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SUMMARY

Gastroesophageal reflux in infants, accompanied or not by regurgitation, is a
frequently described process, associated with a lack of maturity in the physiological
antireflux barrier. In the specific case of newborns, gastroesophageal
refluxes/regurgitation are frequently associated with transient lower oesophageal
sphincter relaxation during food intake periods. Their origin seems to be related to a
vagal reflex promoted by the activation of distension receptors, located in the
proximities of cardiac sphincter and gastric fundus. During transient lower oesophageal
sphincter relaxation episodes, the gastric contents would be allowed to return to the
distal esophagus, and even to or out of the mouth (regurgitation). As neonate grows and
the gastrointestinal system develops, the frequency of these episodes varies from a
prevalence of 40-65% before the first 4 months to a prevalence of 4-5% after the first
year of life. Unless these episodes are acompanied by issue damage and/or failure to
thrieve (gastroesophageal reflux disease), infant gastroesophageal reflux should be
considered as a physiological process that accompanies the development of

gastrointestinal tract.

Despite being considered as a physiological process, gastroesophageal reflux,
especially when it is accompanied by regurgitation, is a cause of concern for parents,
representing the second cause of pediatric consultation, after infant colic, within mild
gastrointestinal disorders. In this regard, the North American and European Association
of Pediatrics, Gastroenterology, Hepatology and Nutrition (NASPGHAN and ESPGHAN)
published in 2009 a clinical practice guideline for the management of pediatric

gastrointestinal disorders. For the specific case of non-pathological gastrointestinal
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reflux, this guidelines mainly focus on postural and nutritional therapies, through
different advices for parental education and modification of infant’s feeding habits. With
regard to frequent reflux/regurgitation episodes, this guideline proposes the use of

"anti-reflux formulas or AR-formulas".

AR-formulas are specially formulated to increase gastric retention time and
prevent the return of the content to the esophagus. Among these ingredients, AR-
formulas include thickening agents, such as modified maize or rice starches, as well as
vegetable gums, including locust bean gum or guar gum. Although their use seem to be
associated with a reduction in the reflux/regurgitation episodes, controversy exists
arround the possible side effects that these ingredients could have in the physiological
function and development of infant digestive system. At these respect, some authors
have proposed that, thickening ingredients, could negatively affect mineral
bioavailability. Likewise, the addition of vegetable starches or gums would be a source of
fermentiscible substrates, whose impact on the infant microbiota development is still

unknown.

On the basis of this background, this dissertation delves deep into the in-vitro
study of the possible effect of modified maize and rice starches, as well as carob flour, on
mineral availability (calcium, iron and zinc) and the development of the intestinal
microbiota in infants younger than 4 months of age. With this aim, three thickening
ingredients were selected: Locust Bean Gum (LBG), Hydroxypropylated Maize Distarch
Phosphate (Mhdp), and pre-Gelatinized Rice Starch (gRS), toghether with a standard
infant formula (Hero Baby® 1). All ingredients were donated by Hero Spain S.A.

(Alcantarilla, Murcia, Spain). This research has been divided into three chapters:
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In the first chapter, the physicochemical characteristics of thickeners (LBG, Mhdp
and gRS), were analyzed during an in-vitro gastrointestinal digestion process, after
previous resuspension in MilliQ® water. In-vitro gastrointestinal digestion consisted of
two stages, a gastric digestion phase (pH = 4, pepsin solution) followed by an intestinal
digestion phase (pH = 5, bile salts solution and pancreatic extract). The digestive process
was carried out in a previously tempered at 37 2C water shaking bath. The oral digestion
phase was omitted since, in infants, this phase is practically non-existent, being the food
rapidly transported into the oesophagus and the stomach. The gastrointestinal enzymes
concentrations used, as well as the pH levels, were adjusted to the conditions described
for infants, in which the pH-buffering capacity and the enzymatic production are limited.
After the ingredient resuspension, as well as after the gastric phase and intestinal phase
of the digestive process, the following parameters were determined: apparent amount of
solubilized ingredient (by dehydration and gravimetry), relative dynamic viscosity,
properties (Asymetric Flow Field Flow Fractionation, AF4). This phase of the research
was carried out through a 6-months scientific mission, at the Department of Food
Technology, Engineering and Nutrition, Faculty of Chemistry, University of Lund

(Sweden), under the supervision of the Dr. Professor Lars Nilsson.

In the second chapter of this doctoral thesis, the effect of the addition of different
concentrations of LBG, Mhdp and gRS to a standard infant formula (Hero Baby® 1), on
the availability of Ca, Fe and Zn, was analyzed after a Process of in-vitro digestion. The
concentrations of thickeners used were established according to the current legislation
that regulates the addition of these thickeners to infant foods. For this purpose, three

types of experiments were carried out:
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Solubility and dialysis of Ca, Fe and Zn after an in-vitro digestion process. Basically, the
previously described in-vitro digestion process was followed. The soluble fraction was
determined by centrifugation of the intestinal content, while the dialyzable fraction was
determined by the introduction of a dialysis membrane during the intestinal digestion phase.
The mineral content (Ca, Fe and Zn) in each of the fractions, were determined by Atomic
Absorption Spectrophotometry (AAS). In order to determine the possible presence of
antinutrients associated with plant ingredients, a quantification of phosphate inositols and

derivatives was carried out.

Capture and transport of Ca, Fe and Zn by a Caco-2 cells culture. For this experiment,
previously differentiated cultures of Caco-2 were exposed to the soluble intestinal fractions
obtained after the in-vitro digestion of the different ingredients (LBG, Mhdp and gRS). As
control, FeSO,, ZnSO, and CaCl, solutions were evaluated. Assays were performed through a
bicameral culture system, which consisted in two chambers, one basal and one apical, both
separated by a semipermeable membrane on which the cells were grown. Treatments were
added in the apical chamber. After an exposure period of 2h, the contents of the apical and
basolateral chamber, as well as the the cell monolayer, were separately collected. The
mineral content in each of the fractions was quantified by Inductively Coupled Plasma
Atomic Emission Spectrometry (ICP-OES). From these results, transport and uptake efficiency

of the system was calculated.

