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ABSTRACT 

The objective of child nutrition is not only achieving adequate pondostatural 

development, it is also especially prevent nutritional deficiencies and prevent disease 

with high morbidity and mortality, and aim to reduce the risk of chronic adult diseases 

related to diet as many of the disorders that definitely set in adulthood, begin to 

develop in the early stages of life. Therefore, the pediatric age is the time when the 

implementation of any measures to prevent errors or harmful health habits may be 

more effective. 

Child malnutrition remains a serious public health problem in Honduras, with a 

national prevalence according to reference values WHO 29% in children under five 

years. In addition, the average of chronic malnutrition in this region is amounts the 

80% in poor and indigenous communities. Another problem in the country is the early 

cessation of exclusive breastfeeding, only 29.7% of children were fed exclusively 

breastfed until six months. The study consisted of a cross-sectional descriptive 

anthropometric assessment in which the nutritional status and the prevalence of 

undernourishment, and malnutrition in 141 children aged between 6 months and 5 

years, belonging to urban and rural regions of the country are analyzed, as well as 

assessing the prevalence of breastfeeding on 5 Honduran departments (Intibucá, 

Lempira, Atlántida, Olancho and Francisco Morazán). When analyzing department 

observed differences in nutritional status and breastfeeding as were an urban or rural 

area, the latter being doubled in the case of chronic malnutrition and underweight 

with percentages of 14.6% in urban areas versus 28%, 8% rural areas, and 4.6% in 

urban areas compared to 9% in rural areas, respectively. However, in acute 

malnutrition and overweight in both regions, similar values were observed above 1.1% 

for acute and 14% for overweight malnutrition. In relation to exclusive breastfeeding 

for 6 months, the departments of Olancho Lempira and showed it last up to 2 years, 

with a percentage distribution of 80% and 48%, respectively. Importantly, 36% of 

mothers did not provide breastfeeding, standing out as the highest rate 15% in the 

department of Francisco Morazán. 
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The second study analyzed an alternative for iron deficiency diet during early 

complementary feeding (4-7 months), often influenced by various factors such as the 

chemical nature and the amount of iron in the diet, the presence other nutrients or 

antinutrients in foods eaten, the effects of gastrointestinal secretions and absorptive 

capacity of the intestinal mucosa. Therefore, the guidelines on feeding the child should 

have as its primary objective the efficient contribution in key nutrients like iron. The 

aim of this study was to analyze the availability and solubility in vitro of different salts 

of Fe in infant cereals in order to know what is the most suitable. The study was 

designed to analyze the in vitro availability of iron in infant cereals enriched with six 

different sources of iron (Elemental Iron, Iron Sulfate, Iron Pyrophosphate, 

Pyrophosphate Emulsified Iron Lipoferum®, Ferrous Bisglycinate Ferrochel®, Amino 

Acid Iron Chelate) added to the infant cereal "Multicereal" at 6 month intervals, for 

two years, as well as a sensorial analysis. Children's cereals were reconstituted with 

water to evaluate by an in vitro method comprising possible differences enzymatic 

digestion under conditions simulating the physiological conditions of the 

gastrointestinal system of children under six months. Iron was determined by atomic 

absorption spectrophotometry flame. For statistical analysis ANOVA was performed 

and Tukey test for multiple comparisons (significant at p values (<0.05). Iron sources 

that were most available (5.56% ± 0.59) and soluble (9.62% ± 0.04) in infant cereals 

were ferrous Bisglycinate and emulsified Pyrophosphate, iron respectively. Then 

formulas and infant cereals are enriched as established by legislation. However, 

enrichment of infant food is not always as effective. In the case of iron, not all salts 

authorized by law have the same bioavailability, and therefore a low absorption of iron 

undetected leading to deficiency situations may occur. Note that the addition of iron 

salts did not alter the organoleptic characteristics of the product. The use of iron salts 

with high solubility, availability and without altering the sensory characteristics of the 

product are the key to adequate enrichment in these foods. The compounds of Ferric 

iron and iron Bisglycinate shown as the best alternative. 

In the third study we analyzed 18 baby food (10 made from traditional 

Honduran recipes, and 8 industrial baby food sold in that country) involving the staple 
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food of Honduran excluded infants breast milk and infant formulas. The content and 

bioacesiblidad (solubes and dialysable fractions) of Fe and Zn were determined. For 

this in vitro gastrointestinal digestion in a first phase of gastric digestion (pepsin) 

followed by a second phase of intestinal digestion (with pancreatin and bile salts) was 

simulated. The atomic absorption spectrometry mineral content measured in fractions 

soluble and dialyzable. Traditional porridges Hondureñas (PTH), showed low density of 

micronutrients studied being the PTH prepared based on "rice with beans and greens," 

"rice with ground beans" and "beans with banana" which had a higher content values 

of 1.96, 1.56, and 1.46 mg Fe / 100g respectively although in vitro availability values 

below 50% of its content. For Zn in these recipes, the values found were very low being 

below the detection limit. In relation to industrial porridges (PIH), those of "rice", 

"wheat with milk" and "5 Cereals" they had a higher content of Fe (9.4, 8.53 and 7.56 

mg Fe / 100g, respectively ). Its availability in vitro was greater than 70% in all cases. 

PIH Zn showed values of 1.36, and 0.99 mg Zn / 100g samples of "wheat with milk" and 

"wheat with honey", respectively, and increased availability of 75%. Is shown that PTH 

have some limitations in its formulation that makes the selected micronutrients are in 

fewer and even less bioaccessible, compared with PIH, so review is recommended to 

avoid supplementation of these micronutrients and help improve the nutritional status 

of the child population as Honduran model country in Central America. 

The four study is focusing in the importance of folates and the relationship 

between health and a correct nutrition. At the age of 6 month, most infants begin to 

eat supplementary semi-solid foods. At this stage, homogenized infant foods, also 

known as “homogenized Beikosts” play a major role in their nutrition being is 

fundamental to provide high quality energy, taking into account that a 6-month-old 

infant obtains around 20% of total daily energy from beikost, reaching 50% at 10 

months life. The daily recommendation intake (DRI) for this vitamin during the first 

year is 450-500 µg/day, but it must be taken into account that not all the ingested 

vitamin is absorbed in the intestine. Therefore, the bioavailability of folate is 

commonly estimated at 50% of folic acid when establishing food recommendations, 

but this should be considered a rough estimate, as data on the bioavailability of food 
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folate vary between 30% and 98%. Some factors influencing in that fluctuation are the 

multiple isoforms of this vitamin and variations of the susceptibility to degradation 

during processing, the initial amount or the influence of environmental factors such as 

pH, oxygen, antioxidants, metals, ions, etc. Therefore, the aim of this study was to 

evaluate the content and the total in vitro availability of folate and its mono glutamate 

isoforms in homogenized beikosts. The analysis of different homogenized beikosts and 

6 different infant’s cereals was performed by HPLC equipped with fluorescent 

detector. Results obtained showed that the folate content in final products was higher 

than expected with respect to raw material with percentages varying from 22% to 

84%. In addition, 5-metil-thetrahidrofolate (5-MTHF) was the predominant chemical 

form in the raw material and in the final products, and it was observed that the 

weaning foods with the highest folate content (138 µg/100 g) were those elaborated 

with beef liver. Folate intake from weaning food can supply from 45% to 90% of the 

daily DFE requirements of children from the ages of 6 months to 1 year, and this 

represents 36 µg/100 g and 72 µg/100 g per day, respectively. Later, an in vitro 

gastrointestinal digestion of samples was performed. Results indicated that weaning 

foods with the highest folate availability were those elaborated with meat or fish with 

a vegetable base, probably due to the high folate content in the different ingredients 

used Specifically, from the 10 different samples of “homogenized Beikosts” those with 

the highest in vitro availability were chicken with rice, beef liver and vegetables and 

hake with vegetables. When infant´s cereals were analyzed, the highest folate in vitro 

availability was observed in the sample made with cereals and fruits. 

Breast milk is the ideal natural food. The aim of this study was understanding 

how the physiological status, diet, environmental factors, or the geographical situation 

linked to socio-cultural issues of mothers from different origins, (Brazil, Egypt, Spain 

and Honduras), can affect the composition in the microbiota, proteins (Lactoferrin, 

Haptocorrin), and profile Long Chain Fatty Acids of breast milk mothers from different 

backgrounds. We analyze 28 mature milk samples, from healthy mothers. 7 for each 

country and was determined by content of 2 bio proteins haptocorrina (HC) and 

Lactoferrin (LF) by western blot the procedure was divided into 4 phases: 
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electrophoresis, transfer, antibody stage and the membrane development storage. The 

chain fatty acids were dissolved in hexane and methylated in 2N potassium hydroxide 

in methanol extracted by the gas chromatography, and the microbiota genres of 

Staphylococcus, Streptococcus Bifidobacterium, Lactobacillus, and total bacteria were 

analyzed by qPCR. What we can clearly state from our results is that the differences 

observed in the four countries could perfectly be because of the different diets 

consumed in each country. Infants of Brazil and Spain ingest more LF so that could 

explain a lower incidence in gastrointestinal infections, lower anemia rates, etc. Infants 

in Egypt and Honduras consume more HC, so that would involve a better neural 

development and lower megaloblastic anemia rates. Infants from all three countries 

have a high consumption of palmitic acid an exception of Spain but this country It 

shows a high concentration of Linolelaidico acid which could indicate an abandonment 

of the Mediterranean diet and increase in processed food. In terms of microbial load 

all countries showed low content of bacteria in milk being Honduras and Egypt which 

had perhaps more as a defense to help to development of the immune system as a, 

mechanism against a more hostile environment. Conclusion: What we can clearly state 

from our results is that the differences observed in the four countries could perfectly 

be because of the different diets consumed in each country. 

Finally, Food for children in Honduras has many caused problems, not only to 

the limited availability of food at the household level, but also the lack of knowledge of 

mothers regarding food that the child needs, your health and how prepare. The aim of 

the study was with all information collected in previous studies and some new 

questionnaires identify the erroneous patterns breastfeeding and complementary 

feeding in infants in Honduras and design an educational tool intended to help 

mothers with a high degree of illiteracy, and create habits in children making this guide 

in a children's book for primary schools and, as a guide for illiterate mother. View as in 

a comprehensive manner, aspects of breastfeeding and complementary feeding. 

Methods: The study was a descriptive cross-evaluation 100 Honduran families with 

children under 24 months. Analyses were performed in 5 departments (Olancho, 

Intibucá, Lempira, Atlantis and Francisco Morazán), by a simple random sampling. a 
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pre-encoded with food, demographic, socioeconomic, environmental, clinical patterns, 

and applying the method of consumption frequency for children under 24 months 

form was used. Results: A high percentage 67% of families did not practice exclusive 

breastfeeding during the first two months, though, that 94% of stem surveyed if 

mother surveyed if they gave breastfeeding, (P <0.005).The 31% of mothers 

participating in the study had a low educational level and 6.4% were illiterate. The 

prevalence of underweight in this population was 11% and 20% in chronic 

malnutrition. Conclusions: food and nutrition education is an essential element in the 

prevalence and control of health problems related to diet, the results suggest the need 

to modify unwanted behaviors that are deeply rooted in the social and cultural context 

of the Honduran families. 
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RESUMEN 

El objetivo de una adecuada nutrición infantil no es solo conseguir un 

desarrollo pondoestatural adecuado, sino evitar carencias nutricionales y prevenir 

enfermedades con alta morbilidad y mortalidad, Reducir el riesgo de las enfermedades 

crónicas del adulto relacionadas con la desnutrición en la infancia, y que se pueden 

perpetuar en la vida adulta es clave, ya que, comienzan a desarrollarse en las primeras 

etapas de vida. Por tanto, la edad pediátrica es el momento en que la aplicación de 

cualquier medida dirigida a evitar errores o hábitos nocivos para la salud es más eficaz. 

La desnutrición infantil sigue siendo un grave problema de salud pública en 

Honduras, con una prevalencia nacional según valores de referencia de la OMS del 

29% en niños menores de cinco años. Además el promedio de desnutrición crónica en 

la región asciende hasta el 80% en comunidades pobres e indígenas, convirtiendo a 

Honduras en el segundo país en la región centroamericana con mayor incidencia de 

desnutrición crónica. Otro de los grandes problemas que presenta la región es 

consecuencia del abandono precoz de la lactancia materna exclusiva, solo el 29.7% de 

los menores es alimentado exclusivamente con leche materna hasta los seis meses. 

Por ello, el estudio planteado busca conocer, identificar y cuantificar la situación con 

factores determinantes y brindar información para el diseño de políticas públicas. El 

estudio consistió en una evaluación antropométrica descriptiva transversal en la que 

se analizó el estado nutricional y la prevalencia de malnutrición en 141 niños con 

edades comprendidas entre los 6 meses y los 5 años, pertenecientes a regiones 

urbanas y rurales del país, así como, la valoración de la prevalencia de la lactancia 

materna en 5 departamentos hondureños (Intibucá, Lempira, Atlántida, Olancho y 

Francisco Morazán). Por departamentos, observamos diferencias en el estado 

nutricional y de lactancia según se trate de un área urbana o rural, siendo esta última 

el doble en el caso de la desnutrición crónica y de la desnutrición global con 

porcentajes del 14.6% en áreas urbana frente a 28.8% en áreas rurales para la 

desnutrición crónica y el 4.6% en áreas urbana frente al 9% en áreas rurales, en la 

desnutrición global. Sin embargo, la desnutrición aguda y el sobrepeso en ambas 
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regiones, mostraron valores por encima del 1.1% y del 14%, respectivamente. En 

relación con la lactancia materna exclusiva durante 6 meses, los departamentos de 

Lempira y Olancho mostraron una duración de la misma (no exclusiva) hasta los 2 

años, con una distribución porcentual del 80% y 48%, respectivamente. Es importante 

destacar que un 36% de las madres no proporcionaron lactancia, destacando como la 

tasa más elevada (15%) en el departamento de Francisco Morazán.  

El segundo estudio analizó los cereales enriquecidos con hierro como una 

alternativa para asegurar su ingesta en lactantes al iniciar la alimentación 

complementaria. Sin embargo, existen muy pocos datos científicos sobre la 

biodisponibilidad de Fe en este periodo crítico. Por ello, el objetivo de este estudio ha 

sido analizar la disponibilidad in vitro de diferentes sales de Fe en cereales infantiles 

con el fin de conocer cuál es la más idónea. Se analizó la solubilidad y diálisis de 6 

fuentes de hierro (Hierro Elemental, Sulfato de Hierro, Pirofosfato de Hierro, 

Pirofosfato de Hierro Emulsionado, Bisglicinato Ferroso, Aminoácido Férrico quelado) 

adicionadas al cereal infantil “Multicereales”, a intervalos de 6 meses, durante dos 

años, así como un análisis sensorial. Los cereales infantiles fueron reconstituidos con 

agua desionizada y digeridos simulando las condiciones fisiológicas del sistema 

gastrointestinal de niños menores de seis meses. El hierro se determinó por 

espectrometría de absorción atómica de llama. Para el análisis estadístico se realizó un 

ANOVA y test de Tukey para las comparaciones múltiples (p<0.05).Las fuentes de 

hierro que resultaron más disponibles (5.56%±0.59) y solubles (9.62%±0.04) en 

cereales infantiles fueron el Bisglicinato Ferroso y el Pirofosfato de Hierro 

emulsionado, respectivamente. Destacar que la adición de las sales de hierro no alteró 

las características organolépticas del producto. El empleo de sales de hierro con una 

elevada solubilidad, disponibilidad que no alteren las características sensoriales del 

producto es la clave de un adecuado enriquecimiento en este tipo de alimentos. Los 

compuestos de hierro Férrico y el Bisglicinato de Hierro se muestran en este escrito, 

como las mejores alternativas.  

En el tercer estudio se han analizado 18 alimentos infantiles (10 elaborados con 

recetas tradicionales hondureñas y 8 papillas industriales comercializadas en ese país) 
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que suponen la base de la alimentación de los lactantes hondureños excluida la leche 

materna y las fórmulas infantiles. Se determinó el contenido y bioacesiblidad 

(fracciones solubles y dializables) de Fe y Zn. Para ello se simuló una digestión in vitro 

gastrointestinal con una primera fase de digestión gástrica (con pepsina) seguida de 

una segunda fase de digestión intestinal (con pancreatina y sales biliares), y se midió el 

contenido mineral en las fracciones soluble y dializable. Las papillas tradicionales 

Hondureñas (PTH), mostraron baja densidad de los micronutrientes estudiados siendo 

las PTH elaboradas con base de “Arroz con frijoles y hojas verdes”, “Arroz con frijol 

molido” y “Frijoles con plátano” las que presentaron un contenido superior con valores 

de 1.96, 1.56, y 1.46 mg Fe /100g, respectivamente aunque con valores de 

disponibilidad in vitro inferiores al 50% de su contenido. Para el Zn, los valores 

encontrados en estas recetas fueron muy bajos estando por debajo del límite de 

detección. En relación a las papillas industriales (PIH), las de “Arroz”, “Trigo con leche” 

y “5 cereales” presentaron un mayor contenido de Fe (9.4, 8.53 y 7.56 mg Fe/100g, 

respectivamente). Su disponibilidad in vitro fue mayor del 70% en todos los casos. Las 

PIH mostraron valores de Zn de 1.36, y 0.99 mg Zn /100g en las muestras de “Trigo con 

leche” y “Trigo con miel”, respectivamente, y una disponibilidad mayor del 75%. De los 

resultados, se puede afirmar que las PTH poseen algunas limitaciones en su 

formulación que hace que los micronutrientes seleccionados se encuentren en menor 

cantidad e incluso menos bioaccesibles frente a los PIH, por lo que se recomienda su 

revisión para evitar la suplementación de estos micronutrientes y ayudar a mejorar el 

estado nutricional de la población infantil hondureña como país modelo de la región 

centroamericana. 

El cuarto estudio se centra en la importancia de los folatos y la relación entre la 

salud infantil y una correcta nutrición. A la edad de 6 meses, la mayoría de los niños 

empiezan a comer alimentos semi-sólidos complementarios. En esta etapa, los 

alimentos infantiles homogeneizados, también conocidos como "Beikosts 

homogeneizados" juegan un papel importante en su nutrición, siendo fundamental 

para proporcionar energía de alta calidad, teniendo en cuenta que un niños de 6 

meses obtiene alrededor del 20% del total de energía diaria con el beikost y llegando al 
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50% a los 10 meses de vida. La ingesta diaria recomendada (IDR) para esta vitamina, 

durante el primer año, es de 450-500 μg / día, pero hay que tener en cuenta que no 

toda la vitamina ingerida se absorbe en el intestino. Por lo tanto, la biodisponibilidad 

del folato se estima comúnmente como el 50% de ácido fólico al establecer las 

recomendaciones de alimentos, pero esto debe considerarse una estimación 

aproximada, ya que los datos sobre la biodisponibilidad del folato de alimentos varían 

entre el 30% y el 98%. Algunos factores que influyen en esa fluctuación son las 

múltiples isoformas de esta vitamina y las variaciones de la susceptibilidad a la 

degradación durante el procesamiento, la cantidad inicial o la influencia de factores 

ambientales tales como pH, oxígeno, antioxidantes, metales, iones, etc. En este 

estudio se evaluó el contenido y la disponibilidad in vitro total de folato y sus isoformas 

de mono glutamato en diferentes beikosts homogeneizados y en 6 cereales, infantiles, 

mediante HPLC equipado con detector fluorescente. Los resultados obtenidos 

mostraron que el contenido de folato en los productos finales era superior al esperado 

con respecto a la materia prima, con porcentajes que varían del 22% al 84%. Además, 

el 5-metil-tetrahidrofolato (5-MTHF) fue la forma química predominante en la materia 

prima y en los productos finales, y también se observó que los alimentos de destete 

con mayor contenido de folato (138 μg / 100 g) eran los elaborados a base de hígado 

de vacuno. La ingesta de folato de los alimentos de destete puede suministrar de 45% 

a 90% de los requerimientos diarios de DFE de niños de 6 meses a 1 año, y esto 

representa 36 μg / 100 g y 72 μg / 100 g por día, respectivamente. Posteriormente, se 

realizó una digestión gastrointestinal in vitro de las muestras. Los resultados indicaron 

que los alimentos de destete con la mayor disponibilidad de folato eran aquellos 

elaborados con carne o pescado con base vegetal, probablemente debido al alto 

contenido de folato en los diferentes ingredientes utilizados, concretamente pollo con 

arroz, hígado de ternera y verduras y merluza con verduras. Cuando se analizaron los 

cereales infantiles, se observó la mayor disponibilidad in vitro de folato en la muestra 

hecha con cereales y frutas. 

El objetivo de este estudio ha sido profundizar en cómo el estado fisiológico, la 

dieta, los factores ambientales o la situación geográfica vinculada a problemas 
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socioculturales de madres de diferentes orígenes (Brasil, Egipto, España y Honduras) 

pueden afectar la composición de la microbiota, proteínas (Lactoferrina, 

Haptocorrina), y perfil de ácidos grasos de cadena larga en leche materna de 

diferentes orígenes. Para ello se analizaron un total de 28 muestras de leche madura, 

de madres sanas. 7 por país (Brasil, Egipto, España y Honduras), y se determinó el 

contenido de haptocorrina (HC) y Lactoferrina (LF) por western blot: Electroforesis, 

transferencia, etapa de anticuerpo y almacenamiento de la membrana de 

almacenamiento. Los ácidos grasos de cadena larga se metilaron en hidróxido de 

potasio 2N y midieron mediante cromatografía de gases. Los géneros de microbiota 

estudiados fueron: Staphylococcus, Streptococcus Bifidobacterium, Lactobacillus y 

bacterias totales se analizaron mediante qPCR. Lo que podemos afirmar claramente, 

de nuestros resultados, es que las diferencias observadas en los cuatro países podrían 

ser perfectamente debidos a las diferentes dietas consumidas en cada país. Los 

lactantes de Brasil y España ingieren más LF por lo que podría explicar una menor 

incidencia en las infecciones gastrointestinales, menores tasas de anemia, etc Los 

infantes en Egipto y Honduras consumen más HC, por lo que implicaría un mejor 

desarrollo neuronal y menores tasas de anemia megaloblástica. Los lactantes de los 

tres países tienen un alto consumo de ácido palmítico a excepción de España, pero 

este país mostró una alta concentración de ácido Linolelaidico que podría indicar un 

abandono de la dieta mediterránea y el aumento de los alimentos procesados. En 

términos de carga microbiana, todos los países mostraron bajo contenido de bacterias 

en la leche siendo Honduras y Egipto los que presentaron mayor contenido en 

microbiota, que favorece la defensa para ayudar al desarrollo del sistema 

inmunológico del niño o como un mecanismo de defensa contra un ambiente más 

hostil. Lo que podemos afirmar claramente de nuestros resultados es que las 

diferencias observadas en los cuatro países podrían ser debidos a las diferentes dietas 

consumidas en cada país. 

Finalmente, una adecuada nutrición de los niños en Honduras tiene muchos 

problemas causados, no sólo por la disponibilidad limitada de alimentos en el hogar, 

sino también por el desconocimiento de las madres sobre los alimentos que el niño 
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pequeño necesita, su salubridad y la forma de prepararlos. El objetivo del último 

estudio ha sido, con toda la información recogida en estudios previos y algunos nuevos 

cuestionarios, identificar los patrones erróneos de lactancia materna y 

complementaria en lactantes en Honduras y diseñar una herramienta educativa 

destinada a ayudar a madres con alto nivel de analfabetismo y crear hábitos 

adecuados en niños. Esta guía se convierte, por lo tanto, en una guía y un libro infantil 

para escuelas primarias. Que permite ver de manera integral, aspectos de la lactancia 

materna y alimentación complementaria. El estudio fue una evaluación cruzada 

descriptiva de 100 familias hondureñas con niños menores de 24 meses. Los análisis se 

realizaron en 5 departamentos (Olancho, Intibucá, Lempira, Atlántida y Francisco 

Morazán), mediante un muestreo aleatorio simple. Y un pre-codificado con los 

alimentos, demográficos, socioeconómicos, ambientales, patrones clínicos, y la 

aplicación del método de frecuencia de consumo para los niños menores de 24 meses 

En el estudio se observó cómo, en las comunidades estudiadas, un porcentaje alto 

(67%) de las familias no practicaban la lactancia materna exclusiva durante los 2 

primeros meses, a pesar, de que el 94% de las madre encuestadas si daban lactancia 

natural (P<0.05).El 31% de las madres participantes en el estudio presentaban un nivel 

educativo bajo y un 6,4% era analfabeta. La prevalencia de desnutrición global en esta 

población fue del 11% y de un 20% en desnutrición crónica. Conclusiones: La 

educación alimentaria y nutricional es un elemento esencial en la prevalencia y control 

de problemas de salud relacionados con la dieta, los resultados plantean la necesidad 

de modificar conductas no deseadas, que están profundamente arraigadas en el 

contexto social y cultural de las familias Hondureñas. 
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(WHO) World health organization 
(T) Tall 
(E) Age 
(A) Height 
(P) Weight 
(T / E) Chronic malnutrition 
(P / T) Acute malnutrition 
(P / E) Global malnutrition 
(MDGs) Millennium development goals 
(LME) Exclusive breastfeeding 
(LM) Breastfeeding 
(UPNFM) National Pedagogical University Francisco Morazán 
(UMU) Murcia University 
(SD) Standard deviations 
(BMI) Body mass index 
(KMO) Kaiser, Meyer and Olkin 
(CFCA) Frequency questionnaires food consumption 
(SPSS) Statistical package for the social sciences 
(ODN-IHNFA) Rights observatory childhood-Honduran institute for children and 
families. 
(ENDESA) National demographic and health survey 
(ARI) Acute respiratory infections 
(AECI) Spanish agency for international cooperation for development 
(ID)Iron deficiency  
(Hb) hemoglobin  
(CFs)Complementary foods  
(IDA)Iron deficiency anaemia  
(S/C) S= soluble C mineral content 
(∆E*)Total color difference  
(L*, a* and b*)The color values  
(SD) Standard deviation 
(CIELAB) Commission International d'eclairage color model 
(CE) European Union law 
(FPP)Ferric pyrophosphate 
(PTH)Honduran traditional porridges  
(PTH) Honduran industrial porridges  
(WFP), World Food Program  
(FAO) Food and agriculture organization  
(IFAD) International Fund for Agricultural Development 
(SM2015). Mesoamérica health 2015  
(AAS)Atomic Absorption Spectrometry  
(RDI)Dietary Reference Intake  
(LAC)Latin America and Caribbean  
(THF) Tetrahidrofolate  
(5-MTHF) 5-metiltetrahidrofolate 
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(HPLC)High performance liquid chromatography 
(FNB)Food and Nutrition Board  
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(NOM) Published in Official Mexican Standard 
(AF) Folic Acid 
(PGA) Monoglutamates forms 
(DHF) Dihidrofolate 
(5-FTHF) 5-formiltetrahidrofolate 
(LF) Lactoferrin 
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(GLC) Gas Liquid Chromatography 
(GF's)Cytokines, growth factors  
(AA).Arachidonic acid  
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(ICH) International conference on harmonization  
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(TBST) Tris-Buffered Saline-Tween 20 
(AI) Amersham Imager  
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(qPCR) Quantitative real-time polimerasa  
(ND 1000) Nano Drop 1000 
(CFX )Real-Time Detection System 
(Ct) Threshold cycle 
(Y) Represents (C/T) 
(LCFA) Long chain fatty acids 
(ALA, 18: 3n-3) Linolenic acid  
(AL, 18: 2n-6) Linoleic acid  
(LC-PUFA) Long chain fatty acids polyunsaturated 
(EPA) Eicosapentaenoic acid 
(ICTA) Institute of Science and Food Technology 
(INCAP) Institute of nutrition of Central America and Panama. 
(AC)Complementary feeding  
(CNB)Basic national curriculum  
(L.)Lempiras  
(FSA)Food standards
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1.-GENERAL INTRODUCTION  
 

High rates of child malnutrition chronic having particularly vulnerable regions, 

need construction of a methodology to promote healthy habits and practices in food 

and nutrition, by creating nutritional maps with new incidence and pathological 

situations such as obesity, analysis of key compounds of diet especially related with 

the development at this stage, finding fortification strategies and finally implementing 

information and education strategy. 

