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Abstract

The rising incidence of intestinal diseases combined with the high level
of suffering and loss of quality of life leads to a growing interest in
prevention strategies that are easy to implement. Such strategies in-
clude the deliberate consumption of more fiber-rich foods, and espe-
cially those with a high B-glucan content. Whereas there has been much
discussion about the potential of B-glucans to lower cholesterol and
blood glucose levels to date, the present article focuses on summarizing
papers investigating how B-glucans affect the intestinal environment,
the intestinal barrier, the intestinal immune system, and intestinal in-
flammation.
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Introduction

Interest in intestinal diseases and their pre-
vention is continually growing due to their
increasing prevalence and the resulting health
problems they cause. In Europe, ulcerative
colitis (UC) now affects 1 in 198 people and
Crohn’s disease (CD) affects 1 in 311 peo-
ple, so inflammatory bowel disease (IBD) is
no longer a rare occurrence [1]. At the same
time, the number of people for whom the con-
sumption of gluten triggers the multi-faceted
clinical picture of celiac disease is also increas-
ing globally, although morbidity across the
entire population is currently around 1% [2].
Furthermore, it is estimated that 8.1% of the
adult population in Western countries suffer
from irritable bowel syndrome (IBS), a chronic
functional impairment of the gut that causes
abdominal pain along with diarrhea and/or
constipation [3]. The intestines are also par-
ticularly susceptible to cancer [4].

In addition, gut health and the development
of intestinal diseases are strongly influenced
by environmental factors such as nutrition,
lifestyle or infections [1]. These diseases can
affect the intestinal environment, the intesti-
nal immune system and the integrity of the
intestinal barrier. They have the potential to
cause increased intestinal permeability (leaky
gut), together with loss of intestinal homeo-
stasis and increased displacement of unfavor-
able substances into the interior of the body
[5, 6]. A dysfunctional, leaky intestinal bar-
rier has also been reported in association with
IBD, IBS, celiac disease and early-onset bowel
cancer [6, 7]. Certain metabolic diseases (such
as type 2 diabetes mellitus) and autoimmune
diseases (such as type 1 diabetes or multiple
sclerosis), as well as overweight, depression
and food allergies also appear to be associated
with altered intestinal permeability [5, 7].
However, certain food components can have
a positive modulating effect on parameters of
intestinal health, either directly or indirectly
(through the formation of bioactive metabo-
lites), thus reducing the risk of disease. It ap-
pears that such a modulation can be achieved
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through the consumption of f-glucans in particular. The potential
of the f-glucans in barley and oats to reduce both cholesrol and
» ERNAHRUNGS UMSCHAU
10/2017, [8]) has been proven in a large number of studies and
confirmed by the European Food Safety Authority (EFSA) with
health claims [9-11]. In addition, there is increasing scientific ev-

postprandial glucose concentrations (

idence that f-glucans have positive effects on intestinal health.

In light of this, this article presents a summary of results from
cell, animal and human studies on the potential influence of
B-glucans on the intestinal environment, the intestinal barrier,
the intestinal immune system and intestinal inflammation. ¢ Fig-
ure 1 provides an overview of the various health-related effects of
B-glucans discussed below.

B-glucans—a heterogeneous group of
substances

The B-glucans are a group of polysaccharides that are composed of
linked D-glucose monomers linked by (3-glycosidic bonds. They occur
in the cell walls of plants, fungi and bacteria as components that
provide structural support [12-14]. In the Western diet, cereals such
as barley (3-11% B-glucans) and oats (3—7% [-glucans) are the most
relevant 3-glucan sources in terms of the quantity provided [15].

The primary structure, molecular weight, degree of branching,
polymer charge and solubility of B-glucans influence their
biological activity and these attributes may differ depending on
the source and isolation method [12, 13]. The B-glucans found
in cereals are mostly linear, unbranched molecules consisting of
glucose units linked by f(1->3) and B(12>4) glycosidic bonds,
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with the proportion of linkages varying
depending on the cereal species [16, 17]. Due
to the polymer’s p-glycosidic bonds, after
consumption, f-glucans enter the human
colon almost undigested. Once there, they can
be fermented by the microorganisms in the
caecum and colon [18-20].

There are also some other foods that are rel-
evant sources of -glucans. It is well estab-
lished that glucans are present in various
edible mushroom species, for instance the
shiitake (Lentinus edodes), which is the most
commonly consumed mushroom in Japan,
and oyster mushrooms (Pleurotus spp.), [21,
22]. The B-glucan content of these mush-
room species is 0.2-0.5% of dry matter [23].
Other edible fungi and yeasts whose f-glucans
are currently in the focus of research include
Schizophyllum commune, Coriolus versicolus,
Saccharomyces cerevisiae and Agaricus blazei
[12, 21]. In contrast to cereals, a polymer of
B(1->3)-linked glucose with a variable num-
ber of f(1->6) branches has been identified as
the most common form of f-glucan in fungi
[24]. Due to their proven high levels of bio-
activity, some isolated fungal polysaccharides
are already being sold as commercial prod-
ucts. In addition, there is currently a debate
about fungal B-glucans as potentially promis-
ing components for use in nutraceuticals and
functional food [21, 25].
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Fig. 1: Summary of the already accepted®® or postulated effects of the
consumption of B-glucans
LDL = low-density lipoprotein; SCFA = short-chain fatty acids
2 Health claim, EFSA 2011 — Consumption of beta-glucan from barley, oats or
blood cholesterol levels
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Initial animal studies also suggest that f(1->3)-glucans from
algae and bacteria have a potential health benefit [26, 27].