Mineral transporters encoding gene expression en Caco-2 cells. From the previous
experiment, but after a 6 hour exposure to the different treatments, cell monolayers were
collected and lysed. The extracted mRNA was subsequently reverse transcribed into DNA and

transporter expression quantified by gPCR. The mineral transporters analyzed were:
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Calbindin D-9k, Divalent Mineral Conveyor-1 (DMT-1), Ferritin (heavy chain and light chain;
F), Metallothionein-1M (MT1M), Zip-4 and ZnT1 zinc transporters. For this purpose, a
calibrated and normalized quantification of the coding genes expression for each transporter
was performed. Normalization was calculated with respect to the basal expression of
different reference genes (B2M, SDH-A, YWHAZ, HPRT1). In addition, after the treatments, a
guantification of the ferritin cellular content was carried out by ELISA immunoassay. This part
of the study was developed through a three-months scientific mission at the Environment
and Agro-biotechnologies (EVA) Department, Gabriel Lippman Public Research Center

(Luxembourg) under the supervision of Dr. Daniéle Evers.

The last chapter of the present work deals with the study of the effect of the
addition of LBG, Mhdp and gRS to a basal culture medium, on the fecal microbiota of 3
healthy and mixed feeding infants younger than 4 months of age. For this purpose, a
static and non-pH controlled batch experiment was carried out. The evolution of
different microbial groups presented in the fecal microbiota of the infant (Atopobium,
Bacteroides-Prevotella, Enterobacteriaceae, Enterococaceae, Lactobacillus,
Bifidobacterium, Clostridia IV and Clostridia XIVa) were cuantified at 5, 8, 10, 24 and 48
h of 37 2C incubation. This determination was carried out by microbial DNA extraction
and qPCR quantification. As indicators of microbial fermentation activity, the
determination of acetate, propionate and butyrate by gas chromatography, total gas
production, as well as the evolution of pH during fermentation, were carried out. The
results obtained for LBG, Mhdp and gRS were compared with those obtained for D-

glucose (negative prebiotic control) and inulin (positive prebiotic control).
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In relation to the results obtained, LBG was the ingredient that presented a
higher relative dynamic viscosity throughout the digestive process, being also resistant
to enzymatic digestion. According to this results, LBG would be a more efficient
thickener, resisting the disgestion process. In this respect, LBG would reach the distal
part of gastrointestinal tract without modifications, acting as a posible fermentiscible
substract for colonic microbiota. On the contrary, despite starches (Mhdp and gRS)
thickening capacity was lower than the one described for LBG, it was limmited to gastric
stage, being the stage in wich gastroesophageal reflux episodes occurs. During the
digestion process, modified starches were completely degraded to glucose and

oligosaccharides, acting as a possible extra caloric source.

In relation to the effect of thickeners on mineral availability, the addition of LBG
negatively affected the in-vitro Ca, Fe and Zn availability, decreasing both, mineral
solubility and dialyzability. In contrast, modified starches (Mhdp and gRS) only affected
Ca solubility and dialyzability. The inositol phosphate content was higher in LBG,
compared to Mhdp and gRS. However, its presence was not related to the previously
described negative effect on mineral solubility and dialyzability, since the critical
relationship between inositol phosphate and mineral concentration described by other
authors was not reached. The effect of LBG, Mhdp and gRS on solubility and mineral
dialyzability was extensible to the retention capacity of each mineral by the Caco-2
monolayer. However, there was no relation between in-vitro solubility/dialyzability and
transport/ uptake of minerals by Caco-2 cells. In this regard it was assumed the
intervention of other factors such as interactions with food matrix components, as well
as the integrity of the cellular monolayer. Concerning the Ca, Fe and Zn transporters

gene encoding expression in Caco-2 cells, only the metallothionein-1M (MT1M) and Zn
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transporter ZnT-1 encoding genes were specifically stimulated by the exposure to Zn
sources (control of zinc sulfate and soluble intestinal fractions of the formulas with the
different added thickeners). However, no differences were found between the different
treatments. For the rest of the mineral transporters, their expression was constant and
independent of the type of treatment, either controls or formulas with added thickening
ingredients. These results were attributed to the fact that exposure time (6 h) was
insuficient to modify the gene expression. Under the fixed experimental conditions, a
higher exposure time was discarded in order to prevent cells damage. In the case of
ferritin encoding genes, they showed an unvariable expression, being compatible with a
post-transcriptional regulation. In this regard the quantification of ferritin by
immunoassay-ELISA techniques was a better indicator of Fe availability. In fact, Ferritin
concentration was strongly increased after the exposure to FeSOs4 control, but no

differences were described for the rest of the treatments.

Regarding to the effect of the different thickeners on the infant fecal microbiota,
LBG showed a similar behavior to that described by Inulin. In this regard, both
ingredients showed a slow fermentability, causing a retarded pH drop and a moderate
total gas production. In relation to the fatty acid profile, in spite of the fact that acetate
was the predominant short chain fatty acid, as the fermentation process progressed, the
propionate content was increased, decreasing the acetate: propionate ratio. In contrast
to LBG and Inulin, Mhdp and gRS, were rapidly fermented by fecal microbiota, with a
similar behavior to that described for D-glucose. In this regard, Mhdp, gRS and D-glucose
caused an early and marked decrease in pH after 5h of incubation, as well as a high total
gas production. In relation to the production of short chain fatty acids, the fermentation

of Mhdp, gRS and D-glucose resulted in a large increase in acetate production, while
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propionate production remained constant during the whole fermenting assay. When the
evolution of the different bacterial groups throughout the trial was analyzed, only a clear
trend was observed in the development of Bacteroides and Atopobium. In fact, when
LBG and inulin were added, both groups experienced a time dependent growth.
However, this effect was not observed after the addition of Mhdp, gRS or D-glucose,
which resulted in a low or undetectable growth for both bacterial groups. Thus, the
addition of LBG as thickening ingredient, could result in the development of a more

varied microbiota than that obserbed after the addition of Mhdp or gRS.

