
 

 

 

Nutritional interventions focusing on gastrointestinal
and metabolic health
Citation for published version (APA):

Salden, B. N. H. (2017). Nutritional interventions focusing on gastrointestinal and metabolic health.
[Doctoral Thesis, Maastricht University]. Maastricht University. https://doi.org/10.26481/dis.20170317bs

Document status and date:
Published: 01/01/2017

DOI:
10.26481/dis.20170317bs

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.26481/dis.20170317bs
https://doi.org/10.26481/dis.20170317bs
https://cris.maastrichtuniversity.nl/en/publications/6566336e-31e9-4562-9b36-7afbeb0eb9d4


Valorisation 

225 

Valorisation  

Valorisation is the process of value-creation out of knowledge, by making this knowledge 
suitable and available for economic or societal utilization and to translate it into high-
potential products, services, processes and industrial activity.1 With this thesis, we aim to 
improve our understanding of the effects of several nutritional interventions on 
gastrointestinal and metabolic health, and to make the acquired knowledge and expertise 
available for society. 

The relationship between food and health is complex, being multifactorial and 
multidimensional. Food provides sufficient quantitative and qualitative supply of nutrients and 
supplies the human body with materials that can be used for the construction and repair of 
structures, tissues and organs. Furthermore, the role of functional foods in disease prevention 
and health promotion is emerging. Functional foods are defined as foods or food ingredients 
that affect one or more functions in the body in a targeted way so that positive effects on 
health are to be expected, or when the component has a physiological or psychological 
effect beyond the traditional nutritional effect.2,3 On the other hand, food can also 
negatively influence health and initiate or contribute to illness. To date, in many low- and 
middle income countries access to food is still limited and the availability and quality of 
nutrition is poor, leading to severe undernourishment and food insecurity.4 In contrast, the 
prevalence of overweight and obesity, linked to excess food intake and ‘overnutrition’, has 
worldwide more than doubled since 1980. In 2014, approximately 39% of people aged 18 
years and over were overweight and 13% obese.5 Also in the Netherlands, the number of 
individuals with overweight and obesity is tremendous; in 2015, 50.3% of the adults aged 
20 years and older were overweight and 13.7% were obese.6 Overweight and obesity are 
associated with a broad spectrum of gastrointestinal and systemic metabolic alterations, 
serving as major risk factors for the development of chronic metabolic diseases such as 
diabetes mellitus type 2 and cardiovascular disease.7,8 As a consequence, obesity imposes a 
tremendous economic burden on society through increased total direct (treatment obesity-
associated diseases) and indirect (productivity losses) medical costs. In the Netherlands, it 
has been calculated that in general the direct health care costs of obesity account for up to 
total 2.2% of national health expenditure.9 The indirect health care costs could amount to 
twice the direct health care costs.10 Significant reductions in these costs can be 
accomplished by prevention of overweight and obesity or by a significant delay in the onset 
of overweight, obesity and associated diseases. 
Besides diseases linked to undernourishment and overnutrition, there exists another class of 
diseases related to food: food allergies and food intolerances. Important and 
epidemiologically relevant phenomenon are the gluten related disorders, such as wheat 
allergy, celiac disease and gluten sensitivity. The number of individuals embracing a gluten-
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free diet is increasing. However, a gluten-free diet is hard to comply with as gluten-free 
products may not always be correctly labelled, are expensive, and may not always be at 
hand during social events or travelling. Accordingly, the market for gluten-free products is 
constantly growing and research identifying alternative therapies is ongoing. 
 
The aim of this thesis was to investigate the effects of several nutritional interventions on 
gastrointestinal and metabolic health in healthy, overweight and obese individuals. The 
nutritional interventions we studied included a prolyl endoprotease, a putative prebiotic 
supplement, a putative probiotic species, and two different phytonutrients. 
 
