualquier otra proteina— se ven afectadas por
agentes desnaturalizantes tales como la velocidad de congelacién y la
temperatura de almacenamiento. Las Figuras 1 y 2 ilustran grificamente
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TABLA1

ANALISIS PROXIMAL DE CUATRO TIPOS DE BLOQUES PREPARADOS CON
CARNE DESHUESADA DE UNA MEZCLA DE ESPECIES PERTENECIENTES
A LA FAUNA DE ACOMPANAMIENTO DEL CAMARON

Carbo-
Blogque Humedad Grasa Cenizas Protefnas hidratos
% O/o %/o %o O/o
Carne deshuésada 80.4 *049 033 *0.13 0.976*045 17.22%11.13 -
Carne deshuesada
lavada 83.0210.7 0278*0.19 056810.037 15.2310.46 -
Carne deshuesada con
19/0 sal y 0.5°/o
TPP* 7927106 0.3310.07 2.48610.14 1657 £0.53 -
Carne deshuesada
con 1°/o sal, 0.5%/0
TPPy 7.5%0
almidén 73.99%0.37 0.19 10.062 2.246%0.1 15.56 10,72 7.5

* TPP = Tripolifosfato de sodio.

los cambios en el porcentaje de proteinas extraibles de los cuatro tipos
de bloques de carne deshuesada, almacenados a -100C y -300C. Estos
resultados demuestran que a la temperatura de almacenamiento de -10°C
se presenta una disminucién del porcentaje de proteinas extraibles en el
tiempo, y que ese grado de disminucién con 95°/o de confiabilidad,
depende del tratamiento aplicado. Por su parte, las muestras que se al-
macenaron a -309C no presentan disminucién estadisticamente significa-
tiva para ninguno de los tratamientos estudiados. El declive de la curva en
el sexto mes no fue lo suficientemente grande para que el tratamiento
estadistico detectara diferencias, pero serfa interesante realizar estudios
mds prolongados al respecto. De estos resultados se puede concluir que al
menos durante un periodo de almacenamiento de seis meses a -300C,
no ocurren cambios en el sistema protefnico del misculo de pescado, lo
que hace innecesaria la adicién de agentes crioprotectores.

Por el contrario, a -100C se presenta una desnaturalizacién progresiva
de las proteinas, y aun cuando el agregado de TPP disminuyé en pequeiio
grado ese proceso deteriorativo, no lo evit6. La desnaturalizacién de las
proteinas ha sido definida como un cambio en la estructura (cuaternaria,
terciaria y en algunos casos secundaria) que conlleva a la pérdida de sus
propiedades funcionales, entre ellas la solubilidad. Dyer y Dingle (17),
indican que la desnaturalizacién de las proteinas ocurre mds rapidamente a
temperaturas mds altas de almacenamiento; diversos autores (18-20)
informan conclusiones similares, confirmadas en este trabajo.

Los resultados del volumen exudado de los cuatro tipos de bloques se
dan a conocer en las Figuras 3 y 4, y muestran que en todos los bloques
almacenados a -1009C se produjo un aumento significativo del volumen
exudado, dependiendo ese aumento del tratamiento aplicado. Asi, los
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bloques con TPP, cloruro de sodio y almiddn, presentaron los menores
aumentos. A tiempo cero, los bloques con agentes crfoprotectores no
exudaron ningln volumen, lo que permite concluir que ellos no sélo man-
tienen la capacidad de retencidn de agua de las proteinas del pescado, sino
que la aumentan. La disminucidn de la capacidad de retencién de agua de
la carne deshuesada estd intimamente ligada con el grado de desnaturali-
zacion de las proteinas durante el almacenamiento, y los agentes crio-
protectores (TPP y NaCl) mejoraron significativamente esta propiedad.
Dichos agentes tienen la particularidad de afectar la estructura de las
proteinas mediante tres vias: incrementando el pH, la fuerza idnica, y
a través de su interaccion con las proteinas (21). La capacidad de reten-
cion de agua es una de las caracteristicas mas importantes del mdsculo de
pescado y, en general, la pérdida de fluidos de la carne rinde un producto
seco y duro con poca cohesividad, por lo que las propiedades de los agen-
tes crioprotectores son de vital importancia para la industria alimentaria.

Los blogues almacenados a -30°C no presentaron cambios significa-
tivos en la capacidad de retencidn de agua durante el almacenamiento, lo
que sugiere que esta temperatura de almacenamiento ocasiona un dete-
rioro minimo al sistema proteinico de la carne deshuesada. Asimismo,
los agentes crioprotectores aumentaron la capacidad de retencién de agua
de la misma. Aun cuando la adicidn de almidén se realizd con el propésito
de mejorar la textura de la carne, como qued6 evidenciado, no mejoré la
capacidad de retencién del producto.

Los resultados del recuento de aerobios totales y psicrotrofos se
aprecian en las Figuras 5, 6, 7 y 8. El andlisis estadistico aplicado a estos
resultados, demostr6 que tanto para los bloques almacenados a -10°C
como a -30°C, con el tiempo se produjo una disminucion significativa del
nimero de microorganismos, pero no se constataron diferencias entre
los tratamientos, lo que indica que ni el lavado ni la adicion de aditivos
afectd la calidad mierobiolégica de los mismos. Asi, si se quiere disminuir
la carga bacteriana de la carne deshuesada por accién del lavado, es nece-
sario incrementar el nimero de éstos. A pesar de que tanto para los aero-
bios mesofilos como los psicrotrofos se produjo un descenso significativo
durante el periodo de almacenamiento, es bastante evidente que el grado
de supervivencia de ambos tipos de microorganismos fue mayor en los
blogues almacenados a -30°C. Los microorganismos que no mueren en
la congelacion, sobreviven por largo tiempo en la conservacion, y el por-
centaje de muertes esta en relacidn inversa al descenso de la temperatu-
ra (22).

Un rasgo importante en la alteracion de muchos pescados marinos
es la acumulacidn de trimetilamina producida por la flora bacteriana en
su accion sobre el 6xido de trimetilamina. También se producen otras
bases volatiles nitrogenadas como la monometilamina, dimetilamina y
el amoniaco en el curso de la alteracion, las que pueden ser medidasjunto
con la trimetilamina mediante la determinacion de las bases volatiles
totales.

En las Figuras 9 a 12 se dan a conocer los resultados de bases volati-
les totales (NBV) y nitrogeno de trimetilamina. A la temperatura de
-10°C ambos indices suministran la misma informacién, siendo ldgica-
mente NBV mayor que TMA. EIl analisis de varianza practicado permite
concluir que para ambos indices se produce aumento significativo en el
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tiempo, asi como también por efecto de los tratamientos. Por el contrario,
para los bloques almacenados a -30°C s6lo se encontraron diferencias
significativas entre los tratamientos, y no en el tiempo. Las correlaciones
efectuadas entre TMA y NBV con los aerobios totales y psicrotrofos se
tradujeron en coeficientes bajos. Estos hallazgos pueden ocasionar confu-
sion, principalmente porque en el pescado los niveles de TMA y NBV son
considerados como indices de frescura. Se han constatado resultados simi-
lares en filetes congelados de bacalao, lo que sugiere la modificacion de la
idea de que la produccién de TMA es Unicamente el resultado de altera-
cién bacteriana (23). En este sentido, se hace necesario estudiar en espe-
cies tropicales, los cambios del 6xido de trimetilamina durante almace-
namiento en congelacidn, a fin de poder utilizar estos indices de frescura
con mayor seguridad. En cuanto al efecto de los tratamientos tanto a
-10°C como a -30°C, los bloques preparados con carne deshuesada la-
vada fueron los que acusaron los menores niveles de ambos tipos de com-
puestos. Es muy probable, por lo tanto, que durante el proceso de lavado
se produjera una disminucidn de los niveles normales de éxido de trime-
tilamina, y otras bases solubles en agua.

En lo que respecta al pH, durante todo el periodo de almacenamiento
no se produjeron cambios significativos de este pardmetro para ninguno
de los bloques almacenados a las dos temperaturas de congelacién, a pesar
de que a -10°C se produjo acumulacion de bases, hecho demostrativo de
la capacidad tampon del sistema proteinico del musculo de pescado.

Los cambios en los valores de &cido tiobarbiturico (TBA) pueden ob-
servarse en las Figuras 13 y 14. Este ensayo ha sido utilizado ampliamente
para la estimacion objetiva del grado de rancidez oxidativa en una gran
cantidad de productos de origen pesquero. Es de esperar que a medida que
la rancidez oxidativa sea mdas acentuada, los valores de TBA aumenten.
En este trabajo, por el contrario, se encontré6 una disminucién progresiva
de la densidad Optica a 540, que puede interpretarse como una reduccion
de los valores de TBA durante los seis meses de almacenamiento. Investi-
gaciones similares (24, 25), atribuyen este hecho a que el malonaldehido,
que es un producto de la oxidacion de acidos grasos insaturados, detec-
tado mediante reaccion con el TBA, se hace inextraible, presumiblemente
debido a su reaccién con las proteinas. De cualquier forma, y en virtud
de los bajos contenidos de grasa cruda de la carne deshuesada y de los
bloques preparados con ésta, la rancidez oxidativa no constituyd un
factor deteriorativo de la calidad del producto.

CONCLUSIONES

— Es innegable el potencial de la fauna de acompafiamiento del camarén
como fuente de proteina animal. El deshuesado mecanico permite la uti-
lizaciéon eficiente de este recurso, por lo que puede ser utilizado en la
elaboracién de una gran variedad de productos a nivel industrial, destacan-
dose los bloques congelados de carne deshuesada por su versatilidad y
facilidad de manipulacion.

— EI mayor efecto deteriorativo de la carne deshuesada durante el alma-
cenamiento en congelacion se relaciono con la desnaturalizacion de las
proteinas y la disminucién de la capacidad de retencion de agua. Estos
cambios deteriorativos se minimizan cuando la carne se almacena a -30°C.
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corn« d«»hu«»odo olmaccnodos a -lo*C

FIGURA |4 Combio *n lot valor»» d» T8A d» A tipo» d» bloque» d#

came d»»hu»»oda olmocenodo» a -30*C

— La adicidn de agentes crioprotectores indujo sélo un pequefio efecto
protector sobre el sistema proteinico de la carne deshuesada de pescado.
Sin embargo, mejoré de manera evidente la capacidad de retencidn de
agua de la misma.

SUMMARY

PREPARATION OF FROZEN BLOCKS OF MINCED FISH FLESH
AND EVALUATION DURING STORAGE

Minced fish flesh from shrimp by-catch was used as raw material to prepare four
frozen blocks under different conditions, as follows: a) Minced fish flesh washed
in cool water for 10 minutes with continuous stirring (water-fish proportion, 3:1).
b) Minced fish flesh mixed with sodium tripolyphosphate (TPP) (0.5°/0), and sodium
chloride (1°/0), respectively, ¢) Minced fish flesh mixed with 0.5°/0 sodium tripoly-
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phosphate, 1°/o sodium chloride and 7.59/o corn starch, and ¢) Minced fish flesh
without any treatment, which was used as control.

Fish blocks were frozen at -40°C and stored at -10°C and -30°C freezing
points during a six-month period. Physical, chemical and microbiological tests were
performed during the storage period. The results obtained indicate that frozen fish
blocks stored at -100C deteriorate faster than those stored at -300C, The TPP,
sodium chloride and corn starch treatments were not effective in reducing protein
denaturation, but they do increase the water retention capacity of the blocks.
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SUMMARY

The present research was carried out for the purpose of collecting part of the germ
plasm of grain amaranth in Guatemala, as well as to evaluate it in terms of yield,
chemical composition and nutritive value. A total of 27 Guatemalan selections, one
from Mexico and seven from Peru were planted in June 1982 in 7.5 m2 experimental
plots replicated four times. The harvest seed was utilized for analysis of protein,
ether extract, crude fiber, tannin content and trypsin inhibitors, as well as for NPR
assays. A group of five pooled samples was made based on protein content for amino
acid analyses; 10 samples were selected for a second NPR and protein digestibility
assay. A preliminary assay on amino acid supplementation of raw grain flour is also
reported.