Based on the previously exposed results and considering the experimental
conditions of the studies carried out, it can be concluded that the adition of LBG as
thickning agent results in a greater viscosity than the one provided by modified starches
(Mhdp and gRS), being resistant to the in-vitro digestive process. In this regard,
meanwhile LBG decreases Ca, Fe and Zn in-vitro solubility and dialisability, Mhdp and
gRS only affect Ca availability. These effects are extended to Caco-2 cell mineral
retention, but not to the uptake or transport efficiency, with no effect on celular mineral
transporters molecules. Attending to its fermentability, LBG can be defined as a “slow
fermented ingredient”, resulting in a moderate drop of pH, a moderate total gas
production, as well as a decreasing in the acetate:propionate ratio. These properties are
related to the development of a varied fecal microbiota, increasing Atopobium and
Bacteroides populations. On the contrary, modified starches, Mhdp and gRS are classified
as “rapidly fermented ingredients”, resulting in a high total gas production, a sudden drop
of pH and a majority production of Acetate. These properties promote the development
of a less varied fecal microbiota, with absence or minimal development of Atopobium

and Bacteroides groups.
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RESUMEN

El reflujo gastroesofagico en lactantes, acompafiado o no de regurgitacién, es un
proceso frecuentemente descrito, asociado a una falta de madurez en los mecanismos
fisiologicos que integran la barrera antirreflujo. En el caso concreto de recién nacidos,
estos reflujos se asocian, en la mayoria de casos, con una relajaciéon transitoria del
esfinter esofagico inferior, la cual acompafia a la ingesta de alimentos. El origen de estos
episodios de relajacion transitoria, parece estar relacionado con un reflejo vagal
promovido por la activacion de receptores de distension localizados en las proximidades
del cardias y fundus gastrico. Durante los mismos, se permitiria el retorno del contenido
gastrico al eso6fago distal, e incluso, hacia la boca o fuera de ella, lo cual se define como
regurgitacion. Esto se ve favorecido por una posiciéon en dectiibito supino predominante.
Conforme el neonato avanza en el desarrollo y en la maduracién del sistema
gastrointestinal, la frecuencia de estos episodios remite, pasando de una prevalencia del
40 - 65% antes de los primeros 4 meses, a una prevalencia del 4 - 5% tras el primer afio
de vida. Es por ello que, siempre que estos episodios no se acompafien de dafio tisular o
alteraciones en el desarrollo (enfermedad por reflujo gastroesofagico), el reflujo
gastroesofagico infantil se debe considerar como un proceso fisioldgico que acompaiia al

desarrollo del tracto gastrointestinal del lactante.

Pese a ser un proceso considerado fisiolégico, el reflujo gastroesofagico, sobre
todo cuando se acompafia de regurgitaciones, supone un motivo de preocupacién para
los padres, representando la segunda causa de consulta pediatrica, después del colico
del lactante, dentro de los denominados trastornos gastrointestinales no severos. A este

respecto, la Asociacion Norte Americana y Europea de Pediatria, Gastroenterologia,
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Hepatologia y Nutriciéon (NASPGHAN y ESPGHAN), publicaron en el afio 2009 una guia
de practica clinica para el abordaje de trastornos gastrointestinales pediatricos. Para el
caso concreto del reflujo gastrointestinal no patoldgico, la guia establece unas pautas de
educacion parental y una modificacion en los habitos de alimentacion del lactante,
centrados sobre todo en terapias posturales durante la alimentacion. Para casos de
reflujos/regurgitaciones frecuentes, estas guian proponen el empleo de las denominadas

“férmulas anti-reflujo o férmulas-AR”.

Las formulas-AR estadn especialmente formuladas para aumentar el tiempo de
retencion gastrico y evitar el retorno del contenido al es6fago. Entre sus ingredientes,
estas formulas incluyen agentes espesantes, tales como los almidones modificados de
maiz o arroz, asi como gomas vegetales, entre las que destacan la harina de semilla de
algarrobo o la goma de guar. Pese a que su empleo parece ir asociado a una reduccién en
los episodios de reflujo/regurgitacion, existe controversia en relaciéon a los posibles
efectos que dichas féormulas podrian tener en el normal funcionamiento del sistema
digestivo del lactante. Asi, algunos autores han propuesto que, estos ingredientes,
podrian repercutir negativamente sobre la biodisponibilidad mineral. Del mismo modo,
la adicién de almidones o gomas vegetales, supondria una fuente de sustratos
fermentiscibles, cuyo impacto sobre el desarrollo de la microbiota del lactante se

desconoce.

En base a estos antecedentes, la presente tesis doctoral ahonda en el estudio in-
vitro de los posibles efectos que, el empleo de almidones modificados de maiz y arroz,
asi como de harina de algarrobo, podrian tener sobre la disponibilidad mineral (calcio,

hierro y zinc) y el desarrollo de la microbiota intestinal en el lactante de menos de 4
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meses de edad. Con este objetivo principal, se seleccionaron tres ingredientes
espesantes: Harina de algarrobo (LBG), fosfato dialmidén hidroxipropilado de maiz
(Mhdp) y almidén pregelatinizado de arroz (gRS) y una formula infantil estandar (Hero
Baby® 1). Todos los ingredientes fueron cedidos por la empresa Hero Espafa S.A.
(Alcantarilla, Murcia, Spain). El presente trabajo de investigacion se ha dividido en tres

capitulos:

En el primer capitulo, se analizaron las caracteristicas fisicoquimicas de los tres
espesantes (LBG, Mhdp y gRS), previamente resuspendidos en agua MilliQ®, durante un
proceso de digestion gastrointestinal in-vitro, el cual consistié en una fase de digestion
gastrica (pH=4; solucién de pepsina) seguido de una fase de digestidn intestinal (pH=5;
solucion de sales biliares y extracto pancredtico). El proceso digestivo fue llevado a cabo
en un bano de agitaciéon previamente atemperado a 37 2C. La fase de digestiéon bucal fue
omitida ya que en lactantes esta fase es practicamente inexistente, pasando el alimento
rapidamente al es6fago y estomago. Las concentraciones de enzimas gastrointestinales
empleadas, asi como los valores de pH fueron ajustados a las condiciones descritas para
lactantes. En ellos, la capacidad amortiguadora de pH y la producciéon enzimatica es
limitada. Tras la resuspension del ingrediente, asi como tras la fase gastrica y la fase
intestinal del proceso digestivo, se determinaron los siguientes parametros para cada
uno de los espesantes seleccionados: cantidad aparente de ingrediente solubilizada
(mediante deshidrataciéon y gravimetria), viscosidad dindmica relativa, propiedades
moleculares (Fraccionamiento en Flujo mediante Campo de Flujo Asimétrico, AF4). Esta
fase de la investigacion fue llevada a cabo mediante una estancia de investigacion de 6

meses de duracion, en el Departamento de Tecnologia de los Alimentos, Ingenieria y
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Nutricidn, de la Facultad de Quimica, Universidad de Lund (Suecia), bajo la supervision

del Dr. Profesor Lars Nilsson.

En el segundo capitulo de la presente tesis doctoral, se analiz6 el efecto de la
adicion de diferentes concentraciones de LBG, Mhdp y gRS a una formula infantil
estdndar (Hero Baby® 1), sobre la disponibilidad de Ca, Fe y Zn, tras un proceso de
digestion in-vitro. Las concentraciones de espesantes empleadas fueron establecidas de
acuerdo a la legislacion vigente que regula la adiciéon de estos espesantes a alimentos
infantiles. Con este objetivo se llevaron a cabo tres tipos de experimentos:

e Solubilidad y dialisis de Ca, Fe y Zn tras un proceso de digestion in-vitro: Basicamente se
siguid el proceso de digestion descrito para el apartado anterior. La fraccidn soluble se
determind mediante centrifugacion del contenido intestinal, mientras que la fracciéon
dializable se determindé mediante la introduccién de una membrana de didlisis durante la
fase de digestidn intestinal. El contenido mineral en cada una de las fracciones se determiné
mediante espectrofotometria de absorcién atémica. Con la finalidad de determinar la posible
presencia de antinutrientes asociados a ingredientes vegetales, una cuantificacion de

inositoles fosfato y derivados fue conjuntamente llevada a cabo.

e (Captacién y transporte de Ca, Fe y Zn por un cultivo de Caco-2. Para este experimento,
cultivos previamente diferenciados de Caco-2, fueron expuestos a las fracciones solubles
intestinales de los distintos ingredientes, asi como a soluciones control para los distintos
minerales evaluados (FeSQ,, ZnSO, y CaCl,). Para este experimento se empled un sistema de
cultivo bicameral consistente en dos cdmaras, una basal y una apical, ambas separadas por
una membrana semipermeable sobre la que se cultivan las células. Los tratamientos fueron

afiadidos en la cdmara apical. Tras un periodo de exposicion de 2h, el contenido de la cdmara
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apical, la monocapa celular y el contenido de la cdmara basal fueron recogidos por separado.
El contenido mineral en cada una de las fracciones fue cuantificado mediante espectrometria
de emisién atdmica con plasma acoplado inductivamente (ICP-OES). A partir de estos

resultados se calculé la eficiencia de transporte y la eficiencia de captacién del sistema.

e Expresidn génica de transportadores minerales en Caco-2. A partir del experimento anterior
pero tras una exposicion de 6 horas a los distintos tratamientos, las monocapas celulares
fueron lisadas y el mRNA extraido y posteriormente transcrito de forma reversa a DNA. Los
transportadores analizados fueron: Calbindina D-9k, Transportador Mineral Divalente-1
(DMT-1), Ferritina (cadena pesada y cadena ligera; F), Metalotioneina-1M (MT1M) y
transportadores de zinc Zip-4 y ZnT1. Para ello se llevé a cabo una cuantificacién calibrada y
normalizada de la expresidn de los genes codificantes para cada transportador, respecto a la
expresion basal de diferentes genes de referencia (B2M, SDH-A, YWHAZ, HPRT1). Junto a
ello, tras los tratamientos, se llevd a cabo una cuantificacion del contenido celular en
ferritina mediante inmunoensayo ELISA. Esta parte del estudio fue llevado a cabo mediante
una estancia de investigacion de tres meses, en el Departamento de Medio Ambiente y
Agrobiotecnologia (EVA) del Centro de Investigaciones Publicas Gabriel Lippman

(Luxemburgo), bajo la supervisidn de la Dra. Daniéle Evers.

El Gltimo capitulo del presente trabajo, aborda el estudio del efecto de la adicion
de LBG, Mhdp y gRS a un medio de cultivo basal, sobre la microbiota fecal de 3 lactantes
menores de 4 meses, sanos y con alimentacién mixta. Para ello, un ensayo de
fermentacion estatico y con pH no controlado, se llevé a cabo. Durante el mismo, la
evolucion de diferentes grupos microbianos presentes en la microbiota fecal del lactante

(Atopobium, Bacteroides-Prevotella, Enterobacteriaceae, Enterococaceae, Lactobacillus,
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Bifidobacterium, Clostridia IV and Clostridia XIVa) fueron determinados a las 5, 8, 10, 24
and 48h de incubacion (372C). Esta determinacién se llev6 a cabo mediante la extraccion
de DNA microbioano y cuantificacién por qPCR. De forma paralela, la determinacion de
acetato, propionato y butirato mediante cromatografia de gases, asi como la evolucién
del pH o la produccidn total de gas, durante la fermentacion, fueron determinados como
indicadores de la fermentacién microbiana. Los resultados obtenidos para LBG, Mhdp y
gRS fueron comparados con los obtenidos para D-glucosa (control prebiético negativo) e

inulina (control prebiético positivo).