Malnutrition  

Global estimation of malnutrition (WHO) indicated that, 795 million people 

remain undernourished; moreover, it is estimated that 665 million are children under-

five years suffering of chronic malnutrition, which 90% live in developing countries 

(UNICEF 2012). In addition, the global trend in the prevalence and the number of 

overweight children continues increasing with 41 million children under-five years 

representing an increase of 10% in the last five years. Malnutrition is a complex 

problem related to various causes as food, nutrition security, education, water, 

sanitation and hygiene interventions, health, poverty and the status of women (3). 

Undernutrition is an underlying cause in about a third of the child deaths worldwide (1).  

 There is evidence that large proportions of growth deficits before 5 years 

suppose stunting burden that are accumulated until the first 2 years of life. Chronic 

malnutrition may have effects also on adult health and high risk of differents chronic 

disease (4). Studies of infants born with low birth weight have demonstrated consistent 

associations with elevated blood pressure, renal dysfunction and altered glucose 

metabolism (5, 6). Also some studies related chronic malnutrition with obesity risk or 

altered energy expenditure (7, 8, 9). Therefore, it is believed that low birth weight may 

be related to a mainly risk of certain chronic diseases in adulthood (10). Moreover, 

linear growth period is most sensitive to environmentally modifiable factors related to 

feeding, infections and psychosocial care (11,12). This critical age can be divided into two 

key phases; 0–5.9 months, when exclusive breastfeeding is recommended, and 6–23.9 
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months, related when interventions to improve complementary feeding are usually 

implemented to full dependence on the family diet posing particular challenges for 

infant and young child nutrition (13). World Health Assembly endorsed the 

Comprehensive Implementation Plan (2012–2025) on Maternal, Infant and Young Child 

Nutrition, which included global targets on six nutrition indicators: stunting, anaemia, 

low birthweight, overweight, breastfeeding and wasting (13). Recent studies also 

ensuring the important of adequate maternal nutrition in the previconceptional period 

is also likely to be important (14, 15). Under nutrition may have effects also on adult 

health and chronic disease risk (4). The evidence linking stunting with obesity risk or 

altered energy expenditure is diverse. Despite the fact that it is unclear whether 

stunting may be a risk factor for obesity for itself, rapid weight gain, mainly after the 

age of 2–3 years among individuals born small at birth, is thought to lead to a 

particularly high risk of chronic disease in later life. (7, 8, 9, 10) 

Iron deficiency  

There are several approaches for the different interventions needed, to reduce 

the under-five year’s malnutrition. In this regards, Initiatives related to avoid 

micronutrients deficiency, like anaemia that is caused by deficiency of nutrients 

required for normal synthesis of erythrocytes, mainly iron, vitamin B12 and folic acid; 

these types of anaemias are known as nutritional anaemias. (16) Global estimated from 

iron deficiency, (WHO 2012) database suggests that about 42% of pregnancy woman 

and 47 % of preschool-aged children suffer from anemia. Within Honduras, anemia is a 

nationwide 39% of the population of children age 6-59 months is afflicted by anemia 

putting the country at moderate risk according to the World Health Organization (17). 

Stunted development due to iron deficiencies shows that child's age, dietary intake, 

underweight, parasitation, mother's anemia status, parental literacy, geographic 

location and socioeconomic indicators are all predictors of anemia. (18) Iron deficiency 

or iron deficiency anemia, can reflect both nutritional deficiencies and non-nutritional 

factors, such as infections, inflammation, and thalassemia hemoglobin or malaria 

endemic areas (19, 20). Honduras is considered a malaria endemic area at altitudes < 

3281 feet, and is esteemed that 15% of the anemia in this country is due to iron 
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deficiency. Also in Honduras some studies found significant association between 

underweight children and anemia and in the rural families versus urban families were 

at a significantly increased risk for anemia (21, 22). The quantity of iron absorbed from 

the diet is highly dependent on the dietary intake of iron enhancers or inhibitors. Iron 

bioavailability, is defined as the efficiency of absortion from the diet and it is used 

biologically by cells (23) and it depends on the type of iron present in foods, the amount 

and the combination of food diet. Porridge made from cereals, fruits and vegetables 

are commonly the first semisolid complementary foods are introduced into the infant's 

diet of the breastfeending (24, 25). However, home-prepared complementary foods 

generally have a low iron content and low bioavailability of iron. Despite the high iron 

content of some foods, bioavailability (BD) can vary from less than 1% up to 30% 

percentage. Non heme iron requires a low pH to be reduced from pass Fe3+ to Fe2+ the 

ferrous form can bind to complexes low molecular weight soluble. There are different 

compounds that help to stabilize Fe2+, as hydrochloric acid, organic acids of food 

(ascorbic mainly) and some amino acids (cysteine). In addition, other compounds in 

foods that reduce the absorption of iron are phytates, oxalates, tannins, polyphenols, 

insoluble fiber and certain minerals such as phosphorus, calcium, or zinc. Also copper 

and manganese seen to have inhibitions effect on iron absorption (26). 

Zinc deficiency  

Infants are at greater risk of zinc deficiency because of increased zinc 

requirements during growth. After exclusive breastfeeding, complementary foods are 

responsible to satisfy their requirements. In many low-income countries, 

complementary feeding is delayed and cereal foods are then used for feeding (27, 28). 

Zinc deficiency in early infancy is related with immune systems and diarrhea when 

losses of endogenous zinc are increased. Generally, binding of zinc to soluble ligands or 

chelators has a positive effect on zinc absorption as they increase the zinc solubility. 

After exclusive breastfeeding, complementary foods are responsible to satisfy their 

requirements infants. In many low-income countries, complementary feeding is mainly 

composed by cereal and beans, as in Honduras, Egypt or Brazil. Considering this, the 

inhibitory effects of phytic acid (inositol hexa- and penta-phosphate), present in 
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legums and cereals, on zinc can be predicted by the molar ratios of phytate: Zinc in the 

diet. Molar ratios > 15: 1 according to World Health Organization (WHO), or > 18:1 

according to International Zinc Nutrition Consultative Group (IZiNCG) can negatively 

affect to zinc absortion (29). The interactions between zinc and calcium are complex it is 

not known with certainty whether calcium increases the effect of calcium in zinc 

absortion (30, 31). Proteins generally have positive influence on zinc absorption possibly 

due to amino acids released from the animal protein keeping zinc in solution and, thus, 

increasing its absortion (27). Generally, binding of zinc to soluble ligands or chelators 

has a positive effect on zinc absorption as they increase the zinc solubility. 

Folate in infant food  

Directive 2006/125 / EC (32) of the 2006 Commission on foods made from 

cereals and baby foods for infants and young children modifies 96/5/EC, provides that 

the reference value for nutritional labeling food for infants and young children in the 

case of folate is 100 mcg (DFE). We should note that some of this vitamin, although it is 

ingested, it is not absorbed thoroughly in the intestine and therefore is not completely 

bioavailable (33, 34). The most abundant natural forms of folates are 

pteroilpoliglutamatos containing between two and seven glutamates linked by amide 

bonds (peptide) to gamma-carboxyl group. These natural folates include 5-

methylenetetrahydrofolate (5-MTHF), 5-formyltetrahydrofolate (5-formyl-THF), 10-

formyltetrahydrofolate (10-formyl-THF), 5, 10-methylenetetrahydrofolate (5, 10-

methylene-THF), 5, 10-methenyltetrahydrofolate (5, 10-methenyl-THF), 5-

formininotetrahidrofolato (5-forminino-THF), 5, 6, 7, 8-tetrahydrofolate and 

dihydrofolate (DHF). Folate naturally present in foods are in the poliglutámics form, 

which must be hydrolyzed to monoglutámics in the intestine, prior to absortion in 

children, folate deficiency is more frequent in premature infants or in those receiving 

dairy substitutes without vitamin supplements (35). Moreover, food processing and 

long-term storage of foods can lead to the loss of different vitamins including folate 

(36). 
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Fortification of complementary food  

Fortifications of complementary food with iron and zinc can be more complicated 

than fortification with other micronutrients, such as iodine or vitamin A (37) and have 

generally, low operacity to reduce under nutrition (38). The success of an enrichment 

program depends largely on the chemical form of iron added, since this determines its 

intestinal absorption and protection against inhibitors absorption that may be 

naturally present in the diet as well as the content and consumption habits of fortified 

foods (39). Most iron compounds used in industry can to interact with fortification own 

food components, causing nutritional and organoleptic alterations. Therefore, 

fortifications are often chosen with less soluble forms of iron that can show low 

absorption. Fortification with lower doses of iron is close values that appear in a 

naturally in food, and is considered safe to avoid a possible overload of body stores 

with this mineral (40, 41). Salts used for fortifying cereals and infant formulas are 

generally soluble in water, with high bioavailability. It is recommended to consumption 

of foods rich in vitamin C to enhance iron absorption. It is also recommended reducing 

consumption of foods containing iron absorption inhibitors or anti-nutrients such as 

fiber, calcium, oxalates, phytates and phosphates, which represent a decrease in the 

bioavailability of iron ingested (42). Among the inorganic iron compounds commonly 

used in baby food fortification, we can consider three diffrents groups according to 

their solubility in water: 

1. Water soluble is the more bioavailable iron compounds and is primarily used for 

the production of liquid products such as infant formulas. Its absorption may vary 

between 1 and 50%; however, salts can have a negative effect on the organoleptic 

properties (color changes and appearance of metallic taste, rancidity) and fat 

oxidation.  

2. Poorly water soluble /soluble in acidic solutions. In this case compounds are quite 

inert, with a little effect on sensory properties of food. These compounds are 

slowly dissolved in the acidic environment of the stomach. Based on this, 

organoleptic problems caused are very few compared with soluble iron 

compounds, and have a relative bioavailability similar to ferrus sulpate (43). Ferrous 
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fumarate is the main compound of this group. Ferric citrate, whose bioavailability 

is estimated at 75%, is another compound that belongs to this group, presents a 

low absorption compared to elemental iron. However, there is some evidence that 

technological treatment may influence the bioavailability of any of all these iron 

compounds. (44) 

3. There are three different types of insoluble iron compounds water (45, 46): 

 

3.1 -Iron phosphate compounds. Ferric pyrophosphate (Fe4 [P2O7] 3 * H2O) and 

ferric orthophosphate (FePO 4 * H2O) are sparingly soluble in acidic solutions, 

and its relative bioavailability is variable, of a 15-75% and 6-46%, respectively 

(45). The solubility of these compounds depends, among other factors, on their 

physical characteristics, size, shape and surface area of particles. 

 

3.2 - Compounds of elemental iron. They are generally the most used in the 

enrichment of infant cereals, including electrolytic iron powder that is the only 

currently recommended for elemental iron fortification of cereales (45). The 

relative bioavailability of electrolytic iron, compared with ferrous sulfate, is 

estimated at 75%, while that of hydrogen reduced elemental iron varies 

between 13 and 148% in humans. In this regard, differents studies have shown 

that an alternative to improve the relative bioavailability of elemental iron may 

be the addition of ascorbic acid (45). 

 

3.3 -Compounds protecting iron. Among these, chelated and encapsulated 

compounds are those with a greater interest: chelated iron compounds. The 

most commonly used is ferrosódic ethylenediaminetetraacetate (NaFeEDTA). 

The main advantage of using NaFeEDTA in food fortification is that iron is 

protected inhibitors of absorption from food in the stomach. Reaching a molar 

ratio of EDTA / iron between 0.5: 1 and 1:1, that can improve absorption of 

iron from fortified foods with ferrus forms (43) For example, in the presence of 

phytic acid, a quelatos of iron in infant cereals, NaFeEDTA have double and 

even triple absorption against ferrus sulfate (46).Furthermore, this type of 



   General Introduction      34 

 

compound reduces lipid oxidation during storage of cereal flours, although 

have been observed some organoleptic modifications (47, 48). Another chelated 

compound is ferrous bisglycinate (iron amino acid chelate), which also has 

similar advantages as it can protect the dietary iron absorption against 

inhibitors such as phytic (49) acid in cereals. However, it has a high potential for 

oxidation-reduction and therefore an increased tendency to cause lipid 

oxidation processes and undesiderable reactions on color and fat oxidation 

(rancidity).  

Encapsulated compounds; within the group of protected iron compounds, ferrous 

sulfate, ferrous fumarate, ferric pyrophosphate and encapsulated they include 

elemental iron. These iron compounds are used in the enrichment of infant formulas 

and cereals, where the iron salt is coated with layers of hydrogenated, ethylcellulose 

or maltodextrin oil, which prevent iron atoms into contact with other substances in the 

food matrix until they can be released and absorbed in the small intestine. The main 

advantage is the absence or delayed of oxidation process. Recent research has 

demonstrated that micronization (process involving an increase the solid surface) of 

water insoluble compounds can improve its bioavailability, as in the case of ferric 

pyrophosphate micronized, in which the taste is masked and the unpleasant odor of 

mineral is undetected, besides presenting a major feature compared to soluble iron 

compounds (as ferrous sulfate) does not cause irritation gastrointestinal system. (48) 

Breast milk  

Breast milk is the best food for infants (50), it has a unique combination of 

nutrients and bioactive components that ensure the growth and development of 

infants (51, 52). It has been found that breastfeeding protects against some infectious 

diseases, which is attributed to its multiple components and composition 

immunoglobulins, inmunitary (53) cells, probiotics, carbohydrates, fatty acids, minerals, 

vitamins, probioticos, prebiotics among others stillunknown (54,55) . The available data 

to date indicate that among the bacteria isolated more frequently, various species of 

the genera Staphylococcus, Streptococcus, Enterococcus, Lactococcus, Lactobacillus, 
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Leuconostoc and Weissella (56, 57) are found. The factors influencing the colonization of 

breast milk by microbiota may be extrinsic, native geographical area surrounding 

bacterial environment, type of delivery, hygiene, eating habits and medical treatments 

(58). However, the fact that bacteria belonging to the aforementioned genera can be 

easily isolated from milk obtained from very different countries suggesting that its 

presence is not an isolated phenomenon but on the contrary, this is a common result 

(59). The normal ingest of infats is 800 mL/day of milk would ingest between 1 × 105 and 

1 × 107 bacteria daily (60). 

There is no doubt that the proteins in human milk provide an important source 

of amino acids to rapidly growing breastfed infants. However, many human milk 

proteins also play a role in facilitating the digestion and uptake of other nutrients in 

breast milk. Examples of such proteins are bile salt–stimulated lipase and amylase, 

which may also participed in lipid and starch digestion, and casein, Lactoferrin, and 

Haptocorrin, which may assist in the absorption of calcium, iron, and vitamin B-12, 

respectively.(61) Lactoferrin, is the major whey protein in human milk,and has received 

increasing attention over the last decade for its antimicrobial, antioxidant and anti-

inflammatory actions (62, 63) Lactoferrin facilitates the uptake of iron by human 

intestinal cells in culture, which is most likely mediated by the presence of a specific 

enterocyte lactoferrin receptor (64, 65). Although this is possible, several studies have 

also shown a strong bactericidal activity of lactoferrin against several pathogens, which 

is not dependent on the degree of iron saturation of lactoferrin (66). Virtually all of the 

vitamin B-12 in human milk is bound to haptocorrin, also it has been suggested that 

vitamin B-12–binding protein (haptocorrin) inhibits bacterial growth by tightly binding 

and withholding the vitamin from the bacteria (67).  

The fat in breast milk is the main source of energy for infants, it contributes 40-

55% of total energy and also provides with essential nutrients, as soluble vitamins and 

specially long-chain polyunsaturated fatty acids (LC-PUFAs), which not only has a 

nutritional function but also metabolic functionallity, that are involved in brain 

development, visual capacity and are one of the main components of the neuronal 

membrane. The fatty acids of human milk derived from three sources: The 
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mobilization of endogenous reserves, novo synthesis in liver and breast tissue, or 

maternal diet. (68) The maternal diet has been shown to largely influence fatty acid 

composition of breast milk, with changes appearing within 8-10 hours after a meal is 

consumed (69,70). Some studies clearly indicate that modulating dietary fatty acids 

intake in the maternal diet shows effects of a physiologic low fat and high fat diet on 

the fatty acid composition of mature human breast milk (≥ 2 months) Changes in 

breast milk fatty acid composition can be achieved within a short period in time by 

changing dietary fat content, and also differents environmental factors (71). This fact 

can be used in studies of nutritional programming in order to improve breast fed infant 

health. 

Strategies to improve complementary feeding Education 

Poor infant and young children feeding practices, especially low prevalence of 

exclusive breastfeeding and the early and inapropiated introduction of complementary 

feeding, are documented as a substantial contributor to preschool-child under 

nutrition (72). Interventions to improve breastfeeding and complementary feeding 

practices are among the international core package of direct nutrition interventions 

(73). Often, contextual factors by cultural norms or traditional belief and poor hygiene 

practices could be associated to a rapid increase in the prevalence of malnutrition in 

the first 3 months of life, exclusive breastfeeding is displaced primarily by plain water, 

breast milk substitutes and solid to semi-solid foods (74) Studies realized by Nguyen et 

al 2011 (75), founds that 62%of infants are given complementary foods before 6 months 

of age (75). In addition, less-than-optimal household hygiene practices in a study 

including 11.000 mothers, showed that relatively low proportions of mothers reported 

washing their hands with soap at critical times such as before cooking (25%), after 

using the toilet (42%) and after handling children’s faeces (76). Analyzing the 

relationship between education and children's healthy growth, is essential to consider 

the effect of parental formal education. Parental, and especially maternal, female 

education was responsible of 43% of under nutrition reduction between 1971-1995 (77) 

Children of mothers with no schooling are generally the most disadvantaged with 

regard to stunting, regardless of their economic situation or whether living in urban or 
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rural areas (78 ,79). It has been reported that good child care and feeding practices in 

poor remote communities could compensate for the negative effects of poverty and 

low maternal education (80). Is reported that mothers with nutrition knowledges 

acquired in the community choose a more diversified diet for their children and utilize 

food is a most effective way (81). 
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2. -AIMS OF THE STUDY  

The mains objectives of this work has been: A) To know the factors affecting in 

infant Honduran nutrition that are contributing to stunting, anemia, low birthweight; 

giving and give greater attention to the double burden of undernutrition and 

overweight. The study of the dietary diversification, complementary feeding, and 

breast milk, are analized especially in disadvantage populations, and B) To analyzed 

main factors that can affect the composition of breast milk from different origins 

(Brazil, Egypt, Spain and Honduras) and have important functional and 

immunomodulatory role on infant’s breast fed. C) To improve eating habits of 

mothers’ breastfeeding. Transversal anthropometric studies and in vitro availability 

studies were also performed. As specific aims of the present doctoral thesis: 

1. To evaluate the current status of differnts diets of nutrition in Honduras, and 

determine the main structural factors affecting the nutritional status of 

children under 5 years. 

2. To compare the in vitro availability of 6 different iron forms, added to infant 

commercial cereals“Multicereals”, during over shelf life. In addiction, sensory 

evaluation of this infants cereals was also done every 6  

3. To measure the in vitro availability of Fe and Zn in different complementary 

foods for Honduran infants under 24 months.  

4. To determine the in vitro availability of folates and its monoglutamate forms in 

raw materials, weaning foods and traditional local recipes from Honduran and 

Spanish infant’s food for children from 6 to 12 months of age. 

5. To evaluate if geographical location, environmental factors, type of food and 

nutritional and immune status of the mother can affect the composition of 

breast milk.  

6. To determine key factors in the design an educational alternative and informative 

program (Guidelines Nutrition) for mothers of children lesser than 1 year with a 

high degree of illiteracy.  
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3. -DESIGN AND STRUCTURE 

Experimental design   

The present thesis is part of a project about International cooperation for 

development in child malnutrition structured in five studies which results have been 

published or are under revision in different scientific journals.  

Five differents studies are included: 

1. Characterization of nutritional status, diet and the main nutritional problems of 

the Honduran child population.  

2. In vitro Availability from six different iron salts used to fortify infant cereals 

along commercial life of the product. 

3. Evaluate the in vitro availability of key micronutrients (Fe, Zn) in Honduran and 

Spanish Infant foods. 

4. Evaluate Folate content and in vitro availability of Honduran and Spanish 

weaning foods. 

5. Analysis of different bioactive compounds of human milk Brazil, Egypt, Spain 

and Honduras: Lactoferrina, Haptocorrina microbiota, and long-chain fatty 

acids. 

6. Design and analysis of strategies for nutritional education, to contribute to 

improve the situation of malnutrition in the Honduran infants. 

All the analysis were performed at the Department of Food Science and Nutrition 

of the University of Murcia (Spain), the Department of Food Technology and Nutrition 

in the National Pedagogical University Francisco Morazán Tegucigalpa, Honduras, the 

Laboratory Quality Control Department San José National Agricultural Safety (SENASA-

SAG) Comayagüela, (Honduras), Institute of Food Science and Technology (ICTA), 

Federal University of Rio Grande do Sul Porto Alegre (Brazil), and the Department of 

Research and Development of the global Technology Center of Infant Nutrition for 

Hero Group. Hero España S.A. (Alcantarilla, Spain) supplied infant cereals fortified with 

the different iron salts 
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Figure 1-Experimental Design of the doctoral thesis chapter 
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“Hunger is an aberration of the civilized world. It is the result of civil wars, oppressive 

governments, and famines of biblical proportions. Families are torn asunder by the 

question of who will eat. As global citizens, we must free children from the nightmare 

of poverty and abuse and deprivation. We must protect parents from the horrifying 

dilemma of choosing who will live. Hunger is a basic need that must be met before 

anyone can escape the depths of ignorance, before any society can stand without aid, 

but more importantly, before any child’s body can survive the onslaught of disease 

such as the scourges of HI , TB and malaria.” 

Nelson Mandela
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1. Introduction  

The most widespread malnutrition is that called protein-energy malnutrition that 

can be considered the most serious public health problem in developing countries, and 

the direct cause of the high rate of child mortality. Moreover, developing countries 

also have frequent infectious processes due to factors related to the environment that 

lead to aggravated shortages.(1) 

 In the world, there are still large differences between regions, according to 

recent studies, (WHO 2015-16). (2) Approximately 795 million people remain 

undernourished, and it is estimated that 665 million worldwide are children under five 

years in 2015, 156 million suffer from chronic malnutrition or recurrent malnutrition 

that occurs as a result of a chronic energy restriction and proteins, as well as other 

nutrients. Similarly, of the 50 million children suffering from acute malnutrition 34% 

have immediate risk of death due to a qualitative and quantitative deficiency of 

protein and several micronutrients. In addition, the global trend in the prevalence and 

the number of overweight children continues to increase, 41 million children under 

five years are overweight representing an increase of 10% in the last five years. (2) 

 Central America has a percentage of undernourished 5% above the average for 

Latin America is 14.2% and the Caribbean 9% and is one of the most vulnerable areas 

as a permanent shortage of food in quantity and adequate quality to meet the energy 

needs of the population, in terms of undernourishment refers within the America. 

Honduras has a rate of malnutrition higher than other countries in the same region 

and income group of children (3). Specifically, the prevalence of chronic malnutrition, 

delayed pondostatural development, among Honduran children under five years is 

23% (4). In addition, regional and socioeconomic disparities are seen in the nutritional 

status of children, 50% of children suffer from stunted growth, children belonging to 

rural areas showed the higher risk of deficit growth with an incidence greater than 3% 

on the previous value, those living in the urban environment. (5) Also it shows that the 

growth retard is increased by 48% in households with no formal training and 42% in 

the poorest households (3). Currently, chronic food deficiency in children under five 
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years result from a succession of specific deficiencies as protein energy malnutrition, 

and micronutrient deficiencies if they are persistent are a public health problem, which 

must paradoxically add new diseases associated with malnutrition and obesity (6). 

 According to the new standards by WHO approved in 2006, the concept of 

malnutrition is mainly divided into three types based on the ratio of variable size (T), 

age, height (A) and weight (P), chronic malnutrition being the ratio (T / E), acute 

malnutrition (P / T), and global malnutrition (P / E). Applying these criteria in previous 

studies, showed that Honduran child population of < 5 years, has a delay of height for 

age, a chronic malnutrition rate of 11.7% in children under 12 months were observed 

is increased values between the 24 and 35 months of age reaching 29.7% (7).  

 Regarding those date: Intibucá, Lempira, Copan, Ocotepeque and Santa 

Barbara (predominantly indigenous Southwestern), and in the dry corridor in southern 

Choluteca, Valle, La Paz, and in the south of Francisco Morazán (8) are the district with 

the most serious situation This delay is usually associated with poverty, learning 

difficulties and lower income (9). 

 Unlike chronic malnutrition, the percentage of acute malnutrition, referred 

deficiency weight for height tends to increase with age of infants (10). Among the 

Honduran children under five years, 1% suffers from acute malnutrition (4). Some 

studies link this type of malnutrition with weight loss associated with recent periods of 

famine or disease that developed fast and are limited in time (11). 

Finally, the global malnutrition, which refers to the low weight for age, also called 

underweight (12) is the index used to track the nutritional evolution of children, and the 

indicator used to monitor the Millennium Development goals (MDGs). In Honduras, 

the most recent data (2012-2013) indicate mean values of underweight (DG) of 7.9%, 

and values differ if is an urban area in which (DG) reaches 4, 6%, compared with 9% in 

rural areas, where in addition, 5% of children are overweight. 
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2. Material and Methods 

2.1- Type of nutritional study 

The research was descriptive cross-sectional non-experimental and 

correlational. A convenience sample of 141 individuals aged between 6 months and 5 

years as age limit for inclusion participated in the in the study from 5 of the 18 

departments representatives of the Honduran population (Francisco Morazán, 

Atlántida, Olancho, Intibucá and Lempira). Informed consentwas obtained from 

mothers. The examined variables were age in months, sex, place of residence, duration 

of the dairy period, and a questionnaire on complementary feeding (cereals, fruits, 

vegetables, legumes and vegetables, meat and fish, egg, milk of formula). The sampling 

technique was stratified, and two-stage because the target population was divided 

into clusters, by location as primary units and each of these primary units were divided 

into strata new units called secondary (rural or urban). The item selected in each 

stratum was randomized in health centers and hospitals. 

2.2- Ethical Considerations 

The study was conducted following the ethical standards recognized by the 

Declaration of Helsinki (Revised Korea, October 2008) and the recommendations of 

Good Clinical Practice EEC (document 111/3976/88 July 1991). Before the start of the 

study, a guide explementin of aims of the study was provided and agree in writing was 

requested to each parent / guardian preschool. (Annexo 1) Vº Bº the ethics committee 

of the various health centers and hospitals was obtained. 