The selections were significantly different in grain yield. In general, selections
which flowered at a short height and were harvested also at short height, tended to
yield more seed. Findings revealed a negative relationship between plant height and
grain yield, but a positive relationship between plant height and dry vegetable residue.
Protein content of the grain averaged 15.0%/o with values ranging from 12.8 to
17.4%/o. Fat content varied from 5.6 to 10.6°/o with an average of 8.4°/o. Amaranth
grain with a higher protein content contained greater amounts of amino acids on a

Manuscrito modificado recibido: 5-1-87.

1 This work was. funded by the National Academy of Sciences - BOSTID-NAS.
Washington, D.C. (Grant-in-aid INCG-NUT-381/PN/86-86/CA).

2 Research Coordinator and Head of the Division of Food and Agricultural Sciences,
Institute of Nutrition of Central America and Panama (INCAP), P.O. Box 1118,
Guatemala, Guatemala, C.A.

3 Scientist of the above-mentioned Division.

4 Responsible investigator of the INCAP Experimental Farm, San Raymundo Sac.,
Guatemala.

INCAP Publication I-1498.



VOL. XXXVII (JUNIO, 1987) No. 2 365

weight basis, but when these were expressed on a nitrogen basis, differences disap-
peared. Based on the FAO/WHO amino acid reference pattern, grain amaranth protein
was deficient in sulfur amino acids.

Although the biological trial corroborated this deficiency, more studies should
be undertaken. The NPR values of the samples from Peru averaged 2.30, the one from
Mexico 2.04 and those from Guatemala, 2.36. Protein digestibility was 80, 82 and
74%/o, respectively. The data suggest that there is sufficient variability to select
materials of a higher chemical composition, nutritive value, and yield.

INTRODUCTION

Except for limited studies carried out by INCAP, there is little in-
formation in Central America on amaranth grain, although in the diets
of the Maya, Inca and Aztec civilizations it was an important food (1, 2).
Today its production and availability in the region are very low, and it is
used in a limited extent in the preparation of special foods on festive days;
however, it is extensively used in Peru (3, 4) and Mexico (3, 4). For the
purpose of calling the attention of governments, agricultural sectors and
food industries, it was considered necessary to develop a research program
whose objectives were to obtain basic information on amaranth grain
cultivars, its production potential, processing effects on nutritive value,
and utilization in new food products. Although in this project emphasis
was placed on amaranth grain, it has also been considered important to
study the leafy types, since amaranth leaves are often consumed in the
rural areas of the Central American countries as well as in other regions
of the world (2-4). Data on chemical composition of amaranth grain is
readily available, and an up-to-date review on the subject has been pu-
blished recently (5). In this first report, chemical data on a limited Gua-
temalan germ plasm collection as well as some biological information on
the nutritional value of a group of selected samples are presented.

MATERIAL AND METHODS

A total of 27 samples was collected in the highlands of Guatemala
from December 1981 to February 1982; the actual locations are listed in
Table 1.

From the total seeds collected, three groups were formed: the First
one for chemical analysis (6), the second for storage and future retrieval,
and the third for agronomic trials to evaluate the vegetative growth of
the plants, their seed yield, and to produce enough seeds for nutrition
evaluation purposes. Other samples used included one from Mexico (A.
cruentus) and seven from Cusco, Peru (A. caudatus), while the others
were not classified. )

A total of 35 samples were planted on June 16, 1982 in 132 plots
(7.5 m2/plot), assigning four replicates per selection collected. Data
were obtained on the vegetable development of the plant, number of days
it took to flower, problems presented in the past plants’ height, yield,

_and other agronomic data which could be of interest. The seeds harvested
from September to November 1982, and the plant residue were analyzed
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TABLE 1

SITES OF AMARANTH GRAIN COLLECTIONS

Identification and origin Identification and origin
1. F-INCAP 23 15. F-INCAP
2, Carrizal 13 16. Rio Concud
3. F-INCAP 5-X-81 17. Caserfo Chaley 24
4. San Antonio Las Flores 14 18. San Juan Sac. 10
5. San Rafael Las Flores 20 19. F-INCAP21
6. B1 San Martin Jilotepeque 20. El Ciprés San Raymundo
7. Dr. San Martin Jilotepeque 21. Dr. G. El Edén S. Raymundo
8. Jolén Cot. 18 22, Est. Grande 12
9. Dr. Sacsuy 23. LasJoyas19
10. Bl Sacsuy 24, Sacsuy 8-X-81
11. Est. La Virgen 17 25. Dr. San Raymundo 2-12-81
12, San Juan Sacatepéquez 26, San Jeronimo Miramar 22
13. Antigua 9 27. Estancia Grande 15

14. Estancia Grande

for moisture, protein, crude fiber and ether extract content by the AOAC
methods (6). They were also analyzed for tannic acid content (7) and
trypsin inhibitor activity (8).

Due to the large number of samples, only five were analyzed for their
amino acid content. These were selected on the basis of their protein
content, which ranged from 10.2 to 17.49/o protein. Amino acid analysis
was carried out on 6 N HCl hydrolyzates by ion exchange chromatography
with a Technicon amino acid analyzer. Tryptophan was determined
according to Villegas, Ortega and Bauer (9).

Enough seeds from all four replicates were produced from all selec-
tions except for No. 11 and No. 24. The raw seed was ground in a la-
boratory mill and included in a basal diet to provide 100/o protein. The
diet contained raw amaranth flour, 49/0 mineral mixture (10), 5°/o
cottonseed oil, 19/o cod liver oil, and corn starch to adjust to 100 g. All
diets were supplemented with a complete B-vitamin solution (11). The
assay conducted was a net protein ratio (NPR) in which eight rats per
group were distributed to each diet according to their weight. The animals
were placed in individual all-wire cages with raised screen bottoms. Feed
and water were supplied ad libitum for a period of 14 days. In a second
study, the seven selections from Peru, one from Mexico and one from
Guatemala (No. 17) were assayed as indicated for the 14 days trial.
During the last seven days feces were collected for protein digestibility.
Besides the experimental diet groups, two additional groups were includ-
ed, a nitrogen-free diet group and a 10°/o protein-casein as control. A
preliminary biological assay using the PER method was carried out to
confirm amino acid deficiencies in a pool of raw amaranth grain. To a
basic diet of raw amaranth flour, individual amino acids were added based
on amino acid scores. The test was conducted for 28 days with six animals

per group.
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RESULTS AND DISCUSSION

Although the sowing technique and planting dates were the same for
all 33 selections (two were lost), the data presented in Table 2 indicate
the different time periods needed among selections to reach flowering
stage at different heights. Flowering varied from 50 to 110 days after
planting, at heights ranging from 70 to 225 cm. Seed harvest ranged from
94 to 151 days at heights from 105 to 300 cm. The seed yield varied
from 418 to 4,800 kg/ha, and the differences were highly significant.
In general, as Table 3 illustrates, the selections which reached the flower-
ing stage earlier at lower height were those which gave higher grain yields,
a fact which merits further study. The samples from Guatemala varied
in yield; but within a high yield, they produced the same or more than the
limited number of lines from Peru or Mexico. The best samples for seed
production were those collected at INCAP’s Experimental Farm in San
Raymundo Sacatepéquez, Guatemala, possibly because they were well-
adapted to the region. Unfortunately, most of the national selections
yielded seeds of a deep brown color, and only one white selection was
collected. Figure 1 shows a negative significant relationship between grain
yield and plant height at harvest, when selections with a high height
produced less seed than those of a lower height.

The yield of the dehydrated leafy residue in the four plots harvested
after the grain collection is also presented in Table 2. The yields of all four
replicates varied from 9.09 to 19.09 kg per 30 m2. As was to be expected,
a positive relation was found between plant height at harvest and dry
matter yield (Figure 2). The chemical analysis of this residue is shown in
Table 4. Although its fiber content is as high as in most crop residues (12),
it contains 7.259 /o protein, which is relatively good for ruminant feeding.

As indicated in Table 5, chemical analysis of the grain for all samples
collected in the field included protein, which ranged from 12.8 to 17.40/o
with an average of 15.00/0. The average ether extract content was 8.490/o
with values ranging from 5.6 to 10.6°/o, while those for crude fiber
varied from 2.9 to 9.9%/o, with an average of 6.59/o. Protein, ether
extract, and crude fiber of the samples harvested at the Experimental
Farm are shown in Table 6. As the data reveal, protein was 14.89/o,
ranging from 14.0 to 17.59/o, and crude fat, from 5.2 to 7.1°9/o, with and
average of 6.19/o. These values fall within figures reported by various
authors (4, 5, 13). The crude fiber values for some samples of the seed
harvested at the Experimental Farm were relatively high, maybe because
grains still contained the cuticle which holds the grain. The variability
found in nutrient content offers the possibility of obtaining cultivars
with higher fat and protein values. Compared with cereals, amaranth is
higher in protein content, and its high fat content suggests it to be a
relatively high-energy food. A salient fact is that the samples from Gua-
temala had higher protein, fat and fiber content than those from Peru and
Mexico. Crude fiber content exhibited higher differences: thus, in the
samples from Guatemala, crude fiber content was 7.19/o on the average,
as compared with 3.9 and 3.09/o for the samples from Peru and Mexico.
It is important to state that these aspects need further studies due to the
nutritional implications they may have, as well as for genetic and agrono-
mic purposes.
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TABLE 2

AGRONOMIC TRIALS CARRIED OUT WITH AMARANTH SELECTIONS
COLLECTED IN GUATEMALA AND OTHER SAMPLES FROM
MEXICO AND PERU

Flowering Harvest
Average Color  Yield
Entry Date* Days Height Date Days Height yield seed vegetable
: m m kg/ha residue
kg/30 m2
1 24/09 98 190 25/10 129 2.40 811 DB 15.91
2 01/10 105 2.00 " 20/11 145 2.30 725 DB 13.64
3 25/08 69 225 29/09 103 1.85 738 DB 15.91
4 06/08 50 1.60 20/09 94 1.68 4119 DB 18.64
5 17/08 61 1.30 30/09 104 2.10 2219 DB 18.64
6 12/09 86 1.65 25/10 129 210 679 DB 13.64
7 17/08 61 1.48 18/10 22 2.09 704 DB 17.27
8 07/08 51 0.85 29/09 103 1.05 4800 DB 13.18
9 07/08 51 145 29/09 103 1.68 3812 DB 17.33
10 17/08 61 1.08 11/10 115 2.30 689 DB  19.09
11 12/09 86 1.70 18/10 122 210 438 DB 15.91
12 23/09 97 215 16/11 150 2.80 1402 DB 17.33
13 22/09 96 195 16/11 150 2.70 1601 DB 18.18
14 19/08 63 2.20 16/11 150 2.70 2121 DB 14.55
15 17/08 61 1.00 29/09 103 170 3509 DB 15.45
16 16/08 60 075 29/09 103 1.20 3097 w 12.73
17 24/09 98 1.00 30/09 104 1.80 2376 DB 17.73
18 22/09 96 195 17/11 151 2.80 1777 DB 17.23
19 0110 105 2,00 17/11 151 2.80 1234 DB 17.27
20 24/09 98 200 17/11 151 270 1796 DB 17.27
21 17/08 61 1.90 18/10 122 240 877 DB 14.55
22 19/08 63 100 06/10 110 2.30 1536 DB 15.45
23 18/08 62 1.00 01/10 105 1.90 3006 DB 9.09
24 06/10 110 210 26/10 130 3.00 418 DB 19.09
25 19/08 63 210 17/11 151 2.80 1135 DB 15.91
26*%* 19/08 63 130 12/10 116 2.10 916 w 14.55
27**%  18/08 62 100 12/10 116 2.35 1526 DB 14.04
28** 18/08 62 120 11/10 115 2.30 1045 DB 16.36
29*%*  07/08 51 090 12/10 116 1.80 2100 w 16.82
30** 07/08 51 0.70 11/10 115 2.35 1044 DB 16.82
31**k+ 19/08 63 1.20 29/09 103 1.80 3723 w 14.55
32** 19/08 63 135 11/10 115 2.30 1040 DB 13.64
33 19/08 63 120 18/10 122 240 959 w 15.45
*  Date planted June 16, 1982.
*% Peru.
***¥ México.