Gluten is the main structural protein complex of wheat with equivalent toxic proteins present 
in barley and rye. These gluten-containing cereals have always been a main component of 
the Western diet, but their consumption is increasing in Eastern countries as well. Ingestion of 
gluten can induce a wide range of gluten related disorders with different pathogenic 
pathways. For all conditions, strict adherence to a gluten-free diet is still the only effective 
treatment. As such, the number of individuals on a gluten-free diet is increasing worldwide. 
However, the high cost and often poor availability and palatability of gluten-free products 
makes it difficult to maintain such diet on the longer term. Even in case of strict adherence, a 
subgroup of individuals may remain symptomatic due to inadvertent gluten indigestion. In 
addition, a gluten-free diet is nutritionally suboptimal, it may predispose to an undesirable 
high intake of fat and carbohydrates and lead to poor vitamin status and detrimental 
weight gain or weight loss. Due to these problems with gluten-free dieting a strong interest 
in the development of alternative therapies exists. A possible alternative treatment is 
enzyme supplementation therapy targeted at degradation of immunogenic gluten peptides 
before entering the intestinal epithelium. In this thesis, we evaluated the in vivo gluten-
degrading potential of Aspergilles Niger-derived prolyl endoprotease (AN-PEP). To 
standardize each meal intake, we intragastrically administered the test meal via a triple 
lumen nasogastroduodenal tube. AN-PEP showed to be able to efficiently degrade gluten 
from a meal in the stomach of healthy volunteers within the time period a meal normally 
resides in the stomach. The gluten-degrading efficacy of AN-PEP was independent of meal 
caloric density and gastric emptying rate. These in vivo results are promising but to optimise 
AN-PEP for clinical application it is important that future studies investigate the efficacy of 
AN-PEP in an actual meal setting, focusing on subjects intolerant to gluten. Furthermore, it is 
anticipated that these supplements will not fully replace the gluten-free diet, but will be 
marketed as a supplement that in conjunction with a gluten-free diet may help digest 
unintentional ingested gluten for subjects intolerant to gluten. 
To measure gastric emptying rate in the above-mentioned study, we used paracetamol as 
post-prandial marker molecule. This method is considered a well-established method and is 
extensively applied in research. It is assumed that paracetamol, mixed trough a meal and 



Valorisation 

227 

ingested, will be absorbed immediately in the duodenum after leaving the stomach and that 
its passage time is identical to that of the meal. The gastric emptying rate can be derived 
from the time course of the plasma paracetamol concentration. However, in our study we 
obtained data which were in conflict with this widely accepted model. We observed that 
paracetamol was divided in two fractions; one fraction dissolved in the liquid content of the 
meal and another fraction encapsulated by meal contents that precipitate in the acid 
stomach environment. The aqueous phase is expected to leave the stomach quickly and the 
paracetamol is readily absorbed in the duodenum, the encapsulated paracetamol is slowly 
released from the bolus and not instantaneously taken up once it reaches the duodenum. 
Both fractions did not accurately reflect gastric emptying rate, instead these data show the 
effect of food on the rate of absorption of paracetamol. The absorption of a drug in the 
gastrointestinal tract bears major clinical relevance. Food-drug interactions are thus not 
limited to an effect of food on gastric emptying, but it also includes bioaccessibility. 
Bioaccessibility, i.e. the release of a compound from the matrix in the intestine, has an impact 
on both the onset and duration of the pharmacotherapeutic effect of a drug. 
 