2.3- Assessment of nutritional status and body composition by compliance 

questionnaires and anthropometric measurements. 

Following the new growth standards WHO 2006 (13) for children under five years Z 

scores of weight for age (P / E), height for age (T / E), weight for height (P / T) they 

were calculated using the WHO software Anthro 2005 (14). The size of the child was 

taken supine position using a stadiometer. Weighing child was performed naked, three 

times (14, 15) with a pediatric scale plate up to 2 years (16kg / 500g), and a digital of 2 to 

5 years. The same scales and stadiometer were used in all children and calibrated 
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before each shot. The average of the three measurements was used for analysis. The 

size and weight of the child were transformed into Z-score as the reference population 

in 1978 of the World Health Organization (14). Nutritional status was classified as: The 

relationship between the different indices weight / height (P / T) and height / age (T / 

E) values were classified according to percentiles and / or Z-score also to classify 

overnutrition and obesity he used the body mass index for age (BMI) and the rate of 

weight for length / size (PL / T) by percentiles and Z score according to the categories 

listed below. 

 Underweight <P15 and> P3 (Z P / E less than or equal to -2 standard deviations) 

 Severely underweight (Z P / E less than or equal to -3 standard deviations (SD) 

 Wasting (Z P / T or Z BMI / E less than or equal to -2 SD), 

 Severe emaciation (P / T less than or equal to -3 Z) 

 High Size (Z T / E greater than or equal to +2) 

 Size low (Z T / E greater than or equal to -2 SD) 

 Severe Size low (Z T / E When the height for age less than or equal -3 Z) 

 Possible risk of overweight (1 +1 point above shows a possible risk. SD. A trend 

towards the 2 z-score line shows definite risk.) 

 Overweight> P85 and <P97 (Z P / T or Z BMI / E greater than or equal to +1) 

 Obesity> P97 (Z P / T or Z BMI / greater than or equal to +2) 

Normality was seen between P15- P85 (Z-1.99 and +0.99 SD) for all indicators 

except for the size (normal T / E between -1.99 and +1.99 OF SD). Medians were 

compared with the median standard WHO 2006 (15). 

2.4 -Mother´s Interview  

A personal interview was done informed and a consent was requested, 141 

mothers recluted in hospitals and health centers of 5 Honduran departments (Hospital 

Area in Gracias, Lempira) (Health Centre Luis Alonso Suazo) (Atlantis Regional Hospital) 

(Hospital Dr. Enrique Aguilar Cerrato of Hope, Intibucá) (Regional Hospital San 

Francisco, Olancho). The questionnaire as an instrument was made from different 

models of dietary surveys questionnaires of frequency of food consumption (CFCA), 
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and were supported with photographs of portions of food to calculate the size of the 

ingested ration, and general questionnaires, attitudes about diet, physical activity, 

demographic data and personal history of illness and perceived health. The 

questionnaire was pre-coded and composed of open and closed questions, including 

demographic variables, socioeconomic, environmental, epidemiological type, clinics, 

food patterns for children under five years and prevalence of breastfeeding (16). The 

questionnaire was made to obtain a broaden view of the living conditions of children 

under 5 years and their mothers with the main goal of completing the information 

obtained and excluded from the sample that were in a particular situation that could 

directly influence the test results. Given the uniformity of procedures for field 

interviewers, it was created a manual (17) with standards and concepts to fulfill the 

questionnaire. 

2.5.-Statistical analysis 

A probabilistic cluster sample of rescaled and stratified distance consisting of 

141 children aged 6 months to 5 years living in urban and rural areas of Honduras, to 

analyze the nutritional status and the prevalence of undernourishment, malnutrition 

and malnutrition took this population. The sample was calculated with an estimation 

error of 6% and a loss of 10%. The sampling frame was formed from the records of 

children attending various community health centers and government hospitals in 

urban and rural areas of each municipality. The data were treated by a principal 

component analysis for the different variables. The measure of sampling adequacy 

based on the KMO 0.674 and the significance level for the test Bartlett sphericity is less 

than 0.05 is significant. As the percentage of explained variance of 72.9%. All statistical 

analyzes were analyzed with statistical software (SPSS version 15.0, SPSS Inc., Chicago, 

IL USA). 

3. Results 

Of the 141 preschoolers of both sexes (77 boys and 64 girls) between 6 months 

and 5 years recruited, age groups regarding the total child population of the study 

were distributed in a proportionate manner according to their age. 37% (52 children) 



    Chapter 1      54 

 

were in the age group of 0-12 months; followed by the age of 13-35 months 35% (49 

children) and 3 to 5 years with 28% (40 children). Being balanced in all departments 

recruited the proportion of child population of both sexes, except in the department of 

Francisco Morazán with a higher prevalence of boys (63%) in the group of children 0-

12 months. Average per group of Department the number of children studied was 29. 

3.1-Chronic malnutrition 

Table 1 shows the average anthropometric variables analyzed for the ratio 

length / height in detecting the prevalence of chronic malnutrition in the age groups 

between 1 and 5 years, the calculation of Z was performed with the WHO Anthro 

software. The Z score indicates the distance between a measurement and the mean of 

the reference population. 

Table1.-Percentage distribution of length/height in children under 5 years in five 

departments of Honduras.  

Region Department Normal Stunting Stunting Severa 

 

 

 

Urban 

Olancho 

Intibucá 

Lempira 

Atlántida 

Fco. Morazán 

81% 

92% 

73% 

80% 

77% 

13% 

0% 

27% 

13% 

8% 

6% 

8% 

0% 

7% 

15% 

Average 80% 12% 7% 

 

 

 

Rural 

Olancho 

Intibucá 

Lempira 

Atlántida 

Fco. Morazán 

89% 

69% 

68% 

94% 

93% 

0% 

6% 

11% 

0% 

7% 

11% 

25% 

21% 

6% 

0% 

Average 83% 5% 13% 
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The analyzed data are expressed as mean (n = 3) ± SD. 

According to the results obtained in children under 5 years, 80% of the samples 

were located within the normal criteria with normal values between -1.99 and +1.99 

OF SD). These limits define the central 95% of the reference distribution as a range of 

normal values both in the urban and in rural areas. 12% of low height for age (ZT / E 

below -2 SD) in urban areas and 13% of severely stunted (ZT / E less than -3 Z) in 

children from rural areas is especially observed in the departments of Intibucá and 

Lempira. In this area of the country, a higher prevalence of children with growth 

retardation due to an insufficient supply of nutrients extended in time or a higher 

incidence of recurrent disease was identified. The criteria for processing and analysis 

of information was in all cases, the age of the children as completed weeks from birth 

to 3 months of age, as completed months from 3 to 12 months, and then, as years and 

completed months. 

3.2-Underweight 

The results in Table 2 are related (P / E) weight for age of children under five in 

her children from urban and 89% of rural origin is indicated as 98% is within the 

normal criteria with equal Z values and percentiles to P15- P85 (Z-1.99 and +0.99 SD). 
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Table 2.- Percentage distribution of weight for children less than 5 years in five 

departments of Honduras.  

The analyzed data are expressed as mean (n = 3) ± SD. 

The prevalence of underweight was 6% (ZP / E below -2 standard deviations) 

and the prevalence of severely underweight 5% (ZP / E below -3 standard deviations 

(SD) for children from rural areas, especially in the departments of Intibucá and 

Lempira, showing the western region of the country, such as the most significant 

differences in prevalence of malnutrition has, with other departments and as the 

region most affected in malnutrition since cross assessments of nutritional status 

indices included more determined, a higher incidence of chronic malnutrition, 

especially in these departments. 

 

Region Department Normal Low Weight 
Low Weight 

Severa 

 

 

 

Urban 

Olancho 

Intibucá 

Lempira 

Atlántida 

Fco. Morazán 

100% 

92% 

100% 

100% 

100% 

0% 

8% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

Average 98% 2% 0% 

 

Rural 

Olancho 

Intibucá 

Lempira 

Atlántida 

Fco. Morazán 

89% 

81% 

79% 

99% 

99% 

11% 

6% 

11% 

0% 

0% 

0% 

13% 

11% 

0% 

0% 

Average 89% 6% 5% 



57     Chapter 1 

 

Figure 1 shows the cluster analysis, seeks to bring together the variables 

(studies of mother, father studies, area, region, food, nutritional status, time of 

nacimineto, and health) identifying the maximumhomogeneity between each group 

and the biggest difference between the groups.  

 

 

 

 

 

 

 

 

 

 

 

 

 

In Figure 1--the cluster analysis or cluster that uses an average link with respect t 

Figure 1 Cluster Analysis. Cluster or using an average linkage information 

regarding recruited by the instrument made from different models of nutritional 

surveys, pre-coded conscripted by the instrument made from different models of 

nutritional surveys, pre-encoded according to the variables, indexes and indicators 

recruited shown during the study the similarity between them was measured; the 

Dendrogram using an average linkage (between groups) away 

Combination conglomerate rescaled 

Studies mother 

Studies father 

Area 

Region 

Feeding 

Global 
malnutritio
n 

Period of birth 

Health status 
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degree of parental education department to children, time of birth rainy season or dry 

season child, access to food from parents, pathologies of children, region where urban 

and rural residents and degree of Global malnutrition belong type . Results showed 

two subcategories: 1- the state of underweight in Honduran child and the time of birth 

of the infant, appreciating a higher incidence of global malnutrition and diseases of 

respiratory nature among children born during the rainy season against the dry, and 2- 

in which the interaction between variables showed less effect associated with 

underweight, in relation to the parenteral education of level in urban or rural area, 

region of origin of the child and access to food as practically nationwide availability of 

baby food was the same. 

In general, the values obtained for determining acute malnutrition (weight-for-

length / height) were within normal limits by more than 50% of the study population. 

However, criteria possible risk of overweight and overweight in both regions, more 

than 14% values are observed. It is interpreted that 9% of children are included into 

the criterion of obese (18% in Lempira and 15% in Francisco Morazán).  
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Table3. -Percentage distribution of weight for length / height in children under 5 years 

in five departments of Honduras. 

The analyzed data are expressed as mean (n = 3) ± SD. 

According to the results shown in Table 3 the prevalence of overweight and 

emaciation is reflected in the current nutritional status of Honduran children by weight 

in relation to the length / height index that enables the detection of emaciation or 

overweight, as can be seen emaciated criteria were observed only in the rural region 

of Lempira and Intibucá. 

Values obtained to determine the BMI for age in the analyzed samples were within 

normal considered (normal T / E between -1.99 and +1.99 OF SD). In over 50% of 

children. However, criteria for overweight (ZP / T or Z BMI / E above +1 SD) and 

potential risk of overweight (1 point above +1 SD shows a possible risk. A trend toward 

online Z score 2 shows a definite risk.) In urban and rural regions, similar values were 

Region Department Normal Overweight 

Possible. 

Risk  

Overweight 

Obese Emaciated Severe 

Emaciated 

 

Urban 

Olancho 

Intibucá 

Lempira 

Atlántida 

Fco. Morazán 

75% 

42% 

55% 

53% 

54% 

13% 

17% 

18% 

7% 

15% 

6% 

33% 

9% 

20% 

15% 

0% 

0% 

18% 

13% 

15% 

0% 

8% 

0% 

7% 

0% 

0% 

0% 

0% 

0% 

0% 

Average 56% 14% 17% 9% 3% 0% 

 

Rural  

Olancho 

Intibucá 

Lempira 

Atlántida 

Fco. Morazán 

67% 

50% 

74% 

69% 

71% 

11% 

19% 

5% 

31% 

7% 

22% 

19% 

11% 

0% 

21% 

0% 

6% 

5% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

6% 

5% 

0% 

0% 

Average 66% 15% 14% 2% 0% 2% 
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observed, these being above 14%. Based on the above, it shows that 9% of children in 

the urban region of the sample, are located on the criterion of obese (ZP / T or Z BMI / 

E above +2) including two departments against the rest (18% in Lempira and 15% in 

Francisco Morazán), while in the rural area, the average was only 2%. The criteria 

wasted (ZP / T or Z BMI / E below -2 SD) studied in both urban and rural regions found 

that 3% of the cases analyzed the suffering especially in the departments of Intibucá, 

Lempira and Atlantis, between the children studied, finally some cases severely 

emaciated criteria were observed (P / T is below -3 Z) mainly located in the rural region 

of Lempira and Intibucá. 

3.3 -Breastfeeding Guidelines. 

The average mothers who participated in the study and were giving or 

breastfeeding, breastfeeding had been sometime during the milk period was 94%, with 

the lowest percentage in the department of Francisco Morazán. 

 BREASTFEEDING LENGTH 

 

 

 

 

 

 

 

Figure1.-Percentage distribution breastfeeding duration in five departments  

Regarding the distribution percentage of breastfeeding, in the five studied 

departments it can be seen in Figure 2, that districts with higher percentages in the 

prevalence of breastfeeding during the first 6 months, 0-6 months are Atlantis, 
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Francisco Morazán and Intibucá 68%, 63% and 61%, respectively. In the department of 

Lempira it shows that breastfeeding extends, in 80% of cases, in a longer period of 

time (1-2 years). Being the only food during the first 6 months in Honduras reaches 

43% of children. 

4. Discussion 

In Honduras, the current child population between 0 and 5 years old represent 

28.3% of the total child population. The most important results of this study show a 

decrease in the prevalence of malnutrition in children less than 5 years old Honduran, 

since 2005(3), while highlighting an increase in rates of overweight and obesity in this 

population. In relation to the average values found in the different indices used in 

assessing the nutritional status of children under 5 years in the departments of 

Olancho, Intibucá, Lempira, Francisco Morazán and Atlantis, we found that the average 

number of children suffering from chronic malnutrition (DC) has also shown a 

downward trend over the last decade in Latin America and the Caribbean with respect 

to other regions; however, still affects 24.7% of Hondurans preschoolers. (18) These 

values show a mostly chronic malnutrition indicating that, although possibly are 

consuming an adequate intake of calories may have deficiencies in lipids or 

micronutrients such as Fe, Zn or vitamins A or B9. 

As in several studies conducted by the ODN-IHNFA (19) in the area of chronic 

malnutrition, we found a more pronounced situation in rural areas versus urban, being 

predominantly indigenous departments in the southwest of the country (Intibucá and 

Lempira) and dry corridor in the southern department of Francisco Morazán which 

doubled the percentage of underweight preschool children presenting values 

Honduran 28.8% versus 14.6% urban area (8). The prevalence of (DC) can be 

significantly increased when complementary feeding begins. Finding that the higher 

prevalence of chronic malnutrition in the first 24 months of life of Honduran children, 

starts at the beginning of the period of complementary feeding it achieving it highest 

average value (approximately 30%) at the end of the first year of age year life of the 

child (20). Furthermore, this study corroborates other studies obtained by ENDESA 
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(2011-2012) showing chronic malnutrition rates of 23%. Recommending, so described 

above, the development of new tools, practices and policies of food security among 

these age groups in the country. 

With respect to rates of acute malnutrition (DA) and underweight (DG) 

observed the Honduran child population showed no significant changes since 2005(3) 

maintaining both types of malnutrition, stable mean values with an incidence of 

malnutrition of 1% and 7%, respectively, over the last decade (3). These values are very 

close to those we obtained in our study (below 1.5%) in the case of acute malnutrition 

and under 6% in global malnutrition. What can be inferred according to our results in a 

concordance in the case of deficiency of weight relative to height, among children 

under 5 years with high rates obtained from acute respiratory infections (ARI) (13%), 

severe diarrhea (18%), mild anemia (29%), poor nutritional practice, and inadequate 

sanitary conditions, determining a probable relationship between these conditions and 

acute deficiency states in children under 5 Honduran studied (21). 

The Global Malnutrition (DG) is an indicator used for setting goals (MDGs 2015), 

as well as the various programs designed to reduce hunger in the world. Paradoxically, 

in our study this index detect also, other child health problems associated with 

nutrition such as childhood overweight and obesity, as a result of changes in eating 

patterns, mainly due to one based on processed high in sugar, fat and salt diet foods as 

well as a decline in food consumption as important as whole grains, fruits and 

vegetables. (22). Studies conducted recently show results similar to those obtained in 

our study, with a high prevalence of overweight in the region, which has remained for 

the past 25 years (23). In our case, the results showed much higher values of obesity in 

the urban area with percentages of 13%, 15% and 18% of children under 5 years of age 

in the departments of Atlantis, Francisco Morazán and Lempira respectively. This 

highlights the need for intervention and improvement of food security policies and 

practices in these age groups, for the treatment of malnutrition in the country. 

The low prevalence of exclusive breastfeeding (EBF) during the first 6 months of 

life in Honduras, as well as the early cessation of breastfeeding (LM) before the first 2 
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years of the child, obtained in our study presents similarities with other recent 

analyzes developed in the country (3). The problem of abandonment (LME) has not 

changed substantially. This may be probably due to customs or tendency acquired by 

practice in the maternal environment, popular beliefs, and lack of training of mothers 

who sometimes, paradoxically, as in the rural departments due to the isolation of the 

same mothers of the consumer society, allows mothers more use of exclusive 

breastfeeding and extends it to 2 years. As in the case of Lempira department where 

there is a prevalence of breastfeeding until 24 months 80% of mothers studied. As a 

result of these healthy practices of mothers in rural regions, children younger than 6 

months show, a prevalence of less than 4% chronic malnutrition (3). Another factor to 

influence the low rate of exclusive breastfeeding is the limited opportunity for mothers 

who work outside the home (24). Although most children are breastfed, it is noteworthy 

that 44% received food during the recommended exclusive breastfeeding period (4). 

5. Conclusion 

Early childhood includes the life cycle of infants from birth to five years old. 

Analyze this stage is crucial given its importance in the development of their cognitive, 

sensory, emotional, motor and social skills. The most important conclusions of this 

study are derived in terms of reduction of underweight in children under five years 

Hondurans, down 7% from 1990-96 until the time of the present study. Moreover, in 

this process coexist malnutrition and a progressive increase in overweight or obesity, 

because of increased supply of processed foods and reduced physical activity. It should 

be noted; however, that malnutrition deficit causes almost twice the social costs of 

overweight, although over the past two decades, the former has decreased while the 

prevalence of overweight and obesity has doubled (22). As for breastfeeding, not be 

exclusive because this practice articulated manner is not protected in the country. The 

only rule adopted for the protection of breastfeeding by ministerial agreement (2005), 

has not been operationalized. In addition, the country has not implemented the 

international code of marketing of substitutes for breast milk, and the population is 

confused with messages that make you appreciate more artificial breast milk products. 

Therefore, a transition is recommended in dietary patterns and the dissemination of 
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dietary guidelines and guidance on the program of growth and development for 

proper feeding and proper introduction of complementary feeding as a strategy to 

reduce malnutrition in Honduras are also recommended. 
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 “For every complex problem, there is a solution simple, neat and wrong.” 

 
H. L. Mencken 
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Chapter 2 

In vitro availability from six different iron salts used to fortify infant cereals during 

commercial life of the produc. 
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1. Introduction  

Iron deficiency (ID) is the most common micronutrient deficiency worldwide. Infant 

are a high special risk group because their rapid growth leads to high iron 

requirements. During the first 6 months of life, infants are using stores of iron gained 

during the intrateine life to cover their needs mainly through recycling of fetal Hb. 

Thus, exclusive breast feeding, during this period, can meet infant iron requirements 

despite then low concentration of iron in breast milk (0.3 mg/L). However, because of 

its high bioavailability between 6 and 24 months of age, the infant becomes dependent 

on additional dietary iron and, because of rapid growth; iron requirements per 

kilogram of body weight are higher than during any other period of life (1, 2, 3, 4, 5, 6). It is 

well known that the introduction of nutritionally adequate complementary foods (CFs) 

is recognized as one of the main measures to prevent nutritional deficies particularly 

iron deficiency (ID) (7, 8). During infancy that can lead to different diseases during the 

adult life (9, 10). 

Because of high iron requirements during infancy of infants, iron fortification of 

infant cereal has become an important vehicle to meet the iron needs (11). Infant 

cereals are keys as complementary food after breastfeeding period have a high 

energetic load, based on their carbohydrate and protein contents (78 and 13%, 

respectively), providing minerals and vitamins, particularly thiamine (12).  

However, during this period, iron fortification of cereals is considered a major 

approach for the control of ID and IDA. Nevertheless, appropriate selection of iron 

fortificants remains an important technical issue (13). Including concerns as a 

reasonable cost, high bioavailability from the diet, and sensory acceptability. The use 

of Ferrous Sulfate or Ferrous Bisglycinate as fortificant in infant’s cereals can cause 

rancidity, and sometimes color changes as well, more often if infant cereals contain 

fruits. To overcome such problems, one option would be the use encapsulated forms 

that can help to prevent fat oxidation during storage. Before consumption, the capsule 

is removed by hot milk or water; however, off-colors may still be developed in the 

presence of some fruits and vegetables. Another iron source are Ferrous Fumarate, 
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Electrolytic iron or Ferric Pyrophosphate, and should be added at twice the 

concentration (relative to ferrous sulfate) (3). However, the bioavailability of some of 

these iron compounds has not yet been compared in this type of food. Meanwhile in 

pasteurized and UHT milk (4) and a typical Indian bread (chapatis) (5) have been 

evaluated.  

Is important to consider that different sensory alterations can be observed after 

ion fortifications of cereals Refering sensorial characteristic iron fortificant can cause 

undersiderable modifications. Iron salts with high bioavailability such as Ferrous 

Sulphate catalyze oxidative changes in foods leading to off-flavors and color changes. 

Furthermore, iron salts are characterized by a metallic retronasal smell in addition to 

astringency (14, 15). Other iron salts such as Ferrous Fumarate, have the advantage of 

causing fewer sensory problems in foods than the water-soluble compounds (Ferrous 

Sulphate). Despite their reduced absorbability, water-insoluble iron compounds, such 

as Ferric Phosphate compounds and Elemental Iron powders have been widely used by 

the food industry as fortificants because they have far less effect on the sensory 

properties of foods. Encapsulationg of iron salts can provide, with better protection 

against iron absorption inhibitors and sensory indesiderable changes; than those 

currently available, as for example no encapsulated iron fortificants (Ferrous Suphate 

and Fumarate), iron chelated such as Ferrous Bisgycinate, and micronized form of 

Ferric Pyrophosphate among others. These encapsulated are intended to reduce 

sensory changes in the food and provide a high iron bioavailability (3). 

Regarding bioavailability, there are in vitro methods for estimating the mineral 

bioavailability to assess the influence of different components of the diet on 

absorption. The mineral dializability (Percentage of mineral dialysate); is one of the 

most frequently used methods to estimate the proportion of element available for 

absorption. Since the bioavailability of minerals depends on the characteristics of 

foods, the presence of the other food constituents and the conditions in the 

gastrointestinal tract, this in vitro method can reproduce intraluminal conditions that 

can affect its absorption at duodenal level. Moreover, solubility of different iron salts is 

an important factor in the subsequent determining uptake of minerals by the 
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enterocyte (6). In both cases (solubility and dialysability), results obtained serve us to 

select the best mixtures for us in human studies (13). 

Considering the importance of cereals during the complementary feending, it 

would be of high interest to determine the amount of iron that can be absorbed and 

metabolized by infants during the shelf life (24 months) of infant cereals under the 

recommended storage conditions. 

2. Materials and Methods 

2.1- Samples.  

Commercial infant cereal called “Multicereals” was produced in Hero Spain S.A. 

in pilot facilities (Alcantarilla, Murcia, Spain). Differents containing (wheat, millet, 

barley, rice, rye, sorghum, corn and oat) iron fortificants were: Electrolytic Iron, 

Ferrous Sulfate encapsulated, Ferric Pyrophosphate, Ferric Pyrophosphate emulsified 

(Lipofer®) and Ferrous Bisglycinate chelate (Ferrochel®). With the exception of the Iron 

fortificants, all other ingredients were used in their regular product. Infant cereals 

were then reconstituted (200 mL of deionised water were added to 30 g of cereal) 

according to the recommendation of the manufacturer. 

In Table 1 is shown a complete list of the Fe fortificants used in this experiment. 

Once the samples were manufactured, they were stored at room temperature 

(simulating the real conditions of storage at home or retail) during their shelf life (24 

months). At the beginning of the storage, samples were analyzed to determine iron 

solubility and dializabiliy percentages. In addition, a sensory analysis was performed to 

verify that sensorial attributes such as flavor, taste and color at the beginning of 

experiments were not modified by iron salts. 
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Table 1- Iron compounds used to fortify infant cereals 

Compound Supplier 
Assay 

(%) 

Fe Added 
(mg/100g 
product 

Fe 
According 
to wealth 

(mg / 
100g) 

Electrolytic Fe Transaco, Madrid , Spain 97 8 7.76 

Encapsulated Ferrous 

Sulphate 

Merck, Barcelona, Spain 16,5 47 7.76 

iron pyrophosphate Taiyo Kagaku, Yokkaichi, 24 32 7.68 

Pyrophosphate 

Emulsified Iron 

 Japan Lipofoods, Barcelona, 

Spain 

8,6 90 7.64 

Ferrous Bisglycinate 

Chelate 

Albion Laboratories, 

Clearfield, UT, USA 

20 39 7.8 

And Ferric Amino Acid 

Chelate Taste Free 

Taiyo Kagaku, Yokkaichi, 

Japan 

22,6 34 7.68 

 

2.2. -Materials and Reagents. 

All chemicals and enzymes were purchased from Sigma Chemical Co. (St. Louis, 

MO, USA). Double distilled, deionised water (MilliQ; Millipore, Bedford, MA) was used 

throughout the experiment. All glassware was washed, soaked overnight in 1 N HCl 

and rinsed with destilled deionised water. To simulate the gastrointestinal conditions 

of children less than 6 months of age, pepsin solution was prepared according Miller et 

al (14) by dissolving 1.6 g of pepsin in 10 mL of 0.1 N HCl. The pancreatin-bile extract 

solution was prepared by dissolving 0.2 g of pancreatin and 1.25 g of bile in 50 mL of 

0.1 M NaHCO3. The working solutions of these enzymes were prepared immediately 

before use. Dialysis membranes with a molecular mass cut-off of 12000 Da (Medicell 

Intl Ltd., London, UK) were cut into 25 cm length and soaked in deionised water for at 

least 1h before to use. Total iron content in soluble and dialyzable fractions was 

measured by flame atomic absorption spectroscopy (AAS) (15). 
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2.3.- In vitro gastrointestinal digestion 

After reconstitution, samples were digested using the in vitro gastrointestinal 

digestion described by Miller et al and and updated by Boato et al 2002 (14, 16) with 

modifications aimed to reduced the amounts of enzymes used, since the 

gastrointestinal tract, in the early stages of life, is not yet fully developed (17, 18). The in 

vitro digestion process, which consists of gastric and intestinal stages, was performed 

at 37°C. At the end of the intestinal stage, aliquots of 30 g of sample were transferred 

to centrifuge tubes and centrifuged (Eppendorf 5804-R Centrifuge, Hamburg, 

Germany) at 3500g for 1 h at 4°C. The supernatant (soluble fraction) was used to 

determine the mineral content. Dialysis comprised the gastric stage, followed by an 

intestinal step in which a dialysis bag containing 50 mL of deionised distilled water and 

an amount of NaHCO3 equivalent to the titratable acidity (previously measured) was 

placed in flasks containing 20g aliquots of the pepsin digest. The iron dialysed through 

the semipermeable membrane represent the bioavailable fraction (expressed as a 

percentage) of the total minerals present in the sample (19, 20).  