DB: Dark brown seeds.
W: White seeds.
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TABLE 3
DAYS TO HARVEST, HEIGHT OF PLANT AND YIELD OF AMARANTH.
GRAIN SELECTIONS
Height, m Production, g/7.5 m2
Days to Days to
harvest No. Range X Range X flowering
100-105 6 1.05 - 1.80 1:41 2,323 - 3,600 2,882 58
106-110 3 1.80-2.10 1.93 1,664 - 2,255 1,900 63
111-115 1 - 2.30 - 1,152 62
116-120 7 1.80-2.35 2.21 517 - 1,575 896 60
121-125 4 2.10-2.40 2.32 329- 1719 558 78
131-135 4 2.10-3.00 2.59 313- 641 504 80
146-150 1 - 2.30 - 707 107
151-155 7 2.70-2.80 2.76 851 -1,591 1,186 100
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Relationship between plant height at harvest and dry matter yield

TABLE 4

CHEMICAL COMPOSITION OF AMARANTH PLANT RESIDUE (g ©/o)

Moisture
Ether extract
Crude fiber
Protein

Ash

11.26 +0.56
1.94 £ 0.63
35.82 £5.08
7.25 £1.72
11,08 £ 1.57

Table 6 also presents tannic acid content and trypsin inhibitor activity.
The values for both are low and fall within values reported by other
authors (5, 13). Some samples, however, may have relatively high anti-
trypsin activity such as selections 16W and 17W.

Essential amino acid content of the five samples analyzed, expressed
on weight basis is detailed in Table 7, while Table 8 presents the same
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TABLE 5

PARTIAL CHEMICAL COMPOSITION OF SELECTIONS OF AMARANTH GRAIN
FROM GUATEMALA, AND SAMPLES FROM PERU AND MEXICO

INCAP Moisture Ether extract Crude fiber Protein
No. %o % %/o %/o
1 11.6 1.7 8.0 15.2
2 11.1 7.0 6.5 15.3
3 11.2 5.6 5.3 14.3
4 10.8 1.6 5.1 17.4
5 11.4 8.0 5.6 14.3
6 10.8 7.6 7.4 15.6
7 71 7.5 7.0 15.6
8 12.5 1.5 7.2 15.0
9 121 8.1 7.9 15.9
10 13.7 9.4 7.0 14.1
11 11.1 9.6 6.6 15.7
12 9.8 10.1 7.7 14.3
13 10.9 10.5 7.7 14.8
14 11.9 9.6 6.9 15.0
15 12,9 8.9 5.9 16.8
16 11.8 10.5 4.4 16.3
17 13.0 8.6 4.6 15.7
18 13.0 9.4 7.0 15.6
19 13.1 9.9 7.1 14.3
20 13.5 . 8.2 7.4 15.1
21 13.9 7.9 9.3 14.3
22 115 7.7 9.4 17.4
23 13.9 7.9 8.7 14.5
24 17.3 6.7 7.2 13.6
25 10.9 9.4 9.9 12.8
26 11.8 8.2 2.9 13.2
27 11.7 7.6 6.0 15.2
28% 111 8.4 3.0 14,7
29% 11.2 8.1 3.0 14.1
30%* 11.8 8.6 5.0 15.0
31k* 119 5.8 3.0 147
32% 11.3 8.5 3.4 14.7
33% 11.4 9.3 3.8 15.0
Average 12.0* 1.6 8.4+12 6.4 %20 15.0 £1.0
*  Peru
**  Mexico -

data, but expressed on a nitrogen basis. As would be expected, amino
acid content on weight basis is higher for samples with higher protein
content. On nitrogen basis, however, amino acid content is relatively
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TABLE 6

SELECTED CHEMICAL COMPONENTS, OF 33 VARIETIES OF AMARANTH
GRAIN HARVESTED IN GUATEMALA IN 1982

Sample No. Protein Ether Crude Tannic Trypsin NPR
(®/o) extract (/o)  fiber “acid inhibitors
(°/o) (/o) (UTI/ml)

1w 14.0 5.2 14.1 0.640 3.30 2,43
2 D 14.4 5.6 14.6 0.636 1.76 2.60
3 D 144 6.5 11.6 0.599 1.89 2.68
4 D 15.0 6.0 9.2 0.501 3.92 2,53
5 D 16.0 5.6 13.7 0.545 1.39 1.84
6 D 14.4 6.1 16.3 0.554 1.80 2,35
T W 14,4 6.2 13.1 0.683 1.10 2.42
8§ W 16.2 6.4 10.2 0.501 1.23 2.11
9 D 16.0 6.0 13.0 0.536 1.12 177
10, D 14.1 5.2 14,2 0.579 1.10 2.43
11*W 15.0 5.5 17.1 0.490 1.62 -
12 W 14.0 6.1 17.8 0.322 2,16 1.97
13 D 14.4 6.0 11.5 0.431 1.37 2.15
14 D 14.9 5.8 11.3 0.288 2,66 2,22
‘15 D 15.7 5.6 10.2 0.454 1.30 2,18
16 W 17.5 6.2 5.6 0.281 5.98 2.96
17 W 17.2 6.1 5.7 0.245 10.88 3.17
18 D 14.6 6.1 12,0 0.415 3.04 2,00
19 D 14.8 5.4 12.1 0.520 3.94 1,98
20 D 14.2 5.9 12.2 0.408 3.03 2.34
21 D 15.3 5.5 11.9 0.372 0.00 2.20
22 W 14.3 6.8 11.6 0.536 - 0.00 1.75
,23 15.3 6.4 10,0 0.438 3.03 1.96
24*% D 14.3 5.6 12,3 0.322 3.00 -
25 D 14.7 6.4 10.7 0.438 0.00 1.92
26 15.7 6.5 4.8 0.211 1.73 2,37
27 16.0 6.7 5.9 0.256 1.46 2.28
28 15.6 6.8 5.2 0.218 0.95 1.82
29 15.6 6.2 4.3 0.254 2.25 2,06
30 15.7 6.4 ] 0.256 0.00 1.74
31 14.6 6.2 4.1 0.256 0.67 2.08
32 15.8 6.4 6.0 0.218 0.00 2,25
33 15.7 7.1 5.6 0.365 - 0.00 1.98
Casein - - - - - 3.82
Ave. ISD 148 £ 6.1% 104+ 0417 £ 205+ 233

*  These two selections did not produce enough seed for biological assay.

constant among selections with different protein content. This must be
~confirmed by additional studies. The average amino acid content of the
five samples, expressed as g/16 gN is presented in Table 9 which includes
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TABLE 7

ESSENTIAL AMINO ACID CONTENT OF FIVE SELECTIONS OF
AMARANTH SEED OF DIFFERENT PROTEIN CONTENT (g°/o)

Seed amaranth samples

1 2 3 4 5
Protein (g ©/o) 17.4 16.3 15.3 14.3 13.2
Arginine 1.48 1.28 1.21 1.13 0.74
Histidine 0.54 0.49 0.44 0.46 0.31
Isoleucine 141 1.37 1.10 0.98 1.14
Leucine 1.08 1.07 0.93 0.84 0.93
Lysine 1.00 0.88 0.90 0.88 0.71
Methionine 0.14 0.14 0.10 0.16 0.09
Phenylalanine 0.67 0.69 0.51 0.51 0.56
Tyrosine 0.39 0.31 0.34 0.28 0.27
Threonine 0.75 0.74 0.60 0.66 0.59
Valine 0.63 0.64 0.58 0.54 0.56
Tryptophan 0.124 0.136 0.114 0.128 0.096
TABLE 8

ESSENTIAL AMINO ACID CONTENT OF FIVE SELECTIONS OF
AMARANTH GRAIN OF DIFFERENT PROTEIN CONTENT (g AA/gN)

Amaranth grain samples

1 2 3 4 5
Protein, g /o 17.4 16.3 15.3 14.3 13.2
Arginine 0.49 0.49 0.50 0.49 0.35
Histidine 0.19 0.19 0.18 0.20 0.15
Isoleucine 0.51 0.52 0.45 0.43 0.54
Leucine 0.39 0.41 0.38 0.37 0.44
Lysine 0.36 0.34 0.37 0.38 0.34
Methionine 0.049 0.054 0.040 0.071 0.044
Phenylalanine 0.24 0.26 0.21 0.22 0.27
Tyrosine 0.14 0.12 0.14 0.12 0.13
Threonine 0.27 0.28 0.24 0.29 0.28
Valine 0.23 0.24 0.23 0.24 0.27
Tryptophan 0.044 0.052 0.046 0.056 0.045

chemical score (C.S.) based on the FAO/WHO reference pattern (14).
The data indicate that amaranth protein is deficient in sulfur amino acids
(C.S. 23.49/0), which are the most limiting essential amino acids, followed
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TABLE 9

AVERAGE ESSENTIAL AMINO ACID CONTENT IN AMARANTH GRAIN

Amino acid g AA/16 gN FAO/WHO Reference
pattern ’ chemical
score
Arginine 752 - : -
Histidine 2,93 - -
Isoleucine 7.87 4.0 -
Leucine 6.34 7.0 90.6%**
Lysine 5.71 5.5 -
Methionine 0.82 3.5 : 23.4%
Phenylalanine 3.84 6.0 -
Tyrosine 2.11 - -
Threonine 4.37 4.0 -
Valine 3.84 5.0 76.8%*
Tryptophan 0.78 1.0 78.0%*
Order of deficiency: -
* (1)
** (2)
*kk (3)

by valine (C.S. 77.40/0) and tryptophan (C.S. 78.00/0). These results

are contradictory with information rendered in the literature, derived
from chemical data that indicate that leucine is the first limiting amino
acid in amaranth protein (2, 5). The low chemical score for methionine
may be due to the lack of cystine values as well as of losses which occur
during the acid hydrolisis of the samples. Therefore, it is important to
confirm such results with biological data. Another aspect worthy of
mention is its high lysine content (0.357 g/gN). These characteristics
indicate that amaranth could be a good supplement for maize and other
cereal grains, for it is known they have a protein which is low in lysine,

Amaranth, hence, could be a good supplement for maize since this
grain is deficient in lysine and has excess of leucine (15), as shown by
several authors (5).

Protein quality of the experimentally produced seed is shown in Table
6. Net protein ratio (NPR) varied from 1.74 to 3.17 with an average rate
of 2.33; the variability is quite large, but is not associated with tannin
content of trypsin inhibitor activity. Nevertheless, protein quality was
negatively associated with protein content where the two high-protein
content samples were excluded from the regression analyses. No explana-
tion is possible at this time, unless it were due to the presence of anti-
physiological substances which are not present in large quantities of the
high-protein selections. This is possible in view of the essential amino acid
pattern shown in Table 7, which suggests higher NPR values than those
obtained.

Protein quality expressed as NPR in the second assay and apparent
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protein digestibility of 10 amaranth grain samples, are presented in Table
10. NPR values showed an average of 2.80 for the seven samples from
Peru, 2.04 for the sample from Mexico and 2.36 for those from Guatema-
la. which are similar to those previously obtained. Average apparent
digestibility was 80, 82, and 74°/o for the samples from Peru, Mexico and
Guatemala, respectively. NPR of casein was 3.35, which demonstrates
that protein quality of amaranth varies from 60.9 to 75.5%/o to that of
casein, suggesting that it may be due to the sulfur amino acid deficiency,
as mentioned in the results referring to amino acid content. In preliminary
amino acid supplementation studies (Table 11), it was possible to obtain
an increase in protein quality caused by methionine addition, increment
which was not observed with the addition of any other single amino acid.
These experiments must be repeated to confirm this finding as well as
to determine the maximum quantity of amino acids that should be added.
Other possible deficiencies should also be established, since the improve-
ment obtained with methionine addition was not large.