The effects of B-glucans on the
intestinal environment

Formation of short-chain fatty acids

Fermentation of f-glucans by microbes in the lower part of the
small intestine and in the colon results in the production of short-
chain fatty acids (SCFAs) [28-30]. SCFAs have been described as
having various positive effects on gastrointestinal and systemic
health [31, 32]. For instance, SCFAs cause a reduction in the pH of
the gut, which helps to inhibit the growth of pathogenic microor-
ganisms [33]. One SCFA that is particularly relevant to health and
colon function is butyric acid (and its salt, butyrate). Butyrate is
the main energy source of the epithelial cells of the colon and it is
thought to have a high anti-carcinogenic potential [34-36]. Study
results also suggest that butyrate may have an anti-inflamma-
tory effect in intestinal cells and that it may help strengthen in-
testinal barrier function [35].

When p-glucans from oats or barley were fermented under in
vitro conditions, mainly acetate was formed, but some propionate
and butyrate was also formed [28, 30, 37]. In line with this, an
increase in intestinal SCFA concentrations was observed in ani-
mal models following interventions with p-glucans from oats,
barley or bacteria [26, 38, 39]. For example, after a two-week
diet with 3% barley (-glucans, rats had twice the concentration
of propionate and about five times the amount of butyrate in
the cecum compared to the baseline values [38]. The results of
a human intervention study in 26 healthy subjects [40] and a
controlled crossover study in 30 volunteers with mild hypercho-
lesterolemia [29] indicate that in humans too, consuming food
containing barley B-glucan can lead to a significant increase in
SCFA levels in stool samples.

Modulation of the intestinal microbiome

Many scientific studies have shown that f-glucans from cere-
als, algae and yeasts influence the growth of intestinal microor-
ganisms [37, 41-45], which can in turn affect the health of the
human host [46—49]. This means that commensal bacteria in the
gut are not only involved in the development of tissues and the
immune system, but rather they also perform important meta-
bolic functions, such as breaking down indigestible carbohydrates
and synthesizing vitamins. Furthermore, they can inhibit the col-
onization of the digestive tract by pathogens and can increase the
barrier function of the intestines. The interactions between bac-
teria and host that may exist vary depending on the composition
of the microbiome [50]. Microbiome composition varies widely
between individuals and is influenced by various factors, including
drugs and nutrition [46, 50]. Changes in bacterial diversity and a
disturbed balance between bacterial species in the gut (dysbiosis)
have been observed in diseases such as Crohn's disease [51], type
2 diabetes [52], infections, obesity and autoimmune diseases [53]
and it is possible that such changes contribute to the development
of these conditions [54].
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However, dietary fiber can have positive
health effects in the gastrointestinal tract
through selective modulation of the microbi-
ome, for instance by increasing the number
or activity of species of the genera Lactobacil-
lus and Bifidobacterium [55, 56]. For example,
results from in vitro [57-60] and animal [39,
61-64] studies indicate that p-glucans from
oats and barley promote colonization of the
intestines by Lactobacillus and Bifidobacterium
species. However, this prebiotic effect of bar-
ley B-glucan has only been observed in some,
but not all of the human studies available to
date. For example, consumption of 3 g of
barley B-glucan daily for two months in 26
healthy subjects led to a significant increase
in fecal lactobacilli [40], and in a study in
52 healthy subjects who were supplemented
with only 0.75 g of barley B-glucan per day,
a bifidogenic effect was observed after 30
days [65]. By contrast, 14 volunteers with
metabolic syndrome who took 6 g of barley
B-glucan per day for 4 weeks and 11 patients
who had undergone polypectomy and took
3 g of barley f-glucan per day for 3 months
did not exhibit any effects in terms of num-
bers of intestinal bifidobacteria or lactoba-
cilli compared to controls [66, 67]. There is
currently a discussion around whether these
varying effects could be attributable to differ-
ences in the molecular weight of the p-glu-
cans used [58, 61].

The effects of B-glucans
on the intestinal barrier

The functionality of the intestinal barrier de-
pends on the integrity of its individual com-
ponents such as the microbiome, the intestinal
mucosa, the intestinal epithelium, the Lamina
propria and the intestinal immune system [7].
Thanks to the close joining of epithelial cells
through cell-cell junctions, the intestinal epi-
thelium forms an important physical barrier.
Importantly, tight junction protein complexes
between the cells restrict paracellular flow.
The intestines’ highly viscous mucus, which
consists of cross-linked mucins, antimicrobial
factors (e.g. antimicrobial proteins, secretory
immunoglobulin A [sIgA] and lysozyme) and
trefoil peptides acts as an additional physical
and chemical barrier layer that protects the in-
testinal epithelium against direct contact with
microorganisms [47]. A change in the com-
position of tight junction proteins and mucus
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components due to p-glucan could therefore
also affect intestinal permeability.