The human gut is host to a diverse and dynamic community of several trillion microbes that 
play an important role in intestinal physiology, nutrient digestion, luminal metabolism and 
immune function.11 Colonization of the gastrointestinal tract is influenced by genetic 
background, gestational age, mode of delivery, type of feeding, exposure to antimicrobials 
and, very important, diet throughout life.12 Long-term perturbations to the intestinal 
environment can induce changes in the gut microbiome, contributing to the development of 
a variety of gastrointestinal diseases13 as well as systemic metabolic diseases including 
diabetes mellitus type 2 and cardiovascular disease.14 Thus, targeting the gut microbiome 
seems to offer a promising strategy to ameliorate or even prevent the development of 
above-mentioned diseases. A number of dietary strategies potentially modulating the gut 
microbiome are available; pre- and probiotics are among the most well established, while 
recent data suggest that also different types of polyphenolic compounds may influence the 
gut microbiome. 
In this thesis we evaluated the effect of a high-molecular weight arabinoxylan (AX) 
concentrate, a potential prebiotic product, on intestinal microbiota, gut barrier and immune 
function in overweight and obese subjects. AX form an interesting novel class of potential 
prebiotics as, due to their structure, they are more gradually fermented along the colon 
resulting in a more distal fermentation and activity. A limitation of most other prebiotics is 
their rapid fermentation (and thus activity only) in the proximal colon. Previous in vitro and 
animal studies have shown promising effects of this product on the gut barrier, gut 
microbiota, immune system and metabolic markers. In humans, AX administration did not 
result in a change in the overall microbiota composition, but AX resulted in significantly 
increased fecal concentrations of short-chain fatty acids (SCFA) and lower fecal pH. The 
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effects of AX on the gut barrier were explored at various levels. At gene transcription level, 
we found a significant upregulation of the tight junction (TJ) proteins occludin, claudin-3 and 
claudin-4, important transmembrane components regulating paracellular permeability. 
However, these changes in TJ gene expression were nog accompagnied with changes in TJ 
protein expression or in gastrointestinal permeability. Furthermore, results of this study 
suggest a capacity of AX to influence the immune function. At last, daily intake of AX for 
several weeks proved to be well-tolerated by the participants. Altogether, these data 
suggest that also in humans high-molecular weight AX modulates the gut microbiome and 
thereby may positively affect gut barrier and immune function. While more research in large, 
homogeneous study populations is required to confirm its in vivo microbiota modulating - 
and potentially gut barrier and immune system modulating- properties, AX is considered a 
promising prebiotic compound conferring health effects along the entire length of the colon. 
In this thesis, we also studied the effects of a putative probiotic product, a Bacillus indicus 
strain called PD01, on the intestinal microbiota and gut barrier in healthy, yet overweight 
and obese individuals. Several studies have already shown potential health benefits of 
bacillus strains. In addition, bacillus species as probiotics are particularly attractive for 
functional reasons as they can form robust endospores that are able to survive transit 
through the stomach, are stable to many food processing steps and can be long-term stored 
at room temperature. Previous in vitro data showed that this strain was able to survive and 
germinate in the gastrointestinal tract and to modulate the intestinal environment. In vivo, 
PD01 also survived transit throughout the digestive tract, but did not significantly influence 
the gut microbiome or gut barrier when compared to placebo. Repeated intake of PD01 
was well-tolerated by the participants, and was even accompanied with a decrease in 
reported gastrointestinal symptoms such as borborygmi, abdominal distension, eructation 
and increased flatulance. Previous studies in IBS patients showed that changing the gut 
microbiome by probiotics may induce quantitative and qualitative decreases in bacterial 
groups with gas-producing abilities.15,16 Possibly, a similar mechanism played a role in our 
study results. Although no significant effects of PD01 on gut microbial environment or gut 
barrier function could be established in this study, it does provide the first evidence in 
humans that PD01 survives transit through the gastrointestinal tract and is well-tolerated. To 
determine whether PD01 possesses additional probiotic properties, it is important that more 
in vivo studies will be conducted in future, including a homogeneous, more diseased study 
population or that a stressor is applied during the test period inducing an imbalance in 
homeostasis. 
As said before, also polyphenols may have the potential to affect the intestinal environment. 
We evaluated the relationship between the polyphenol hesperidin and SCFA production. 
Although we did not observe an effect on the quantity of SCFA production, twelve weeks 
hesperidin intake modulated the intestinal environment as reflected by a shift from the 
SCFA acetate to the health-promoting SCFA butyrate. These results strengthen the 
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hypothesis that also polyphenols are able to influence the gut microbiome. Research 
investigating the interactions between the gut microbiome and phenolic compounds is still in 
its early days. More human intervention studies are required to understand the underlying 
mechanisms and to establish the potential prebiotic-like effects of hesperidin and other 
polyphenols.  
 