TABLE 10

AVERAGE PROTEIN VALUE OF AMARANTH SELECTIONS FROM MEXICO,
GUATEMALA AND PERU

Average Apparent Protein
Country of Code weight NPR protein value
origin No. gain, g digestibility O/o of casein
Mexico H.B. 12 £5,33  2.29*0.46 83.1+1.71 68.3
Mexi-
cana 15 £5.57 2.43£0.33 80.4 £2.53 72.5
Guatemala B.E. 10+530 2.0410.34 74.2 £5.95 60.9
Peru 5F 14+323 2531022 78.5 +£4.21 75.5
(Cusco) 36F 121+4.71 2.55%0.37 82.3 £1.35 76.1
2A - 10%£2,93 229020 81.8 +1.45 68.3
4A 11+4.30 2.11+0,28 775 £2.06 - 63.0
2005 125,98 2,10 £0.36 77.0+2,51 62.7
2042 9+5.01 2.09*051 80.2+1.51 62.4
2083 14+ 6.61 2.45 +£0.46 79.9 £2.08 73.1
Casein - - 3.35+0.14 - 100.0

The data presented suggest that, primarily, it should be established
whether chemical composition and nutritive value vary among amaranth
species. Moreover, other studies should be conducted to determine pos-
sible differences between light and dark seeds. Biological data obtained
are below what would be expected for amino acid content, which sug-
gests that this seed contains antiphysiological substances, even when
only small amounts of trypsin inhibitors and hemagglutinins have been
reported (5). It is also possible that bioavailability of nutrients may be
low, particularly amino acids, an aspect which has still to be established.
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TABLE 11

EFFECT OF THE ADDITION OF SOME AMINO ACIDS
ON THE PROTEIN QUALITY OF AMARANTH

Amino acid added Weight gain PER
g
None 41+ 7.34 1.48 £0.29
+ L-Leucine 47 £10.33 1.46 £ 0.18
+ L-Valine 26+ 6.02 1.04 £ 0.26
+ L-Threonine 26+ 8,57 1.19£0.39
+ L-Methionine 59+ 8.81 1.73 £0.25
<+ Leu + Val + Threo + Met 59+ 14.23 1.82+0.29
Casein 113 +£23.15 2,74 +£0.14
RESUMEN

COMPOSICION QUIMICA Y CALIDAD PROTEINICA DEL GERMOPLASMA
DE GRANO DE AMARANTO EN GUATEMALA

El presente trabajo se llevé a cabo con el propésito de recolectar parte del germo-
plasma de grano de amaranto de Guatemala y evaluarlo en términos de rendimiento,
composicion quimica y valor nutritivo. Junto con una seleccién de México (A. cruen-
tus) y siete de Cusco, Peri (A. caudatus), se sembraron 27 selecciones de Guatemala
en junio de 1982, en lotes experimentales de 7.5 m2, en cuatro repeticiones. Las semi-
llas cosechadas se utilizaron para andlisis quimico de proteina, grasa, fibra, cruda,
taninos e inhibidores de tripsina, asi como NPR. Con base en su contenido proteinico,
se formaron cinco grupos para andlisis de aminoacidos y 10 selecciones se evaluaron en
un segundo ensayo, para determinar calidad proteinica, por medio del método de NPR
y digestibilidad proteinica. Se informa, asimismo, sobre un ensayo de suplementacién
con aminoacidos en semilla cruda.

Las selecciones difirieron significativamente en cuanto a rendimiento de grano.
Se encontrd una relacién negativa entre la altura de la planta y rendimiento de materia
seca vegetativa. El contenido proteinico del grano vari6 entre 12.8 y 17.4%/o con un
promedio de 15.0°/0. Se encontr6 que las semillas con mayor contenido de proteina
acusaban mayor contenido de aminoacidos por péso, pero al expresarse por gramo de
nitrogeno, los contenidos fueron muy parecidos. De acuerdo al patrén de FAO/OMS,
la proteina es deficiente en aminoacidos azufrados, lo que se demostré por medio de
un ensayo de PER. La calidad proteinica de un grupo seleccionado fue variable. Las
muestras del Pert dieron una NPR de 2.30, la de México de 2.36, y una de Guatemala
de 2.04. La digestibilidad proteinica aparente fue de 80, 82 y 74° /o para las muestras
del Peni, México y Guatemala, respectivamente. Los datos indican diferencias en
rendimiento, composicion quimica y valor nutritivo, y un rendimiento favorable de
grano.
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SUPLEMENTO DE HARINA DE TRIGO CON HARINA
DE GARBANZO (Cicer arietinum). 1. ELABORACION DE LAS
HARINAS Y SUS PROPIEDADES PARA PANIFICACION
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RESUMEN

Se estudio la posibilidad de agregar harina de garbanzo, sustituyendo parte de la
harina de trigo, en la elaboracion de pan esponjoso, con el objeto de aumentar su valor
proteinico. Se obtuvo harina de garbanzo de 70°%/o de extraccion, con una granulome-
tria semejante a la de la harina comercial de trigo (150 u). Se trabajé con harina de
trigo blando de 74 y 78%/o de extraccion y con niveles de 5, 10 y 15°/o de harina de
garbanzo. Cada harina y las mezclas se analizaron para determinar su contenido de
proteinas, cenizas, fibras, grasas y maltosa, asi como sedimentacion, farinograma y
panificacion. La adicion de harina de garbanzo aumenté el contenido de proteinas,
fibras, cenizas y grasas de lasmezclas, no llegando a afectar la calidad aiin en los nive-
les de 159 /o de sustitucion.

Se observé, asimismo, un aumento en el contenido de maltosa, en el valor Wy en
el volumen especifico del pan, obteniéndose panes de buena calidad sin que hubiese
necesidad de usar agentes mejoradores para reforzar la masa.

INTRODUCCION

El trigo es el cereal de importancia primordial para el mundo occi-
dental, pero en muchas ocasiones su disponibilidad no es suficiente debido
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principalmente a los altos consumos mundiales, a problemas de distribu-
cién y a los grandes vohimenes que se pierden por deficiencia en el manejo
de post-cosecha (1, 2). En Chile, aun cuando la produccién ha mostrado
una tendencia a aumentar, es necesario importar anualmente cantidades
cercanas a las 800,000 toneladas (3).

- Desde hace algunos afios se estd trabajando a nivel mundial, en dismi-
nuir la dependencia de la alimentacién del consumo de trigo, y en mejorar
~ la calidad nutricional de los productos derivados del mismo. Se ha estu-

diado asi, el reemplazo de parte de la harina de trigo por harinas de otras

especies vegetales en la elaboracién de pan, pastas y galletas sin producir

alteraciones serias en su calidad (4-9).

Las leguminosas de grano son muy importantes para los pafses en
desarrollo. Entre ellas se destaca el garbanzo (Cicer arietinum) por su con-
tenido y calidad de protefnas, su digestibilidad y su bajo contenido de
compuestos téxicos (10-13). En nuestro pafs, Ia produccion de garbanzos
es de alrededor de 8,000 T y generalmente se cultiva en zonas marginales
de secano con suelos de mala calidad y sin otras alternativas de culti-
vo (14).

En diversos lugares, se ha estudiado la sustitucion parcial de la harina
de trigo por harina de garbanzo en la elaboracién de productos horneados
no esponjosos de consumo local (15-19).

El presente trabajo tuvo por objeto, primero, estudiar la obtenci6én
de harina de garbanzo de buenas caracterfsticas fisicas y quimicas a partir
de granos de bajo calibre y, segundo, determinar la posibilidad de usarla
en reemplazo parcial de la harina de trigo en la elaboracién de pan espon-
joso, de valor nutritivo superior.

MATERIAL Y METODOS

Se trabajé con 80 kg de trigo blanco y con 40 kg de garbanzos de
tamaiio pequeiio, '

Harina de Trigo

El trigo se acondicioné a 14%/o de humedad y luego. se molié en un
molino experimental Buhler MLU 201 neumitico. La molienda se efec-
tué a dos diferentes grados de extraccién, 740 /oy 780/o, para disponer
de una harina de uso comiin en el pafs y de una mayor refinacién. Para la
molienda de harina de 780/0 de extraccién, en la quebradura se usaron
aberturas de 5.0 y 3.5, y en la reduccién de 3.0 y 2.0; en el ¢aso de la
harina de 74%/o de extraccién, se trabaj6, en la quebradura, con 6.6 y
4.0 y en la reduccién, con 3.6 y 2.0, respectivamente.

Harina de Garbanzo

El garbanzo se premoli6 en un molino Wiley No. 2 a + 20 mallas
Tyler. El producto obtenido tuvo de 90 a 920/o0 de trozos + 20y 7.5
a 8.59/o de harinilla -20, con gran proporcién de testa suelta. Esta mezcla
se moli6 en un molino de laboratorio Buhler MLU 201 de cangilones,
con aberturas de 12 y 11 en la quebradura, y de 5.0 y 5.5 en la reduccién.
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Se obtuvo un rendimiento de 60.9°/o sobre base de grano entero, lo que
estd dentro de lo seiialado para leguminosas, en la literatura (20). La ha-
rina obtenida acusé una granulometria semejante a la de la harina de trigo
(menora 150 u) y color amarillo pélido.

Preparacion de las Mezclas

Las harinas de trigo y garbanzo se unieron en una mezcladora universal
Hobart L 800 por 30 min, usando proporciones de 5, 10 y 15°/0 de ha-
rina de garbanzo. Luego, las mezclas se envasaron al vacfo en tarros de
hojalata.

Andlisis de las Muestras

Las harinas y las mezclas realizadas fueron analizadas para determinar
su calidad, segiin se detalla seguidamente.
— Andlisis proximal — Este se llevd a cabo segiin los métodos de la
AOAC (21) en cuanto a grasas, fibra cruda, humedad, cenizas y proteinas.¢
Para la cuantificacién de la protefna se us6 el factor 5.75 para la harina
de trigo, 6.25 para la harina de garbanzo, y valores ponderados para las
mezclas.
— Indice de maltosa — Se determiné6 segiin el método de Blish y Sands-
tedt (21), y la sedimentacién por el método de Zeleny (22).
— Propiedades fisicas de la masa — En un farinégrafo Brabender se
estimd absorcion de agua, desarrollo y estabilidad de la masa, resistencia,
ablandamiento y valor W.
— Ensayo de panificacion — Se realizé una panificacién experimental
con las harinas de trigo y con las mezclas segin el procedimiento de la
American Association of Cereal Chemists (AACC) (22), usindose 2.5°/o
de leche descremada, 29/o de levaduras, 20/o de sal y 30°/o de agua.
Los panes se hornearon a 2279C por 25 min. Seguidamente, en los panes
frios se midi6 peso, volumen, espesor de la miga y la corteza, y se evalué
su textura, color de miga y color de corteza.
— Anadlisis estadistico — El andlisis se hizo aplicando un diseiio de alea-
torizacién completa con estructura 2 x 3 factorial, estableciendo las
diferencias entre tratamientos mediante contrastes ortogonales. Se usé
un programa Minitab II en el Centro de Computacién de la Universidad de
Chile (IBM 376/45).

RESULTADOS Y DISCUSION
Anadlisis Proximal

Los resultados obtenidos en el andlisis proximal se presentan en la
Tabla 1.

La harina de garbanzo, segin se aprecia, tuvo un alto contenido de
proteinas, lo que estd de acuerdo con los valores informados en la litera-
tura (24, 25). La adicién de harina de garbanzo a la harina de trigo aumen-
t6 el contenido protefnico de las mezclas, especialmente al emplear
harina de trigo de 780/o de extraccién y 150/o de harina de garbanzo, lo
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TABLA 1
ANALISIS PROXIMAL DE LAS HARINAS Y SUS MEZCLAS
(/100 g de materia seca)
Proteina Materia " Fibra Cenizas
grasa - cruda

Harina 74°/o 149+ 0.45%¢ 2.1 +0.364 0.1£0.22¢ 0.5 *0.42¢
Harina 78°/o. 16,0 + 0,49¢ 1.8 £0.43d 0.3+0.369  0.8+0.13¢
Mezclas
H74/5%/0 G. 15.5 +0.62¢ 3.2+0.58¢ 0.3+0.154  0.8+*0.22¢
H74/10%/0 G. 15.1 +0,48¢ 4.3+0,75P 0.3+0.47d .08 £0.31°¢
H74/15%/0 G. 17.3 % 0.85¢ 5.4 £ 0.28¢ 0.4+052¢ 1.2+0.29P
H7g/5°/0 G. 15.8 £ 0.26¢ 1.8+ 0564 04+061¢ 12+0.23b
H78/10°/0 G. 18.6 £ 0.29° 2.6 £ 0,424 05+0.32b  1,4*0.38P
H78/15%/0 G. 19.6 +0,72b 5.6 + 0,620 0.5 £0.480  1.8+041b
Garbanzo 22,3 £0.313 7.7+0.332 06%0532  3.2+0262

*  Desviacion estandar.
Las letras distintas, en la misma columna, indican diferencias a nivel de P << 0.01.
Rango Miiltiple de Duncan (23).

que concuerda con las observaciones de otros autores (17-19). Al agregar
59/o de harina de garbanzo, el contenido protefnico de las harinas de
trigo originales apenas mejoro, sin lograr —en el caso de mezclas de harina
de trigo de 749/o de extracciébn y 5 y 10°/o de harina de garbanzo— su-
perar a la harina de trigo de 789/o de extraccién. ’

Como era de esperar, la harina de garbanzo acusé un alto contenido
de cenizas, ya que en las leguminosas de grano los minerales se encuen-
tran distribuidos en todo el grano y, por lo tanto, este contenido no puede
usarse en ellas como un fndice de eficiencia de molienda (26). De confor-
midad con lo observado por Youssef, Salam y Abdel-Rahmann (18), se
constato cierta tendencia del contenido de cenizas a aumentar, al elevarse
el nivel de harina de garbanzo en las mezclas.