2.4- Mineral content 

The Fe concentration in samples and the mineral soluble and dialysable 

fractions were determined by AAS (Thermo Scientific AA Spectrometer S Series; 

Thermo, Waltham, MA). Prior to analyses, the organic matter was destroyed by ashing 

in a temperature programmed furnace (Nabertherm, Lilienthal, Germany) at 525 °C for 

32 h (rate of 50°C/h). Three milliliters of HNO3 were then added to the ashes and the 

samples were heated to dryness. After cooling, the residue was dissolved with 1mL of 

HCl, and the solution was transferred to a 50mL volumetric flask and made to volume 

with water. The different iron salts content in the diluted, acidified samples was 

determined against Fe, standard solutions (Merck, Germany). The spectrometer was 

operated with air–acetylene flame and a 10 cm burner, the wavelengths being 248.8 

nm (Fe).The calibration curves obtained were between 0.25 and 5 ppm for Fe, and 

showed an acceptable linearity with correlation coefficients greater than 0.995. 

Mineral solubility and dialysability (%) were calculated as follows: solubility (%) = (S/C) 

x 100, where S= soluble mineral content (mg of mineral/100 g) and C = total mineral 
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content of the sample (mg of mineral/100g), and dialysis (%) = (Dialysate mineral 

content (mg/100 g)/total mineral content of the sample (mg/100 g)) x 100. 

2.5 -Evaluation of color 

The color measurement was performed using a colorimeter (Minolta Co., Ltd. 

Osaka, Japan). Each sample was placed onto a white tile and the three color 

coordinates L* (lightness, 100 for white and 0 for black), a* (greenness to redness, -80 

for green and 100 for red) and b* (blueness to yellowness, -80 for blue and 70 for 

yellow) were read. The color measurements were taken in duplicate samples. Infant 

cereals color degradation was also expressed by the total color difference (∆E*). This 

parameter is expressed by the following equation: 

 ∆E* = [(Lo*- L*) 2 + (ao* - a*) 2 + (bo* - b*) 2]1/2 

Where Lo*, ao*, bo* represent the average of zero time readings, and L*, a*, 

b*, represent the instantaneous individual readings during storage. Depending on the 

value of ∆E* the color difference between the initial and final samples could be 

estimated such as not noticeable (0–0.5), slightly noticeable (0.5–1.5), noticeable (1.5–

3.0), well visible (3.0– 6.0) and great (6.0–12.0) (21). 

2.6 -Sensory Analysis 

Sensory analysis was carried out at laboratory of sensory evaluation from 

(HERO Spain S.A.), each 6 months from the manufacturing to the en of assays. The 

sensory panel consisted of 11 panelists trained with previous experience in the 

evaluation of infant cereals in the enterprise. Judges were asked to evaluate overall 

liking, color, flavor and taste attributes of each sample on a 9-point hedonic scale 

(1=”dislike extremely”, 9=”like extremely”). Fifty grams of infant cereal was served in 

odorless plastic plates at 30°C, codified with three-digit random numbers. Evaluations 

were performed under artificial daylight type illumination, temperature control 

(between 22 and 24°C) and air circulation. 
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2.7 -Statistical analysis 

All experiments were carried out four times, and the results were reported as 

means ± SD. After confirming the data normality using the Kolmogorov–Smirnov test 

and homoscedasticity by the Levene test, solubility and dialysability of the samples 

were compared by one-way analysis of variance (ANOVA) and a Tukey post-test for 

multiple comparisons. A Pearson correlation test was performed to investigate the 

relationship between the time of storage and concentration of each iron salts values, 

solubility and dialysability. Values of p < 0.05 were considered significant. All statistical 

analyses were performed with the Statistical Package for the Social Sciences (SPSS 

version 14.0; SPSS Inc., Chicago, IL USA). 

3. Results & Discussion 

3.1- Iron solubility  

A comparison of the solubility percentages among the selected iron compounds 

to fortify infant cereals over their shelf life are presented in Table 2. 

Table2.-Solubility (%) of different iron fortificants added to “Multicereals” infant 

cereals. 

a-d/ 
Different letters in the same column indicated significant differences among iron compounds at each 

time point (p<0.05) 
/a-d

 Different letters in the same row indicated significant differences at each period 
of time (p<0.05) 

At the beginning of experiments days (0 month), the lowest percentages of 

solubility were found in encapsulated iron compounds (Ferrous Sulfate and Lipofer®) 

 STORAGE TIME 

IRON FORTIFICANT 0 month 6 months 12 months 18 months 24 months 

Electrolytic Iron 14.43 ± 1.3
a/a 

6.96 ± 2.39
ab/b 

3.43 ± 0.86
b/c 

3.68 ± 0.33
b/c 

2.49 ± 0.37
b/c 

Encapsulated Ferrous 
Sulfate 

2.61 ± 0.44
c/c 8.34 ± 

3.05
ab/ab 12.37 ± 3.27

a/a 
3.68 ± 1.17

b/bc 
5.30 ± 0.79

a/b 

Ferric Pyrophosphate  1.52 ± 0.06
c/b 

6.71 ± 2.27
ab/a 

9.30 ± 0.72
a/a 

3.82 ± 0.49
b/b 

2.33 ± 0.22
b/b 

Ferric Pyrophosphate 
emulsified (Lipofer®) 

1.57 ± 0.08
c/b 

6.52 ± 2.50
ab/a 

2.12 ± 0.35
b/b 

2.46 ± 0.46
c/b 

1.49 ± 0.03
c/b 

Ferrous Bisglycinate 
(Ferrochel®) 

6.38 ± 0.21
b/a 

5.74 ± 0.79
b/a 

6.96 ± 2.84
ab/a 

6.31 ± 1.31
a/a 

5.90 ± 3.01
a/a 
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(2.68 and 1.58%, respectively) and Ferric Pyrophosphate (FPP) (1.50%) in comparison 

with the other iron compounds being significantly different (p<0.05). On the other 

hand, the highest percentage of solubility observed corresponded to Electrolytic Iron 

(14.6%) and Ferrous Bisglycinate (6.24%), significantly different among them (p<0.05). 

The results obtained for Electrolytic Iron in our study were very similar to that 

observed in other study (16) (17%) where used, as food vehicle, the same infant cereal 

and methodology. In other study carried out, (22) the total soluble iron (%) from ferrous 

bisglycinate added in pasteurized milk observed under gastrointestinal digestion 

conditions was the highest compared with five different iron compounds. At 6 months, 

the solubility of iron increased significantly (p<0.05) in encapsulated iron compounds 

(Ferrous Sulfate, FPP and Lipofer®) (8.34, 6.71 and 6.52 %, respectively) with respect to 

the initial values, whereas stability of Electrolytic Iron decreased significantly (p<0.05), 

meanwhile Ferrous Bisglycinate maintained constant values. However, when we 

compared the solubility of the different iron compounds after 6 months, we observed 

that the percentages were very similar among them, except between the two iron 

chelated compounds, (Ferrochel® and Lipofer®) (5.74 and 8.39%) where significant 

differences (p<0.05). At 12 months, the solubility of iron from electrolytic iron and 

Lipofer® decreased significantly (p<0.05) we found with respect to 6th month, whereas 

in the rest of the iron compounds studied no changes were observed. At 18 months, 

the solubility of encapsulated ferrous sulfate and FPP (3.68 and 3.82%, respectively) 

decreased significantly (p<0.05) with respect the previous measurement. The 

remaining iron compounds did not suffer any change in their solubility (%). When we 

compared the percentages of solubility at 18 months, the highest solubility (%) was for 

ferrous bisglicinate (6.31%) and also significantly different (p<0.05) with the other iron 

compounds. Finally, at 24 months there were no significant differences in the solubility 

of iron compounds when compared to the previous measurement. Therefore, the 

highest solubility at the end of their shelf life were for encapsulated ferrous sulfate and 

ferrous bisglycinate (5.30 and 5.90%, respectively), whereas the solubility (%) of other 

iron compounds were significantly lower.  
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The solubility of each iron compound in the long-term was very variable. As for 

the percentage of electrolytic iron solubility was decreased significantly (p<0.05) until 

12 months (3.43%) and after it is maintained without changes until 24 months (2.49%). 

This decrease could be related for its physical and chemical properties due to its water 

insolubility and poorly solubility in diluted acids, which is very likely to hamper its 

bioavailability. Therefore, the iron never will be completely dissolved in the gastric 

juices (acid pH), which will lead to a low and variable bioavailability, ranging from 5 to 

148 % relative to the standard, ferrous Sulphate (22, 23). Moreover, absorption depends 

on the dissolution of the iron in gastric juice, which is in turn determined by the rate 

and extent of oxidation of the elemental iron from the Fe state (24). The rate of 

oxidation is also markedly influenced by physical properties, such as particle size, 

internal porosity, and surface area as well as surface chemistry. These properties are 

likely to be related to bioavailability (25). The evolution of the percentage of solubility 

agree with the observations carried out by Swain (26) where electrolytic iron other than 

to be less bioavailable is less likely to be enhanced by dietary modifiers such as 

ascorbic acid. In our study ascorbic acid: Fe molar ratio was 1:1 considering as 2:1 

recommended, values, a good availability could be expected while in phytic acid-rich 

foods, a molar ratio of 4:1 is recommended (27). Other factor that we must to take into 

account is the presence of phytic acid. In our case, phytic acid: Fe molar ratio was 1.4 

(16) slighty higher than the desirable ratio less than 1 or preferably less than 0.4 for 

phytate: Fe (28). Likely, the increase phytic: Fe molar ratio and the physical properties of 

Electrolytic Iron could explain these results. We olso observed that, Ferric 

Pyrophosphate, which presents the same characteristics from solubility point of view 

than electrolytic iron, showed a different pattern. Its solubility increased significantly 

(p<0.05) until 12 months (9.30%) (higher percentage of solubility) with respect to the 

initial value (1.52%) and after decreased significantly (p<0.05) until 24 months (2.33%). 

As with electrolytic iron, its main advantage is that it causes no adverse color and 

flavour changes, but is poorly soluble in both water and dilute acid, and is differently 

absorbed (29). Curiously, both iron compounds presented the same percentages of 

solubility from 18 months to 24 months. Despite having a low ascorbic acid: Fe molar 

ratio, the increase from o months to 12 months could be related to enhancer effect of 
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ascorbic acid by reducing Fe+3 (insoluble form) to Fe+2 (soluble form). However, the 

subsequent decrease at 18-24 months could be related to the degradation of ascorbic 

acid during its storage and the inhibitor effect of phytic acid. Because Ferric 

Pyrophosphate is poorly soluble in dilute acid and in gastric juice, efforts were focused 

on enhancing its solubility by its encapsulation (22). In our study, we selected a Ferric 

Pyrophosphate encapsulated with liposomes (Lipofer®) with capsule/Ferric 

Pyrophosphate ratio of 30/70 and a media particle size of 7 µm. The solubility of 

encapsulated Ferric Pyrophosphate was very similar to Ferric Pyrophosphate without 

capsule during the first six months. At 12 months decreased its solubility (2.12%) and is 

maintained constant until 24 months (1.49%), where it reached identical value to the 

initial values (1.57%). There were no differences between both iron compounds from 

solubility point of view. These results confirm that the food matrix can strongly affect 

the bioavailability of ferric pyrophosphate. For example, in a study carried out by (29) 

stated that the relative bioavailability of ferric pyrophosphate varied from 62% when it 

was included in wheat-milk infant cereal to 15-25% in a rice meal. In other rat studies 

(30) and human (31) observed that the presence of polyphenols from cacao diminished 

the iron absorption and, by contrast pate enriched with Lipofer® showed a good iron 

bioavailability both humans and rats.  

Other iron compound used in this study was encapsulated Ferrous Sulphate. 

Encapsulation has been shown to overcome many of the limiting sensory and stability 

problems associated with adding soluble iron forms as Ferrous Sulphate to food 

products. It may improve the shelf life of products by preventing iron-mediated fat 

oxidation and other sensory changes (28). If we observed the percentage of solubility 

over time, it increased to 12 months (12.37%) and after drastically decreased to 24 

months (5.30%). There is no evidence that encapsulation will enhance the absorption 

of fortification iron. The effect of encapsulation on bioavailability depends on the 

capsule material and the capsule-to-substrate ratio (28). Commonly the coatings are 

hydrogenated palm oil or soybean oil, although maltodextrine and cellulose have also 

been used. The hydrogenated oil protects against moisture but melt during heat 

treatments above 52-70°C, whereas maltodextrine and cellulose are usually water-
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soluble and do not provide adequate protection against iron oxidation in moist 

environments. Moreover, in order to avoid changes in the bioavailability of Ferrous 

Sulphate a ratio of coating material to iron compound close to 1:1 is desirable (28). 

According to the coating characteristics (palm oil), the coating: Fe ratio of 1:1 and the 

manner of preparing the infant cereals (temperature of water of 30-35oC) we could 

suppose that the coating material degraded along time, up to 12 months, then Fe+2 is 

oxidized to Fe+3 and chelated by phytic acid and decreased its solubility. 

An alternative solution to improve the iron bioavailability is that iron is 

protected from the effects of absorption inhibitors, e.g. chelated iron compounds, and 

thus eliminating the need for ascorbic acid. Ferrous bisglycinate is an amino acid 

chelate which is formed by the binding of two molecules of glycine to one ferrous iron 

atom (32), and showed a bioavailability two or four times that of ferrous sulphate when 

added to cereal and milk products containing absorption inhibitors such as phytate or 

calcium (33,34,35). In our study, the percentage of solubility is maintained constant over 

time, with no statistically significant differences and reached similar values to 

encapsulated ferrous sulphate at 24 months.  

3.2- Iron dializability 

A comparison of the dialyzable fraction percentages among the selected iron 

compounds to fortify infant cereals over their shelf life, are presented in Table 3. 

Table 3.-Dialyzability (%) of different iron fortificants added to “Multicereals” infant cereals. 

a-d/ 
Different letters in the same column indicated significant differences among iron compounds at each 

time point (p<0.05) 
/a-d

 Different letters in the same row indicated significant differences at each period 
of time (p<0.05) 

 STORAGE TIME 

IRON FORTIFICANT 0 month 6 months 12 months 18 months 24 months 

Electrolytic Iron 6.22 ± 0.27
c/a 

3.80 ± 0.25
c/b 

1.28 ± 0.13
b/cd 

0.91 ± 0.20
b/d 

1.52 ± 0.12
b/c 

Encapsulated Ferrous sulfate 10.40 ± 0.08
a/a 

3.39 ± 0.65
c/b 

1.61 ± 0.45
b/c 

2.33 ± 0.30
a/c 

1.74 ± 0.90
b/c 

Ferric Pyrophosphate  2.19 ± 0.02
d/a 

1.20 ± 0.16
d/c 

1.24 ± 0.07
b/c 1.36 ± 

0.27
b/bc 2.05 ± 0.64

b/b 

Ferric Pyrophosphate 
emulsified (Lipofer®) 

1.17 ± 0.13
e/b 

5.03 ± 0.43
b/a 

1.12 ± 0.05
b/b 

0.89 ± 0.01
b/b 

1.51 ± 0.02
b/b 

Ferrous Bisglycinate 8.73 ± 0.20
b/a 

7.70 ± 0.73
a/a 

8.19 ± 0.41
a/a 

- 8.91 ± 0.91
a/a 
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At 0 month the highest values of dialyzable iron were for encapsulated ferrous 

sulphate (10.40%) and the lowest for ferric pyrophosphate emulsified (Lipofer®) 

(1.17%). Similar values were observed (36), in extruded cereals fortified with 

encapsulated ferrous sulphate (11%). Regarding ferric pyrophosphate (2.19%), showed 

a percentage significantly higher than Lipofer®. One explanation to this difference 

could be related with the capsule material and capsule/Fe ratio (28). The same situation 

was found by (22) where percentage of iron dialyzable from Ferric Pyrophosphate 

emulsified was significantly higher than Ferric Pyrophosphate without emulsifiers 

when they were used to fortify gluten free bread. Regarding percentage of iron 

dialyzable from Electrolytic Iron (6.22%) agree with the results obtained by Cagnasso 

(37) (7%), but in other studies (16, 22), the percentage of iron dialyzable was lower (3.16% 

and 3.8%, respectively) than ours. At 6 months, the iron dialysability varied in all 

samples except for Ferrous Bisglycinate. The percentage of iron dialyzable in 

Electrolytic Iron, encapsulated Ferrous Sulphate and Ferric Pyrophosphate decreased 

significantly (p<0.05) with respect the previous measurement. By contrast, Ferric 

Pyrophosphate emulsified (lipofer®) increased significantly (p<0.05) whereas Ferrous 

Bisglycinate is maintained without changes. At 12 months, the iron dialysability of 

Electrolytic Iron and encapsulated Ferrous Sulphate (1.28 and 1.61%, respectively) 

decreased significantly (p<0.05) with respect to previous months (3.8 and 3.39%, 

respectively). Curiously, percentage of iron dialyzable from Ferric Pyrophosphate 

emulsified (Lipofer®) (1.12%) decreased significantly (p<0.05) when was compared to 6 

months (5.03%). The same pattern took place when the percentage of iron soluble was 

analyzed; it increased at 6 months and after decreased to 12 months. At this period 

the percentages of iron dialyzable from two forms of Ferric Pyrophosphate were 

equals. On the other hand, the percentage of iron dialyzable from Ferrous Bisglycinate 

is maintained without changes. In the following months (18 and 24 months), no 

changes were observed in the percentage of iron dialyzable from iron compounds 

analyzed. 

Only, the two forms of Ferric Pyrophosphate and Ferrous Bisglycinate reached 

similar values to the beginning, whereas Electrolytic Iron and encapsulated Ferrous 
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Sulphate showed values significantly (p<0.05) lower than the initial values. Regarding 

the two forms of ferric pyrophosphate their results confirmed the observations made 

by Hurrell (28), where they exposed that there is no evidence that encapsulation will 

enhance the absorption of fortification iron. However, in the case of encapsulated 

Ferrous Sulphate we did not assay a non-encapsulated form of Ferrous Sulphate; 

therefore, we cannot determine if the encapsulation or the iron compound provided 

this decrease in iron dializability.  

3.3-Sensory Evaluation 

Figures 1-4 depict the scores obtained for each of the sensory attributes 

evaluated; color, taste, smell and overall impression. Color in all infant cereals was 

positively valued with scores above 7 (range 1-9). No significant differences were 

found among iron compounds or over their shelf life. Color is one of the sensory 

parameters more sensible, being one of the most common problems in the iron 

compounds along with increased rancidity due to oxidation of unsaturated lipids. In 

our case, we did not find any color change in the samples analyzed, due to the main 

color changes occur when fruits are included as ingredient. In our study the type of 

infant cereal that we choose, no contains fruit in its composition, for what this type of 

reaction did not take place. Regarding taste and smell, no changes were observed in all 

infant cereals at any time point, and the scores were above 7, the same as the color. 

Finally, the overall impression for each infant cereal was above 7 what is means that 

“liked very much” according to hedonic scale (38). In general, Iron compounds did not 

affect the sensory characteristics of food matrix showed certain stability during its 

shelf life. Generally, iron compounds such as ferrous sulfate, ferrous bisglycinate and 

other soluble iron compounds when are added to these products can cause rancidity, 

and sometimes color changes as well. To overcome such problems, one option would 

be to use encapsulated forms, such as ferrous sulfate. Another option is to use a less 

soluble iron compound, such as ferrous fumarate or electrolytic iron (but at a higher 

concentration), both of which are commonly used to fortify complementary foods. 

Ferric pyrophosphate is another possibility, although it is rarely used in practice. If 

ferric pyrophosphate were to be used to fortify these foods, it too should be added at 
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twice the concentration (relative to ferrous sulfate) (32). Numerous studies have 

evaluated both bioavailability and sensory effects in fortifies foods. (30) evaluated a 

number of different iron sources in extruded rice grains, and observed that the only 

iron source that did not cause significant color changes in the finished product was 

ferric pyrophosphate, whereas ferrous sulphate and electrolytic iron had negative 

effects on color. In other study carried out by (34) observed that unfortified maize 

porridge had a brighter yellow than porridge fortified with ferrous sulphate, ferrous 

bisglycinate, ferrous trisglycinate or iron-EDTA. The first finding from the present study 

was that the iron compounds that were used for the formulation of infant cereal did 

not affect the sensory characteristics in any way. In all samples, color, taste, smell and 

overall were positively scored with average scores above 7.  

Figure 1-4.-Sensory analysis of fortified infant cereals. Each chart represents 

one sensory attribute; chart A represents scores of Color, chart B scores of Taste, chart 

C scores of Smell and finally chart D scores of Overall impression. IF= Iron Electrolytic; 

EFS= Encapsulated Ferrous Sulphate; FPP= Ferric Pyrophosphate; FPP+ Emulsifiers = 

Ferric Pyrophosphate + emulsifiers; FBG= Ferrous Bisglycinate. 
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3.4 -Color Stability  

The color values ( *, a* and b*) and the total color difference (∆E*) of infant 

cereals fortified with different iron compounds in CIELab system are summarized in 

Table 4. In iron-fortified foods, change in color is the main concern because the iron 

compound frequently induces organoleptic changes in the food vehicle, especially in 

color. According to the CIELab system, the values of L* at 0 month ranged from 87.03 

(infant cereal fortified with electrolytic iron) to 87.71 (infant cereal fortified with ferric 

pyrophosphate emulsified, Lipofer®). 
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Table 4.-Color values of infant cereals fortified with different iron fortificants in CIELab 

system 

Iron Compounds Time (months) L* a* b* ∆E* 

Multicereals + EI 0  87,03 1,78 15,51 0.9 

 24  87,56 1,64 14,78  

Multicereals + EFS 0  87,40 1,76 15,91 0,9 

 24  87,51 1,69 15,04  

Multicereals + FPP 0  87,37 1,81 15,56 0,7 

 24 87,3 1,72 14,84  

Multicereals + MFP 0  87,71 1,64 15,62 1.0 

 24  87,05 1,66 14,89  

Multicereals + FBC 0  87,24 1,70 15,58 1,1 

 24  86,44 1,74 14,85  

 

4. Conclusions 

Little is known about how the solubility and dializability of iron compounds added 

to infant cereals varied long-term, in particular, over shelf life. The solubility and 

dialyzability percentage was variable over time, being constant from 12 months to 24 

months depending on iron compounds. Moreover, no iron compounds affect the 

sensory attributes such as color; flavor and taste of the infant cereal tested when were 

evaluated for an internal sensory panel. Ferrous Bisglycinate (Ferrochel®) was the iron 

compound that showed higher percentage of solubility and dializability than other iron 

compounds tested. However, this iron compound is not permitted to be added into 

infant cereals according to the Directive 2006/125 CE. Among them, Electrolytic Iron 

and Ferric Pyrophosphate are permitted to be added in infant cereals. Curiously, these 

iron compounds showed the highest dialyzability percentage (to exception Ferrous 

Bisglycinate), although no significant differences among them were observed. Further 



85     Chapter 2 

 

research is necessary to choose the ideal iron compound when is prepared with follow 

on formula instead of water in addition of using different temperature of storage. 
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“ itamin and mineral deficiency ( MD) touches the lives of perhaps a third of the 

world’s people. The challenge is therefore clear. And when so much could be achieved 

for so many and for so little, it would be a matter of global disgrace if vitamin and 

mineral deficiency were not brought under control in the years immediately ahead.” 

Carol Bellamy 

 

”There are only three groups of people: those who make things happen, those who 

watch things happen and those who wonder what happened."  

Nicholas Murray Butler 
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-Chapter 3 

Contribution of bioavailable iron and zinc to the diet of Honduran children under 24 

months. 
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1. Introduction   

 Iron dearth is the primarily prevalent nutritional deficiency and the most 

important cause of anemia affecting not only developing countries but also 

industrialized countries (1). In Latin America and the Caribbean (LAC) region, iron 

deficiency anemia (IDA) (defined as a hemoglobin level less than 11 g / dL), is the main 

nutritional disorder in early life (first year of life) (2, 3). Honduras is the third country of 

Central America region, behind Haiti and Guatemala, which have a higher incidence of 

anemia in children less than five years old, and the sixth in all Latin America with a 37% 

of incidence of this disease (4). Although the age range in which can manifest anemia is 

very broad, most it appears during the so-called "period of diversification of the 

infant's diet", between 6 and 8 months old, becoming the incidence of Fe deficiency 

anemia 60% in children (5) .The incidence of Fe deficiency anemia in Honduras in rural 

populations achieve 40% of incidence (6). The high prevalence of helminth infections in 

Honduras higher than 20% of the population (7) are a significant contributing factor for 

anemia (7, 8). Apparently, this coupled with the nutritional problem is caused by food 

availability and dietary patterns that follow responsible for infant feeding. It is a 

widespread pattern, especially in groups of rural population, indigenous or low 

income, where foods are not available and recipes can not be adequated for periods of 

initiation to solid foods, being perhaps the cause, among other factors, of anemia 

observed in children of this country. Along with traditional food used to feed infants, 

baby food produced by the food industry, mainly infant, cereals and supplementary 

food homogenates, are limited in countries like Honduras. While in other countries 

(European or United States) are more widespread used.  

 In the field of maternal and child health international recommendations 

breastfeeding is performed at least until 6 months from birth (9). Transition between 

exclusive breastfeeding and complementary feeding is related with deterioration of 

nutritional status in Honduras infants. From the 4th month of life, 29% of children aged 

between 6 to 23 months suffer diarrhea (4). In Honduran this problem is also 

determined by factors such as low food availability in certain population groups, poor 

nutrition practice, early introduction of food being not always the most appropriate 
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foods based on the Honduran tradition, and that the guidelines on food complement 

in certain socio-economic strata, is based on traditions that have important mistakes 

(10). In rural areas, a high percentage of mothers (51.9%) give their children coffee in 

the 1st month of life; and between the 3rd and 4th month of life carbonated 

beverages with sugar, various types of non-breast milk, broths or soups on, (high in 

salt), corn tortillas, rice, potatoes, or bread (11). Several studies (12, 13) conclude that 

these feeding practices could not only be related to deficiencies of one or more 

micronutrients but also to the present of phytates, oxalates or tannins, and other 

absorption inhibitors of Fe and Zn, and to a higher frequency of diarrhea and other 

pathological processes.  

 There is no specific recommendation on what type of infant foods should be 

introduced to start complementary feeding, although almost all international agencies 

agree that they should play a fundamental principle: to provide high amount of energy 

for easy use in the minimum volume possible (14). Setting advisable energy for the 

infant is 650 calories a day, 108 Kcal / kg / day in the first 6 months and 96 Kcal / kg / 

day, which is 850 calories a day between 6 to 12 months (15). It is possible that the 

energy requirements of infants at risk populations (with frequent infections or adverse 

environmental conditions) and in Honduras, varies under stressful situations that 

occur. Of the three food groups that are mainly managed from the 6th month (cereals, 

fruits, and vegetables), there is no solid reasons to recommend starting with one or 

the other, can adapt the food scheme to socio-cultural country (16) context. Moreover 

mentioned foods for infants between 9 and 12 months of age should serve to further 

cover 97% of the recommended daily intake of Fe, and 86% of Zn (17).  