Various studies on animals have shown that
there is a positive association between the
consumption of B-glucan-containing cereal
products or cereal fibers and intestinal barrier
function. Rats on a completely parenteral or
elemental diet with oral administration of 2 g
oat fiber exhibited significantly reduced dis-
placement of enteric bacteria into mesenteric
lymph nodes [68]. In addition, adding bar-
ley malt (0.5-1.2 g p-glucan per 100 g dry
matter) to animal feed successfully prevented
the increase in amino acid concentration in
the portal serum that would be expected as
a consequence of a high-fat diet. This effect
was associated with an altered expression
of the tight junction proteins occludin and
Zonula occludens 1 (ZO-1) and was evaluated
as an expression of reduced permeability in
the small intestine and distal colon [69]. In
mice (high-fat diet [70]) and pigs (diet with
normal fat content [71]), enrichment of feed
with B-glucan from barley and oats (10%
and 5%, respectively) also resulted in altered
intestinal gene expression of tight junction
proteins, which was considered conducive to
intestinal barrier function. Studies in pigs also
suggest that f-glucan from oats may increase
mucosal protective function. For example, in-
creasing the B-glucan content of animal feed
(to 1.5% and 7.0%) resulted in reduced mucus
permeability [72] and increased activity of
goblet cells (a cell type that produces mucin)
[73]. However, there are also some indications
that B-glucans could impair intestinal barrier
function. For instance, feeding 3 mg of oat
B-glucan to mice resulted in lower lysozyme
expression in the small intestine and impaired
intestinal epithelial integrity compared to
control animals [74]. In addition, following
high B-glucan consumption (73.7 g/kg feed),
weaned young pigs exhibited increased intes-
tinal permeability (mannitol flux) in the ileum
and increased adhesion of E. coli to isolated en-
terocytes compared to the controls (6.4 g/kg
feed) [75].

The results of the studies conducted in humans
to date also vary widely. In a randomized
human intervention study in 20 healthy sub-
jects, consumption of a standardized breakfast
with barley seed bread (6.6 g soluble non-
starch polysaccharides per day) for three days
led to a postprandial increase in plasma con-
centration of glucagon-like peptide 2 (GLP-2)
[76]. This peptide is considered a marker of
intestinal barrier function and it is assumed
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to be relevant to epithelial cell proliferation and intestinal growth.
However, in a second interventional study in 21 students who
consumed barley seed bread (5.0 g soluble non-starch polysac-
charides per day) for four days, the increase in GLP-2 could not be
confirmed. In this case, a positive effect was only observed when
probiotics were also taken [77].

The effects of B-glucans on the
intestinal immune system

B-glucans are generally considered potent stimulators of the im-
mune system, with the ability to influence the activity of immune
cells [12, 13, 78]. The immunomodulatory properties of p-glu-
cans include activation of macrophages, T helper cells, neutrophils
and natural killer cells, promotion of T-cell differentiation and
activation of an alternative complement pathway, which together
can affect humoral immunity as well as cellular immunity [12,
78]. Animal studies have demonstrated several times that this im-
munostimulatory effect also leads to higher resistance to various
pathogens (e.g. Staphylococcus aureus, Salmonella enteritidis) in vivo
and a better survival rate in infected animals [79-82]. The ma-
jority of these studies investigated the immunological potential
of B(1->3)-glucans from fungi and yeasts. However, the in vitro
[28, 83] and in vivo studies [75, 79] that are available suggest
that B-glucans from cereals also have an immunomodulatory ef-
fect. Furthermore, observations from cell and animal models of
the intestine suggest that f-glucans from cereals and from fungi,
yeasts, algae and bacteria also strengthen intestinal immune func-
tion [42, 84-87]. For example, human small intestine and colonic
cell lines incubated with fecal water from ileostomy patients who
were on a diet enriched with oat f-glucan (5 g/day) were found
to have better immune defenses than those incubated with placebo
fecal water [85]. These increased immune defenses were character-
ized by significantly increased chemokine production and expres-
sion of adhesion molecules. In a mouse model, oral administration
of B-glucans also resulted in stimulation of the intestinal immune
system, which manifested as activation of Peyer’s patch immune
cells (fungal f-glucan [84]) or a mild inflammatory state in en-
terocytes (B-glucan from oat [88]).

In mechanistic terms, the immunomodulatory effect of
B(1->3)-glucans can likely be explained by the binding of polysac-
charides to certain receptors (immune receptor membrane com-
plement receptor 3 [CR3] and Dectin-1) on the surface of immune
cells (e.g. natural killer cells and macrophages) [78]. Dectin-1
binding can trigger glucan uptake and signaling pathways for
phagocytosis as well as the production of cytokines and reactive
oxygen species [89]. Expression of Dectin-1 has also been demon-
strated in isolated human intestinal epithelial cells and in different
epithelial cell lines of the colon (HT-29 and SW480). In this case,
binding of B-glucans led to chemokine induction [86, 90].
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The effects of B-glucans on
intestinal inflammation

The immunomodulatory effects of consumption of dietary fibers
such as f3-glucans can contribute to the prevention and treatment
of acute and chronic inflammations of the intestine [78]. Cur-
rently, corticosteroids, aminosalicylates and immunomodulators
are used as standard therapy for IBD, but the use of anti-TNF-a
antibodies (e.g. Infliximab) has proven to be the most promising
treatment strategy. These options involve both side effects and
high costs. The use of dietary fibers therefore appears to be a use-
ful supplementary approach and/or alternative, because fiber is
thought to have the potential to prevent IBD [91-93]. In a ran-
domized, placebo-controlled study, for example, the treatment of
50 IBD patients (UC or CD) with a mushroom extract containing
B-glucan (AndoSan™) led to an insignificant but clear increase
in quality of life and a slight improvement in proinflammatory
markers. This was thought to be the expression of a weak sys-
temic anti-inflammatory effect [94, 95]. Furthermore, additional
administration of a mixture of p-glucan, inositol and digestive
enzymes in IBD patients was associated with a reduction in gas-
trointestinal symptoms compared to conventional therapy (treat-
ment with 5-aminosalicylic acid) [96].