El nivel de materias grasas de las harinas estuvo de acuerdo con lo ob-
servado por otros autores (17, 18, 24), y en las mezclas siguié6 un compor-
tamiento semejante al que mostré el contenido de cenizas.

El contenido de fibra de 1a harina de garbanzo fue mucho menor que
lo sefialado por otros autores (17, 18, 24), probablemente debido a que el
rendimiento obtenido en este estudio fue un tanto menor. Por este mo-
tivo, la adicién de harina de garbanzo significé un leve incremento en el
contenido de fibra de las mezclas.

Sedimentacion y Maltosa

Segiin revelan los datos en la Tabla 2, el nivel de maltosa liberado por
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TABLA 2

PRODUCCION DE MALTOSA Y VALORES DE SEDIMENTACION

DE LAS HARINAS Y SUS MEZCLAS

Maltosa Sedimentacién
(mg/10 g harina) {cc)

Harina 74°/o 294,0  1,31%2 29,2 +0.812
Harina 78°/o 295.4 +1,922 33.0+0.722
Mezclas
H74/5°/0 G. 294.8 £ 1,542 27.0 £ 0,33
H74/10%/0 G. 295.2 ¥ 1,562 26.0 +0.61b
H74/15%/0 G. 300.2 + 1.81b 24,0 + 0,530
H78/5%/0 G. 305.2 +1.78D 31.0 + 0,482
H78/10%/0 G. 300.0 + 1,12 30.0 £ 0,322
H78/15%/0 G. 307.0 £ 2,01b 28,0 + 0,612
Garbanzo 296.0 + 1,832

*  Desviacion estindar,
Las letras distintas en la misma columna, indican diferenciasa nivel de P << 0.01.
Rango Multiple de Duncan (23).

las mezclas de harina de un 789/o de extraccién, fue mayor que las hari-
nas de trigo solas con todos los grados de adicién de harina de garbanzo,
fen6meno que se produjo igualmente en el caso del agregado de 159/o
de harina de garbanzo a la harina de trigo de 749/0 de extraccion. Los
resultados se ajustan a lo esperado, a causa del mayor contenido de
mono y disacdridos del garbanzo, y estdn dentro de los valores normales
de harinas para panificacion (27, 28).

Los valores de sedimentacion acusaron un descenso respecto de los
que poseian las harinas de trigo, siendo mayor en las mezclas con harinas
de menor extraccién y en los niveles mds altos de adicién de harina de
garbanzo. A pesar de ello, en ningin caso se llegé a cifras inadecuadas
para la panificacion.

Propiedades Fisicas de la Masa

Las caracteristicas farinogrdfioas de las mezclas variaron levemente
con respecto a las de las harinas de trigo usadas como control, segin
lo muestra la Tabla 3. La absorcién de agua, la estabilidad y la resistencia
fueron semejantes en todos los niveles de adicion de harina de barganzo.
El tiempo de desarrollo tendi6 a aumentar con los mayores niveles de
harina de garbanzo, pero los valores no difirieron de los de las harinas de
trigo respectivas. El ablandamiento llegé a niveles menores a medida que
la  harina de garbanzo se aumentaba, especialmente en las
mezclas realizadas con harina de trigo de 78%/o de extraccién y harina



TABLA 3

PROPIEDADES FISICAS DE LA MASA

Absorcion Desarrollo Estabilidad Resistencia Ablandamiento w
(°/o) (seg) (seg) (seg) (U.B)

Harina 749/o 66.1% 0.91%2 138.0 £ 1.21P 26.0 + 0,62° 164.0 +1.122 200.0 + 1.10% 31.6 + 0.83°
Harina 780/o 68.8+ 1,022 160.0 + 1,322 30.0 + 0.462 190.0 + 1.212 186.0 + 1.152 37.2+ 0.952
Mezclas

H;,/5%/0 G. 63.0 £1.102 132.0 +1.02P 33.0 + 0.352 168.0 +1.05® 172.0 £0.52% 33.0 +0.45°
Hy4/100/0 G. 62.9 + 0.922 137.0 +1.15° 25.0 +0.182 162.0 £1.082 145.0 £0.482 36.6 + 0.982
H;4/159/0 G. 62.4 + 0.85% 148.0 +1.08° 30.0 £0.852 178.0 £1.102 138.0 +0.71° 39.0 £0.732
H;5/5%/0 G. 68.1£0.422 136.6 +0,99° 35.8 £ 0,392 195.0 £0.96% ~ 144.0 £0.92°  39.6 + 0.492
H;5/100/0 G. 66.5 £0.792 154.8 £1.312 30.4 +0.922 194,0 £1.152 130.0 +1.11°>  41.2+0.922
Hy3 /1500 G. 66.1+1,122 172.0 £1,253 28.4 0,532 200.0 +£0.93% 128.0 £1.31P  41.4+0.872

*  Desviacion estandar.
Las letras distintas en la misma columna, indican diferencias a nivel de P < 0.01.
Rango Miiltiple de Duncan (23),

Z°'ON (£861 ‘OINNF) HAXXX TTOA

£8¢
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de trigo de 740/o de extraccién con 150/0 de harina de garbanzo. Final-
mente, la cifra W —que corresponde a una integracion de las propiedades
farinogrdficas de una masa— present6 un claro aumento con el incremento
en la harina de garbanzo. Ello estaria indicando que globalmente las pro-
piedades fisicas de las masas elaboradas con las mezclas estudiadas, atin
sin el uso de mejoradores, tienden a mejorar con la adici6én de harina de
garbanzo. Estos resultados concuerdan con los obtenidos por Shehata y
Fryer (15), por Youssef, Salam y Abdel-Rahman, y por Finney, Bequin y
Hubbard (29).

Ensayo de Panificacion

Tal como se observa en la Tabla 4, la absorcién de agua tendié a dis-
minuir al aumentar los niveles de harina de garbanzo en la masa, pero no
tuvo un efecto significativo sobre el peso de los panes elaborados, lo cual
concuerda con lo obtenido por Youssef, Salam y Abdel-Rahman (19).
El volumen de los panes acus6 cierta disminucién al aumentar el agregado
de harina de garbanzo, lo que se tradujo en panes de mayor densidad,
resultados semejantes a los informados por Tripatni y Date (16). Esta re-
duccién de volumen puede deberse a un debilitamiento del ghiten que no
le permite resistir el estiramiento provocado por la fermentacién. Como’
consecuencia de lo expuesto, se produjo un menor espesor de la miga de
los panes y cortezas mas gruesas.

TABLA 4
CARACTERISTICAS DE PANIFICACION DE LAS HARINAS Y DE LAS
MEZCLAS

Absorcion Peso Volumen Espesor miga  Valor especifico

(°/o) ) (ml) (em) (ml/g)
Harina 740/o 64.9; 150.962 6502 6.942 4.312
Harina 780j0 695 1501228 594" 6.262 3.96°
Mezclas
H, ,/5°/0 G. 62.22 14760 6342 6.702 4.302
H;,/100/0G.  62.0*  14658%  601P ~ 6.02P 4100
H,,/150/0G.  6L53  148.32%  go4P 5.76° 4.07°
H,4/50/0G.  695b 152802  616P 6.182 4.03°
H,/10°00G.  64.0%°  14948% 576D 5.58P 3.85P
H,5/150/0 G.  64.0% 151422  577P 5.32P 3.81°

Las letras distintas en la misma columna, indican diferencias a nivel de P << 0.01.
Rango Miltiple de Duncan (23).

En la Tabla § se puede apreciar que el color de la miga se fue dete-
riorando, tomando un leve tono amarillo al agregar harina de garbanzo -
a la masa. En el color de la corteza se observé una tonalidad m4s oscura
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TABLA 5

CARACTERISTICAS VISUALES DE LOS PANES
(Puntos: Escala 0-20)

Color miga Color corteza Textura
Harina 749/o0 : 15.02 20.02 14.1;
Harina 780/o 9.1 16.23 9.3
Mezclas
H,,/5°/0 G. 14.32 18.42 14.32
H, ,/100/0 G. 9.0P 13.02 9.5P
H,4/159/0 G. 5.1P 8.2P 7.20
H,  /59/0 G. 8.8P 15.52 9,40
H, 5 /109/0 G. 9.2b 13.12 9.2b
H, 4 /159/0 G. 7.1P 6.40 8.40

Las letras distintas en la misma columna indican diferencias a nivel de P < 0.01.
Rango. Miiltiple de Duncan (23).

en los niveles méis altos de adicion de harina de garbanzo, debido probable-
mente a la mayor disponibilidad de aziicares. También se apreci6 una
textura inferior en los panes elaborados con altos niveles de harina de gar-
banzo producida por la mayor debilidad de las masas logradas, lo que se
podria evitar adecuando levemente el proceso de panificacion. La calidad
de los panes obtenidos fue buena, y concuerda con lo obtenido por
Hallab, Khatchadourian y Jabr (17) y por Youssef, Salam y Abdel-Rahman
(18). ' ‘

CONCLUSIONES

A partir de los resultados obtenidos en este estudio, se lleg6 a las con-
clusiones siguientes:

1. Es factible obtener harina de garbanzo de buena granulometria y bajo
contenido de fibras.

2. La adicién de harina de garbanzo a la harina de trigo aumenta el con-
tenido de proteinas, cenizas, fibras, materia grasa y maltosa libre.

3. Las mezclas muestran menores niveles de sedimentaci6én que las hari-
nas de trigo, pero se mantienen dentro de los valores normales para
panificacion.

4. Las masas elaboradas con harinas mezcladas no acusan alteraciones en
las propiedades fisicas, excepto el ablandamiento que, en nuestro
estudio, fue mayor en niveles altos de complementaciéon. El valor W se

_ mejora hasta en los niveles altos de adici6n.

5. Durante la panificacién se suscita una leve disminuci6én en el volumen
de los panes y un aumento en el grosor de la corteza a medida que el
nivel de adicion de harina de garbanzo se eleva.
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6. Se produce un deterioro en el color de la miga, color de la corteza y
textura al agregar 150/0 de harina de garbanzo. -

7. La adicién de hasta 100/o de harina de garbanzo a la harina de trigo
permite la elaboracion de un pan esponjoso de buena calidad, atn sin
necesidad de usar agentes mejoradores.

SUMMARY

SUPPLEMENTATION OF WHEAT FLOUR WITH CHICK-PEA FLOUR,
L PREPARATION OF FLOURS AND THEIR BREAD-MAKING PROPERTIES

The feasibility of adding chick-pea flour substituting part of wheat flour in yeast-
leavened bread-making in order to increase the protein value, was studied. A 700/o
extraction chick-pea flour of commercial granulometry (150 u) was prepared. Wheat
flours of 749/o and 780/o extraction were then blended with 50/o, 100/0 and 159/o
of chick-pea flour. Every flour and blend were subsequently analyzed to determine
protein, ash, fiber, fat and maltose content, as well as sedimentation, farinogram and
bread-making. Addition of chick-pea flour increased protein, fiber, ash and fat content
in the blends, not causing a severe effect on quality, even at the 150/o level of substi-
tution. Blends showed an increase in maltose content, W value and bread specific
volume. Furthermore, breads prepared were of good quality even without the use of
maturing agents.
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TRATAMIENTO DE LA PAJA DE TRIGO CON UREA,
HIDROXIDO DE CALCIO, O SULFATO DE AMONIO

Manuel Niifiez Mufioz® y Ma. Esther Ortega Cerrillat

Instituto Nacional de la Nutricién *‘Salvador Zubirdn”,
México D. F., México

RESUMEN

Se Ilevo a cabo un experimento con la finalidad de evaluar la efectividad de la
urea, sulfato de amonio o hidroxido de calcio en el mejoramiento del valor nutritivo
de la paja de trigo para la alimentacion de rumiantes.