 Early prevention, detection and treatment of iron deficiency anemia in 

childhood are very important to prevent long-term effects (8). Metabolic processes of 

Fe absorption of nutrients depends on key factors such as heme presence or not, and 

in the latter case the oxidized or reduced state, as well as other dietary factors (18). 

Generally we can consider that the absorption of Fe ranges between 7 and 15%, which 

means that the child needs a concentration greater than to 10 to 11 mg / day to meet 

the daily requirements of bioavailable Fe the period of 6-12 months, which 
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corresponds to 0.9 mg / day. Fe however, has a narrow margin for dietary 

recommendations for this age, is also not recommended to exceed 15 mg / day (19, 16). 

(Table 1) 

Table 1.-Recommended Intake of Fe and Zn depending on the type of diet 

(2) WHO/UNICEF/UNU 2001; (10) 2007; (15) 2005 

In the case of Zn needs during lactation period are 12-13 mg / day and intestinal 

absorption varies widely between 5 and 95% depending of the tissue stores of Zn are 

or decreased not and, especially, to presence of dietary factors such as phytates, or by 

competitive effect with absorption of Fe (20). In addition, the presence of amino acids, 

(especially of animal origin) or organic acids, can promote Zn absorption (21). 

Availability infants also varies according to mode of feeding,because bottle-fed infants 

have a higher requirement due to reduced availability of Zn they have shown that 

infant formula (22). Zn is not listed as micronutrient deficiency within the pediatric 

population in Honduras, although it is subject to enrichment initiatives diet (National 

Plan and the National Health Plan 2010-2014 SM2015), as the supply of Zn powder in 

children between 6 and 23 months for the treatment of diarrhea (23). For all of the 
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above, the content of Fe and Zn are designated as "critical nutrients" during this stage 

of life, so the search for optimization of absorption (24) is necessary. 

2. Materials and Methods 

2.1. - Traditional foods and industrial marketed infant foods from Honduras. 

For the study, 10 Honduran traditional recipes developed following the 

recommendations of the infant feeding guide developed by the Ministry of Health of 

the country (25) for infants aged 6-12 months. Selected dishes were all prepared in a 

home purees identified as the most consumed foods among Honduran children (11). 

(Rice with beans and green leaves, Milled rice with beans, Squash (pumpkin) with curd, 

Squash with butter, Banana roasted with sugar, Camote (sweet potato) orange, Beans 

(beans) with banana, Papa (potato) with butter, Banana with butter, Carrot, cream and 

milk).These dishes and samples are denominated as PTH (Honduran traditional dishes). 

The ingredients were purchased in different markets and supermarkets in 

Tegucigalpa, and the development of the same was done in the laboratory of food 

preparation of the National Pedagogical University Francisco Morazán (Tegucigalpa, 

Honduras). To complete the vision of the diet of Honduran children in this period of 

life, 8 children's products were selected, including cereals and commercial fruit 

intended for complementary feeding with high presence in the domestic market in 

Honduras. These were cereals whose main ingredients determine its commercial 

name. (Rice, Oats, 5 grains (wheat, rice, oats, barley and rye), Wheat flour, Massa corn, 

Wheat and milk, Wheat and honey, Vanilla and cinnamon). In this case we will 

call products as PIH (Honduran industrial dishes) for identification in the present work. 

2.2. - Reagents. 

Reagents used were analytical grade unless otherwise stated. Water was 

double distilled and deionized prior to perform all determination analysis of minerals. 

All glass material and polyethylene bottles used to simulate gastrointestinal digestion, 

were washed with distilled and deionized water, maintained for 24 h in a solution of 

HNO3 10N, and again washed with distilled and deionized water before use to 



95     Chapter 3 

 

eliminate them any debris that could interfere with the determination of minerals. For 

in vitro gastrointestinal digestion (Section 2.3 of this Chapte) suspension of pepsin was 

prepared with 16 g of pepsin (pepsin from porcine stomach mucosa P6887; Sigma 

Chemical Co., St. Louis, MO) in 100 mL with HC1 solution 0.1 N. the mixture 

pancreatin-bile extract was prepared with 4 g of pancreatin (P3292 pancreatin from 

porcine pancreas; Sigma Chemical Co., St. Louis, MO) and 25 g of porcine bile extract 

(Sigma Chemical Co., St. Louis, MO) were dispersed to 1L with 0.1 M NaHCO3 solution. 

2.3. - In vitro gastrointestinal digestion. 

Before starting the process the foods were prepared under commercial 

indications (PIH), and following the traditional recipe in the case of Honduran food 

(PTH). The food was homogenized with an Osterizer® (Cycle blend 10 press matic) to 

"blend" for 3 min to ensure getting a texture as similar in all cases, and similar to what 

children eat. Of each homogenate they were randomly 10 g of sample for analytical 

evaluation, and each analysis was performed in triplicate. The infant food (PTH and 

PIH) were digested by the method of in vitro gastrointestinal digestion described by 

Miller et al., 1981 (26) with modifications (27) aimed at reducing the amount of enzymes 

used and simulate the conditions of infant digestive process as the gastrointestinal 

tract in the early stages of life it is not yet fully developed. The in vitro digestion 

process consisted of a gastric phase with a first phase gastric was grown at 37 °C and 

pH 2 with stirring in the presence of pepsin solution as described in section 2.2.; 

followed by a phase of intestinal digestion at 37°C at pH 5.5 under stirring with 

pancreatin and bile salts (obtaining solubility tests and dialysis). At the end of the 

intestinal step, aliquots were selected for the soluble fractions, which are solubilized or 

accessible to be absorbed mineral. For this, 30 g of each aliquot was centrifuged at 

3500 x g for 1 hour at 4 °C using a refrigerated centrifuge (Eppendorf Centrifuge 5804-

R, Hamburg, Germany). The supernatant (soluble fraction) was used to determine the 

mineral content according to the methodology described in paragraph 2.4. of this 

chapter. The dialyzable fraction is defined as the amount of mineral absorbed, and a 

process for determining dialysate was performed using semipermeable membranes for 

dialysis (pore size of 6,000-8,000 Da membrane and a diameter of 29 mm, Spectra / 
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for, Spectrum, Houston, TX, USA) containing 50 mL of deionized distilled water and 0.1 

M NaHCO3 an amount equivalent to the acidity. The bioavailable fraction of total 

minerals in the sample (expressed in percentage) is considered as the Fe and Zn 

dialyzed through the membrane. 

2.4. - Determination of Fe and Zn. 

Concentrations of Fe and Zn in the different samples and in both fractions, 

soluble and dialyzable, were determined by Atomic Absorption Spectrometry (AAS) 

(Thermo Scientific AA Spectrometer S Series, Thermo, Waltham, MA). Before analysis 

of organic matter was destroyed by incineration in a muffle furnace set temperature 

(Nabertherm, Lilienthal, Germany) at 525 °C for 32 h (speed 50°C/h). Ashes were 

dissolved on 3 mL of 10N HNO3 were added, and the samples were heated in 100 °C 

hot plates to dryness. After cooling to room temperature residue, it was dissolved with 

1 mL of 0.1N HCl, and the solution was transferred to a 50 mL volumetric flask and 

diluted to the volume distilled-deisonized water. The analysis was performed using a 

spectrometer of air-acetylene flame and a burner 10 cm, 248.8 wavelengths 213 nm 

and Fe, Zn nm for. The calibration curves were established between 0.25 and 5 ppm 

for both minerals, and exhibited acceptable linearity, with coefficients of correlation 

greater than 0.995. As equations ((y = 2.86.103- + 4.76.10-2x) (y = 3, 58.103- + 0, 

18.0.102-x)) for Fe and for Zn respectively. 

2.5. - Statistical analysis. 

The results are expressed as mean ± standard deviation from three independent 

determinations of each sample. Differences between samples were examined for 

statistical significance (p <0.05) by analysis of variance (ANOVA) and one-way Student 

T to compare the values between samples. 
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3. Results 

The samples under study were formed by 18 Honduran baby food, homemade 10 

(PTH) and 8 industrial processing (PIH). It should be noted that in the case of PTH and 

PIH that were developed in the study, the recommendations in terms of quantities and 

proportions were according manufacturers instructions. In Tables 2-3 describes the 

ingredients used in the preparation of traditional porridges PTH and PIH higher share 

of consumption in Honduras and their nutritional value indicated in the label in 

relation to dietary reference intake (RDI) for children from 1 to 3 years. 

Table 2-Ingredients used in the preparation Traditional purees (PTH) and its nutritional 

value. 

PTH 
INGREDIENTS 

NUTRITIONAL VALUE 
RECIPE 

(By Ration) 

1 
BEANS AND RICE WITH GREEN LEAVES. (45 g rice, beans 15g, 

15g green leaves). 
Ration 
37,5g 

kilocalories 

Proteins (g) 

Iron (mg) 

0,2 

7,3 

2,2 

2 
RICE WITH BEAN GROUND. (30 g rice, beans 15g, 15 ml boiled 

water). 

Ration 
37,5g 

 

kilocalories 

Proteins (g) 

Iron (mg) 

0,07 

2,4 

0,7 

3 (AYOTE), PUMPKIN WITH CURD. (45 g Squash, 30g Curd). 
Ration 
37,5g 

 

kilocalories 

Proteins (g) 

Iron (mg) 

0,08 

4 

0,6 

4  (AYOTE) WITH BUTTER. (75 Zucchini, 5g butter). 
Ration 
37,5g 

 

kilocalories 

Proteins (g) 

Iron (mg)) 

0,06 

0,5 

0,5 

5 GRILLED BANANAS WITH SUGAR. (2.5g sugar, 100 gr Banana). 
Ration 
37,5g 

 

kilocalories 

Proteins (g) 

Iron (mg) 

0,04 

0,4 

0,1 
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6 
CAMOTE (POTATO) ORANGE. (5 g butter, 15 ml Breast milk, 

100g Sweet Potato) 

Ration 
37,5g 

 

kilocalories 

Proteins (g) 

Iron (mg) 

0,17 

1,6 

1 

7 
BEAN (HABICHUELA) WITH BANANA. (70 g Banana, Bean 15g 

casting Manteca 5g) 

Ration 
37,5g 

 

kilocalories 

Proteins (g) 

Iron (mg) 

0,1 

1,9 

0,7 

8 
PAPA (POTATO) WITH BUTTER. (1 Papa Media, 5 g Butter 

Breast Milk 34g) 
Ration 
37,5g 

kilocalories 

Proteins (g) 

Iron (mg) 

0,1 

1,2 

0,5 

9 BANANA WITH BUTTER. (35g ripe banana; 5 g of butter). Ration 
37,5g 

kilocalories 

Proteins (g) 

Iron (mg) 

0,07 

0,6 

0,2 

10 

CARROT CREAM AND MILK. (5g butter, 100g carrot 

15ml milk). 
Ration 
37,5g 

kilocalories 

Proteins (g) 

Iron (mg) 

0,08 

0,9 

0,5 

 

Table 3-Ingredients used in preparing the industrial porridges (PIH), nutritional value. 

% compared to the Dietary Reference Intake (RDI) for children 1 to 3 years. 
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INDUSTRIAL PORRIDGES (PIH) 

 

 

NUTRITIONAL VALUE 

RECIPE 

 

% IDR 

Covering 

30 g 

1 

RICE. 

Rice Flour, Calcium Carbonate (1.20% as 

stabilizer), disodium phosphate (0.72% 

stabilizer), Soy Lecithin, Vitamin C Ascorbic 

Acid) Vanilla (0.02% as flavor identical to 

natural) Ferrous Fumarate niacin 

(Nicotinamide), Zinc Sulfate, vitamin E, 

calcium pantothenate, vitamin B1 

(Thiamine), vitamin B6 (pyridoxine), Folic 

acid, Biotin, vitamin D3 (cholecalciferol), 

vitamin B12 (cobalamin), probiotics 

(Bifidobacterium lactis) 

 

Ration 

 30g 

kilocalories 

Carbohydrates 

(g) 

Dietary Fiber (g) 

Proteins (g) 

Total Fat (g) 

111 

25,3 

0,57 

1,98 

0,3 

 

Iron (mg)  14% 

Zinc(mg)  16% 

2 

OATS. 

(Oatmeal, Sugar, Corn Starch, Calcium 

Carbonate 1.27% as stabilizer), disodium 

phosphate (0.58% stabilizer), Vitamin C 

(Ascorbic Acid) Vanilla (0.02% as flavor) 

Ferrous Fumarate, Niacin (Nicotinamide), 

Zinc Sulfate, vitamin E, calcium 

pantothenate, vitamin B1 (Thiamine), 

vitamin B6 (pyridoxine), Folic acid, Biotin, 

vitamin D3 (cholecalciferol), vitamin B12 

(cobalamin), probiotics (Bifidobacterium 

lactis) 

 

Ration 

 30g 

kilocalories 

Carbohydrates 

(g) 

Dietary Fiber (g) 

Proteins (g) 

Total Fat (g)) 

111 

2,9 

1,56 

21,2 

1,4 

 

Iron (mg) 1,59 16% 

Zinc(mg) 1,02 38% 

3 

5 GRAINS (WHEAT, RICE, OATS, BARLEY 

AND RYE). 

Flour (wheat, barley, oats, rice and maize) 

(83.19 %%) sugar, malt extract (barley), 

mineral salts (calcium carbonate, sodium 

phosphate, Ferrous Fumarate,, Zinc 

Sulfate,) Vitamins ( C Niacin (PP), E, calcium 

pantothenate, A B1 (Thiamine), B2 

(riboflavin), B6, folic acid, D3, Biotin, and 

B12) Probiotic (Bifidobacterium lactis) 

.saborizante identical to natural vanilla). 

 

Ration 

 30g 

kilocalories 

Carbohydrates 

(g) 

Dietary Fiber (g) 

Proteins (g) 

Total Fat (g) 

110 

23,4 

0,9 

3 

0,45 

 

Iron (mg) 3,0 14% 

Zinc(mg) 0,9 16% 

4 WHEAT FLOUR. 

 

Ration 

kilocalories 

Carbohydrates 

360 

77 
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100g (g) 

Dietary Fiber (g) 

Proteins (g) 

Total Fat (g) 

3 

11 

1 

Iron (mg/kg de 

flour) 

55  

Zinc(mg) --  

5 CORN MASA. 

 

Ration 

100g 

kilocalories 

Carbohydrates 

(g) 

Dietary Fiber (g) 

Proteins (g) 

Total Fat (g)  

371.5 

76.6 

2.0 

7.7 

3.6 

 

Iron (mg) 5.5  

Zinc(mg) ---  

6 

WHEAT AND HONEY. 

Wheat flour, Sugar, Honey Bees Calcium 

Carbonate (disodium phosphate, Vitamin 

C, Ferrous Fumarate, Zinc Sulfate, identical 

to natural Vanilla, probiotics 

(Bifidobacterium lactis) flavor. Vitamins E, 

Niacin (Nicotinamide) Vitamin A , B1 

(Thiamine), B2 (calcium pantothenate) B6 

(pyridoxine), Folic acid (Folacin) D3 

(cholecalciferol), Biotin, and B12 

 

 

Ration 50g 

kilocalories 

Carbohydrates 

(g) 

Dietary Fiber (g) 

Proteins (g) 

Total Fat (g) 

208 

33,8 

0,6 

-- 

4,8 

 

Iron (mg) 8 36% 

Zinc(mg) 5 83% 

7 

WHEAT AND MILK. 

Wheat flour (40%), partially skimmed milk 

sugar, corn oil (with antioxidant: Ascorbyl 

Palmitate), Canola oil, Palm oil, Dextrose, 

Mineral Salts (Calcium Carbonate, Sodium 

Phosphate, Ferrous Fumarate, Sulphate 

Copper iodide, potassium and zinc 

sulphate), probiotics (Bifidobacterium 

lactis 106 cfu / g)), vitamins (C Niacin (PP), 

 

 

Ration  

30g 

kilocalories 

Carbohydrates 

(g) 

Dietary Fiber (g) 

Proteins (g) 

Total Fat (g) 

112 

25,3 

0,8 

2,2 

0,3 
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The mineral content and in vitro availability as solubility and dialysis 

percentages of Fe and Zn in the supplementary feeding Honduran homemade PTH, 

compared to industrial baby food PIH, are listed in Tables 4 and 5 

 

 

 

 

 

 

E, calcium pantothenate, A B1 (Thiamine), 

B2 (riboflavin), B6 , Folic acid, K1 

(floquinona), D3, Biotin, and B12) identical 

to natural flavoring vanilla, corn 

maltodextrin. 

Iron (mg) 3,0 14% 

Zinc(mg) 

0,9 

16% 

8 

VANILLA AND CINNAMON. 

Flour (wheat, barley, corn, rice, oats) 

(71%), sugar, malt extract (barley), mineral 

salts (calcium carbonate, sodium 

phosphate, Ferrous Fumarate, Zinc 

Sulfate,) cinnamon (0.3% ), vanilla extract 

(vanilla) (0.02%), probiotics 

(Bifidobacterium lactis 106 cfu / g)), 

Vitamins (Niacin C, E, calcium 

pantothenate, A B1 (Thiamine), B2 

(riboflavin), B6, Folic acid, D3, Biotin, and 

B12) identical to natural flavoring vanilla, 

corn maltodextrin 

 

Ration 

8g+200ml 

milk  

kilocalories 

Carbohydrates 

(g) 

Dietary Fiber (g) 

Proteins (g) 

Total Fat (g) 

146 

15,2 

-- 

6,9 

6,4 

 

Iron (mg) 0,3 5% 

Zinc(mg) 

0,15 

31% 
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Table 4-Fe and Zn content expressed in mg / 100g in 10 Honduran Traditional purees 

for Infants (PTH) homemade versus 8 Industrial Paps (PIH) consumed by the Honduran 

infant. 

 

Results were expressed as mean ± standard deviation of 3 determinations in 3 different 
samples. ND: Below detection limit (mg / 100g) Different letters in the same column indicate 
statistically significant differences (p <0.05) 
 

 

 

PTH 

Content (mg/ 100g)  

 

 

 

PIH 

 

 

 

Content (mg/ 100g) Fe total Zn total 

1 
Rice with beans and 

green leaves 
1,955±0,06

 a
 ND 

 

 

Fe total 

 

 

Zn total 2 
Milled rice with 

beans 
1,555±0,03

 a
 ND 

3 Pumpkin with curd 1,551±0,00
 a

 ND 1 Rice 9,41±0,63
b
 1,86±0,31

 a
 

4 
Pumpkin with 

butter 
0,527±0,02

 c
 ND 2 Oats 4,13±0,20

c
 2,14±0,44

 b
 

5 
Roasted banana 

with sugar 
1.42±0,11

 a
  3 

5  Cereals 

(wheat, rice, 

oats, barley 

and rye) 

7,56±0,14
a
 2,63±0,08

 b
 

6 
Camote (sweet 

potato) orange 
1,110±0,21

b
 ND 4 Wheat flour 5,61±0,26

c
 0,63±0,04

 c
 

7 
Beans (beans) with 

banana 
1,456±0,06

a
 ND 5 Mass of corn 6,97±0,17

a
 0,91±0,03

 c
 

8  Potato with butter 0,685±0,02
c
 ND 6 

Wheat and 

milk 
8,53±0,10

b
 2,85±0,27

 b
 

9 Banana with butter 0,264±0,01
 d

 ND 7 
Wheat and 

honey 
7,15±0,19

a
 1,79±0,26

 a
 

10 
Carrot, cream and 

milk 
0,821±0,03

 b
 ND 8 

Vanilla and 

cinnamon 
6,09±0,12

a
 2,33±0,26

 b
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The content of Fe in different PTH ranged between 0.26 and 1.95 mg Fe / 100g 

(Table 4). As a common element in recipes of PTH significant higher averages Fe 

content, were observed. Regardless of method of cooked food (cooked, mashed, 

roasted), they were those who had among legumes ingredients beans (pintos), as 

occurs in recipes for "rice with beans and green leaves", "rice and beans ground" and 

"beans with banana" the higher Fe content (1.96, 1.56 and 1, 46 mg Fe / 100g, 

respectively). In the PIH, note that all commercial baby food analyzed presented a total 

content greater than 4 mg / 100g Fe, highlighting that of "rice" of "wheat and milk," 

and the "five grains" (9.04, 8.53 and 7.56 mg / 100g, respectively). As for the two 

samples of industrial flour used in the production of baby food, it highlights the "corn 

masa" with 6.96 mg Fe / 100g, which doubles the total content of Fe of the "wheat 

flour" (3, 16 mg Fe / 100g). 

  Zn content for PTH, values found were below detectable limits (0.25 ppm) 

However, in PIH, total Zn content were withing in a range of between 1.80 and 2.85 mg 

Zn / 100g, corresponding to the papilla of "wheat and honey" and "wheat and milk", 

respectively. Samples of "wheat flour" had a negligible value in terms of total content 

of Zn (Zn 0,63mg / 100g). 
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Table 5-In vitro availability Fe of differents Traditional Honduran purees (PTH).  

In vitro availability Fe and Zn of 8 Industrial Porridges for Honduran infants (PIH). 

Results were expressed as mean ± standard deviation of 3 determinations in 3 different samples. ND: 

Below detection limit (mg / 100g) Different letters in the same column indicate statistically significant 

differences (p <0.05) 

 

 

PTH 
 

% Fe(mg/100g) 

 

 

PIH 

 

 

 

% Fe (mg/100g) 

 

% Zn(mg/100g) 

Soluble Dialyzable Soluble Dialyzable Dialyzable 

1 

Rice with 

beans and 

green leaves 

1,60±0,05
c
 0,32±0,00

a
 1 

Wheat 

And 

Honey 

5,683±0,45
a
 1,337±0,03

a
 0,423±0,00a 

2 
Milled rice 

with beans 
1,12±0,04

a
 0,41±0,00

a
 2 5 Cereal  3,962±0,18

b
 1,931±0,04

b
 0,109±0,00b 

3 

Ayote 

Pumpkin with 

curd 

0,89±0,01
a
 0,67±0,01

b
 3 Rice 5,639±0,20

a
 1,155±0,02

a
 1,364±0,03c 

4 
Pumpkin with 

butter 
0,41±0,01

 b
 0,26±0,00

a
 4 Oats 3,859±1,34

b
 1,094±0,05

a
 0,483±0,00a 

5 

Roasted 

banana with 

sugar 

0,60±0,01
a
 0,16±0,03

a
 5 

Vanilla 

And 

Cinnamon 

5,264±0,01
a
 1,973±0,08

b
 ----- 

6 

Camote 

(sweet potato) 

orange 

ND 0,33±0,00
a
 6 

Wheat 

And Milk 
3,511±0,01 

b
 --- --- 0,990±0,01c 

7 
Beans (beans) 

with banana 
1,09±0,21

a
 0,59±0,02

a
 7 

Wheat 

Flour 
3,966±0,02 

b
 1,3530,01

a
 0,436±0,00a 

8 
Potato with 

butter 
0,37±0,00

b
 ----- 8 Corn Masa 4,186±0,03

b
 0,870±0,00

a
 ----- 

9 
Banana with 

butter 
0,08±0,00

b
 ----- 

     

10 
Carrot, cream 

and milk 
0,58±0,00

 b
 0,24±0,00

a
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Table 5 shows in vitro availability porcentages of Fe and Zn for samples of PTH 

and PIH determined as soluble and dialyzable fractions. For the soluble fraction, values 

below 0.60 mg Fe / 100g were obtained on samples of PTH, except sample "Ayote 

curd", for which they were obtained means slightly higher values (0.9mg / 100g). For 

samples prepared with "beans" higher than the above values were obtained in the 

range of 1.09 to 1.60 mg Fe/ 100g. The fraction of the intestinal digestion (or 

pancreatic dialyzable fraction) Fe values were at two levels: less than 0.58 mg / 100g 

for signs of "Orange sweet potato puree"; "Milled rice with beans", "Rice with beans 

and green leaves" and between 0.76 to 0.59 for those of "Bean puree with banana", 

"Ayote with clotted cream" and "Roasted with sugar banana". The values obtained 

were at low levels in all purees (<0.8 mg / 100 g), with over 50% for all losses (relative 

to the initial content of Fe), and reaching in some cases 70 losses % and 84% for 

mashed "Milled rice with beans" and for the "Rice with beans and green leaves." 

Moreover, in terms of in vitro availability of Zn porridges Honduran traditional 

preparation (PTH) found that the values found are below detection levels. 

In the case of PIH (Table 5) it was found that the percentage of Fe has relatively 

similar values in terms of in vitro availability soluble fraction 4 of the 8 porridges, with 

losses less than 71% of Fe also 3 from 8 cereal studied showed significant differences 

in the soluble fraction compared with the rest of samples with greater than 5 mg Fe / 

100g values, namely 5.68; 5.64, 5.26 mg Fe / 100g for samples of "Wheat and honey" 

and "Rice, Vanilla and cinnamon", respectively. Also in dialyzable fraction values 

observed they showed significant differences for 2 PIH 8 studied, with values close to 2 

mg of Fe / 100 g porridge "5 cereals" and "Vanilla and cinnamon". In the case, of 

soluble and dialyzable fractions we found that samples "Wheat and honey", "5 cereals" 

and of "Rice" are those which are more stable in both fractions, with values in vitro 

availability of between 100-75%, 52 to 50.9% and from 62 to 44.9%, respectively. On 

the other hand samples of infant food that have a lower availability measured in the 

dialyzable fraction were porridge "Oat" and "Vanilla and cinnamon", showing an in 

vitro absorption of less than 27% of the initial content. Also among the flours, we note 

that the "Corn masa" showed a decrease of almost 90% in the mineral content of 
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dialyzable fraction, which is equivalent to the fraction that is absorbed in the intestine. 

When comparing together the PIH and PTH are observed in both fractions show 

statistically significant differences. 

Finally, in vitro availability of Zn in PIH, showed low availability of mineral values 

with values <0.5 mg / 100g in all samples except the "Rice porridge" and the "Wheat 

and milk" (1.36 mg / 100g and 0.99 mg / 100g, respectively), representing a decrease 

in its in vitro availability than 75%, and in some cases reaching 96%, as in the slurry of 

"Oat". 

4. Discussion 

After the first 6 months of life, when breastfeeding does not meet with nutritional 

requirements of infants are higher than those observed in other age group and 

physiological situation. It is necessary to know as precisely as possible the composition 

of foods and those factors associated with especially absorption, particularly with 

essential micronutrients such as Fe and Zn. Bioaccesibility play a key role not only on 

quantitative if not on qualitative contribution to an adequate status for physical, 

cognitive and immune development in infants. Also, seeking strategies to improve 

absorption of minerals in the period of diversification of the diet are essential, 

considering that there are many factors involved in the bioavailability of the minerals 

ingested such as digestive or absorption processes, union with food matrix 

components, the pH changes, the nature of the mineral (own food components or 

added as fortifiers) or physiological state of the individual. Factors are particularly 

important in countries where there are population groups most at risk for their 

economic and cultural development or conditions such as Honduras case. In addition, 

this country in Central America, is considered by FAO as lower-middle income, and has 

a chronic malnutrition rate of 23% with an incidence of iron deficiency anemia in top 

preschool to 29% (10) indicating that certain groups of rural, indigenous or low income 

are at risk of malnutrition especially among children. 