En relacion a los resultados obtenidos, LBG fue el ingrediente que present6 una
mayor viscosidad dindmica relativa en todo el proceso digestivo, siendo también
resistente a la digestion enzimatica. Segtn estos resultados, LBG seria un espesante mas
eficiente, resistiendo el proceso de degradacidén enzimatica. En este sentido, este
ingrediente alcanzaria la parte distal del tracto gastrointestinal sin modificaciones,
actuando como posible substrato fermentiscible para la microbiota colénica. Por el
contrario, a pesar de que la capacidad espesante de los almidones (Mhdp y gRS) fue
inferior a la descrita para LBG, esta se limit6 a la etapa gastrica, siendo la etapa en la que
se producen episodios de reflujo gastroesofagico. Durante el proceso de digestion, los
almidones modificados se degradaron completamente a glucosa y oligosacaridos,

actuando como una posible fuente extra de calorias.

En relacién al efecto de los espesantes sobre la disponibilidad mineral, la adicién
de LBG afecté negativamente la disponibilidad in-vitro de Ca, Fe y Zn, disminuyendo
tanto la solubilidad mineral, como la didlizabilidad. Por el contrario, los almidones

modificados (Mhdp y gRS) solo afectaron a la solubilidad y dializabilidad del Ca. Pese a
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que el contenido en inositoles fosfato fue mayor en LBG en comparacién con Mhdp y
gRS, su presencia no se relaciono con el efecto negativo sobre la solubilidad y
didlizabilidad mineral, ya que no se alcanzé la relacién critica entre el contendo en
inositol fostato y la concentracién mineral descrita por otros autores. El efecto de LBG,
Mhdp y gRS sobre la solubilidad y dializabilidad mineral fue extensible a la capacidad de
retencion de cada mineral por la monocapa de Caco-2. Sin embargo, no se observo
relaciéon entre la solubilidad y la dializabilidad in-vitro y el transporte/captacién de
minerales por las células Caco-2, asumiendo la intervenciéon de otros factores tales como
las interacciones con los componentes de la matriz alimentaria, asi como la integridad
de la monocapa celular. Con respecto a la expresion génica de transportadores
relacionados con la captacion y transporte de Ca, Fe y Zn en células caco-2, sé6lo los
genes que codifican para la metalotioneina-1M (MT1M) y el transportador de Zn ZnT-1,
fueron especificamente estimulados por la exposicion a fuentes de Zn (control de sulfato
de zinc y fracciones solubles intestinales de las formulas con los distintos espesantes
afiadidos). Sin embargo, no se encontraron diferencias entre los distintos tratamientos.
Para el resto de transportadores de minerales, su expresion fue constante e
independiente del tipo de tratamiento, ya sean controles o férmulas con ingredientes
espesantes afladidos, achacando este echo a un tiempo de exposicién (6 h) insuficiente
para modificar la expresion génica. Bajo las condiciones experimentales planteadas en
este capitulo, un tiempo mayor de exposicion fue descartado para prevenir la alteraciéon
del cultivo celular. En el caso de los genes que codifican la ferritina, estos mostraron una
expresion constante y compatible con una regulacién postranscripcional, por lo que la
cuantificacion de ferritina por técnicas de inmunoensayo-ELISA fue un mejor indicador

de la disponibilidad de Fe. De hecho, la concentracion de Ferritina se vio fuertemente
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incrementada tras la exposicion al control de sulfato de hierro, pero no se encontraron

diferencias respecto al resto de tratamientos.

En relacion al efecto de los diferentes espesantes sobre la microbiota fecal del
lactante, LBG mostr6 un comportamiento similar al de la Inulina. Asi, ambos
ingredientes mostraron una lenta fermentabilidad, provocando una caida de pH tardia y
una produccion de gas moderada. En relacién al perfil de acidos grasos, pese a que el
Acetato fue el acido graso de cadena corta mayoritario, conforme avanzé el proceso
fermentativo, el contenido en propionato fue en aumento, disminuyendo el ratio
acetato:propionato. Por el contrario, Mhdp y gRS, fueron rdpidamente fermentados por
la microbiota fecal, con un comportamiento similar al de la D-glucosa. Asi, Mhdp, gRS
and D-glucosa porvocaron un acusado descenso en el pH y una elevada produccion total
de gas. En relacion a la produccién de acidos grasos de cadena corta, la fermentacion de
Mhdp, gRS y D-glucosa resultdé en un gran incremento en la producciéon de acetato,
mientras que la produccion de propionato se mantuvo constante. Cuando la evolucion de
los diferentes grupos bacterianos a lo largo del ensayo fue analizada, solo se observo una
tendencia clara en el desarrollo de Bacteroides and Atopobium. De hecho, cuando LBG e
inulina fueron anadidos, ambos grupos experimentaron un crecimiento dependiente del
tiempo de fermentacion. Este efecto no se observo tras la adicion de Mhdp, gRS o D-
glucosa, los cuales resultaron en una ausencia o un minimo crecimiento de ambos
grupos bacterianos. Asi, la adicién de LBG como ingrediente espesante, podria resultar
en el desarrollo de una microbiota mas variada que la observada tras la adicion de Mhdp

o gRS.
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En base a los resultados previamente expuestos, y considerando las condiciones
experimentales de los estudios realizados, se puede concluir que la adicién de LBG como
agente espesante resulta en una viscosidad mayor que la proporcionada por los
almidones modificados (Mhdp y gRS), siendo resistente al proceso digestivo in-vitro. En
este sentido, mientras que LBG disminuye la solubilidad y dialisability de Ca, Fe y Zn,
Mhdp y gRS s6lo afectan a la disponibilidad de Ca. Estos efectos son extensibles a la
retencion mineral por cultivos de células Caco-2, pero no a la absorcién o eficiencia de
su transporte, sin efecto sobre las moléculas de los transportadores de minerales
celulares. Atendiendo a su fermentabilidad, LBG puede definirse como un "ingrediente de
fermentacioén lenta", dando como resultado una moderada produccién de gas, una caida
moderada del pH, asi como una relacién decreciente de acetato: propionato. Estas
propiedades estan relacionadas con el desarrollo de una microbiota fecal variada,
aumentando las poblaciones de Atopobium y Bacteroides. Por el contrario, los almidones
modificados, Mhdp y gRS se clasifican como "ingredientes de fermentacién rdpida",
dando como resultado una gran produccion de gas, una caida repentina del pH y una
produccion mayoritaria de acetato. Estas propiedades promueven el desarrollo de una
microbiota fecal menos variada, con ausencia o desarrollo minimo de los grupos

Atopobium y Bacteroides.
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1. DEFINITIONS AND ETIOLOGY

Gastroesophageal reflux (GER) is being defined as the passage of gastric content
into the oesophagus. When the refluxed content goes into the farinx, the mouth or out of
the mouth, is considered as regurgitation (Vandenplas et al, 2011; Lightdale et al,

2013).