La paja se sometié a tratamiento con tres soluciones que contenian 50 /o de urea-
500/o0 H20 (5U); 29/o de urea-20f/o CaOH ~ 500/o H2 O (2U) o con sulfato de amonio,
20/0 CaOH - 500/o Hz O (5S), ensilandose luego 1a paja tratada con cada solucién, por
triplicado, en bolsas de polietileno (5 kg/bolsa) durante 30 dias a temperatura ambien-
te (15-220C) a excepcion de la paja sin tratar, que se usé como testigo (T).

Posteriormente se hicieron las siguientes determinaciones en las pajas sujetas a los
tres tratamientos: pH, humedad, proteina cruda, N amoniacal, cenizas, paredes celu-
lares, hemicelulosa, celulosa, lignina, silice, energia bruta y digestibilidad in vitro de la
materia seca. El valor de pH de 5U fue mayor (P <0.01) que el de 2U y 58, y el por-
centaje de humedad aumento en todas las pajas tratadas, en comparacion con la testi-
go. Tanto el contenido de proteina cruda como el de nitrogeno amoniacal fue mayor
en las pajas tratadas con 5U (14.66; 1.060/0), 2U (5.41; 759/0), 58 (9.54; 949/0), en
comparacion con T (2.63; 500/0). Asimismo, el porcentaje de cenizas con 5U, 2Uy
58, aumentd significativamente (P < 0.01) en relacion con T y 5U. El contenido de
paredes celulares disminuyo al tratar la paja con 5U, 2U y 58, al igual que el de hemi-
celulosa, lignina y silice, mientras que el de celulosa aument6. Los valores de energia
bruta fueron mayores en las pajas tratadas, y el porcentaje de digestibilidad de la mate-
ria seca fue mayor, aunque no en grado significativo (P << 0.01) en la paja tratada con
59/0 de urea (45.03) que en 2U (42.43),5S (34.82) y T (42.36).

Manuscrito modificado recibido: 16—1—87.

1 Miembros del Departamento de Nutricién Animal, Division de Nutricién Experi-
mental y Ciencia de los Alimentos, Instituto Nacional de la Nutricién ‘‘Salvador
Zubiran", Vasco de Quiroga No. 15, Col. y Deleg. Tlalpan, 14,000 México D. F.,
México.
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Se concluye que es factible mejorar el valor nutritivo de la paja tratada con urea,
en particular con 59/o de urea - 500/0 H» O, que en nuestro ensayo rindi6 los valores
mds altos, y el tratamiento puede ser aiin més efectivo si ésta es molida o picada previo
a su ensilaje.

INTRODUCCION

Las pajas de trigo se producen en grandes cantidades, ya que represen-
tan un recurso que hasta ahora ha sido poco utilizado en la alimentacién
animal, debido en gran parte a su baja digestibilidad y bajo consumo.

Con el propdsito de mejorar su digestibilidad, se han evaluado diferen-
tes tratamientos quimicos (1-4), obteniéndose los mejores resultados al
emplear tratamientos a base de dlcalis (5-7).

De estos tratamientos, aquéllos en que se utilizan compuestos nitroge-
nados como amonjaco o urea tienen la ventaja sobre los que emplean
otros dlcalis como NaOH, de aumentar tanto su digestibilidad como su
contenido de nitrégeno (8). En algunas regiones, sin embargo, no es posi-
ble tratar las pajas con amonfaco, debido a que en ocasiones no es ficil
conseguirlo, ademas de que su manejo puede resultar peligroso.

Desde hace algunos afios se observé que la urea se puede descomponer
en amonfaco, obteniendo resultados similares al tratar pajas con urea, a los
logrados al usar amoniaco en forma directa (9). Esta se puede adquirir
facilmente, ya que es utilizada como fertilizante; por otro lado, su aplica-
cion estd exenta de riesgos.

. De ahi que el objetivo de este trabajo fue evaluar los cambios que ocu-
rren en la composici6n quimica y digestibilidad de la paja de trigo, al
tratarla con compuestos alcalinos ficiles de conseguir y aplicar, como son
la urea, sulfato de amonio e hidr6xido de calcio, en diferentes proporcio-
nes. Un segundo propdsito era determinar si el agregado de tales com-
puestos mejoraba su calidad nutritiva para su utilizacién en raciones para
rumiantes.

MATERIAL Y METODOS

La paja entera de trigo (Triticum aesticum), se trat6 con urea, hidr6-
xido de calcio, sulfato de amonio y agua, en las siguientes proporciones,
en base al peso de la paja: 1) Paja de trigo con 50/o de ureay 500/o de
agua; 2) paja de trigo con 20/o de urea, 20/o de hidréxido de calcio y
500/0 de agua, y 3) paja de trigo con 50/0 de sulfato de amonio, 20/o
de hidréxido de calcio y 500/0 de agua.

Luego, estos tratamientos fueron comparados con paja de trigo sin la
adicion de ninguno de estos compuestos, la que se utilizé como testigo.

Las pajas tratadas con urea, hidroxido de calcio o sulfato de amonio,
se ensilaron durante 30 dfas a temperatura ambiente (15-220C), en bolsas
de polietileno (5 kg/bolsa). Se hicieron tres repeticiones por cada trata-
miento.

En todos los tratamientos, incluyendo la paja testigo, se determind:
pH, humedad, cenizas, proteina cruda, y nitr6geno amoniacal, segin los
métodos propuestos por la AOAC (10), y las fracciones de fibra (paredes
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celulares, contenido celular, hemicelulosa, celulosa, lignina y silice), por
el procedimiento de Goering y Van Soest (11). La digestibilidad in vitro
de la materia seca por el método descrito por Tilley y Terry (12) y la
energia bruta, por bomba calorimétrica (13).

Seguidamente, los resultados se analizaron estadisticamente por ana-
lisis de varianza, a fin de lograr una distribucién completamente al azar,
con diferente nimero de repeticiones por tratamiento. La prueba de
Tukey se aplicé para medir su significancia estadistica (14).

RESULTADOS Y DISCUSION

Durante el ensilaje, la paja sufrié6 modificaciones en sus caracteristicas
fisicas. Su color cambié de amarillo obscuro a café claro, y la textura se
hizo més quebradiza (9). Ello se debe a una oxidacion de los grupos feno-
les, o a la condensaciéon de las fracciones aldehicas del azicar con bases
nitrogenadas via reaccion de Maillard, lo que origina productos coloridos
(5).

A pesar del alto contenido de humedad, en ninguna de las pajas trata-
das con los 4lcalis se observd crecimiento de hongos o insectos (2, 9).

Los resultados de las determinaciones de pH, humedad, proteina cru-
da, nitrégeno amoniacal y cenizas se muestran en la Tabla 1. Segin se
observa, el contenido de nitrogeno amoniacal y proteina cruda aumentoé
significativamente (P < 0.01) en todas las pajas tratadasenrelaciénala
testigo; los valores mas altos se encontraron en la paja tratada con 50/o de
urea (1.060/0 nitr6geno amoniacal; 14.660/o protefna cruda), siendo simi-
lar a lo ya notificado (2, 9, 15).

La cantidad de proteina cruda y nitrogeno amoniacal en las pajas
tratadas con dlcalis aument6 en forma proporcional al contenido de nitré-
geno de cada tratamiento, coincidiendo con lo mencionado en otras
investigaciones (15-17).

Cabe también sefialar que el agua adicionada en los diferentes trata-
mientos, favorecioé la fijacion de nitrégeno en todas las pajas tratadas (17,
18).

El porcentaje de cenizas en la paja con 50/o de urea disminuy6 en un
100/0 (9, 19), mientras que en las sujetas a tratamientos con hidréxido de
calcio, aumenté debido a la adicion de este compuesto (20).

En el caso de los tratamientos que contenian 50/o de urea, 20/o de
urea - 20/o0 CaOH y 50/o0 sulfato de amonio - 20/o CaOH, los porcenta-
jes de paredes celulares y contenido celular de las pajas mostraron diferen-
cias significativas (P < 0.01) con respecto al grupo testigo. Los mejores
resultados se obtuvieron en la paja tratada con 50/o de urea, lo que corro-
bora lo observado en otros trabajos (18, 19, 21).

En lo que respecta a hemicelulosa y celulosa se encontraron diferen-
cias entre las pajas tratadas y la testigo (P < 0.01),siendo similar a lo
descrito (19-21). No obstante, la disminucién de hemicelulosa no fue tan
notoria como en otros estudios (22), observindose el menor porcentaje de
hemicelulosa en el material tratado con 50/0 de urea.

El contenido de lignina en las pajas con dlcalis disminuyé hasta en
150/o respecto a la testigo, sin que hubiese diferencia entre ninguno de los
grupos tratados, con resultados parecidos a los encontrados en otros
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TABLA 1
COMPOSICION QUiMICA Y DIGESTIBILID AD in vitro DE LA PAJA DE

TRIGO TRATADA CON UREA, HIDROXIDO DE CALCIO, O
SULFATO DE AMONIO!?

Paja 50/ourea 29/ourea- 59/o sulfato

testigo 2%/0 CaOH de amonio

20/o0 CaOH
pH - 8.322 7.17° 7.92P
Humedad (/o) 15.05%* 44.63° 44.64P 44.43P
Proteina cruda (/o) (N x 6.25)  2.63%  14.66° 6.41¢ 9.544
N amoniacal (©/o) 050*  1.06° 0.75¢ 0.944
Cenizas (/o) 10.052  9.36" 11.36¢ 11.699
Paredes celulares (0/o) 73.642  70.30° 71.38¢ 71.20c
Contenido celular (0/o) 26.362 29.70b 28.67° 28.80°¢
Hemicelulosa (©/o) 23.09%8  21.28P 21.77° 2i.66°
Celulosa (©/0) 34.322  36.95° 37.45° 37.29¢
Lignina (9/o) 10.162  8.70P 8.88P 8.79°
Silice (©/o) 4.952 3.36P 3.43¢ 3.43°¢
Energia bruta (Kcal/g) 3572  3.93° 3.92P 3.77°
DIVMS? (°/o) 42.36% 45,032 42,432 34.822

1 Datos notificados en base seca.
2 Digestibilidad in vitro de la materia seca.
*  Las cifras con literales diferentes en la misma columna son diferentes ( P <0.01).

trabajos (2, 20,21).

El silice también disminuyé (P < 0.01) hasta en un 300/0 en las pajas
tratadas, en relacion a la paja testigo. EIl menor porcentaje se obtuvo en
la que se traté con 50/o0 de urea, debiéndose esta disminucién a la solubili-
zacidn del silice por acciéon de los dlcalis (20).

Se observé un aumento en el contenido de energia, siendo de 100/o
en la paja tratada con 50/0 de urea; 9.80/0 con 20/o0 urea - 20/0 CaOH y
5.60/0 oon 50/o sulfato de amonio - 20/0 CaOH, debido posiblemente a
la adicion de los dlcalis, ya que estos compuestos liberan energia (19, 23).

En cuanto a la digestibilidad in vitro de la materia seca, ésta fue ma-
yor, aunque no significativamente (P < 0.01) en la paja tratada con 590/o
de urea, en relacion a que recibi6 el tratamiento de 20/o urea - 290/o
hidréxido de calcio, 50/o sulfato de amonio - 20/o hidréxido de calcio, y
la paja testigo. Es posible que la menor digestibilidad encontrada en rela-
cion a la que se ha observado en otros trabajos (5, 15), se deba a la presen-
cia de grupos acetil. Estos se forman por la esterificacion de la hemicelu-
losa con icido acético, lo que impide su digestion, y disminuye a la vez la
digestibilidad de la paja (24).