Administration of isolated B-glucans caused a reduction of proin-
flammatory markers in the colons of piglets [42, 97, 98]. In addi-
tion, studies in various animal models of intestinal inflammation
have demonstrated an intestinal protective effect following oral
and intragastric administration of -glucan before or after chemi-
cal induction of colitis. For example, 3-glucans from yeasts, fungi,
bacteria and oats reduced the expression of proinflammatory
markers in the colon, improved the clinical symptoms of colitis
and protected the gut from lesions, epithelial changes and leuko-
cyte infiltration [14, 99-103]. The strength of the effect appears
to depend on the structural properties of the polysaccharides [99].

Conclusion

B-glucans have a variety of effects that are relevant to health.
The potential of this group of substances to reduce both choles-
terol and postprandial glucose concentrations has been proven in
a large number of studies and has been confirmed by the EFSA
with health claims in the context of authorizations. However,
the current data is less clear-cut in terms of effects on intestinal
health markers. Nevertheless, there is increasing scientific evi-
dence that p-glucans have positive effects on intestinal parame-
ters. For example, studies show that regular consumption of foods
that contain B-glucan is associated with increased formation of
health-promoting short-chain fatty acids, with a favorable effect
on the intestinal microbiome, with activation of the intestinal im-
mune system and with a strengthened intestinal barrier, as well
as with a reduction of inflammatory processes in the intestine.
Therefore, consumption of at least 3 g of f-glucans per day ap-
pears to be advisable for intestinal health.

Copyright!
Reproduction and di ion - also partial - applicable to all media only
with written permission of Umschau Zeitschriftenverlag GmbH, Wiesbaden.

Conflict of Interest
The authors declare no conflict of interest.

M. Sc. Julia Atanasov

Dr. Wiebke Schlérmann

Dr. Ulrike Trautvetter

Prof. Dr. Michael Glei
Friedrich-Schiller-Universitat Jena
Institut fUr Erndhrungswissenschaften
Professur fiir Ernahrungstoxikologie
Dornburger Str. 24, 07743 Jena
michael.glei@uni-jena.de

References

—_

N

“

G

o

~

je-]

o

10.

56 Ernaehrungs Umschau international | 3/2020

. Molodecky NA, Soon IS, Rabi DM et al. (2012) Increas-

ing incidence and prevalence of the inflammatory bowel
diseases with time, Based on Systematic Review. Gastro-
enterology 142: 46-54

Lebwohl B, Sanders DS, Green PHR (2018) Coeliac dis-
ease. Lancet (London, England) 391: 70-81

Sperber AD, Dumitrascu D, Fukudo S et al. (2017) The
global prevalence of IBS in adults remains elusive due to
the heterogeneity of studies: a Rome Foundation working
team literature review. Gut 66: 1075-1082

. Bray F, Ferlay J, Soerjomataram I et al. (2018) Global

cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 68: 394-424

. Mu Q, Kirby J, Reilly CM et al. (2017) Leaky gut as a

danger signal for autoimmune diseases. Front Immunol
8:1-10

. Bischoff SC, Barbara G, Buurman W et al. (2014) Intes-

tinal permeability-a new target for disease prevention
and therapy. BMC Gastroenterol 14: 1-25

Konig J, Wells J, Cani PD et al. (2016) Human intestinal
barrier function in health and disease. Clin Transl Gas-
troenterol 7: 1-13

. Schlormann W, Glei M (2017) Gesundheitliches Potenzial

von f-Glucan aus Gerste und Hafer. Erndhrungs Um-
schau 64(10): M555-M559

EFSA Panel on Dietetic Products, Nutrition and Allergies
(2011) Scientific Opinion on the substantiation of health
claims related to beta-glucans from oats and barley and
maintenance of normal blood LDL-cholesterol concen-
trations (ID 1236, 1299), increase in satiety leading to
a reduction in energy intake (ID 851, 852), reduction of
post-prandial glycaemic responses (ID 821, 824), and “di-
gestive function” (ID 850) pursuant to Article 13(1) of Reg-
ulation (EC) No 1924/2006. EFSA Journal 9: 2207-n/a
EFSA Panel on Dietetic Products, Nutrition and Allergies
(2009) Scientific Opinion on the substantiation of health
claims related to beta glucans and maintenance of normal
blood cholesterol concentrations (ID 754, 755, 757, 801,
1465, 2934) and maintenance or achievement of a normal