The etiology of GER, could be understood as an imbalance in the interaction
between antireflux physiological mechanisms and different predisposing factors
(Badriul & Vandenplas, 1999; Price 2007; Martin-de Capri 2009; Loots et al., 2012). The
Lower Oesophageal Sphincter (LOS), which maintains a basal pressure <5 mmHg, mainly
integrates the antireflux physiological mechanisms. This pressure is normally enough to
avoid the reflux of gastric content to the oesophagus in infants. However, LOS cannot be
considered as an anatomical sphincter, as it is formed by the confluence of muscle fibres
from the oesophagus and the stomach. In this regard, to act as an effective sphincter,
LOS needs the cooperation of oesophageal peristalsis, diaphragm muscles and
phrenoesophageal ligament, which reinforce the gastro-oesophageal junction. Together
with the lack of maturity of the previously described components, a delayed gastric
emptying and/or a frequent supine position have been described as the most relevant

GER predisposing factors in children.

Omari et al., (2002) studied the patterns of LOS motility in 36 neonates by a
micro-manometric technique. According to their results, Transient Lower Oesophageal
Sphincter Relaxation (TLOSR) was described as the predominant mechanism of GER in

infants. TLOSR is a vagal reflex that allows the alimentary bolus to pass into the stomach
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whereas facilitates the gas to be released. During these TLOSR episodes, gastric content
can return to the oesophagus, resulting in GER episodes (Omari et al., 2002; Kessing et
al, 2011; Loots et al., 2012). There are different factors that could act as a trigger for
TLOSR, being the activation of tension receptors located in close proximity to LOS the

most relevant described (Penagini et al., 2004).

2.- CLINICAL RELEVANCE OF PAEDIATRIC GER AND REGURGITATIONS:

PREVALENCE AND EVOLUTION.

GER is considered as a normal physiologic process occurring several times per
day in healthy infants. But, despite being considered as a developmental issue instead of
a disease, many parents seek for guidance from their paediatrician, especially when GER
episodes are followed by regurgitation. Frequently, GER/regurgitation episodes result in
an increase of parental anxiety, paediatrician referral and overtreatment (Martin-de
Capri 2009; Nel 2012; Hegar & Vandenplas, 2013; Lightdale et al., 2013). However, when
GER episodes occurs repeatedly over a long period of time, and they are associated with
tissue damage (for instance esophagitis, respiratory aspiration or swallowing
difficulties) and/or failure to thrive, it is then clasified as GER Disease (GERD). (Hyman
et al., 2006; Vandenplas et al., 2009; Hegar & Vandenplas, 2013). The presence of GERD
has bee related to chronic illness as feeding difficulties, dysphagia, Barrett oesophagus,
adult GERD or even oesophageal adenocarcinoma later in life (Nelson et al., 1998; Chak
et al, 2006; Gold 2006). Fortunately, GERD is not frequently described. Several studies
have defined a GERD prevalence of 8.5% in Eastern-Asia countries (Jung, 2011),
reaching an estimated prevalence of 10 - 20% in Western-Europe and North-America

(Dent et al., 2005). Nevertheless, GERD is currently considered as an underdiagnosed
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world-wide disease, due to its unspecific symptoms and the non availability of specific
diagnostic techniques in many health care centres (Hegar & Vandenplas, 2013; Lightdale

2013).

In Spain, Infante-Pina et al.,, (2008), developed a cross-sectional epidemiological
study including 285 paediatricians and 3487 children, from O to 4 months of age, seen
during a period of one week. One of the aims of this study was to asses the prevalence of
different mild gastrointestinal disorders in paediatric practice. According to the result
obtained (Figure 0.1), 27.8% of total paediatrician consultations corresponded to mild
gastrointestinal disorders (MGDs), which included colic (9.2%), regurgitation (6.1%),
constipation (7.8%) and diarrhoea (4.6%). As can be seen, infant regurgitation was the

second cause for paediatrician consultation after colic.

Prevalence®fiMGDsA@An®Paeditric®Practicel
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Figure 0.1.- Prevalence of mild gastrointestinal disorders (MGDs) in paediatric practice. Adapted
from Infante-Pina et al., (2008).
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In the same way, Campanozzi et al., (2009) published a paediatric prospective
survey with the aim of evaluates the prevalence of infant regurgitation in Italian children
during the first 2 years of life. 313 children (147 girls) were included, 12% of which
received the diagnosis of infant regurgitation. According to the results, regurgitation

boy:girl ratio was 166:147, discarding sex influence in the diagnosis.

Regurgitation prevalence in paediatrician consultations reported by Infante-Pina
etal, (2008) and Campanozzi et al, (2009) were lower than the ones reported by other
authors (Nelson et al., 1997; Vandenplast et al., 1998; Kostovsky, 2006; Hyman et al,,
2006), which was of 40 - 65% in infants younger than 4 months of age. Differences in
prevalence depend on parent’s perception. In this way, when regurgitations are
recurrent or they are associated to poor weight gain and discomfort, for instance, crying
or fussiness, parents conceive regurgitation as a problem and seek for guidance (Nelson

etal, 1997; Rudolph et al.,, 2001).

Regarding evolution of GER and regurgitation, a variation of prevalence has been
described across healthy infants development. Osatakul et al., (2002) reported a 86.9%
prevalence at 2 months of age. In the study developed by Martin et al., (2002), spilling of
most feeds each day was frequent during firsts months, showing a prevalence of 41%
between 3 and 4 months of age. Hegar et al,, (2009) found that in a sample of 130
infants, 73% showed a high rate of daily spilling. Despite this variability, all of them
reported that regurgitation resolves spontaneously in most healthy infants by 12 to 14
months of age, reaching a prevalence of 4-5% after the first year of life. This decreasing

trend has been associated to the digestive track maturation (Hegar et al., 2009).
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3.- INTRODUCTION TO THE CLINICAL MANAGEMENT OF GER:

DIAGNOSIS AND TREATMENT.