En base a los resultados obtenidos en este estudio, es evidente que el
mejor tratamiento fue el que contenfa urea al nivel de 50/o0, ya que los
parimetros de proteina cruda, nitrégeno amoniacal, contenido celular y
celulosa, aumentaron considerablemente, disminuyendo los porcentajes
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de cenizas, hemicelulosa, lignina y silice. En vista de los hallazgos notifi-
cados, al tratar la paja de trigo con urea, es posible mejorar su valor nu-
tritivo para usarse en la alimentacién de rumiantes. Se recomienda el mo-
lerla o picarla previamente, a fin de que el efecto del tratamiento sea
mas efectivo.
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SUMMARY

UREA, CALCIUM HYDROXIDE OR AMMONIA SULPHATE TREATMENT
OF WHEAT STRAW

An experiment was conducted to evaluate the effectiveness of urea, ammonia
sulphate or calcium hydroxide, in improving the nutritive value of wheat straw for
ruminant feeding.

Wheat straw was treated with each of three solutions (w/w) containing: 5°fo
urea - 50°/o Ha0 (5U); 2°/0 urea - 29/o CaOH - 50°/o H20 (2U), or 5°/o ammonia
sulphate - 2%/o CaOH - 50°/o H90 (5S). The treated straw was then ensiled in tri-
plicate in sealed polyethylene bags for 30 days at ambient temperature (15 - 22°C),
except for the untreated straw, which was used as control (T).

All treatments were then subjected to the following determinations: pH, mois-
ture, crude protein, ammonia N, ashes, cellular walls, hemicellulose, cellulose, lignin,
silica, gross energy, and dry matter in vitro digestibility. The pH value of the 5U
treatment was higher (p << 0.01) than that of 2U and 58, and the moisture percentage
increased in all treated straws, as compared to the control Both crude protein and
ammonia N contents were higher in the 5U treated straws (14.66; 0.6°/0), 2U (6.41;
759/0), 5S (9.54; 94%/0) in comparison with T (2.63; 50°/0). The ash percentage
increased significantly in 2U and 5S (p < 0.01) in relation to T and 5U, and the
cellular wall content decreased in the 5U, 2U and 5S treated straws, as did cellulose.
Gross energy values were higher in the treated straws, and the dry matter per cent di-
gestibility was also higher, although not in a significant degree (p < 0.01) in the 5°/o
urea-treated straw (45.03) than in 2U (42.43), 5S (34.82), and T (42.36).

It is concluded that the nutritive value of wheat straw can be successfully up-
graded by the urea treatment, mainly with 5%/o urea - 50°/0 H90, which in our
experiment rendered the highest values. It is worthwhile adding that urea will have a
greater effect if straw is chopped or ground prior to ensiling.
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NUEVOS LIBROS

En esta oportunidad, incluimos reseiias de dos libros que versan sobre
el mismo tema: la diabetes, una enfermedad que mantiene el interés de
médicos y nutricionistas en general. Esperamos, sean del agrado de nues-
tros lectores.

Diabetes Mellitus - Informe de un Grupo de Estudio de la OMS. — Tradu-
cido por la Organizacién Panamericana de la Salud. Impreso en Espa-
fia. Ginebra, Organizacién Mundial de la Salud, 1985, 125 p. ISBN
92 4 320727 X. (Serie de Informes Técnicos de la OMS No. 727).

Un Grupo de Estudio de la OMS sobre Diabetes Mellitus se reunio en Ginebra
del 11 al 16 de febrero de 1985. La Reunion fue inaugurada por el Dr. Lu Rushan,
Subdirector General de la OMS, en nombre del Director General.

Segiin es del conocimiento de los lectores, la diabetes aflige en todo el mundo a
un gran nimero de personas de cualquier condicion social. Esta enfermedad represen-
ta un problema personal y de salud piiblica de grandes proporciones, que sigue agudi-
zandose pese.a los interesantes adelantos de los ultimos aiios en casi todos los campos
de investigacion y en la atencion de los pacientes (v.g., mejor tratamiento, proteccion
contra las complicaciones, fomento del autocuidado e, incluso, prevencion primaria
de algunas formas de diabetes). .

Segiin reza la Introduccion de este documento, el Grupo de Estudio se propuso
principalmente analizar los adelantos logrados.en el conocimiento y tratamiento de
la diabetes, buscar la forma de aplicar los nuevos conocimientos cientificos y técnicos
sobre diabetes en beneficio de los que la padecen, y actualizar el segundo informe del
Comité de Expertos de la OMS en Diabetes Sacarina, publicado en 1980.

Es erroneo creer que la diabetes es una sola enfermedad con una causa inica. Las
~ investigaciones epidemiologicas, clinicas y experimentales han revelado varios meca-
nismos causales. En estudios recientes se han subrayado los contrastes de la enferme-
dad entre las distintas comunidades y aun dentro de cada una de ellas, heterogeneidad
que se explica en una seccion del Informe que nos ocupa, que trata de la diabetes
relacionada con la malnutricion. Esta clase de diabetes, que ocurre de ordinario en las
comunidades pobres de las zonas tropicales de los paises en desarrollo, afecta a gran
mimero de jovenes y causa un estado cronico de mala salud y muerte prematura. Se
ha comprobado que esta variante surge en un ambiente de malnutricion proteinica
y esta desencadenada por toxinas de la dieta y otras de origen pancreitico. Por lo
tanto, su prevencion debeser posible. Por otro lado, la “epidemia” de diabetes entre
los habitantes de algunas islas del Pacifico guarda una estrecha relaciéon con los cam-
bios en el estilo de vida, particularmente en los habitos nutricionales, 1a frecuencia
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de Ia obesidad y Ia reduccién de actividad fisica. La prevencion de este tipo de diabe-
tes exige que se den eficaces consejos sobre nutricion a poblaciones enteras.

Su prevencion es todavia un asunto del futuro, y hasta entonces, decenas de mi-
llones de personas seguiran sufriendo esta enfermedad. Es preciso esforzarse al maximo
por curar a tantas personas como sea posible, o en su defecto, por aliviar las incapaci-
dades resultantes y evitar una muerte prematura, a fin de que el diabético pueda de-
sempefiar una funcion productiva y satisfactoria de la sociedad. El grado de prioridad
acordado a la busqueda de soluciones depende del grado de desarrollo técnico y eco-
ndémico de cada una de las diferentes sociedades, pero en todas podrian tomarse algu-
nas medidas inmediatas. Un requisitos indispensable es la provision de medios para
diagnosticar la enfermedad, lo que esta estrechamente relacionado con el empleo de
los conocimientos y aptitudes necesarios para su tratamiento y supervision. La instruc-
cion apropiada sobre la forma de usar los nuevos métodos de diagnostico puede inte-
grarse en los programas existentes o en el desarrollo de lucha contra las enfermedades
de la comunidad. En ese caso, se debe instar al paciente a que desempeifie un papel
central en el diagnéstico y control de la enfermedad, aun cuando la gran mayoria de
diabéticos no disponen de esos servicios basicos. Un grupo de especialistas puede
proponer estrategias y programas de diagnostico y atencion, pero su aplicacion pric-
tica es un asunto que compete a los gobiernos nacionales y a las instituciones de
salud.

En sintesis, la finalidad de est informe es revisar la informacion existente sobre
los problemas de la diabetes;y definir programas de accion que se puedan emprender
inmediatamente, empleando de manera fructifera los recursos humanos existentes y
sus aptitudes.

Para mayores detalles en cuanto a esta importante publicacién se sugiere a los que
asi lo deseen, dirigirse a las Oficinas Centrales de OMS en la siguiente direccion: Or-
ganizacion Mundial de la Salud, 1211 Ginebra 27, Suiza.

Avances en Diabetes y Nutricion. — Adolfo Zavala. Buenos Aires, Argen-
tina, Editorial Celcius, S.A., 1987, 347 p. Espaiiol. ISBN 950-9018-
45-7. S

Esta obra, como bien dice el Dr. Zavala en su prologo, estd destinada al médico
internista y a los auxiliares de la medicina, buscando con ello tratar de acercarles los
conocimientos actuales sobre los problemas de nutricion y diabetes.

Por lo tanto, se comentan los iiltimos adelantos y experiencias en las diversas
areas y cual debe ser, a partir de los mismos, el manejo de los pacientes con dichas
patologias. Para cumplir este objetivo, el autor se ha empeiiado en reunir las mas
importantes anotaciones e investigaciones.

La orientacion esta destinada a lograr un manejo clinico-diagnéstico y terapéuti-
co actual. Se ilustran asi las exposiciones con esquemas y con experiencias personales,
asi como con casos clinicos que evidencian los diagramas de manejo.

Los temas han sido elegidos de acuerdo con las areas de evidente interés para el
médico internista, donde existan controversias, nuevos avances o cambios de conducta
clinico-diagnodstica o terapéutica. La eleccion de los diversos temas se ha realizado
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luego del dialogo con colegas en los cursos que el autor ha efectuado, especialmente
en el interior de su pais, Argentina.

En resumidas cuentas, el autor se propone brindar estos estudios y experiencias
para el logro de un mejor entendimiento de la especialidad y del manejo de los pacien-
tes.

En la preparacién de su obra, ha contado con la valiosa colaboracién de 16 cole-
gas con amplia experiencia. El primero de ellos, su maestro, Dr. Félix E. Puchuli (h),
una de las tres personas a quien el Dr. Zavala dedica su obra.

Esta consta de 15 capitulos, los que versan sobre los siguientes topicos: La etio-
patogenia de la diabetes y su clasificacion. Métodos de exploracion del metabolismo
de los hidratos de carbono; proteinas glicosiladas: Criterios de control y objetivos del
tratamiento de la diabetes - manejo de la diabetes insulinodependiente. Bases fisio-
patologicas para la dietoterapia de la diabetes. Imnunosupresion en el tratamiento de
la diabetes insulinodependiente. Insulinoterapia. Sistemas de infusion de insulina.
Utilizacion del ejercicio fisico en el tratamiento de la diabetes en la obesidad. Diag-
nostico y manejo de las alteraciones de miembros inferiores en el diabético. Bases
fisiopatologicas para la dietoterapia de la obesidad. Diagndstico y manejo de las
dislipoproteinemias. Bases fisiopatologicas para la dietoterapia de la arterioesclerosis.
Bases fisiopatologicas para la dietoterapia de la hipertension arterial. Finalmente,
Principios generales de alimentacion enteral y parenteral.

Los lectores interesados en adquirir esta obra deben dirigirse a la Editorial Celcius,
S.A., en Dean Funes 472/476 Buenos Aires, Argentina.



OTRAS PUBLICACIONES

El ABC de la Nutricion. Qué comer, cudnto y por qué. — Arturo Lopez
Gil. Buenos Aires, Argentina, Editorial Celcius, S.A. 1.J.. Vallory,
1986, 242 p. ISBN 950-9018-41-4,

Este libro, cuya cubierta la ilustran cuatro figuras representativas de un detalle
de friso egipcio: Trueque de alimentos, “Vieja friendo huevos” de Diego Veldsquez,
“Los comedores de papas” de Vincent Van Gogh y “El desayuno” de Fernando
Léger, esta dedicado a la memoria del maestro del autor, Profesor Dr. Pedro Escudero
(1877-1963), preclaro instituidor de la ciencia de la nutricion humana,

Se inicia con un breve prologo de pensamientos del Prof. Pedro B. Landabure,
un Prefacio - en pos de la comida, y la introduccion que se intitula ;El hombre es lo
que come?

Consta de siete caprtulos: I. Un Millon de Afios de Comida. IL La Conducta Ali-
mentaria y sus Por qué. IIl. El Enigma de los Alimentos y su Revelacion. IV, La
Ronda de los Nutrimentos. V. El Codigo de la Alimentacion y sus Mandamientos.
VL El Estado de la Nutricion: Analicelo Usted Mismo. VIL La Prolongacién de la
Vida y la Alimentacion. Incluye un Epilogo sobre “Ciencia y Experiencia al Servicio
de la Nutricion”, y un Apéndice que constituye una guia del régimen normal de ali-
mentacion.