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

body weight (ID 820, 823) pursuant to Article 13(1) of Reg-
ulation (EC) No 1924/2006. EFSA Journal 7: 1254-n/a
EFSA Panel on Dietetic Products, Nutrition and Aller-
gies (2011) Scientific Opinion on the substantiation of
a health claim related to barley beta-glucans and low-
ering of blood cholesterol and reduced risk of (coronary)
heart disease pursuant to Article 14 of Regulation (EC) No
1924/2006. EFSA Journal 9: 2471-n/a

Mantovani MS, Bellini MF, Angeli JP et al. (2008) be-
ta-Glucans in promoting health: prevention against mu-
tation and cancer. Mutat Res 658: 154-161

El Khoury D, Cuda C, Luhovyy BL et al. (2012) Beta glu-
can: health benefits in obesity and metabolic syndrome. J
Nutr Metab 2012: 1-28

Zhou M, Wang Z, Chen J et al. (2014) Supplementation of
the diet with Salecan attenuates the symptoms of colitis
induced by dextran sulphate sodium in mice. Br J Nutr
111:1822-1829

Skendi A, Biliaderis C, Lazaridou A et al. (2003) Struc-
ture and rheological properties of water soluble -glucans
from oat cultivars of Avena sativa and Avena bysantina.
J Cereal Sci 38: 15-31

Johansson L, Tuomainen F, Ylinen M et al. (2004) Struc-
tural analysis of water-soluble and-insoluble -glucans
of whole-grain oats and barley. Carbohydr Polym 58:
267-274

Westerlund E, Andersson R, Aman P (1993) Isolation and
chemical characterization of water-soluble mixed-linked
B-glucans and arabinoxylans in oat milling fractions.
Carbohydr Polym 20: 115-123

Topping DL, Clifton PM (2001) Short-chain fatty acids
and human colonic function: roles of resistant starch and
nonstarch polysaccharides. Physiol Rev 81: 1031-1064
Cummings JH, Englyst HN (1987) Fermentation in the
human large intestine and the available substrates. Am J
Clin Nutr 45: 1243-1255

Bach Knudsen KE, Jensen BB, Hansen I (1993) Digestion
of polysaccharides and other major components in the
small and large intestine of pigs fed on diets consisting of
oat fractions rich in f-D-glucan. Br J Nutr 70: 537-556
Giavasis I (2014) Bioactive fungal polysaccharides as po-
tential functional ingredients in food and nutraceuticals.
Curr Opin Biotechnol 26: 162-173

. Rop O, Mlcek J, Jurikova T (2009) Beta-glucans in higher

fungi and their health effects. Nutr Rev 67: 624-631
Manzi P, Pizzoferrato L (2000) Beta-glucans in edible
mushrooms. Food Chem 68: 315-318

Dalonso N, Goldman GH, Gern RM (2015) beta-(1->3),
(1=>6)-Glucans: medicinal activities, characterization,
biosynthesis and new horizons. Appl Microbiol Biotechnol
99: 7893-7906

Zhu FM, Du B, Xu BJ (2016) A critical review on pro-
duction and industrial applications of beta-glucans. Food
Hydrocolloid 52: 275-288

Zhou M, Pu C, Xia L et al. (2014) Salecan diet increases
short chain fatty acids and enriches beneficial microbiota
in the mouse cecum. Carbohydr Polym 102: 772-779

27.

28.

2

o

30.

3

—_

32.

33.

34.

35.

3e.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Copyright!
Reproduction and dissemination - also partial - applicable to all media only
with written permission of Umschau Zeitschriftenverlag GmbH, Wiesbaden.

Murphy B, Dal Bello F, O'Doherty J et al. (2013) Analysis of bacterial community
shifts in the gastrointestinal tract of pigs fed diets supplemented with beta-glu-
can from Laminaria digitata, Laminaria hyperborea and Saccharomyces cerevisiae.
Animal 7: 1079-1087

Rosch C, Taverne N, Venema K et al. (2017) Effects of in vitro fermentation of barley
beta-glucan and sugar beet pectin using human fecal inocula on cytokine expression
by dendritic cells. Mol Nutr Food Res 61: 1-11

. Thandapilly SJ, Ndou SF, Wang Y et al. (2018) Barley beta-glucan increases fecal

bile acid excretion and short chain fatty acid levels in mildly hypercholesterolemic
individuals. Food Funct 9: 3092-3096

Kim HJ, White PJ (2009) In vitro bile-acid binding and fermentation of high, me-
dium, and low molecular weight p-glucan. J Agric Food Chem 58: 628-634

. Wong JM, De Souza R, Kendall CW et al. (2006) Colonic health: fermentation and

short chain fatty acids. J Clin Gastroenterol 40: 235-243

Bach Knudsen KE (2015) Microbial degradation of whole-grain complex carbohy-
drates and impact on short-chain fatty acids and health. Adv Nutr 6: 206-213
Roberfroid M, Gibson GR, Hoyles L et al. (2010) Prebiotic effects: metabolic and
health benefits. Br J Nutr 104: S1-563

van der Beek CM, Dejong CHC, Troost FJ et al. (2017) Role of short-chain fatty acids
in colonic inflammation, carcinogenesis, and mucosal protection and healing. Nutr
Rev 75: 286-305