Due to its prevalence and possible health consequences, GER and GERD are
specially relevant in paediatric patients, needing not only a clinical diagnosis, but also an

evaluation of the impact of symptoms in the family (Hyman et al.,, 2006).

As GER cannot be explained by structural or biochemical abnormalities, it has
been classified as a functional gastrointestinal disorder (FGID) in infants/toddler by the
Rome III Criteria (Drossman 2006). This classification has involved committees of 87
internationals investigators from 17 different countries, with the aim of classify and
establish diagnosis criteria for different process under the label of FGID. In this
classification, other infants/toddler gastrointestinal processes have been included
(Table 0.1). These functional symptoms are often related to normal development or rise
from maladaptive behavioural responses to internal or external stimuli (Hyman et al,
2006). According to the Rome III Criteria, the infant regurgitation diagnostic criteria for
children of 3 - 12 months of age, must include both, medical findings (regurgitation two
or more times per day for 3 or more weeks), and no presence of clinical signs as
retching, hematemesis, aspiration, apnea, failure to thrive, swallowing difficulties, or
abnormal posturing (Drossman, 2006). During the diagnostic approach, it is very
important to determine which children have GERD in order to offer an optimal

treatment (Hegar & Vandenplas, 2013).
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Table 0.1.- Roma IlI Criteria. Functional Gastrointestinal
Disorders

G. Funtional Disorders: Infants and Toddlers
G1. Infant Regurgitation
G2. Infant Rumination Syndrome
G3. Cycling Vomiting Syndrome
G4. Infant Colic
G5. Functional Diarrhoea
G6. Infant Dyschezia
G7. Functional Constipation.

With the aim of providing pediatricians with a common resource for the
evaluation and management of patients with GER and GERD, the North American Society
for Pediatric Gastroenterology, Hepatology, and Nutrition (NASPGHAN) and the
European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN)
published a clinical practice guideline (Vandenplas et al, 2009). In this guideline,
different tests are included: history and clinical examination, oesophageal pH
monitoring, motility studies, endoscopy and biopsy, contrast radiography or
oesophageal/gastric ultrasonography. In these guidelines, treatment recommendations
and management options are also included (Vandenplas 2009; Hegar & Vandenplas
2013; Lightdale et al., 2013). In case of uncomplicated GER, lifestyle changes, including
feeding and positioning interventions, are emphasized, since they can effectively reduce
symptoms with a minimal intervention. When GERD is presented, the use of medication
as buffering agents, acid secretion suppressants, or promoters of gastric emptying and
motility; together with surgical approaches, could be necessary. In order to clarify the
diagnostic and management recommendations different flow diagrams have been
published. In the case of infants presenting recurrent regurgitations and vomiting the

following flow diagram has been proposed (figure 0.2).
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Figure 0.2.- Flow Diagram for approaching to
the infant with recurrent regurgitation and
vomiting. Adapted from Lightdale et al,, (2013).

4.- LIFESTYLE CHANGES FOR GER MANAGEMENT.

Lifestyle changes in infants include parental education and feeding/positioning

modifications. According to the diagram previously exposed (Figure 0.2), these

conservative or non-pharmacological strategies are always the first option for GER

management, being usually sufficient to control regurgitations in healthy infants

(Vandenplas et al., 2009)
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4.1.-Positionaltherapy.

Body positioning has been defined as an effective strategy to manage GER in
infants (Loop et al, 2012; Nel 2012; Corvaglia et al, 2013; Lightdale et al, 2013).
Different studies that used pH-monitoring and impedance have described that, flat
prone and left lateral positions, seems to reduce GER episodes, whereas supine and right
lateral positioning seems to increase them (Bhat et al., 2007; Corvaglia et al., 2007; van
Wijk et al,, 2007). However, it has to be considered that prone positioning has been
linked to the risk of sudden infant death syndrome (Moon et al.,, 2011). For this reason,
the guidelines consider prone positioning only if the infants are under vigilance and
awake (Vandenplas et al., 2009). In order to decrease the risk of sudden infant death
syndrome, Corvaglia et al. (2013), consider that, positional therapy, should be limited to
hospitalized babies under cardiorespiratory monitoring. What is more, prone
positioning should be only adopted in children older than 1 year, as this risk is greatly

decreased in older age groups (Lightdale et al,, 2013).

4.2. Feeding modifications

Feeding modifications include either, modifying maternal diet in breastfed
infants, or modified formulas in formula-fed ones. Together with these interventions,
reducing the feeding volume, as well as increasing the frequency of feedings, are also

included (Lightdale et al., 2013).

According to the practice guidelines published by the ESPGHAN and NASPGHAN

(Vandenplas et al, 2009), milk protein intolerance/allergy can also manifest as
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unexplained recurrent vomiting in infants. It has been described that, GER and cow’s

milk protein allergy may co-exist in 42-58 % of infants (Czinn & Blanchard, 2013). In

the case of breastfed infants, a 2 to 4week trial of a milk and eggs restricted maternal
diet is recommended. In formula-fed infants, an extensively hydrolysed protein may be
appropriated (Isolauri et al, 2009; Vandeplas et al., 2009; Czinn & Blanchard, 2013;

Lightdale et al, 2013)

For infants who are not cow’s milk protein intolerant, the use of thickened
feedings is being proposed as an option for GER management. In this regard, two
possibilities have been described by ESPGHAN and NASPGHAN (Vandenplas et al,
2009). On one hand, thickening agents such as rice cereal can be added to standard
formula; on the other hand, different commercial thickened formulas are currently
available (Vandenplas et al, 2009). The basis for this therapy is that the addition of
thickeners increases the stickiness and weight of the feeds, which are retained in the

stomach, preventing the return into the oesophagus (Huang et al., 2002).