The results of our study show overall as diet Honduran infant fed with locally available 

food (PTH), it has a low density of micronutrients analyzed (Fe and Zn) identified as 
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nutrients key problems in the country (28) . Thus, coinciding with numerous studies 

linking complementary feeding based on plant foods or mostly plant with a decreased 

absorption of these micronutrients (29, 30, 31). Mainly due to its low bioavailability (1-

6%), and the presence of inhibitors rich foods, such as tannins, oxalic acid, phytic acid 

(whole grains and legumes), calcium and the presence of phosphoproteins (31). In 

addition, a predominantly vegetarian diet also decreases the secretion of stomach 

acid, interfering with intestinal absorption of Fe (30). 

In the samples analyzed, a daily ration of PTH provides lower values than PIH 

showing a lower content of all PTH 2 mg Fe / day, 100g and availability values in vitro 

for PTH that are at substantially lower levels than in all samples tested. Our results are 

similar to previous studies showed in Mexico and Chile in terms of total Fe content in 

foods (32, 33) .The percentage of Fe presenting the typical foods used for the production 

of PTH, shows how a monotonous diets, mainly of plant origin that does not contain 

significant amounts of other foods that improve the absorption of Fe contributing to 

the low in vitro availability. PTH samples that providing the highest percentage of Fe 

absorption are those made with "Pinto beans and curd" with values between (44% -

65%) of (IDR) per 100g, values close to those presented by the complementary diet 

Indonesian infants where feeding completed not provide more than 63% Fe in food 

homemade IDR (34). 

Another factor to consider is that fruits or vegetables added to the preparations 

are cooked, n this refers to loss of vitamin C is expected, which act as an enhancer of 

the absorption. In the PTH as the cooked porridge accelerates degradations of vitamin 

C due to high temperatures during cooking (35). In none of the PTH Zn was detected, 

possibly due to be under the detection limit. The evidence for an effect of Ca on the 

bioavailability of Zn in humans has been contradictory demonstrated. Some studies 

suggest a possible inhibitor effect of Ca and Zn absoption, and others suggest that 

joining the Fe and Ca to phytic acid a better absorption Zn can be obtained (36). In 

addition, the parallel use of supplements or enriched with Ca, Cu and Fe foods can 

hinder the absorption of Zn (31). 
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These relatively low in PTH values may indicate that such foods mass 

consumption (11) contribute to an inadequate intake of Fe and Zn, and can be a 

contributing factor for a higher incidence of anemia among Hondurans infants, very 

especially at the time of starting the introduction of complementary feeding at 6-9 

months. (4, 37) In addition, as mentioned, in Honduras we also found a high incidence of 

diarrhea among its children, increasing their susceptibility to the deficit of certain 

nutrients and increased risk of infections. This justifies the implementation of public 

health guidelines as those used in this country in which the supplement with Zn is 

recommended, has been noted as its contribution as a supplement reduces the 

duration and severity of diarrhea and prevent further episodes (38). Therefore, greater 

bioaccesiblidad in feeding Zn and Fe would be a food and nutrition strategy with clear 

positive impact on children's health. 

As for PIH in Honduras, higher values in in vitro availability in both minerals face of 

PTH, were found as all were relatively stable in both fractions with values in vitro 

availability between 75% and 50 % as signs of "Wheat and honey" and "5 cereals" 

respectively, highlighting "Oats" as the least bioavailable products with losses greater 

than 90%. Noted that the samples were reconstituted with water, so that no significant 

calcium content can be considerer and, thus, no interference of Zn, Mg, Cu, or Fe with 

it can be expected (39). Frequently, it has been observed as standard practice a dilution 

of cereals in greater proportion than indicated, causing a decrease in consumption of 

both mineral and therefore inadequate intake (40). Nor samples, of studies reported, 

were subjected to long periods of storage, which could cause losses (41). 

5. Conclusion 

It is evident that although the use of local ingredients can be an adequated option 

of nutritional sustainability in certain population groups in middle- or low-income and 

Honduras. Incorporating certain foods such as legumes or vegetables may confer 

certain chelators of essential minerals such as Fe and Zn that significantly reduces its 

absorption compared to the same food industrial origin. However, to look for 
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approaches to combining interventions to provide Fe with other measures in 

environments where its lack is not the only cause of anemia are needed. 
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In vitro Availability of folate in weaning foods and its raw materials present in the 

Spanish and Hondurans diet of children lesser than 12 months 
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1. Introduction 

 Folic acid deficiency is the second cause of anemia around the world, with 

serious consequences on human health (1). This deficiency in Latin America and 

Caribbean (LAC) is very important in children, but even more in women 15-44 years 

old. In both cases, people from rural area have one of the highest prevalence 

compared with urban population (1). In order to prevent this high prevalence of 

anemia, The World Health Organization (WHO) recommends a preventive intake of 

folic acid in children between 6-24 months living in these communities where more 

than 40% of infant population shows anemia (2). To prevent various abnormalities in 

early embryonic development, such as the risk of malformations of the spinal cord, 

anencephaly and encephalocele, the importance of an adequate folate intake in the 

human diet has been previously reported, relating this vitamin to adequate health and 

balanced nutrition (3). Moreover, supplementation and/or food fortification with folic 

acid is often employed as a public health strategy. Among the different isoforms of this 

vitamin, the most frequently form found in a wide variety of food are tetrahidrofolate 

(THF) and 5-metiltetrahidrofolate (5-MTHF). Folates in food are mainly found in a 

reduced form, such as polyglutamic forms which are hydrolysed by the pancreas 

conjugase, into monoglutamate, which are absorbable forms, and that can be found in 

very small amounts in foods (4) .The recommended dietary allowance (RDA) for this 

vitamin, expressed as dietary folate equivalents (DFE), is 320–400 µg/day, with the 

highest recommended value in the periconceptional period ranging from 520–600 

µg/day to 450–500 µg/day during gestation and lactation, respectively. In the case of 

infants, from birth to 5 years old, the DFE is 65μg/day (5). At the age of six month, most 

children begin to eat supplementary semi-solid foods. At this stage, homogenized 

infant food, plays a major role in their nutrition (6) being fundamental to provide high 

quality energy. 6-month-old infants obtain around 20% of total daily energy from 

Beikost, reaching 50% at 10 months life (3). The daily recommendation intake (DRI) for 

folate during the first year is around 450-500 µg/day (7), and breast milk only provides 

70% of this value (8) .Furthermore, it must be taken into account that the entire 

ingested amount this micronutrient is not completely absorbed in the intestine. 
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 Therefore, good folate availability from different foods is considered a key 

point to avoid some diseases as anemia, at this early stage of life. This availability 

depends on a greet number of factors, including food matrix, the instability of certain 

labile folates forms, and also the presence of dietary constituents that may enhance or 

inhibit the micronutrient stability during digestion process (E.g. folate-binding 

proteins) (49); and also the infants health status. 

Moreover, it is very important to consider that there is a different susceptibility to 

the degradation of natural folates during the processing of foods. So, the presence of 

low concentrations of folate in different raw materials, the influence of environmental 

factors (such as pH and oxygen) and the presence of antioxidants, metals, ions, etc., 

Folates are highly sensitive to destruction by heat, oxidation and UV light, are some of 

the possible reasons that indicates the variability of folate content in processed food 

reported in Scientific literature (8,9,10,11,12,13).  

2. Material and Methods 

2.1. -Food Samples, Materials and Reagents  

Food samples used in the present study are shown in Table1. As it can be seen, 

24 samples of raw materials were used in the preparation of final weaning foods, and 

14 weaning foods were subjected to steaming in a bain-marie for sterilization. Among 

the weaning foods, we found two types of consistency: solid (made with meat, fish, 

vegetable or cereal) and liquid (fruit base). Finally, the content of folate is analyzed in 6 

different types of porriaged with the largest share of consumption in Honduras: 

(Wheat and Honey, 5 Cereals, Rice, Oatmeal, Vanilla and Cinnamon, Wheat and Milk), 

bought at local supermarkets in different parts of Tegucigalpa (Honduras). 

 Pepsin (P-7000, from porcine stomach mucosa), bile salts (B-8756) and 

pancreatin (P-1750, from porcine pancreas) were purchased from Sigma (St. Louis, 

MO). Pepsin solution was prepared by dissolving 1.6 g of pepsin in 10 mL of 0.1 N HCl. 

The pancreatin-bile extract solution was prepared by dissolving 0.2 g of pancreatin and 

1.25 g of bile in 50 mL of 0.1 M NaHCO3. For mineral dialysis assays, dialysis 
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membranes with molecular mass cut-offs (MMCO) of 12,000 Da were purchased from 

Medicell Intl Ltd., London, UK).(6R,S)5,6,7,8Thetrahydrofolic acid calcium salt (H4-

folate) and (6R,)- 5 methyl-5,6,7,8-Thetrahydrofolic acid sodium salt ( 5-HC3- H4-folate) 

were obtained from Dr. Schirck´s Laboratories (Jona, Switzerland).  

Table 1-Beikosts homogenized and ingredients under stud. 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

2.2. -Folate extraction 

 Folates were extracted from samples following the procedure described by 

Konings (14) and Pfeiffer, Rogers and Gregory (15, 16) in the case of cereal samples. The 

consistency determined the initial weight of samples used in the study. Therefore, five 

grams for weaning foods were combined with two grams for raw material. In the case 

of cereals that presented a floury consistency, 1 g was used for the extraction of 

folates and mixed with 25 mL of an extraction buffer of 50 mM CHES (N-Cyclohexyl-2-

aminoethanesulfonic acid) and 50mM HEPES (4-[2-hydroxyethy]-1-

Nº  Beikosts homogenized 
(classified by type) 

 
Ingredients 
(listed in alphabetical order) 

 WITH MEAT AND SOLID   

1 Beef and carrot 15 Apricot 

2 Beef with mix vegetables 16 Rice Starch 

3 Beef liver 17 Corn starch 

4 Chicken, Beef and Vegetables 18 tapioca starch 

5 Ham and peas 19 Celery Frozen. 

6 Ham, Beef and vegetables 20 Special Turkey meat 

7 vegetable stew Lamb 21 Special Chicken meat 

  22 Onion 10x10 

 BASIS OF FISH AND SOLID 23 Peas 

8 Vegetables and Hake 24 RiceFlour  

  25 Green Beans  

 SOLID WITH VEGETABLES BASE 26 Tangerine 

9 Carrot and Rice 27 Mango  

10 Mix Vegetables 28 Appel 

  29 Peach 

 FRUIT AND LIQUID BASE 30  Potato  

11 Pineappel and Banana 31 Pear 

12 Beikosts homogenized of mix fruits  32 Pineappel  

  33 Banana  

 FRUIT AND CEREALS SOLID BASE 34 Beef 

13 Orange, Banana and Cereals 35 Tomato  

14 Mix of Fruit and Cereals 36 Grape 

  37 Carrot Frozen Karotan 6x6  

  38 
 

Carrot Frozen. Mantesa 10x10 
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piperazineethanesulfonic acid), containing 2% sodium and 10 mM 2-mercaptoethanol 

with a pH of 7.85, under a nitrogen atmosphere. The extracted mixtures were placed in 

screw-capped tubes and incubated in a boiling water bath for 10 min, cooled on ice, 

and then homogenized using an Omnimixer model 17106 (OMNI, Inc., Waterbury, CT 

USA). Next, the pH was adjusted to 4.9 with 60 mmol/L HCl, and samples were made 

up to a final volume of 50 mL with an extraction buffer. Enzymatic deconjugation and 

purification of samples were carried out following the methodology described by 

Vahteristo et al. (17). To achieve this, an aliquot of 5 mL was incubated for 3 h at 37 °C 

under a nitrogen atmosphere with 1 mL of conjugase prepared from fresh pig kidneys, 

according the method of Gregory et al. (18). To stop the enzymatic activity, the samples 

were boiled for 5 min and then cooled on ice. The samples were then filtered through 

25mm Ø nylon disposable filters with a 0.45 µm pore size (3 mL/500mg quaternary 

amine N+, counterion CL- , no. 52664; Whatman, Inc., Florham Park, NJ, USA) 

connected to a Supelco 12-port vacuum manifold (Supelco, Bellefonte, PA, USA). First, 

the cartridges were conditioned with 3 mL of n-hexane (twice), methanol, and Milli-Q 

water and then equilibrated with 3 mL of purification buffer (0.01M dipotasium 

hydrogen phosphate, 0.1% 2-mercaptoethanol (v/v), pH 7.0) Second, samples were 

slowly loaded into the cartridges at a rate of < 1 mL/min. Folates were eluted with 2 

mL of elution buffer (10% sodium chloride 0.01M sodium acetate, 1% ascorbic acid) at 

a flow rate of < 0.5 mL/min. The eluted samples were weighed, and the purified 

extracts were kept under refrigeration for no longer than 2 h before they were placed 

in the cooled autosampler and injected onto the high performance liquid 

chromatography (HPLC) column. The extraction, deconjugation and purification 

procedures were carried out under subdued light to prevent photodegradation of the 

folates.  

2.3 -In vitro digestion 

 Samples were digested following the method described by Miller (19,20), with 

modifications aimed at reducing the amounts of enzymes used, since the 

gastrointestinal tract in the early stages of life is not yet fully developed (21,22). The in 

vitro digestion process, which consists on gastric and intestinal stages, was performed 
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at 37 °C. At the end of the intestinal stage, aliquots of 30 g of sample were transferred 

to 50-mL polypropylene centrifuge tubes (Costar Corning Europe, Badhoevedorp, 

Netherlands) and then centrifuged (Eppendorf 5804-R Centrifuge, Hamburg, Germany) 

at 3500g for 1 h at 4 °C. The supernatant (soluble fraction) was used to determine the 

mineral content. Dialysis comprised the gastric stage, followed by an intestinal step in 

which a dialysis bag containing 50 mL of Milli-Q water and an amount of NaHCO3 

equivalent to the titratable acidity (previously measured) was placed in flasks 

containing 20g aliquots of the pepsin digest. The folate dialyzed through the 

semipermeable membrane represent the bio-available fraction (expressed as a 

percentage) of the total folate content in the sample (22, 23)  

2.4 -HPLC Analysis of Folates 

 Folates were determined with a Merck-Hitachi 7000 (Merck, Darmstadt, 

Germany) HPLC equipped by fluorescence and ultraviolet detectors (LaChrom, Merck-

Hitachi, model 74859). A LiChrosphere 100RP-18 (5µM) column (Merck, Darmstadt, 

Germany) protected with a guard column (LiChroCART 4-4, Merck), was used to 

separate the folate compounds. The column was first eluted with a gradient of 

acetonitrile and 30mM/L phosphate buffer (potassium phosphate and other-

phosphoric acid 85% pH2.2) at a flow rate of 0.9 mL/min). The gradient started at 6% 

acetonitrile, which was maintained isocratically for the first 6 minutes, and at end the 

acetonitrile concentration was increased to 25% over 24 min and decreased back to 

6% after 10 min. The injection volume was 40µL. The running time was 30 min, and 10 

minutes more to condition the column, between injections. Fluorescence absorbance, 

at an excitation an emission wavelength of 280 and 350nm, respectively, was used to 

detect any quantity the naturally occurring folate forms present in the beikosts 

samples. Peak identification was based on the retention time compared with standards 

and spiking (addition of standard compounds into the purified samples extract) to 

confirm peaks for any samples for which identification using the retention time was 

inaccurate. The folate quantification was based on an external standard method, 

plotting the peak area versus the concentration. The precision of the HPLC analysis, 

including samples extraction, desonjugation and purification, showed recoveries of 
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spiked folates in the samples studies a level of 50ng/mL, ranging from 75% to 100% for 

THF Folate and from 70% to 99% for 5MTHF. Forms of vitamin B9 (THF and 5MTHF) 

analysed in the different raw materials, are shown in Table 2. Fruit samples were 

obtained from the edible portion of the fruit, after removing the peel, and blended in 

the industrial production plant of the company. 

 

 

 

 

 

Figure 1-Chromatogram of samples analyzed  

3. Results 

 Results showed that the different forms of natural folate found in most of 

the analyzed samples ranged between different values of 5-MTHF (0.11–110 µg/100 g) 

and THF (0.03–112 µg/100 g), without considering the values observed for 

concentrated tomatoes because of their expected high concentration of both folate 

forms (226.6 µg/100 g for THF and 482 µg/100 g for 5-MTHF). Overall, the amount of 

THF in all fruits was low (< 2.69 µg/100 g), with the exception of oranges and pears 

14.37 and 6.17 respectively. However, it must be considered that peaches, grapes and 

pears were out of season at the time of the analysis, and thus, they were stored in 

puree consistency until the analysis of all the fruits. Among the fruits analysed in this 

study, we should emphasise that apples and peaches showed very low concentrations 

of total folate (0.19 and 1,5 µg/100 g, respectively) compared with the other fruits; 

these results are aligned with those reported by other authors (24,25) who found that 

peaches and apples are the fruits with the lowest amount of folates. Regarding 

vegetables, the content of 5-MTHF and total.  
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Table 2.-Total folate content (THF, 5-MTHF) in raw material 

 THF 
(µg/100g ) 

5-MTHF 
(µg/100g ) 

Total folate  
(µg/100g) 

Fruit samples    

Pear 6.17 ± 4,56 19.3 ± 3.03 25.47 

Banana 0.27 ± 0,35 6.54 ± 0,5 6.82 

Peach 0,20 ± 0,01 1,3 ± 0.5 1.50 

Orange 14.37 ± 3,28 21.02 ± 2,43 35.39 

Grape juice 2.69 ± 0.12 7.94 ± 0.96 10.63 

Apple 0.03 ± 0,00 0,16 ± 0,04 0,19 

Pineapple 5,02 ± 0,4  11,02 ± 0,3 16,04 

Concentrated tomato 226,8 ± 13,0 482 ± 1,24 708,8 

Cereals and tapioca    

Rice 33,63 ± 3,32 208 ± 18 241,63 

Tapioca 20,32 ± 1,36 109 ± 14,1 129,32 

Corn 13,98 ± 0,19 91,9 ± 7,76 105,88 

Vegetables    

Peas  0,12 ± 0,10 43,3 ± 3,35 43,422 

Potato 9,86 ± 0,40 49,7 ± 3,59 59,56 

Onion 0,10 ± 0,0 3,68 ± 0,81 3,78 

Carrot 36,6 ± 0,03 50,22 ± 3,09 86,82 

Celery 18,1 ± 1,57 42,5 ± 1,20 60,60 

Green beans 24,9 ± 3,5 12,1±2,82 37,00 

Meat and fish    

Chicken 86,8 ± 7,55 110,95 ± 11,4 197,75 

Beef 112,0 ± 1,16 15,76 ± 2,11 127,76 

Turkey 91,1 ± 15,8 84,3 ± 6,7 175,40 

Ham 3,23 ± 0,3 0,11±0,23 3,34 

Lamb 67.3 ± 1.1 81.7± 2.3 149 

Hake 37,86 ± 1,47 100 ± 2,05 137,86 

Values are means ± SD (n = 3) 

 Folate content in studied vegetables ranged from 3.7 µg/100 g in onions to 

50.2 µg/100 g in carrots for 5-MTHF and from 3.8 µg/100 g to 86.8 µg/100 g in the 

same vegetables for total folate content (Table 2). In this group, we observed that our 
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findings were in agreement with the scientific literature, since the values obtained 

from peas were similar to those found by other researchers (26, 27). The amount of 

folate found in tomatoes was higher than the levels found in the food composition 

tables for tomatoes (25). However, this fact is easy to understand because of the 

reduction of water content during processing. In addition, the results of other 

researchers have indicated that the pasteurization of tomato puree at 98 °C increases 

the extractability of folate. This could be because tomato processing (especially 

homogenization and pasteurization) can break down tomato cells and more folate 

vitamins were released from the inner cell compartments (28). Nevertheless, in 

vegetables such as onions, the values found in the present study (3.78 µg/100 g) were 

lower than those found in other studies (26). In the case of cereals, (rice and corn), the 

range of natural folates was from 13.9 µg/100 g in corn to 33.63 µg/100 g in rice for 

THF, and from 105.9 µg/100 g in corn to 91.9 µg/100 g in rice 5-MTHF. According to 

the results obtained by other researchers, the major folate form was 5-MTHF 

compared to THF contributing to the total folate content from ≈ 80% (29). Results 

observed in the present study also agree with those reporting for gluten-free cereals, 

such as rice and corn, and they are also in agreement with values reported by the 

index of food composition, where they are considered a poor source of folates (30).  

Figure 2-Four Graphics of Folate in different raw materials used for elaborated 

weanning food. 
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 In the case of different meats (ham, chicken, turkey and beef) used as raw 

material for weaning foods, observed values were above the results reported by other 

authors (31,32,33). This was probably due to the trienzimatic method of folate used, 

which recommended in the case of samples rich in protein content. In any case, meats 

showed THF values lower than the 5-MTHF in all the analysed samples. In our study, 

we found the highest folate content in chicken (197.75 µg/100 g) and turkey (175.4 

µg/100 g). Hake Showed a higher values (137.8 µg/100 g) than obtained by others 

authors (34). However, differences between folate content of various fish are probably 

due to the different methods for folate determination. In the case of the reported 

study by Dias et al., 2003 (34), microbiological methods, was used, and probably 

underestimated the folated content compared with the results obtained in the present 

study which were based on analysis by HPLC. 

3.1. -Folate content in weaning foods 

 The folate content in homogenized foods was studied by measuring THF and 

5-MTHF contents in all the analysed commercial products (Table 3). The highest total 

folate content was detected in those weaning foods containing vegetables and meat, 

highlighting theses containing beef liver (138.84 µg/ 100 g). 5MTHF was the major 

folated form in all samples, obtaining 94.2 µg/100 g in the beikosts with the beef liver. 

Weaning foods containing oranges, bananas and cereals also showed a high amount of 

total folates (66.61 µg/100 g). Weaning foods containing only fruits showed a very low 

content of total folates (< 3 µg/100 g) that corresponded to the isoform THF, and with 
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the exception of peaches, all the analysed fruits contained considerable amounts of 

5MTHF. An interconversion of folate forms could possibly explain this fact and could be 

justified by the heat treatment applied during the process, as it has been previously 

reported by other authors (35). 

Table 3.-Total folate content (THF, 5-MTHF) in weaning foods  

 

SAMPLES 

THF 

(µg/100g ) 

5-MTHF 

(µg/100g ) 

TOTAL FOLATE 

(µg/100g ) 

Vegetables and hake 3,97± 0,13 14,95 ±0,75 18,92 

Ham and peas 0,05 ± 0,83 17,39 ±1,51 17,44 

*Chicken, veal and vegetables 3,87 ± 0,16 10,8 ± 0,0 14,67 

Beef, ham and vegetables 0,053 ± 0,00 6,07 ± 0,20 6,12 

Beef and carrots 0,04 ± 0,00 5,29 ± 0,13 5,33 

Carrots and rice 3,53 ± 0,05 5,74 ± 0,55 9,27 

Vegetables mixed 3,87 ± 0,41 3,11 ± 0,51 6,98 

Ham cooked 2,19 ± 0,17 11,81 ± 1,68 14,00 

Various fruits 1,16 ± 0,6 7,67 ± 1,33 8,83 

Pineapple and banana 1,92 ± 0,09 9,70 ± 0,24 11,62 

Fruit and cereals 5,01 ±1,05 1,75 ± 0,27 6,76 

Orange , banana and cereals 43,8 ±3,02 22,81 ± 4,98 66,61 

Veal liver  44,64 ±5,8 94,2 ±7,60 138,84 

Rice and chicken  1,89 ± 0,35 9,23 ± 1,17 11,12 

Fruit and cereals  1,6 ± 0,19 3,86 ± 1,06 5,46 

Lamb stew 5,09 ± 0,5 28,1 ± 0,15 33,19 

Beef with potato 3,16 ± 0,99 3,33 ± 0,35 6,49 



125     Chapter 4 

 

Values are means ± SD (n = 3) 

 Results observed in the different weaning foods led us to dividing samples 

into those made mainly with vegetables, those made with fruits and those made with 

ingredients of animal origin. Moreover, we observed that samples containing 

ingredients of animal origin (hake, ham, beef, chicken, turkey and lamb) showed the 

highest amount of folates compared to those samples containing only vegetables or 

fruits. In addition to the fact that heat treatment causes a decrease in folate content 

(36), it has also been reported that different types of treatments cause different effects, 

with the highest losses being observed in boiling rather than in steaming because of 

the high vegetable/water ratio in the latter treatment (37). Furthermore, it was 

observed that those samples made with fruit that included cereals in their composition 

showed a higher folate content than those made exclusively from fruit. Moreover, in 

general, the folate content was mainly due to the isoform 5-MTHF, in both raw 

material and weaning foods.  

 It is worthy of note that weaning foods only contain natural folates and are 

not supplemented with folic acid. In this regard, it is important to remember that folic 

acid is easily absorbed being that the bioavailability of food folate is much lower than 

that of folic acid added to fortified foods and dietary supplements. In fact, one DFE 

corresponds to 1 microgram of food folate (FNB, 1998). 

Chicken and beef  3,02 ± 0,30 5,84 ± 3,94 8,86 

Potato, leek and carrot 1,0 ± 0, 1 7,26 ± 2,30 8,26 

Apple orange, banana 2,41 ± 0,04 7,16 ± 0,38 9,57 

Chicken with vegetables 2,83 ± 0,7 5,5 ± 0,59 8,33 

Rice with chicken 1,78 ± 0,21 4,55 ± 2,77 6,33 

Banana, orange and orange 0,61 ± 0,09 7,26 ± 0,61 7,87 

Six fruits 2,8 ± 0,003 -------- 2,8 
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 The amount of folate in commercial products was slightly higher than the 

expected values, despite the heat treatment that is carried out in the industry to 

obtain weaning foods. Most probably, the steam heat treatment of samples and the 

presence of some antioxidants as ingredients, such as olive oil or the combination of 

different vegetables with meat, play a crucial role in the preservation of folate against 

the high temperature used in the treatment (38, 26).  

3.2.-Estimation of dietary folate intake per capita 

 The dietary folate intake per capita in infants from 6 to 12 months was 

estimated. Using folate data obtained in the present study, food tables and food 

consumption data, Weaning foods made with liver, lamb and those made with cereals 

are the major contributor of folate in the diet of infants into this range of age, followed 

by weaning foods containing vegetables and ingredients of vegetable origin. Weaning 

foods containing beef (called “beef, ham and vegetables”, “beef with potatoes” and 

“chicken and beef”), showed low amount of folates, only providing 34% of daily 

needed.  

 

 

 

 

 

 

 

 

 

 



127     Chapter 4 

 

Table 4.-Estimation of mean dietary folate intake from selected weaning foods, 

estimating a daily consumption of weaning food of 250g.  

Expressed as mean (n = 4) ± standard deviation 

 From six months of age, a varied diet is mandatory to ensure an adequate 

intake of all nutrients and it is important to remember that the American Academy of 

Pediatrics has not found evidences for routine supplementation on folates of healthy 

growing children consuming a varied diet (39). 

3.3 -Contents and availability of folate present in 6 different types of Honduran baby 

food for children between 6 and 12 months.  

 The content of folic acid present in baby food is shown in Table 5. Showed 

there the total folic acid recommended by the manufacturer in each of the samples of 

infant cereals for 100g and the daily percentage covered with the Intake of Table 5. 