Canani RB, Costanzo MD, Leone L et al. (2011) Potential beneficial effects of butyr-
atein intestinal and extraintestinal diseases. World J Gastroenterol 17: 1519-1528
Roediger WE, Guillemot F, Neut C et al. (1992) Oxidative and synthetic functions of
n-butyrate in colonocytes. Dis Colon Rectum 35: 511-512

Yang J, Martinez I, Walter J et al. (2013) In vitro characterization of the impact
of selected dietary fibers on fecal microbiota composition and short chain fatty acid
production. Anaerobe 23: 74-81

Belobrajdic DF, Jobling SA, Morell MK et al. (2015) Wholegrain barley beta-glucan
fermentation does not improve glucose tolerance in rats fed a high-fat diet. Nutr
Res 35:162-168

Shen RL, Dang XY, Dong JL et al. (2012) Effects of oat beta-glucan and barley
beta-glucan on fecal characteristics, intestinal microflora, and intestinal bacterial
metabolites in rats. J Agric Food Chem 60: 11301-11308

De Angelis M, Montemurno E, Vannini L et al. (2015) Effect of whole-grain bar-
ley on the human fecal microbiota and metabolome. Appl Environ Microbiol 81:
7945-7956

Wang Y, Ames NP, Tun HM et al. (2016) High molecular weight barley beta-glucan al-
ters gut microbiota toward reduced cardiovascular disease risk. Front Microbiol 7: 1-15
Sweeney T, Collins CB, Reilly P et al. (2012) Effect of purified beta-glucans de-
rived from Laminaria digitata, Laminaria hyperborea and Saccharomyces cerevi-
siae on piglet performance, selected bacterial populations, volatile fatty acids and
pro-inflammatory cytokines in the gastrointestinal tract of pigs. Br J Nutr 108:
1226-1234

Luo'Y, Zhang L, Li H et al. (2017) Different types of dietary fibers trigger specific
alterations in composition and predicted functions of colonic bacterial communities
in BALB/c Mice. Front Microbiol 8: 1-15

Cao Y, Zou S, Xu H et al. (2016) Hypoglycemic activity of the Baker's yeast be-
ta-glucan in obese/type 2 diabetic mice and the underlying mechanism. Mol Nutr
Food Res 60: 2678-2690

Ryan PM, London LE, Bjorndahl TC et al. (2017) Microbiome and metabolome
modifying effects of several cardiovascular disease interventions in apo-E-/- mice.
Microbiome 5: 30

Schippa S, Conte MP (2014) Dysbiotic events in gut microbiota: impact on human
health. Nutrients 6: 5786-5805

Wells JM, Brummer RJ, Derrien M et al. (2017) Homeostasis of the gut barrier and
potential biomarkers. Am J Physiol Gastrointest Liver Physiol 312: G171-G193

Ernaehrungs Umschau international | 3/2020 57



Peer Review | Intestinal Health

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

03.

64.

05.

00.

67.

Flint HJ, Scott KP, Duncan SH et al. (2012) Microbial degradation of complex car-
bohydrates in the gut. Gut Microbes 3: 289-306

Renz H, Brandtzaeg P, Hornef M (2011) The impact of perinatal immune develop-
ment on mucosal homeostasis and chronic inflammation. Nat Rev Immunol 12:
9-23

Ursell LK, Clemente JC, Rideout JR et al. (2012) The interpersonal and intrapersonal
diversity of human-associated microbiota in key body sites. J Allergy Clin Immunol
129:1204-1208

Frank DN, St Amand AL, Feldman RA et al. (2007) Molecular-phylogenetic char-
acterization of microbial community imbalances in human inflammatory bowel
diseases. Proc Natl Acad Sci US A 104: 13780-13785

Larsen N, Vogensen FK, van den Berg FW et al. (2010) Gut microbiota in human
adults with type 2 diabetes differs from non-diabetic adults. PLoS One 5: 1-10
9085

de Oliveira GLV, Leite AZ, Higuchi BS et al. (2017) Intestinal dysbiosis and probiotic
applications in autoimmune diseases. Immunology 152: 1-12

Sekirov I, Russell SL, Antunes LCM et al. (2010) Gut microbiota in health and
disease. Physiol Rev 90: 859-904

Patel S, Goyal A (2012) The current trends and future perspectives of prebiotics
research: a review. 3 Biotech 2: 115-125

Gibson GR, Hutkins R, Sanders ME et al. (2017) Expert consensus document: The
International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus
statement on the definition and scope of prebiotics. Nat Rev Gastroenterol Hepatol
14: 491-502

van Zanten GC, Knudsen A, Roytio H et al. (2012) The effect of selected synbiotics
on microbial composition and short-chain fatty acid production in a model system
of the human colon. PLoS One 7: 1-11 e47212

Dong JL, Yu X, Dong LE et al. (2017) In vitro fermentation of oat beta-glucan and
hydrolysates by fecal microbiota and selected probiotic strains. J Sci Food Agric 97:
4198-4203

Jaskari J, Kontula P, Siitonen A et al. (1998) Oat beta-glucan and xylan hydro-
lysates as selective substrates for Bifidobacterium and Lactobacillus strains. Appl
Microbiol Biotechnol 49: 175-181

Fehlbaum S, Prudence K, Kieboom J et al. (2018) In vitro fermentation of selected
prebiotics and their effects on the composition and activity of the adult gut micro-
biota. Int J Mol Sci 19: 1-16