It has been demonstrated that fruits, vegetables and grains exert protective effects against 
the development of chronic metabolic diseases such as diabetes mellitus type 2 and 
cardiovascular disease. This protective role can be mainly attributed to the antioxidant 
phytonutrients in them. Today, about 10,000 phytonutrients have been identified. In this 
thesis we studied the bioavailability and systemic effects of two main kinds of phytonutrients: 
polyphenols and carotenoids. 
Hesperidin, a polyphenol abundantly present in the peels of citrus fruits, has drawn attention 
due to its positive effects on metabolic and cardiovascular health. In order to exert systemic 
health effects, it is essential that a compound is bioavailable and absorbed from the 
gastrointestinal tract into the systemic circulation. However, the bioavailability of hesperidin 
in humans is low. We demonstrated that the bioavailability of a micronized hesperidin 2S 
formulation, having a similar enantiomer configuration as natural hesperidin, is higher than 
that of a non-micronized standard hesperidin product. The enhanced bioavailability may 
positively affect its biological activity. Furthermore, this study provided evidence that there 
exists a high inter-individual variation in polyphenol bioavailability, most likely the result of a 
great inter-individual diversity in the gut microbiome.  
Based on above results, we investigated the effect of micronized hesperidin 2S 
supplementation on cardiovascular and metabolic parameters in healthy, yet overweight 
and obese individuals. Results indicate a promising preventive role for hesperidin in 
cardiovascular disease. Given the high inter-individual variability of polyphenol 
bioavailability in humans, it would be particularly important and interesting to correlate the 
magnitude of observed changes with plasma polyphenol concentrations in future studies. 
Regarding glucose and lipid metabolism we did not observe hesperidin-induced beneficial 
effects in our generally healthy study population. Consequently, long-term intervention 
studies in subjects with(pre)diabetes, metabolic syndrome or hypercholesterolemia are 
warranted to establish and confirm beneficial hesperidin-induced effects on systemic 
metabolic health markers. 
Carotenoids are lipophilic antioxidants, synthesized mainly in plants, but also by a number of 
bacterial species. In contrast to plant-derived carotenoids, bacterial carotenoids are gastric-
stable, are equally or even more bioaccessible and bioavailable, and have a higher 
antioxidant capacity. In this thesis we evaluated the bioavailability of carotenoids, produced 
by a spore-forming Bacillus strain, in overweight and obese individuals. The bacterial 
carotenoids were present in the plasma and levels increased throughout the study period. 
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These results indicate that the bacillus strain was able to produce systemically absorbable 
bacterial carotenoids in vivo. However, no beneficial effects of the bacterial carotenoids 
regarding cardiovascular and metabolic parameters were observed, probably due to the 
fact that participants had normal baseline values for most parameters. It is clear that more 
and larger human intervention studies are needed to investigate and confirm an improved 
bioavailability, antioxidant capacity and systemic health effects of bacterial carotenoids 
over plant-derived carotenoids. 
 
In conclusion, beyond its nutritional value food can also play an important role in disease 
prevention and health promotion. All of the here studied nutritional interventions may affect 
one or more functions in the body in a positive way and therefore can be considered a 
functional food. Health-conscious consumers are increasingly seeking functional foods in an 
effort to control their own health and well-being. However, the field of functional foods is 
still in its infancy. Many functional foods showed to have beneficial effects in in vitro and in 
animal studies, but their efficacy in humans remains equivocal. A number of factors 
complicate the establishment of a strong scientific foundation for a functional food. Factors 
include complexity of the food substance, compensatory metabolic changes that may occur 
with dietary changes, lack of surrogate markers of disease development and, very 
important, the existing large variation between individuals regarding general health, genetic 
make-up and expression, gut microbiome and environmental factors. The development of 
nutritional therapies that target on prevention or on improvement of chronic gastrointestinal, 
cardiovascular and metabolic diseases is important and is considered an attractive 
alternative for medication use. Therefore, it is essential that in future more large, well-
designed, placebo-controlled randomized trials exploring the effects of nutritional 
interventions in well-defined study populations will be performed. Besides scientifically 
proven health effects, also consumer acceptance is key success factor for use of functional 
foods in the future. As a result, within the food industry, consumer behavior is currently an 
important research topic. 
. 
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