Food sample 
Folate provided per 

capita (µg/day) 
Food sample 

Folate provided per 

capita (µg/day) 

Vegetables and hake 

Ham and peas 

Chicken, veal and 

vegetables 

Beef, ham and 

vegetables 

Beef and carrots 

Carrots and rice 

Vegetables mixed 

Ham cooked 

Pineapple and banana 

Fruit and cereals 

Orange , banana and 

cereals 

47,3 

43,6 

35 

15.3 

13.3 

23.2 

17.5 

35 

29.1 

13.6 

166.5 

Veal liver 

Rice and chicken 

Lamb stew 

Beef with potato 

Chicken and beef 

Potato, leek and carrot 

Apple orange, banana 

Chicken with 

vegetables 

Rice with chicken 

Banana and orange 

347.1 

27.8 

83 

16.2 

22.2 

20.7 

24 

20.8 

15.8 

19.7 

347.1 
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The content of folic acid present in the baby food specified by the manufacturer in 

each of the samples of infant cereals. Table 5- 

EQUIVALENT CALCULATION FAE/ 100 GR 

Industrial Samples 

Honduras 

DHF 

(μg) 
THF (μg) 

5MTHF 

(μg) 

5FTHF 

(μg) 
AF (μg) Total 

Wheat and Honey 5,68 301,54 482,10 1906,57 490,43 3186,33 

5 Cereals 796,00 366,49 811,68 1322,70 536,88 3833,75 

Rice 203,66 35,61 362,54 212,22 684,98 1499,01 

Oatmeal 706,31 18,91 229,18 4283,13 744,03 5981,57 

Vanilla and Cinnamon 84,92 176,43 185,36 17,32 1789,96 2253,99 

Wheat and Milk 65,18 72,35 382,80 436,62 3554,42 4511,37 

Expressed as mean (n = 4) ± standard deviation 

 Serving of 30g of porridge in Central American infants. It was observed that 

all samples had values between 60% and 91% of the Dietary Reference Intakes (DRI) 

for infants 6 to 12 months as indicate or established by the National Institute of 

Medical Sciences and Nutrition "Salvador Zubirán" (ICMNNSZ), published in NOM-086-

SSA1-1994 (41). The industrial baby food samples that have the highest percentages of 

(IDR) would be rice porridge with 89% and Wheat and Milk with 91% with total values 

of Folic Acid 92μg / 100g, and 107μg / 100g, respectively. 

 The equivalents of folic acid (FAE) is shown in µg / 100g in 6 samples of 

industrial baby food analyzed: (Wheat and Honey, Wheat and milk, Vanilla and 

Cinnamon, 5 Cereals, Rice and oatmeal porridge) expressed as the mean (n = 4) ± 

standard deviation; In this study a total of 4 natural isoforms (DHF, THF, 5-MTHF 5-

FTHF) were analyzed, as well as folic acid (FA) using HPLC. It was observed results in 

the dialyzable fraction of different infant formula from Hondurans. The major 

isoforms, were 5-MTHF and Folic Acid, highlighting values in the oatmeal porridge 
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4283, 13μg / 100g (FAE), followed by wheat and honey porridge with 1906.57 with 

13μg / 100g (FAE), and 5 cereals with 1327, 70μg / 100g (FAE). Altought the, values are 

not different estadisticaly with the samples (p> 0.05). The rest of infant porridge 

contains a greater availability of (AF) with values in wheat porridge and milk, vanilla 

and cinnamon and rice of 3504, 42μg / 100g (FAE), 2352, 06μg / 100g (FAE) and 

684,98μg / 100g (FAE), respectively. This study was in vitro we consider a range of 

percentage of 10% to 20% of monoglutamates entering the portal circulation as 5-

methyl-tetrahydrofolate which are retained in the liver (42). Folic acid was the most 

stable form of all analyzed; coinciding with studies that show that the (AF) ingested 

with food, is 85-50 times more bioavailable compared with the other natural folates 

isoforms. (43). In general we found that in the total dialysable fractions studied, the 

natural monoglutamic forms vary in percentages above 40 and 120% compared to folic 

acid, which is much more stable (44). To determine the availability in Honduran infants, 

we take into acount the absorption ratio, since in this population it could be influenced 

by pathological conditions (e.g., malabsorption) or physiological conditions such as 

growth and lactation. THF had a lower dialysability under normal conditions with 3 of 

the 6 samples tested with values lower than 75μg / 100g (FAE) in (Wheat and milk, 

Cinnamon and vanilla and 5 Cereals). The other minority isoform (DHF), in the wheat 

and honey porridge with a value of 5.68 of µg / 100g and vanilla and cinnamon with 

84,92μg / 100g. The monoglutamic forms are primarily metabolized in the liver and 

other tissues, (45) hence our samples corresponding to the dialyzable fraction of the 

dihydrofolate forms (DHF) and tetrahydrofolate (THF) are minority. Another aspect to 

consider in our final values of folates in children food analyzed would be the absence 

of hydrolase inhibitors, couplers or other unknown factors (46). Overall, it was observed 

that about 90% of monoglutamates and between 50 and 90% of polyglutamate were 

detected. Another aspect to consider in the result of the analyzed samples would 

depend on differents industrial preparation, since they are thermolabiles substances 

and to acids, alkalis, oxidizing and reducing compounds, which could altered the folate 

metabolism (5).  
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Table 6.-The in vitro availability of monoglutamates forms (PGA), in Honduran infant 

foods 

Expressed as mean (n = 4) ± standard deviation 

  The values of folates present in this table 6 showed dialysable amounts 

of PGA with the intake of one serving of 30g baby food with cereals. Several aspects 

could influence this condition, infant gastric pH of around 4. Some studies reported 

that gastric pH disminuted 50% of PGA because stability reaching its maximum stability 

at pH ranges forms 5.0 to 7.0 (47). These foods also contain amounts of non-starchy 

polysaccharides which are significantly associated with serum folate concentrations (P 

<0.0001). For each gram of non-starch polysaccharides ingested, there is 1.8% increase 

of the serum folate concentration (48). Therefore, since refined grains contain low PGA 

availability, it can be particularly useful not only the addition of synthetic folic acid to 

increase their availability, but they also increase of dietary fiber from 0.9 to 1.4 g per 

30g sample. Providing a complementary strategy which confirms the high value of 

dialysable folates in our samples, to being useful for enhancing folates in the diet of 

infants. 

4. Conclusions 

 Results obtained in this study showed that the folate content in 

homogenized foods was higher than expected, considering the folate content of raw 

materials with 5-MTHF as the predominant chemical isoform, both in weaning foods 

and raw materials. The homogenized foods used in infant nutrition contribute high 

Industrial Samples 

Honduras 
(100g) Per Serving (30g) % IDR Covering 30g 

Wheat and Honey 85(mcg) 26(mcg) 73% 

5 Cereals 75(mcg) 23(mcg) 64% 

Rice 92(mcg) 28(mcg) 79% 

Oatmeal 70(mcg) 21(mcg) 60% 

Vanilla and Cinnamon nc nc nc 

Wheat and Milk 107(mcg) --- 91% 
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folate content to the diet, especially those containing beef liver and/or citric acid in 

their composition, and they may cover the daily requirements of folate for infants 

from 6 to 12 months of age with values ranging between 45% and 90%. 
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Diet influence influence on the content of lactoferrin, haptocorrin, long fatty acids, 

and the microbiota population of breast milk from different geographical origin 
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1. Introduction  

Breastfeeding during first months of a child's life is crucial for a proper 

development, being the ideal food and the recommended one during this period. The 

benefits of breastfeeding are widely recognized, including the prevention of 

gastrointestinal infection diseases, which are quite common in underdevelopment 

countries. Some reviews found strong evidences for the protective effect of 

breastfeeding against infectious diseases, even in developed countries (1), reporting 

that breast milk includes immunocompetent cells and many bioactive molecules 

responsible for the protection against infection, as well as contribution to immune 

maturation, organ development, and healthy microbial colonization. Some of these 

bioactive components are lactoferrin (LF), haptocorrin (HC), cytokines, growth factors 

(GF's), anti-inflammatory agents, oligosaccharides, glycoprotein, lysozyme and the 

commensal microflora (2, 3). All these breast milk components contribute, decisively, in 

infant health preventing diseases that may influence greatly the health of the infant to 

adulthood (4, 5). 

Lactoferrin (LF) shows a bacteriostatic activity due to its high affinity for iron. Its 

digestion produces several bioactive peptides with important defensive functions (6, 7). 

The deficiency in this protein increases the incidence in gastrointestinal infections and 

decrees the iron absorption (6, 7). Haptocorrin (HC) is responsible of vitamin B12 

absorption, so its deficiency is related to megaloblastic anemia in newborn infants. It is 

also related to the inhibition of the pathogens growth, since HC binds this vitamin with 

high affinity (8, 9). Furthermore, recent studies have revealed that breast milk provide 

commensal, mutualistic and potentially probiotic bacteria to the infant gut 

(approximately 800mL/day supply between 1x105 and 1x107 ufc) (10). Several studies 

have shown that there is a, entero mammary pathway serve as communication 

between mothers gut and mammary gland and Lactobacillus, Staphylococcus, 

Enterococcus, Enterobacterium and Bifidbacterium are transferred trough 

breastfeeding (10). It has been suggested that exposure to that bacterial wealth could 

exert beneficial effects against diarrheal and respiratory diseases, diabetes or obesity. 
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Human milk composition is dynamic and depends on different factors such us 

feeding, time of the day, along lactation, and between mothers and populations. 

Maternal and environmental factors also excert influence on its composition (11). The 

nutritional components of human milk derive from three sources: synthesis in the 

lactocyte, dietary, and maternal stores. Generally, the nutritional quality of human 

milk is highly conserved, but depending on maternal diet and body stores it could vary 

on the fatty acid composition 30% and 60 % respectively (12, 13, 14,15). One of the most 

important nutrients of the fat fraction is long-chain polyunsaturated fatty acids (LCFAS) 

due to its nutritional and metabolic functions. Arachidonic acid (AA) (omega-6 FA) and 

docosahexaenoic acid (DHA) (omega-3 FA) are especially influenced by mothers diet 

and others environmental factors (16, 17). The omega-3 FA supplementation during 

pregnancy and lactation has shown some benefits in child cognitive development (18, 8). 

It is also hypothesized that higher intake of these compounds are beneficial for 

immune system, reducing the food allergy risk in infants (19). The composition of breast 

milk in macro-, micronutrients and bioactive compounds, as well as microbiota 

population depends on geographical situation, environment, diet and nutritional and 

immunology status of mother (20).  

2. Material and Methods 

2.1 -Subjects  

Volunteer mothers who agreed to participate in the study were recruited in 

different Maternal and Child Hospitals and Health units in Brazil, Egypt, Spain and 

Honduras. All participating mothers were healthy who did not take any kinds of 

medication (antimicrobial or anti-fungal agents, or bismuth, laxatives or other 

medications that may suppress acid-gastric secretion). Other exclusion criteria were: to 

suffer any illness requiring a change in the diet or medication administration; to suffer 

from vomiting, diarrhea or constipation due to a diagnosed disease. A total of 28 

women were selected for the study (7 from each country). Instructions for collecting 

standardized breast milk, as well as a full informed consent were distributed among 

volunteers. (Annexed 1 and 2) During the collection day, by personal interview, extra 
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information was collected. (Annexed 3) Specifically, the dietary, general socio-

demographic questionnaires, physical activity, personal history of illness and subjective 

perceived health. The study was conducted according to the rules of Helsinki and the 

International Conference on Harmonization (ICH) Guidelines established regarding the 

conduct of clinical studies in humans. It was approved by the research Ethics 

Committee of the University of Murcia. 

2.2 -Breast milk samples  

Breast milk samples collected corresponded to mature milk of the second 

month of lactation. A standarized manual extraction protocol was provided to mothers 

(Annexed 3). Briefly, before sample collection, breasts were washed to reduce skin 

bacteria resistant. First drops were discarded and approximately 25mL were collected 

and immediately separated in 2mL tubes with sterile conditions. Samples were frozen 

and stored at -80°C for later analysis. 

2.3 -Western-Blot Analysis of Lactoferrin and Haptocorrin 

Lactoferrin (LF) and Haptocorrin (HC) in breast milk samples were determined 

by Western-blot. Samples were denaturalized in a thermoblock at 95°C for 5 minutes, 

which was run through vertical SDS-PAGE electrophoresis at a concentration of 12% 

acrylamide. For analysis of LF we loaded 5 µL of every sample and 10 µL for the HC 

analysis. We transfered proteins to a nitrocellulose membrane by means of Trans-Blot 

Turbo (BioRad). Subsequently, the membranes were placed in blocking solution (2% 

BSA in TBST) for 1 hour. After that, we added the primary antibody over night at 4°C. 

For LF we used lactoferrin (H-65), a rabbit polyclonal antibody (Santa Cruz 

Biotechnology, Inc) diluted 1:200 in blocking solution; meanwhile for HC we used 

Transcobalamin I (H-180), a rabbit polyclonal antibody (Santa Cruz Biotechnology, Inc) 

diluted 1:200 in blocking solution. After one incubation, membrane it was washed 3 

times with TBST (20mM Tris-HCl pH 7.6, 150 mM NaCl, 0.1% Tween-20 and H2O) and 

stirring. The membrane was incubated again in blocking solution for 25 minutes, 

previously to the incubation with secondary antibody (goat anti-rabbit IgG-HRP by 

Santa Cruz Biotechnology, Inc) diluted 1:10000 in blocking solution for 45 minutes. 
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Membranes were washed again as previously and finally they were developed using 

detection reagents (ECL plus, Amersham GE Healthcare) and Amersham Imager (AI) 

600 RGB according manufacturer instructions. The analysis was performed with 

Imagen-Quant PC.  

 

Western Blot Analysis. Figure 1-Western Blot Analysis. 

 

2.4 -Fatty Acids Analysis  

The total fatty content of breast milk was extracted with hexane and 

methylated with 2N potassium hydroxide in methanol. The separation and 

quantification of the different fatty acids were performed with gas chromatography 

using an Agilent Technologies 7890A Devide, system equipped with a flame ionization 

detector (FID) operated with a split ratio 20:1. The column used was a DB-23 (60m X 0, 

25 mm i.d., 0, 25 µm coating thickness; Agilent Technologies, and Palo Alto, CA USA) 

(12). Methylated fatty acids were identified by comparing with the retention times of 

standards (Supleco 37 components FAME Mix from Supelco, ST. Louis, Mo, USA). The 

relative proportion of each FA in the flesh was reported as a percentage of total FAME 

present in the injector sample. 
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2.4 -Study of microbiota in breast milk. Microbial DNA extractión and qPCR 

The following groups were investigated: Staphylococcus, Enterobacterium 

Streptococcus Bifidobacterium, Lactobacillus, and total bacteria. Before analysis, 2ml of 

each sample was thawed and centrifuged at 10,000 x g and 4°C for 10 minutes. Then, 

the pellet was treated with total DNA stool Mini Kit (Qiagen) following the instructions 

manufacturer to obtain the total DNA., which was quantity by means of Nano Drop 

ND1000 (Nano Drop Technologies, Wilmington, USA). Specific primers to detect 

bacterial groups mentioned before were selected from bibliography and checked in 

the BLAST database. The primer sequence and PCR conditions were the same Peso 

Echarri et al 2012 (21). Real Time PCR experiments were performed using CFX Real-Time 

Detection System (BioRad). The bacterial detection was calculated according the 

threshold cycle (Ct) value of positive and negative controls. Results were expressed as 

presence/absence of each bacterial group. 

Table 1.-Sequences of primers used in the study 

 

 

 

 

 

Yrepresents a (C/T) wobble nucleotide. (22) 

PROBES TARGET PRIMER SEQUENCE 
Ann. T 

(°C) 
REFERENCE 

Bacteroides 16S 

Fw: GGTGTCGGCTTAAGTGCCAT 

Rv: CGGAYGTAAGGGCCGTGC 

64 Rinttila et al 

Bifidobacterium 16S 

Fw: GATTCTGGCTCAGGATGAACGC 

Rv: CTGATAGGACGCGACCCCAT 

60 Gueimonde et al. 

Lactobacillus 16S 

Fw: AGCAGTAGGGAATCTT 

Rv: CCA CACCGCTACACATGGAG 

60 Walter et al 

Enterobacteria 16S 

Fw: CATTGACGTTACCCGCAGAAGAAGC 

Rv: CTCTACGAGACTCAAGCTTGC 

61 Bartosch et al 

Staphylococcus TUF 

Fw: ACTCGTTGTACTTCCCATTGT 

Rv: TACCATTTCAGTACCTTCTGGTAA 

60 Martineau et al 

Streptococcus TUF 

Fw: GTACAGTTGCTTCAGGACGTATC 

Rv: ACGTTCGATTTCATCACGTT 

60 Picard et al 



141     Chapter 5 

 

2.5-Statistical Analysis  

Statistical differences were evaluated using IBM SPSS Software (release 19.0, 

SPSS, Inc., Chicago, IL USA). Student T-Test. was performance to compare between 

groups A significant level of P<0.05 has been considered. For the Lactoferrin and 

Haptocorrin determination a one way ANOVA test following by multiple comparisons 

Turkey-test was performed. 

3. Results  

3.1 -Microbiota in breast-milk  

As shown in the Table 2, is not find, striking difference in bacterial taxonomic 

composition in samples from mature breast-milk of the 2th month of lactation, regard 

to mothers from this 4 different countries (Spain, Brazil, Egypt and Honduras) 

participating in the study. PCRq analysis indicated that the bacterial load corresponded 

to the anaerobes Staphylococcus, Streptococcus, and Bifidbacterium presented in the 

mature milk values lower of 102 ufc in all samples, not showed different between 

countries. With regard Enterobacterium in breast-milk, was mainly represented with 

the higher frequency of isolation in 3 of the 4 countries, Egypt, Honduran and Spain 

samples respectively. Among others, compared the Lactobacillus was the second 

specie most numerous found in Honduran and Egypt breast-milk. Brazilian samples are 

the least microbiota presented by countries, Brazil were samples, which had fewer 

bacteria in all cases donor belonged to a medium high economic status, in opposed to 

the Honduran and Egyptian donors, of humble origins. In all cases, the same protocol 

manual removal porterior of breast milk and freezing was applied. 
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Figure 2.-Posible mechanisms of mother-to child transfer of protection agains allergic 
airway inflammation in human milk  

The levels of microbiota in our breast-milk samples corresponding mothers 

from different countries showing identical profile in some of the bacterial composition 

(Staphylococcus, Streptococcus, and Bifidbacterium) with values lower than those do 

detected for all analyzed samples except profiles, of the Enterobacterium and 

Lactobacillus in Egypt and Honduras to present in all the analyzed samples. 

Table 2.-Results of microbiota analysis in breast milk samples of Brazil, Egypt, Spain 

and Honduras 
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Determination presence absence of microbiota; + gender detected- o with the methodology used was 

not detected the presence of such gender. 

3.2 -Lactoferrin and Haptocorrin contents  

Some specific proteins profile was found in each analyzed groups and the 

results were summarized in the Table 3. The percentage of the Lactoferrin (LF) 

detected in the analyzed breast -milk samples varied between Brazil and the others 

three countries, which participated in the study. That results probably reflected 
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differences in the mother’s diet during pregnancy and lactation, mainly with lower 

quantity of meat and animal proteins consumption in Honduras and Egypt. We 

considered 100% the values of Spanish breast milk, comparing with samples from 

other countries under study. We observed the higher values of (LF) in the Brazilian 

mothers with a 119, 6 %, maybe because they regularly included meat in the diet. In 

addition, Brazilian mothers were the only ones who did not consumed any 

supplemental iron and folic acid before or during pregnancy. Overall, the Brazilian, and 

the Spanish samples show some results related more probably by a greater 

consumption of animal protein compared to Honduras and Egypt. The African country 

showed the lowest amount of LF, reaching 80% of Spanish level. 

Haptocorrin (HC) was more present in Honduras, Brazil and Egypt samples with 

a percentage of 656, 22%, 252, 12% and 166, 44 % respectively. In Spain, the results 

were slightly lower as we can observe in the table 3 with 100%. These results showed 

the significant increase of HC in more vulnerable countries. In general, we found that 

diet and customs could have an influence in the differential profile of the (LF) and (HC) 

in breast milk. 

Table 3- Lactoferrin and Haptocorrin determination (%) in samples from Spain, Brazil, 

Honduras and Egypt. 

Results have been presented as mean ±standard error of the mean (μ±SEM). Different letters (a, b, c, d) 

in the same row denote statistical significance differences (p<0.05) 

PROTEIN SPAIN BRAZIL HONDURAS EGYPT 

LACTOFERRIN 100±6,15a 119,6±6,04 b 91,24±3,38 c 80,02±5,11d 

HAPTOCORRIN 100±1,83a 252,12±0,44b 656,22±3,18c 166,44±6,09d 
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Figure 3.-Percentage of LF and HC in human breast milk from different countries 

A B 

1           2         3           4 1          2        3      4 
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Figure 4.-Shows different fluorescent membrane, and different protein size KDa. The image A 
is a comparative Between Spain vs. Honduras samples of milk. Image B shows comparative 
Between Spanish milk vs. Honduras 

3.3- Long Chain Fatty Acids  

The values were the percentage of the total FAME (Fatty Acids Methyl Ester) 

present in the injector sample. The Ratio of the different long chain fatty acids content 

in human milk from (Brazil, Egypt, Honduras and Spain) mothers were analyzed in the 

Table 4. The main long-chain fatty acids in the samples were Palmitic, Linolelaidico, 

and Elaidico. Our results showed similar concentration of Palmitic acid between 
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Honduras, Egypt and Brazilian with values of the total LCFA of the 22, 64%, 25, 51% 

and 23, 71%, respectively. These results were in relation to the main saturated fatty 

acid of the mother’s diet of these 3 countries and differentiating from the Spanish 

human milk levels 1, 23% of the total LCFA). 

In relation to the omega-6 polyunsaturated fatty acids (Linoleic, y-Linoleic, 

Eicosadienoic and Araquidonic), we did not find any significant differences between 

countries, obtaining values lower of the 3% of the total fat. Nevertheless, Linolelaidic 

Tran fatty acid was found mainly in processed foods that have undergone 

hydrogenation or baked the highest value of the omega-6 LCFA in all samples of 

human milk. The Spanish mothers presented highest values of this fatty acid (44% of 

the total LCFA), followed by Brazil (33%), Egypt (27%) and finally Honduras (14, 80%). 

These values showed significant difference among the Linolelaidic Tran fatty acid and 

the rest of omega 6 LCFA. In addition, Omega-3 polyunsaturated fatty acids analyzed 

showed very low levels for all samples. Linolenic did not show significant differences 

with a range of 0.30 to 0.20% for all samples. DHA was not detected in samples milk 

from any of the four countries analyzed. Omega-9 monounsaturated fatty acids, such 

as oleic acid, were detected in all countries, but the levels were below 1% except for 

samples Brazil presented a 2%. 

 

 

 

 

 

 

Figure 5.-Chromatograms of the fatty acids sample of Honduras y Brazil  

Brazil 

samples 

Honduran 

samples 
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Table 4.-Concentration of Long Fatty Acid (%) in milk samples from Spain, Brazil, 

Honduras and Egypt. 

 

Table 4 Total % composition of Long Fatty Acid (LFAC ) 

present in breast milk per countries 

 

Fatty Acid % Spain % Brazil %Honduras % Egypt 

Total Saturated Fatty Acids 24,44 30,89 27,72 33,43 

C14:0 Mirístico  21,70±0,01 5,27±0,21 4,81±1,24 12,37±2,90 

C16:0 Palmítico 1,22±0,88 25,54±1,44 22,63±0,45 18,74±1,42 

C20:0 Araquidico 1,52±0,53 0,08±0,0 0,28±0,0 2,32±0,0 

Total Monounsaturated 

Fatty Acids 
0,08 4,02 5,11 0,03 

C18:1n9tc Oleico 0,08±0,0 4,02±0,08 5,11±0,94 0,03±0,0 

Total Polyunsaturated 

Fatty Acids 
46,62 12,99 15,78 25,62 

C18:2n6t Linolelaidico 42,37±0,08 9,58±0,0 14,67±0,04 23,36±0,0 

C18:2n6c Linoleico 0,44±0,0 2,03±0,01 0,26±0,0 0,20±0,30 

C18:3n6 y-Linoleico 2,74±0,70 0,17±0,0 0,37±0,0 1,32±0,0 

C18:3n3 Linolenico 

C20:2n6c Eicosadienoico 

0,29±0,0 

0,78±0,0 

1,04±0,0 

0,0±0,0 

0,19±0,0 

0,29±0,0 

0,24±0,0 

0,43±0,0 

C20:4n6 Araquidónico  

C20:3n3 Eicosatrienoico 

C22:6n3c Docohexaenoico  

0,0±0,0 

0,0±0,0 

0,0±0,0 

0,0±0,0 

0,0±0,0 

0,17±0,0 

0,0±0,0 

0,002±0,0 

0,0±0,0 

0,07±0,0 

0,0±0,0 

0,0±0,0 

Fatty Acids Trans  12,08 25,97 18,52 0,75 

C18:1n9t Elaidico 12,08±0,06 25,97±0,81 18,52±1,01 0,75±4,26 

Results have been presented as mean ±standard error  
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4. Discussion  

4.1 -Microbiota in Breast-Milk 

In our study, as in other ones (23) the number of bacteria in breast milk is low, 

showing similar results between countries with different socioeconomic and / or 

cultural aspects. It suggested that breast milk has some natural microbiota regardless 

of extrinsic and intrinsic factors constituted as a natural aspect of this biological fluid 

(24). It makes possible that mothers from different origins showed similar composition, 

as it were found in the case of Lactobacillus with Egypt and Honduras samples. It is 

worthy of note the presence of Lactobacillus in the two countries more vulnerable to 

infections or inflammatory processes like Honduras and Egypt. 

Some studies have emphasized the axis brain-intestinal microbiota, 

demonstrating that Lactobacillus breast milk is essential for proper function of it (25). It 

has also found that the concentration of this bacteria group was significantly higher in 

infant fed with through breast-milk facing to Formula (26). Furthermore other studies 

have demonstrated that the composition of the microbiota changes when switching 

from a high in fat / low-fiber diet to low in fat and high in fiber (27), what could 

influence by a change in breast milk. This is the case of mothers from Honduras, who 

change their diets especially during lactation and pregnancy. Moreover, it has been 

demonstrated that subject with a vegan or vegetarian diet had lower stool pH and 

total counts of Bacteroides spp., Bifidobacterium spp., E. coli and Enterobacteriaceae 

spp, (28). Honduras and Egypt mother diets are not strictly vegetarian but they are 

especially rich in vegetable proteins in contrast to Brazil and Spain ones, which are rich 

in animal proteins and fats. Opposite to some researches, we did not found a 

characteristic microbiota of western areas (abundance of Bacteroides) against non-

western regions (dominated by Prevotella) (29). 