Mikkelsen MS, Jensen MG, Nielsen TS (2017) Barley beta-glucans varying in mo-
lecular mass and oligomer structure affect cecal fermentation and microbial com-
position but not blood lipid profiles in hypercholesterolemic rats. Food Funct 8:
4723-4732

Zhang PP, Hu XZ, Zhen HM et al. (2012) Oat beta-glucan increased ATPases activ-
ity and energy charge in small intestine of rats. J Agric Food Chem 60: 9822-9827
Snart J, Bibiloni R, Grayson T et al. (2006) Supplementation of the diet with
high-viscosity beta-glucan results in enrichment for lactobacilli in the rat cecum.
Appl Environ Microbiol 72: 1925-1931

Teixeira C, Prykhodko O, Alminger M et al. (2018) Barley products of different fiber
composition selectively change microbiota composition in rats. Mol Nutr Food Res
62: 1-10 1701023

Mitsou EK, Panopoulou N, Turunen K et al. (2010) Prebiotic potential of barley
derived f-glucan at low intake levels: a randomised, double-blinded, placebo-con-
trolled clinical study. Food Res Int 43: 1086-1092

Turunen K, Tsouvelakidou E, Nomikos T et al. (2011) Impact of beta-glucan on the
faecal microbiota of polypectomized patients: a pilot study. Anaerobe 17: 403-406
Velikonja A, Lipoglavsek L, Zorec M et al. (2018) Alterations in gut microbiota
composition and metabolic parameters after dietary intervention with barley beta
glucans in patients with high risk for metabolic syndrome development. Anaerobe
55:67-77

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

58 Ernaehrungs Umschau international | 3/2020

Copyright!
Reproduction and dissemination - also partial - applicable to all media only
with written permission of Umschau Zeitschriftenverlag GmbH, Wiesbaden.

Frankel W, Zhang W, Singh A et al. (1995) Fiber: effect
on bacterial translocation and intestinal mucin content.
World J Surg 19: 144-149

Zhong Y, Teixeira C, Marungruang N et al. (2015) Barley
malt increases hindgut and portal butyric acid, modu-
lates gene expression of gut tight junction proteins and
Toll-like receptors in rats fed high-fat diets, but high
advanced glycation end-products partially attenuate the
effects. Food Funct 6: 3165-3176

Drew JE, Reichardt N, Williams LM et al. (2018) Dietary
fibers inhibit obesity in mice, but host responses in the
cecum and liver appear unrelated to fiber-specific changes
in cecal bacterial taxonomic composition. Sci Rep 8: 1-11

. Wu X, Chen D, Yu B et al. (2018) Effect of different di-

etary non-starch fiber fractions on growth performance,
nutrient digestibility, and intestinal development in
weaned pigs. Nutrition 51-52: 20-28

Mackie A, Rigby N, Harvey P et al. (2016) Increasing
dietary oat fibre decreases the permeability of intestinal
mucus. J Funct Foods 26: 418-427

Gunness P, Michiels J, Vanhaecke L et al. (2016) Reduc-
tion in circulating bile acid and restricted diffusion across
the intestinal epithelium are associated with a decrease
in blood cholesterol in the presence of oat beta-glucan.
FASEB J 30: 4227-4238

Volman JJ, Mensink RF, Buurman WA et al. (2011) In
vivo effects of dietary (1->3), (1->4)-beta-D-glucans
from oat on mucosal immune responses in man and mice.
Scand J Gastroenterol 46: 603-610

Ewaschuk JB, Johnson IR, Madsen KL et al. (2012)
Barley-derived beta-glucans increases gut permeability,
ex vivo epithelial cell binding to E. coli, and naive T-cell
proportions in weanling pigs. J Anim Sci 90: 2652-2662
Nilsson AC, Johansson-Boll EV, Bjorck IM (2015) In-
creased gut hormones and insulin sensitivity index fol-
lowing a 3-d intervention with a barley kernel-based
product: a randomised cross-over study in healthy mid-
dle-aged subjects. BrJ Nutr 114: §99-907

Nilsson A, Johansson-Boll E, Sandberg J et al. (2016) Gut
microbiota mediated benefits of barley kernel products on
metabolism, gut hormones, and inflammatory markers as
affected by co-ingestion of commercially available probi-
otics: a randomized controlled study in healthy subjects.
Clin Nutr ESPEN 15: 49-56

Schwartz B, Hadar Y (2014) Possible mechanisms of action
of mushroom-derived glucans on inflammatory bowel dis-
ease and associated cancer. Ann Transl Med 2: 1-11

Yun C-H, Estrada A, Van Kessel A et al. (2003) f-Glucan,
extracted from oat, enhances disease resistance against
bacterial and parasitic infections. FEMS Immunol Med
Microbiol 35: 67-75

Shi SH, Yang WT, Huang KY et al. (2016) beta-glucans
from Coriolus versicolor protect mice against S. typh-
imurium challenge by activation of macrophages. Int J
Biol Macromol 86: 352-361

Shao Y, Wang Z, Tian X et al. (2016) Yeast beta-d-glu-
cans induced antimicrobial peptide expressions against



82.

83.

84.

85.

86.

8

88.

89.

90.

91.

92.

93.

94.