With regard to the first possibility, it has been reported that, the addition of
thickeners to standard formulas decreases the frequency of regurgitation (Khoshoo et
al., 2000; Chao & Vandenplas, 2007; Orenstein & McGowan, 2008). However, it has to be
taken into account that this option could increase the calorie intake by 25% (Chao &
Vandenplas, 2007). In this regard, Vandenplas et al., (2011) estimated that, thickening a
20 kcal/oz (~0.65 Kcal/ml) infant formula with one tablespoon of rice cereal per once
(30 ml) of formula, increases the caloric density to ~34 kcal/oz (~1.1 kcal/ml).

Thickening with one tablespoon per two ounces (60 ml) of formula increases the caloric
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density to ~27 kcal/oz (~0.95 kcal/ml). Despite this increase in caloric intake, no
relationship between the use of cereals as thickeners and childhood obesity has been
reported (Lightdale et al, 2013). Another inconvenience is that, due to the formula
viscosity increment, standard nipples are not adequate, being necessary to cross-cut the
nipple in order to provide an adequate flow, minimizing the shucking effort (Rudolph et

al, 2001).

Nowadays, commercial thickened formulas are available in Europe, Asia and
United States under the name of Anti-Regurgitation (AR) infant formulas. The most
commonly thickeners used are modified corn and rice starches, potato starch, guar gum
and locust bean gum (Vandenplas et al, 2009). Compared with the addition of
thickeners to a standard infant formula, commercial AR-formulas contain almost similar
caloric density (72 cal/100 ml) as other infant formulas (Czinn & Blanchard, 2013). As
for the rest of ingredients, the addition of thickeners to infant formulas is regulated by
the effective legislation. In Europe, different maximum concentrations have been
established for each ingredient. In this way, modified starches may be added to infant
formulas up to either, 30% of total carbohydrates or 2 g/100 ml. In the case of locust
bean gum, it may be added up to a maximum level of 10 g/l from birth onwards
(European Parliament and Council, 1995; European Parliament and Council, 2006).
These maximum levels are similar to those recommended by ESPGHAN in its Global
Standard for the Composition of Infant Formula (Koletzko et al, 2005) and by the

European Commission Scientific Committee for Food (1997).

Different studies have shown the efficacy of AR-infant formulas on GER

management. In this regard, Vandenplas et al., (1994) studied 20 infants from 1 week to
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4 months age with regurgitations in a double-blind prospective study that included an
AR-infant formula. This study concluded that milk thickening products contributed to
GER clinical remission. Wenzl et al., (2003) performed a randomized, placebo-controlled
crossover study in 14 infants with recurrent regurgitation. The aim of the study was to
examine the influence of formula thickened with locust bean gum on GER. According to
its results, thickened feeding show a significant effect on the reduction of regurgitation
frequency and amount, but was ineffective against acid GER. In other study, Vanderhoof
etal, (2003), evaluated a commercial pre-thickened formula with a multicentre, double-
blind, randomized placebo controlled parallel group trial, which included 104 infants
during 5 weeks. The group treated with the thickened formula showed a reduction in
the total regurgitation volume, and in the presentation of feedings with choke-gag-
cough. Horvath et al, (2008) published a review of 14 randomized controlled trials
concluding that, thickening feeds, does not seem to reduce measurable reflux, but

decreases the frequency of over regurgitation and vomiting

Despite the benefits reported and being legally allow, different in-vitro studies
have reported a decrease in the availability of minerals related to the addition of
thickeners to infant formulas (Bosscher et al., 2000; Bosscher et al, 2001; Bosscher et
al., 2003). Other authors have aware about a possible association between thickened
foods and necrotizing enterocolitis (Clarke & Robinson, 2004), the potential allergenicity
of commercial thickening agents (Vandenplas et al, 2005; Vandenplas et al., 2009;
Lightdale et al, 2013), and possible digestive difficulties as abdominal pain, colic or
diarrhoea due to colonic fermentation of undigested carbohydrates (Vandenplas et al.,
2005). As consequence, the ESPGHAN Committee on Nutrition (Aggett et al, 2002)

recommends that AR-infants formulas should be used only in selected infants with
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failure to thrive caused by excessive regurgitations and nutrient losses. Due to these
possible negative effects, the need to explore the effect of these ingredients on the
nutrition and health of infants has been indicated by different authors (Aggett et al,
2002; Vandenplas et al, 2009; Vandenplas et al., 2011). In the same way, concern is
raised about the fact that, AR-infant formulas are currently available in pharmacy
without need of prescription or medical supervision (Sievers & Schaub, 2003; Agostoni,

2004).
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CHAPTER 1

1.-INTRODUCTION

Thickeners are commonly used in infant nutrition in a wide range of foods, such
as AR-infant formulas, baby purees or cereal based foods. Some of these products are
specifically intended for infants with swallowing issues, as dysphagia or
gastroesophageal reflux. As thickening agents, Locust Bean Gum (LBG) and modified
corn and rice starches, are the most frequently used (Agget. et al., 2002; Cichero et al.,
2013).Based in their physicochemical properties, thickeners are added with the aim of
increasing the stickiness and weight of the feeds, being retained in the stomach and

preventing the return of the content into the oesophagus (Huang et al., 2002).

1.1.-Characteristics of LBG as food additive (E410).

LBG, also known as carob bean gum, is a neutral galactomannans obtained from
the seeds of Carob tree (Ceratonia siliqua), a common legume tree in the Mediterranean
region (Battle & Tous, 1997; Dakia et al., 2008; Haddarah et al., 2014). Main carob bean
producer and exporter countries are Spain, Italy, Portugal, Morocco, Greece, Cyprus and
Turkey (Karababa & Coskuner, 2013). As is has been represented in figure 1.1, the seeds
are composed by the husk, the endosperm and the germ, obtaining LBG by cruising the

endosperm (Dakia et al., 2008).

Figure 1.1-Carob seed scheme.
(Adapted from Dakia et al, 2008.
Pictures obtained from

Hul http://www.lbg.it/seedgum.html)

Endosperm
(for gum)

Germ
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