4.2 -Bioactive Proteins Lactoferrin and Haptocorrin in Breast-Milk 

Our results showed, similar concentration Lactoferrin (LF) in wide variety of 

mature Human milk samples from mothers of different origins, meanwhile Haptocorrin 
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(HC) showed wide differences among countries. The concentration of (LF) that varies 

significantly, was Brazil compared with Honduras, Spain and Egypt. Some studies 

suggest that could be influence the variability in the chelating groups, depending on 

the maternal nutrition and socioeconomic status (30). Coinciding with several studies 

that found low concentrations of Lactoferrin in mothers with protein malnutrition, 

while their mothers with anemia was normal concentrations (LF) (31).The functional 

glycoprotein (LF) is associated with uptake of exogenous iron through intestinal cells, 

and a wide range of anti-infective, immunomodulatory, and probiotic actions in the 

neonate (32).The Honduran infants usually show high rates in the postnatal period of 

acute respiratory infections and acute diarrheal diseases mainly caused by viruses or 

parasites and less frequently by bacteria. Thus, improving the presence of (LF) in the 

breast milk through mother’s diet could contribute to inhibit the growth of Escherichia 

coli, Staphylococcus aureus, Pseudomonas aeruginosa and Vibrio cholera (33). 

Furthermore, LF has a prebiotic activity, such as the promotion of the growth of 

beneficial bacteria like Lactobacilli and Bifidobacteria, which may also be provided by 

human milk proteins (32). In Brazilian breast milks, we found the highest percentage of 

Lactoferrin in breast milk compared to other countries, probably influenced by a rich 

diet in animal and vegetable protein origin. 

It was shown recently that holohaptocorrin binds in a saturable manner to 

human intestinal brush border membranes and that (HC) associated vitamin B12 is 

taken up by human intestinal cells, suggesting that HP are involved in vitamin B-12 

absorption early in life (34). In samples of breast milk, we found different results in 

terms of the concentration of Haptocorrin from different countries, being the Spanish 

one the poorest. It does not mean that the Spanish infant’s diet is deficient in  itamin 

B12 or there is a risk to health; and the Spanish mother’s diet is not deficient in  itamin 

B12. Another quality that is particularly interesting for developing country is its 

antimicrobial activity and knows quantitatively haptocorrin whether contributes to the 

defense against infection in breastfed infants as recurrences in these countries. 
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4.3- Long Fatty Acids in Breast-Milk 

Maternal diet can change the composition, but not the total amount of FA (16). The 

concentration of fatty acids in breast milk is related to reserves in adipose tissue, maternal 

synthesis and dietary consumption, which explain the variability of concentrations between 

rural and urban country clubs and regions (35). Human milk provides essential long chain fatty 

acids, that is, they cannot be synthesized by humans and must come from the diet of the 

mother whose precursors are linolenic acid (ALA, 18: 3n-3) and linoleic acid (AL, 18: 2n-6). Both 

are critical for the development of newborns and children; and for the functioning of brain and 

nervous system and proper growth. In our study, we observed that the lipid profile presents a 

great disparity between countries, with much higher levels of omega-6 versus omega-3 all 

samples mainly this ratio was by the high presence of (Linolelaidic) acid in all cases; Note that 

in countries like, Honduras, Brazil and Egypt Saturated fat levels are higher by a diet especially 

rich in oil palm, coconut, and lard dairy products. As opposed this fatty acid (Palmitic) was 

lower in the diet of the Spanish mothers. Highlight, values of (Linolelaidic) in the samples 

spanish with European recommendations above 20- 35% (36).That Remains far from profile of 

the typical Mediterranean diet, and a high consumption of margarine, commercial baked 

goods and prepared foods. Egypt also found very low levels but (Linolelaidic) high (Elaidic).It 

has been reported about fat consumption that quality is more important than fat quantity (37). 

Our results were in agreement with other studies that show a low intake of omega-3 PUFAs in 

Africa, America and Europe and their intake of high saturated in America, Europe and Australia 

(38). Indeed it has been shown that ALA conversion properly occurs when DHA levels of 

polyunsaturated fatty acids is low (less than 3%). Some studies highlight aspects related to 

malnutrition such as lack of protein and minerals like iron, zinc, copper and magnesium; and 

low levels of insulin (typical of developing country) with the decreases of Δ6-desaturase 

activity, therefore, changes in the LA and ALA in LCPUFA (39). The levels of DHA in breast milk 

cannot be increased with the addition of ALA and other precursors to the diet. In our study 

none of the analyzed milk showed DHA or EPA, even Spanish mothers, who consumed more 

fish. Some researchers have reported that the lowest levels of DHA are found in the breast 

milk of strict vegetarian’s mothers (40). Besides, these fatty acids have antimicrobial activity, so 

diets rich in omega-3 (EPA and DHA) will be very interesting to Honduras, where we found a 

high incidence of diarrhea in infants. 
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4.4.-Principal Components Analysis (PCA) 

Principal components analysis (PCA) was applied to describe the possible 

relationship among different countries and the different composition of their milk in 

terms of Haptocorrin, Lactoferrin, profile of long chain fatty acids and microbiota 

related type of supplementation during pregnancy, or the profile of the maternal diet 

in all the donors. Twenty-nine components, with a total variance explained of 71.98% 

were chosen, showing the Varimax-rotated components distribution obtained, in 

Figure 5 as matrix of rotated components. 

 
 

Figure 5.- Varimax-rotated components distribution of breast milk of all countries 
analized and components have been respectively represented. 
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Table 5. - Matrix of rotated components in human milk from different countries 
analized 

Matrix of rotated components 

 Components 

1 2 3 

Brazil -,228 -,952 -,022 

Egypt -,387 ,409 ,759 

Honduras -,359 ,432 -,768 

Spain ,991 ,092 -,004 

Diet Eq Macro ,991 ,092 -,004 

HC Prot Fatty Veg -,693 ,671 ,025 

HC Prto Fatty Veg and Ani -,196 -,920 -,028 

Non Supplemented -,228 -,952 -,022 

Fe, Folic Acid -,654 ,736 ,022 

Fe, Folic Acid, DHA ,991 ,092 -,004 

Lactof Spain ,862 -,086 ,134 

Hapto Spain  ,965 ,008 ,145 

Bifido -,176 ,273 -,548 

Lacto -,641 ,541 ,147 

Enterobact -,239 ,583 ,308 

TotalBact -,025 ,292 ,744 

SAT -,176 ,088 ,209 

MUFA -,160 -,054 -,283 

PUFA ,628 ,235 ,205 

TFA -,052 -,369 -,343 

Extraction method: Main component analysis. 
Rotation method: Varimax standardization with Kaiser 
a. The rotation has converged in 5 iterations 

These findings are in concordance with previously obtained results, in which 

the relationship between countries and the different components were evaluated. 

Component 1 is positively correlated with the relationship between Spanish milk 

samples with a broad chain fatty acid profile, especially PUFA (0.628), the low profile 

of total bacteria (-0.025), Lactoferrin (0.862) and Haptocorrin (0.965) were positively 

correlated. Component 2, were positively correlated with Brazil samples and breast 

milk with higher levels of Acid Folic and Fe (0.736), and SAT Long Fatty Acids, because 

the mothers make a high consumption of meat (-0.952). Regarding to the Third 

component, it was positively related to the variable Egypt with the highest total 

bacteria’s (0.744). 
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5. Conclusion  

According to the results, we can conclude that there is a difference in the 

concentrations. The different nutritional status and diets consumed in each country. 

Deferens observed of microbiota, LF, HC and LCFA. We could also say that diet may be 

a big factor in the content of LCFAs in but maybe not so much in the concentration of 

LF and HC.  

Infants in Spain ingest more LF so that could explain a lower incidence in 

gastrointestinal infections, lower anemia rates, etc. Infants especially in Honduras and 

Egypt consume more HC, so that would involve a better neural development and lower 

megaloblastic anemia rates. Infants from all four countries have a high consumption of 

which would help with the development of the nervous system and the immune 

system. 
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“What we think or what we know or what we believe is, in the end, of little 

consequence. The only consequence is what we do” 

John Ruskin 
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1. Introduction  
 

 In 2001, was published the first dietary guidelines in Honduras, like in 

other Central American countries, including messages on the correct combination of 

cereals and legumes to achieve a good quality protein and adecuated food 

consumption of sources of animal protein at least twice week. Sugar fortified with 

vitamin A and iodized salt, were also included to reduce problems of malnutrition in 

the country. At present recommendations, in addition to messages related to 

improving the quality of dietary protein includes other aspects such as, moderation the 

consumption of salt and sugar and epidemiological showing bipolarity of the 

population are observed. (1) 

 Several studies, carried out in Honduras, both nationally and regionally to 

meet nutritional problems and correctly address the feeding of children in the first 

year of life with its two major components, breastfeeding and complementary feeding 

(AC) are shown both the Survey of Epidemiology and Family Health (2) and on the 

National Demographic and Health Survey (3). Observering a prevalence of 95% 

breastfeeding. However, the introduction of other foods is starts very early, oftenly 

before the first month of life, most Honduran children (69%) received other foods in 

addition to breast milk so the percentage of mothers who give exclusive breastfeeding 

until six months is very low (31%) (2, 4).  

There is evidence that inadequated dietary patterns of infants are involved in their 

lack of energy, protein, Fe and Zn (5) associated with poor complementary feeding 

practices. Thus, when children receive foods different than breast milk before four 

months of age and providing little energy and nutritional value, weight and length are 

lower than infant starting AC between four and six months. (6) In Urban areas of 

Honduras water is induced instead milk and also products like soft drinks, juices and 

broths or soups on. In rural areas, a high percentage of mothers (51.9%) give to their 

children coffee before month-old as one of the first foods and between 3 and 4 

months starts giving solid foods that vary from according to the availability of the 

family but usually include tortillas, rice, bread, potatoes and some vegetables and 
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fruits (2,7,8) Moreover, incorrect hygiene practices in the treatment of contaminated 

food and poor quality of these foods seems to subsist and constitute a serious public 

health problem. (7) 

This Central American country shows that those families where the mother has no 

academic training, have a higher prevalence of nutritional deficiencies against families 

in which the mother has a degree of formal education, with 7 or more years of 

Education. Specifically, it is observed that, for children, from the first families, the rate 

goes double in issues of malnutrition. That is, 50% of infants from households with 

little formal education suffer some degree of malnutrition. Compared to 7.6% of the 

children of mothers with 7 or more years of education, showing the importance of 

education level of mothers in the quality of child care, including feeding practices and 

prevention and management of morbidity of diarrhea and acute respiratory infections 

(ARI) more related to lack of education of the mother than with the non-availability or 

quality of food (3). 

2. Material and Method 

For the development of nutritional guidelines for Honduran infants and mothers 

with high illiteracy the model developed by the Institute of Nutrition of Central 

America and Panama (INCAP, 2003) and applied by several Latin 1.9 was followed, (1,9, 

10, 11,12). Which it was subsequently adapted by FAO in the countries of the English 

speaking Caribbean (FAO, 2007).(13) Based on these observations set out to 

characterize levels of malnutrition and feeding practices of children an intervention 

program are then developed. In these 5 regions of the country (Olancho, Intibucá, 

Lempira, Atlantis and Francisco Morazán) infants were weighed and measured with a 

pediatric balance in kilograms nearest gram and a measuring rod with an accuracy of 

0.5 cm, a total of 100 children under 24 months (anthropometric data). In these 5 

departments, we did descriptive research practices, knowledge and attitudes of 

mothers and to a lesser extent, parents. 100 interviews were made by pre-planning 

and all the type of interview questions was qualitative structured with a script that 
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determined the information that was intended to get with the mothers and relatives of 

children under 2 years. 

2.1-Theoretical Framework Design and Characterization Group 

In this project development and design of nutritional guidelines, we 

investigated the main determinants in food habits of the population under 24 months 

related to food insecurity, such as culture, social, political-administrative, economic 

and technical. From an initially theoretical framework by reviewing literature on the 

situation in the patterns of food introduction, training of mothers and period of 

exclusive breastfeeding in Honduras. 

2.2-Practical design and characterization marco group 

This first phase with a causal analysis or scheme 5 departments (Olancho, 

Intibucá, Lempira, Atlantis and Francisco Morazán) was supplemented to diagnose 

through a multidisciplinary and intersectional team, the situation. a total of (n = 100) 

individual interviews and questionnaires conducted mothers or directly responsible for 

the child, showing in detail the network of socioeconomic, biological, and 

environmental factors that influenced the current patterns from 2011 to 2013 were 

taken into account infant feeding, and generally in the lifestyle of the child population 

Honduran facilitating the identification of priorities. (12) 

 2.3 -The survey and questionnaires for the characterization group. 

The following questionnaires and subdivided survey methods into two groups 

consisting of common items for the 5 departments and at all stages of the lactation 

period, questionnaires contemplated specific items were identified related to 

malnutrition, breastfeeding information, access to food , pathophysiological state, 

food habits and consumption frequency and a second questionnaire was related to 

issues of food sovereignty as: "It has land to grow food," "raise animals for 

consumption or sale", "where you buy your food", " monthly expenditure on food "," 

receives food aid "," few months of the year has increased scarcity or abundance of 

food "," food that there is more in place and no food for the crisis "among others. 



    Chapter 6      162 

 

These questionnaires seek to identify the major environmental factors conditioning 

food consumption pattern predominantly among children aged between 0 and 24 

months. We analyze, at the same time, qualitative and quantitative supply of food for 

infants in their homes and environment, inquiring about aspects of infant's life that 

may influence the selection and consumption of food and beverages that are provided 

The information available in hospitals and health centers, was also studied as well as 

any other action to promote the acquisition of healthy habits for this population 

group. All the participants in the collection of anthropometric data, such as 

questionnaires, staff received adequacy guidelines to minimize biases in data 

collection (14, 15). 

In the initial evaluation, the study protocol also included children younger than 

24 months (n = 100) as a tool both validation of questionnaires and data collection of 

anthropometric parameters. It is noteworthy that the geographical location of health 

centers and hospitals, as a differentiating criterion for the distribution of 

questionnaires department, anthropometric measurements and interviews were 

considered. After completing this first phase, started the develop and design of the 

guide for the first year of life, of Honduran infant. In the design of the contents, have 

been taken into account and fostered aspects such as sustainability, intergenerational 

and intercultural dialogue, recognition of local products, culture and culinary tradition 

and, on this basis, they propose dynamic learning based on experience. 

2.4 -Statistical analysis  

The analysis of the variables was performed using SPSS 15. for Windows 

statistical package. The statistical method used in this study was the cluster analysis or 

Conglomerates. This classification allowed knowing the average of Euclidean distance 

of the variables (Degree of parental education, regions, areas, nutritional status, 

breastfeeding, access to food, place of purchase, conditions) by multivalent groups to 

bind to different individual’s subject of this study in homogeneous groups. 
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The protocol was designed in line with the Helsinki agreement on human research, 

with strict respect for the confidentiality of information provided by all participants. 

The protocol was approved by the ethics committee of the UMU and UPNFM. 

3. Results 

The cluster analysis using an average linkage with respect to the conscripted 

information is displayed in Figure 1, Level of education of mothers, the department to 

which they belong children, time of birth rainy or dry child, access to food from 

parents, pathologies of children, region where urban and rural residents and degree of 

Global malnutrition, and how these dissimilar elements each has an average linkage 

with respect information recruited by different instruments: nutritional surveys and 

questionnaires, pre-coded, anthropometric measures. Results were analyzed show two 

subcategories in which it is observed associated effect between parental education 

and global malnutrition. Although a higher incidence among the categories of 

underweight, time of birth and respiratory problems in infants was also observed. 

Figure1. The cluster analysis is shownn this figure, individuals analyzed in 

homogeneous groups 
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The Figure 1 is a graphical representation in tree form, which summarizes the 

clustering process in a cluster analysis, showing greater similarity between aspects 

such as educational level, the area, the region, feending, period of birth, health and 

overall malnutrition.  

As can be seen in the Figure 2, high percentage (67%) of the families did not 

practice exclusive breastfeeding during the first months, in the communities studied. 

However, 94% of positive answears were obtained respondents if they gave mother 

breastfeeding their children. That is, less than half applied correctly breastfeeding 

exclusively for the first six months of life, this low percentage, has contributed (in all 

probability) to the onset of malnutrition, anemia and diarrhea of Honduran infants. 

As can be see in the Figure 2 the 43% of mother’s manteined exclusive breast 

feending until 6 months ofter birth. 

Figure2. Average time Honduran infant’s object of this study consumed 

breastfeeding as the only food in the 5 departments studied in the country 
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Regarding another factor that we found interesting and was evaluated in the 

present study, it was the academic level (Table1), which generally results to show a 

low educational level of mothers participating in the study, because they are located 

on the second cycle of education (fourth or sixth grade), with 31% indicating they do 

not meet the provisions of the basic national curriculum (CNB), compulsory education 

through the ninth grade. In addition, we observed that there is a 6.4% total illiteracy 

among mothers of the five departments including two departments, compared to the 

rest, with well above average values (Intibucá and Lempira with 11% and 13%), 

respectively. Regarding university education, Intibucá showed 4% of mothers 

participating in the study with a superior title. 
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Table 1 Percentage distribution of educational level of mother’s volunteers. 

Average value ± SD. Results are expressed as mean (n = 3) * Indicate statistically 

significant differences (P <0.05) 

It was noted that education is important, not only by the level of correlation 

between the coefficients and nutritional status, but also because it confirms the 

degree of difficulty involved for many mothers interpreting information related to 

complementary feeding, the understanding of frequency questionnairesof food 

consumption, with an average time applied to the relatively high questionnaires, it was 

 

PERCENTAGE DISTRIBUTION OF EDUCATIONAL LEVEL OF THE MOTHERS 

SAMPLE OF THIS STUDY. 

GRADE SCHOOLING / 

DEPT. 
Olancho Intibucá Lempira Atlántida 

Francisco 

Morazán 

1st Cycle 12%a 11%a 20%b 6%c 4%c 

2ND Cycle 40%a 46%a 20%b 36%b 11%c 

3ER Cycle 16%a 4%b 0%c 10%a 30%d 

Media Education Com. 20%a 14%b 20%a 36%a 19%a 

Media Education Incom. 0%a 7%b 13%c 13%c 4%b 

CBN Incom. 0%a 4%b 0%a 0%a 26%c 

Zero Schooling 4%a 11%b 13%b 0%c 4%a 

Adult School 8%a 0%b 0%b 0%b 0%b 

Higher Education Com. 0%a 4%b 0%a 0%a 0%a 

Higher Education Incom. 0%a 0%a 0%a 0%a 0%a 

NS/NC 0%a 0%a 0%a 0%a 0%a 
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influenced by the low educational level of mothers, requiring an average time of 20-25 

minutes, which is above the value usually required for this type of questionnaires. 

Figure 3. Percentage distribution of household income in five departaments (Olancho, 

Intibucá, Lempira, Atlantis and Francisco Morazán) studies in Honduras. 

 

 

 

 

 

 

 

Average value ± SD. Results are expressed as mean (n = 3) * Indicate statistically 

significant differences (P <0.05) 

The results showed in the Figure 3 indicated that the monthly income received 

by respondents in relation to expenditure on food, are scarce in Francisco Morazán 

and Olancho for families and they spend 45% to 44% between 2000-4000 lempiras (L.) 

or $ 100 to 200. In the departments of Lempira and Intibucá, volunteers answered not 

knowning monthly income, possibly this may be related to the source of income, since 

in these departments are mainly engaged in agriculture. Although they all confirmed 

that there is adequate availability of food in places where the study was conducted; 

however, access is limited by the fragility of the family economy, underemployment, 

and few opportunities for surplus production for sale on the market, low wages or low 

income among others. 
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rooms of different consultations teaching materials, we found very little information 

on complementary feeding. However, concerning breastfeeding, we found the 

presence of guides, panels and paintings but these proved less visible or unclear in 

some cases. In this regard, it is important to note that an inappropriate image about 

the important of adecuated feeding of child aspects may potentiate unsavory practices 

such as those that today are still generated in Honduras and can induce importants 

erros predisposing the habits for infants. 

4. Discussion 

In this chapter, we have sought, through the creation and design of the initiative of 

dietary guidance for infants and mothers with high levels of illiteracy to apply a tool in 

nutritional intervention in Honduras, to inform mothers about adequate practices in 

nutrition, sanitation and hygiene quickly and easily. Offering varied nutritional 

information through colors, drawings, icons, simple graphics, and symbols or diagrams 

easy to understand, with no text but grounded in a qualitative and quantitative 

strategy with a positive outlook to become a tool of food adequacy. In this sense, the 

initiative of the Food Standards Agency (FSA) in the UK (2006), developed a labeling 

system in the form of light indicating the level of saturated fat, sugar and salt using a 

code green, orange and red (16). The project has followed international 

recommendations for the design and development of food for children under 2 years 

guides, because this group is highly vulnerable to malnutrition, both deficit or excess, 

and the repercussions inadequate nutritional status of this age group in the adult life 

of the individual (17). 

First, the results obtained for the different anthropometric, cultural, economic, and 

environmental factors, the trend analysis observed and data variables were evaluated. 

Base our recommendations on sustainable, economic, psychosocial factors, and 

cultural ruled (12). We can define differents variables that may be ambiguous and show 

a low precision as "increase consumption", "moderate consumption", "best use" or 

"decrease" (18). Another aspect that was taken into account in the development of the 

guide was the difficulty of providing rations and sizes indicated in previous studies 
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showing as the portions can be perceived as 2 or 3 times larger than they really are (19), 

so inorder to facilited the understanding by mothers, we include small amounts in the 

design of the images at the beginning that were increasingduring study, different 

rations provided were compared to known objects by volunteers. 

As for the strategies included in the guidelines to guide mothers on exclusive 

breastfeeding, and for the introduction of different foods a general criterion was used. 

For the particular requirements, pediatricians reported in each case the most 

appropriate order. The guide seeks to promote the use of exclusive breastfeeding for 

the first 6 months of life in Honduras, with continued breastfeeding frequently in the 

drawings and demand up to two years, and introducing monthly the food group 

recommended, in quantity and in the adecuated texture (5, 20). The recommendations 

included in the guide for good hygiene practices and food handling focused on basic 

issues such as washing hands with soap and water for mothers and child hygiene. The 

importance of using potable water for cooking is also highlighted, the important of 

wash fruits, grains, egg immediately before consumption and disinfect vegetables 

since, as shown by some studies, the incidence of diarrheal disease occurs during the 

second half of the first year since the intake of complementary foods increases (21) .Is 

also has encouraged the use of cups in front of bottles by the increased incidence and 

risk of contamination (22). 

The selection of foods that are included in the supplementary feeding are aimed to 

covers what the child requirements in order to maintain proper growth, reverse or 

stop a linear growth retardation of infants, prevent micronutrient deficiency or 

overweight or obese. As for the characteristics of the food, natural foods are 

recommended, not industrially processed, fresh, regional, seasonal and culturally 

accepted. For the greatest risk of acquiring infections by consumption of contaminated 

food, it is not recommended for children, in the second half of life, the intake of raw 

foods and in the case of egg both, or raw or boiled; either fresh cheese consumption is 

recommended. Cooked vegetables should be offered; especially those with high 

roughness sheets are difficult to wash and also more difficult for chewing and 
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swallowing by the child. (23) Showing interest in the special guide for the great 

nutritional importance of, iron, zinc, vitamin A and folate for infant health. 

The guideline is included in the (Annexed 4) and has been developed as an 

educational tool that adapts scientific knowledge about nutritional requirements seeks 

to become a practical tool to guide the population in a correct selection and 

consumption of food. Through 10 main messages accompanied by a secondary 

message and a graphic summarizing the information, it aims to encourage a better 

profile of food consumption, improving and promoting adequated health habits of the 

population 

The guidelines are structured as follows: 

 Promote the exclusive breast milk feeding during the first 6 months of life 

 Hygiene in food preparation and preservation. 

 Proper eating utensils 

 Food Groups ingested by the child 

 Diversify, vary and combine. Synergy between nutrients. 

 Texture and consistency of food 

 Diseases associated with the form of food, and season of birth of infants 

 Adverse allergic reactions, intolerance, infections, anemia ... 

 Nutritional status 

 Attention and affection 

It is important to remember that this guide does not cover specific feeding 

recommendations for children who are not breastfed during the first months of life; 

however, many of the recommendations are also appropriate for such children. These 

guidelines were developed to be applied in healthy term infants. Infants with acute 

malnutrition or severe illness in recovery may need a special diet, and should be 

addressed through clinical manual (24). 
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9. GENERAL CONCLUSIONS  

The main conclusion of this study is derived in terms of reduction of 

underweight in 7% children under five years in Hondurans, from 1990-96 until the time 

of the study. Moreover, malnutrition and a progressive increase in the overweight or 

obese are bothpresent in the population, as a result of increased supply of processed 

foods and reduced physical activity. It should be noted, however, that malnutrition 

deficit causes almost twice the social costs overweight.  

The exclusive breastfeeding highly recommended during the first six months of 

live is only protected in Honduras, by ministerial agreement (2005), has not been 

operationalized. In addition the population is confused about recommendations in 

dietary patterns and the dissemination of dietary guidelines and guidance on the 

program of growth and development for proper feeding and proper introduction of 

complementary feeding as a strategy to reduce malnutrition is really poor and 

deficientary in Honduras. 

About the availability of iron compounds added to infant cereals varied long-

term, in particular, over shelf-life. We concluded that no iron compounds affect the 

sensory attributes such as color; flavor and taste of infant cereals tested when were 

evaluated for an internal sensory panel. Regarding to this, Ferrous Bisglycinate 

(Ferrochel®) is the iron compound that showed higher percentage of solubility and 

dializability than other iron compounds tested. However, it is not permitted to be 

added into infant cereals according to the Directive 2006/125 CE. Among iron sources 

Electrolytic Iron and Ferric Pyrophosphate obtained the highest dialyzability 

percentage (to exception ferrous bisglycinate), although no significant differences 

among them. Further research is still necessary to choose the ideal iron compound for 

infant foods prepared with follow on formula instead of water in addition of using 

different temperature of storage. 

Folate content in homogenized foods was higher than expected, being 5-MTHF 

as the predominant chemical isoform, both in weaning foods and raw materials. The 
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homogenized foods used in infant nutrition contribute with high folate content to the 

diet, especially those containing beef liver and/or citric acid in their composition, and 

they may cover the daily requirements of folate for infants from 6 to 12 months of age 

with values ranging between 45% and 90% of (IDR). 

According to the results in breast milk from differents countries, we can 

conclude that there is a difference in the concentrations. The different nutritional 

status and diets consumed in each country. Deferens observed of microbiota, LF, HC 

and LCFA. We could also say that diet may be a big factor in the content of LCFAs in but 

maybe not so much in the concentration of LF and HC or microbiota. 

The use of local ingredients is one way of nutritional sustainability in certain 

population groups in middle- or low-income in Honduras, incorporating certain foods 

such as legumes or vegetables may confer certain chelators of essential minerals such 

as Fe and Zn which significantly reduces its absorption compared to the same food 

after industrial processing. However, approaches combining interventions to provide 

Fe with other measures in environments where its lack is not the only cause of anemia 

are needed. 
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12.  ANNEXED 

Annexed I Consent Form For Breast Milk Donors. 

Annexed II Breast Milk Extraction Procedure For Donors 

Annexed III Questionnaire For The Volunteers Who Participated In The Study Of Breast 

Milk 

Annexed IV Child Guide Material 
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Anexed I  CONSENT FORM FOR BREAST MILK DONORS.  
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Annexed II BREAST MILK EXTRACTION PROCEDURE FOR DONORS  
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Annexed III. QUESTIONNAIRE FOR THE VOLUNTEERS WHO PARTICIPATED IN THE 

STUDY OF BREAST MILK 
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Annexed IV. CHILD GUIDE MATERIAL 
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