~

Salmonella infection in broiler chickens. Int J Biol Mac-
romol 85: 573-584

Estrada A, Yun Ch, Van Kessel A et al. (1997) Immuno-
modulatory activities of oat f-glucan in vitro and in vivo.
Microbiol Immunol 41: 991-998

Tada R, Ikeda F, Aoki K et al. (2009) Barley-derived
B-D-glucan induces immunostimulation via a dec-
tin-1-mediated pathway. Immunol Lett 123: 144-148
Tanioka A, Tanabe K, Hosono A et al. (2013) Enhancement
of intestinal immune function in mice by beta-D-glucan
from aureobasidium pullulans ADK-34. Scand J Immunol
78: 61-68

Ramakers JD, Volman JJ, Biorklund M et al. (2007) Fecal
water from ileostomic patients consuming oat f-glucan
enhances immune responses in enterocytes. Mol Nutr Food
Res 51: 211-220

Cohen-Kedar S, Baram L, Elad H et al. (2014) Human
intestinal epithelial cells respond to beta-glucans via Dec-
tin-1 and Syk. Eur J Immunol 44: 3729-3740

Tsukada C, Yokoyama H, Miyaji C et al. (2003) Immuno-
potentiation of intraepithelial lymphocytes in the intes-
tine by oral administrations of f-glucan. Cell Immunol
221:1-5

Volman JJ, Mensink RP, Ramakers JD et al.
(2010) (1> 3),(1> 4)-p-d-glucans
from oat activate nuclear factor-»B in intestinal leuko-

Dietary

cytes and enterocytes from mice. Nutr Res 30: 40-48
Willment JA, Gordon S, Brown GD (2001) Characteriza-
tion of the human f-glucan receptor and its alternatively
spliced isoforms. J Biol Chem 276: 43818-43823
Kimberg M, Brown GD (2008) Dectin-1 and its role in
antifungal immunity. Med Mycol 46: 631-636

Lakatos PL, Kiss LS, Miheller P (2011) Nutritional in-
fluences in selected gastrointestinal diseases. Dig Dis 29:
154-165

Ananthakrishnan AN (2015) Epidemiology and risk fac-
tors for IBD. Nat Rev Gastroenterol Hepatol 12: 205-217
Yamamoto T, Nakahigashi M, Saniabadi A (2009) diet
and inflammatory bowel disease-epidemiology and treat-
ment. Aliment Pharmacol Ther 30: 99-112

Therkelsen SP, Hetland G, Lyberg T et al. (2016) Cytokine
levels after consumption of a medicinal agaricus blazei

™

murill-based mushroom extract, AndoSan™, in patients
with Crohn's disease and ulcerative colitis in a random-
ized single-blinded placebo controlled study. Scand J Im-

munol: 323-331

95. Therkelsen SP, Hetland G, Lyberg T et al. (2016) Effect of

the medicinal agaricus blazei murill-based mushroom
extract, AndoSanTM, on symptoms, fatigue and quality
of life in patients with crohn’s disease in a randomized
single-blinded placebo controlled study. PLoS One 11:
1-17 00159288

96. Spagnuolo R, Cosco C, Mancina RM et al. (2017) Be-

ta-glucan, inositol and digestive enzymes improve qual-
ity of life of patients with inflammatory bowel disease
and irritable bowel syndrome. Eur Rev Med Pharmacol
Sci 21: 102-107

Copyright!
Reproduction and dissemination - also partial - applicable to all media only
with written permission of Umschau Zeitschriftenverlag GmbH, Wiesbaden.

97. Miest JJ, Falco A, Pionnier NP et al. (2012) The influence of dietary beta-glucan,
PAMP exposure and Aeromonas salmonicida on apoptosis modulation in common
carp (Cyprinus carpio). Fish Shellfish Immunol 33: 846-856
98. Bermudez-Brito M, Sahasrabudhe NM, Rosch C et al. (2015) The impact of dietary
fibers on dendritic cell responses in vitro is dependent on the differential effects of
the fibers on intestinal epithelial cells. Mol Nutr Food Res 59: 698-710
99. Wilczak J, Blaszczyk K, Kamola D et al. (2015) The effect of low or high molecular
weight oat beta-glucans on the inflammatory and oxidative stress status in the
colon of rats with LPS-induced enteritis. Food Funct 6: 590-603
100. Shi L, Lin Q, Yang T et al. (2016) Oral administration of Lentinus edodes be-
ta-glucans ameliorates DSS-induced ulcerative colitis in mice via MAPK-Elk-1 and
MAPK-PPARgamma pathways. Food Funct 7: 4614-4627
101. Liu B, Lin Q Yang T et al. (2015) Oat beta-glucan ameliorates dextran sulfate
sodium (DSS)-induced ulcerative colitis in mice. Food Funct 6: 3454-3463
102. Lee KH, Park M, Ji KY et al. (2014) Bacterial beta-(1,3)-glucan prevents DSS-in-
duced IBD by restoring the reduced population of regulatory T cells. Immunobiology
219:802-812
103. Nosal'ova V, Bobek P, Cerna S et al. (2000) Effects of pleuran (beta-glucan isolated
from Pleurotus ostreatus) on experimental colitis in rats. Physiol Res 50: 575-581

DOI: 10.4455/eu.2020.010

Ernaehrungs Umschau international | 3/2020 59