Los pormenores referentes a la adquisicion de este bonito volumen pueden inqui-
rirse de Editorial Celcius S.A. - J4.J. Vallory, en Dean Funes 472/76, 1214 - Buenos
Aires, Argentina. '

Food and Culture among Bolivian Aymara - Symbolic Expressions of
Social Relations. — Mick Johnsson. Uppsala, Sweden. Distribuido por
Almqgvist & Wiksell International, 1986, 188 p. Inglés (Uppsala
Studies in Cultural Anthropology 7). - Precio: AWK.123.00 (P.O.
Box 638), S. - 101 28, Stokholm, Sweden. ISBN 91-554-1962-3,
ISSN 0348-5099. ‘

Esta disertacion relaciona los habitos alimentarios de los indios Aymara en los
Andes Bolivianos, a su estructura social. Se analizan y comparan las relaciones en el
seno familiar y entre las familias y grupos locales de los medios rural y urbano. Se hace
una comparacion entre los patrones y valores historicos de las relaciones sociales y las
relaciones que hoy dia privan a nivel familiar y a nivel de la comunidad con respecto a
diversos aspectos de la cultura alimentaria.
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La estructura social de los Aymara se caracteriza por sus relaciones no jerarquicas,
un alto grado de flexibilidad, y ausencia de linderos sociales dentro del grupo familiar.
Por otro lado, los Aymara tienden a trazar fronteras alrededor de pequerios grupos de
caracter local.

Los conceptos analiticos utilizados para organizar los datos etnograficos son tres:
independencia, igualdad y reciprocidad. Estos son los valores medulares que dominan
los juicios de las relaciones sociales de los Aymara. Contienen valores cognoscitivos
basicos que se expresan en normas sociales, codigos lingiiisticos en particular, y estan
institucionalizados en roles sociales intercambiables, un liderazgo rotativo, y relacio-
nes permanentes y reciprocas.

Los alimentos son un medio de comunicacion en todas las relaciones citadas, y
en el establecimiento de valores inherentes a los tres conceptos medulares. Los mismos
mensajes rigen las diferentes etapas de produccion, preservacion, distribucion, prepara-
cién y consumo de los alimentos: éstos y las comidas se usan para expresar cohesion
de grupo, mantenimiento de linderos y cruce de fronteras, igualdad y competencia,
dependencia e interdependencia, inclusion y exclusion.

Las caracteristicas de las relaciones sociales tradicionales dentro del seno familiar
y de los grupos locales también aplica a la esfera de alimentos. Esos limites se reflejan
en los platos que conforman la comida, en el bajo grado de separacion entre los ingre-
dientes de una comida,y en la preparacion y porciones de la comida. En las comidas
que se sirven en las fiestas se registra e interpreta un alto grado de complicaciéon.

El libro se divide en siete capitulos principales, como sigue: L “Meollo Central y
Estructura.” II. “Costumbres Alimentarias de los Aymara - una Relacion Etnogra-
fica.” IIL “Independencia - Identidad y Mantenimiento de Linderos de los Aymara.”
IV. Igualdad - La Falta de Fronteras Internas.” V. “Reciprocidad - Una Estrategia
en las Relaciones Sociales de los Aymara.” VL “La Fiesta de San Miguel, en Taypi.”
Por ultimo, VII. “El Lenguaje de los Alimentos. Resumen, y Discusion Final.”

Incluye ademas, cuatro apéndices: A. Nociones del Valor Nutritivo de la Dieta
del Altiplano. B. Lugares, Personas y Relaciones. C. Alfabeto Fonético Aymara, y
D. Glosario. Finalmente, Referencias.

Las personas interesadas en adquirir un ejemplar de esta interesante Tesis, pueden
solicitarla de la Firma Editora Almqvist & Wiksell International, en la direccion que se
indica en el encabezamiento de esta resena.



NOTAS

8th INTERNATIONAL CEREAL AND BREAD CONGRESS
CEREALS 88
30 May to 2 June 1988
Lausanne, Switzerland

El Congreso se llevara a cabo en el lugar y fechas sefialados, bajo el patrocinio de
la International Association for Cereal Science and Technology (ICC), cuyo lema es:
Cereales - Nutricion basica para todos.

Este evento proporcionara una excelente oportunidad a cientificos, tecnélogos y
otros especialistas en economia de granos y pan, para un mayor acercamiento y un
intercambio positivo de juicios y pensamientos.

Durante el término de cinco dias, especialistas altamente calificados expondran
los desarrollos mas recientes y resultados que se ha logrado en el campo de la ciencia
y tecnologia de cereales. Las conferencias y presentaciones se expondrdn en tres sesio-
nes paralelas, y seguidamente habra exhibiciones, excursiones, y una exhibicion téc-
nica. Se dispondra de traduccion simultinea para aquellas personas que diserten en
aleman, inglés, francés o ruso.

Previo al Congreso tendran lugar las sesiones anuales del Comité Técnico y del
Consejo Ejecutivo, asi como el desarrollo de un simposio sobre sorgo y mijo. Ademids,
durante el Congreso en si, se llevard a cabo la Asamblea General de la ICC y un Semi-
nario por parte de los miembros suizos, el cual versard sobre proteccion de existencias.

El programa cientifico cubrird los siguientes topicos de importancia: Nuevos mé-
todos de fitomejoramiento; técnicas de cultivo; otros cereales; germinacion; almacena-
miento; proteccion de existencias; intercambio mundial de cereales; molienda; horneo;
Durum y pasta; extrusion; nutricion; la computacion en la ciencia de los cereales;
andlisis; biotecnologia, y uso industrial de cereales.

Los interesados en asistir pueden recabar la informacién necesaria de: Tourist
Office and Convention Bureau, P.0. Box. 248, CH-1000 Lausanne 6, Switzerland.

PRIMER CONGRESO LATINOAMERICANO DE MICROBIOLOGIA
DE ALIMENTOS
Primer Simposio Argentino de Conservacion de Alimentos
30 de noviembre a 4 de diciembre de 1987
Buenos Aires, Argentina

Organizado por la Division de Alimentos, Medicamentos y Cosméticos de la Aso-
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ciacion Argentina de Microbiologia, este Congreso tendra como sede, juntamente con
el Simposio y la Exposicion que contempla el programa de actividades, el Centro Cul-
tural General San Martin, en Sarmiento 1551, Buenos Aires.

Los temas principales de este evento seran: Microbiologia de aguas; enterotoxi-
nas; microbiologia industrial; regulacion y control; enfermedades transmitidas por
alimentos; ensefianza de la microbiologia aplicada; educacion sanitaria, micotoxinas;
botulismo; biotecnologia aplicada a la industria alimentaria; microbiologia de produc-
tos lacteos, y de carnes; conservacion de frutas y hortalizas —aspectos microbiologicos;
cultivos iniciadores; manipulacion genética— su aplicacion en alimentos; plantas proce-
sadoras de pollos —aspectos microbiolégicos; transferencia de tecnologia a la industria
alimentaria; estado actual y perspectivas de la investigacion en microbiologia de ali-
mentos en Argentina.

Los temas principales del Simposio, asimismo, seran los siguientes: Mecanismos
de accion de los procesos de conservacion de alimentos; avance en el uso de aditivos
antimicrobianos en la conservacion de alimentos; conservacion de alimentos mediante
técnicas combinadas; avances recientes en la prevencion del desarrollo de hongos y
produccion de micotoxinas en granos almacenados.

La Comision Organizadora, cuyo presidente actual es el Dr. Alfredo A. Moro, se
encuentra gestionando la participacion de destacados especialistas extranjeros, habién-
dose confirmado ya la presencia de los Dres. G. Gould, de Inglaterra, ydel Dr. F. F.
Busta, de Estados Unidos de América.

La exposicion se desarrollard simultaneamente con el Congreso y el Simposio, y
contard con la participacion de instituciones oficiales y privadas, nacionales e interna-
cionales; fabricantes, distribuidores, comerciantes y prestarios de servicios relacionados
con los temas del acontecimiento.

El idioma oficial del evento sera el espafiol, y las presentaciones programadas en
otras lenguas, se traduciran al mismo.

A los interesados en participar, se les sugiere comunicarse directamente con la Se-
cretaria de la Asociacion Argentina de Microbiologia en Bulnes 44 - Planta Baja “B”
- (1176) Buenos Aires, Argentina.
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factores socioecondmicos, de orden antropologico o cultural, relacionados con la nutri-
cion humana,
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propios o recomendaciones de aplicacion practica, debidamente respaldadas por argu-
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1. Las diversas contribuciones deben ser originales, a maquina, a doble espacio y en
triplicado.

2. Los trabajos serdn remitidos al Editor General de la Revista después de haber sido
cuidadosamente revisados por el autor,

3. Los manuscritos pueden ser redactados en espaiiol, inglés, portugués y francés,
segin la preferencia del autor.

4. No se aceptardn trabajos que, a juicio del Editor General, ocupen desproporciona-
do espacio.

C. ORGANIZACION DEL MANUSCRITO
Se recomienda organizar cada manuscrito como sigue:

1. Titulo

La primera pigina del manuscrito debe contener el titulo completo del trabajo en
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mayusculas, nombre completo y apellido del autor, institucion de origen con letras ini-
ciales mayusculas y el resto en mindscula. (En la pagina siguiente debe indicarse el
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 hipdtesis 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, deberan mencionarse, e incluir
sblo los detalles de técnica que representan modificaciones substanciales del procedi-
miento original. Cuando se utilicen términos locales o regionalismos, éstos deberan
ser aclarados mediante su denominacion cientfifica o de uso general.

5. Resultados

Estos se presentaran en lo posible en Tablas y/o Grdficas que seran respaldadas
por célculos estadisticos, evitando la repeticién de datos y seleccionando la forma que
en cada caso resulte adecuada para la mejor interpretacion de los resultados. Si hubie-
ra subdivisiones ellas se encabezarin con un subtitulo.

a) Las grificas e ilustraciones deberan 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 debera sefialarse la 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 debera indicarse, a ldpiz, al margen del
texto original. Los simbolos deberdn especificarse en la propia grafica.

c) Los ejes (coordenadas) de las ilustraciones deben tener una indicacion clave
del fendomeno que representan, asi como de las unidades de medida.

d) Cada grifica o ilustracion deberd identificarse con la leyenda respectiva y
contar con los datos imprescindibles para su interpretacion.

e) Las tablas deben numerarse segin 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 identificaran
con letras minusculas consecutivas colocadas como post-fijo superior en la cifra o valor
correspondiente. Los encabezamientos de as columnas deben ser cortos o abreviados,
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incluyéndose, en nota al pie, una aclaracién 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 la expresion ©/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 simultdneamente 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, la naturaleza del trabajo lo per-
mita, puede hacerse una discusiéon 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 seccidon precedente, aplican igualmente a esta seccion.

7. Resumen en inglés

Todo trabajo debera acompafiarse de un resumen en inglés, si el trabajo original
fuese en espafiol, francés o portugués. Si el trabajo es en inglés, este resumen debe
presentarse en espaiiol. El titulo del trabajo también debe redactarse en inglés.

8. Agradecimiento (silo hubiere)

9. Citas bibliogrificas y Bibliografia

Las citas bibliogrificas se indican con niimeros 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 serdn
presentadas de acuerdo a los siguientes ejemplos:

a) De revistas:

Liendo Coll, P, & J. M. Bengoa. Necesidades caloricas de la poblacion vene-
zolana. Arch. Venez. Nutr., 5:39-50, 1954.

b)  De libros:

Gomez, P., F. Silvio & R. Gadmora. Los Aminodcidos en Alimentos. Caracas,
Ed. Futura, 1972, p. 30.

¢)  Delibros 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.inclusién
sea necesaria debera indicarse su orden de aparicion en el texto mediante niimeros aré-
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, deberan indicarse
completas la primera vez que se citan, seguidas de la sigla entre paréntesis. De prefe-
rencia, deberan 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, etc.

12. Nomenclaturas

ﬁeberé usarse la nomenclatura de la Unién Internacional de Ciencias de l1a Nutri-
cion (IUNS) para vitaminas y otros nutrientes. En las unidades de mediciéon se em-
pleara el Sistema Métrico Decimal. Paralas unidades de energia se usaran caloria (Cal)
o Joules (J) indiscriminadamente.

13. Resultados numéricos

Al consignar nimeros se usard el punto (.) para indicar decimales, p. ej. 35.7;
389.9, y la coma (,) para indicar miles, millones eic.

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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