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Main conclusion

The nutrient standards now include an additional row for growers and finishers that have a particularly
good feed conversion ratio. For gilts, phase feeding is now only recommended to obtain the correct
balance between backfat thickness and normal behaviour. The minimum concentration of digestible
protein in feed for sows in the gestation and insemination units is lowered, and the recommended
weight intervals for when the different diets are used have been slightly adjusted. Finally, inclusion of
‘Quantum Blue’ phytase has been reduced from 400 to 325 FTU at a 100% concentration

Revisions in 35" edition

The overall improvement in feed conversion ratio and the increase in the production of intact male pigs
indicate a significant polential for optimal feed conversion in many herds Consequently, the standards
now also accommodate feed for growers and finishers with a particularly good feed conversion ratio

Practical experiences and SEGES Innovation trials, as well as international studies, confirm that
insufficient protein and lysine concentrations increase the risk of behavioural misconduct, such as tail
and ear biting. For gilts, the optimal solution o this is phase feeding with a moderate amino acid
deficiency which results in a sliaht reduction in aain while still increasing backfat and a

Is it enough?

The Danish feed evaluation system

The Danish feed evaluation system is based on the physiological energy value of nutrients and on the
standardised digestibility of these nutrients. In 2002, the old feed unit was replaced by two new feed
units: FUgp (feed units for weaned pigs, growers and finishers) and FUsow (feed units for sows)

CVB Feed Table 2019

Chemical composition and nutritional values
of feedstuffs

December 2019

(:\B for valuable feeding valucs

Internet: www.cvbdiervoeding.nl
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Health: physiological functionality
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mental state
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Animal Performance & Health Relationship ] E"E\'F!‘L'fNRS'TﬁT

« Performance (growth, FCR, reproduction) is directly linked to health

- Healthy gut enables efficient digestion, absorption, and barrier function

- Disease or inflammation diverts nutrients — reduced performance

« Key concept: Performance is a consequence of health
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Feed intake of piglets after an Escherichia coli challenge
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ORIGINAL ARTICLE MicrobiclogyOpen __ WILEY

Longitudinal development of the gut microbiota in healthy and
diarrheic piglets induced by age-related dietary changes

Qiaoli Yang! | Xiaoyu Huang® | Pengfei Wang! | Zungiang Yan' | Wenyang Sun® |
Shengguo Zhao! | Shuangbao Gun!2

« Diarrhea = reduction of genes involved in carbohydrate metabolism
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Taylor & Francis
Taylor & Francis Group

REVIEW

Epidemiologic aspects of necrotic enteritis in broiler chickens - disease

occurrence and production performance

Magne Kaldhusdal®, Sylvie L. Benestad® and Atle Levland®

“Norwegian Veterinary Institute, Oslo, Norway; Nortura SA, Oslo, Norway

ABSTRACT

Since future conventional broiler production can no longer rely upon in-feed antimicrobials
(anticoccidials and antibiotic growth promoters), understanding the most important non-
antimicrobial factors influencing occurrence of necrotic enteritis (NE) in poultry will become
urgent. Solid population-based data on NE occurrence are scarce. Additionally, data on
cholangiohepatitis (CPH) at slaughter is a useful indirect measurement of NE occurrence.
Existing data suggest that coccidiosis and nutritional factors are among the most important
determinants of NE occurrence. Dietary cereal contents and dietary level of animal proteins
can both influence NE occurrence, but cereal composition may be more important because
cereals constitute a larger portion of the diet. Losses associated with NE vary depending on
the severity of the disease, but data indicate that the farmers’ profit may be reduced on
average with as much as one third during an epidemic of clinical disease.

ARTICLE HISTORY
Received 15 December 2015
Accepted 24 February 2016

KEYWORDS
Epidemiology;
cholangiohepatitis; cereal
composition; fishmeal;
economic loss
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* Meta-analysis from challenge trials with broilers
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m Clostridium perfringens -15,8 -40,1

m Escherichia coli -7,9 -10,6
Salmonella spp. -9,3 -29,2
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The Gut as Central Interface i E’E'F!‘L'fNRS'TﬁT

Largest immune organ

\.

\.

Interaction with microbiota, diet,
environment

Key role in barrier function and
metabolism

— |
— | —
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Immune system BERLIN

« Gut = biggest immune organ

» Largest surface of the body

- Microbiota
- Feed antigens

- Environment

Ferrara 2012
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» Gut = same in chicken
CD45+ leukocytes of broilers fed the control diet (F) or the fermented

pea diet (G)
- _'l' " o -—11‘;,4‘\& ’ ~0ﬁ\° 3
(F). e O ety v Sy
}"""‘;;' 0\"‘?& M - ww;{s;
: : O -*&*‘Ww it bl ]
Microbiota R T g P »okv“ﬂ%ﬁ*.u

N '\'a“'\"‘\f"&"'%\ < “' “
«“"b ‘J "O't ﬂ"-« J s
‘s”'\"'“ “’0““—"""‘ '—u"*'WS ""1.

e ) Rty orgadey, ww "‘-E":v

r l-

gy S T ’wv-vfﬂaw AT o

Feed antigens

Environment ; Ry e gt preroe g
".?-9-“ \"" Wb ’e’ -’
W e rv.wa. «.n....- AN w ummr, S AT PN
AN . -.\".: ,,.,..«."q‘.' '2.’ ‘._;‘ .'_.,“‘
" gL "‘“"' 'ﬁ 4-4:‘:-‘ .‘.,' ,'7 c%u" =2) ::‘: ‘.:
.- N o

Soybean extraction meal

Rohe et al. 2017
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the mucus barrier, but their value lies in achieving
«, functional efficiency rather than maximal secretion.

? frontiers

in Immunoclogy
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Edited by:
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Development and Functional Properties
of Intestinal Mucus Layer in Poultry

Yada Duangrnumsawang ', Jirgen Zentek® and Farshad Goodarzi Boroojeni ™

1 ittt of Animial Nutnbion, Deporimant of Volrisary Modioine, Froie UnkorsEl Sodin, Sorin, Gommany, * Faouly of
Vistorinany Soinon, Fenoe of Songid Linkorsty, Hatyal, Songid, fmind

Intestinal mucus plays important roles in prolecting the epithelal surfaces against
pathogens, supporting the colonization with commensal bacteria, maintaining an
appropriate emironment for digestion, as wel as facilitating nutrent transport from the
lumen lo the underlying epiheium. The mucus layer in the poullry gul is produced and

eserved by mucin-secreting goblet cells thal rapidly devedop and mature after halch as a
response 1o axlemal stimull including ermdronmantal tactors, intestinal microbicta as well
as dielary factors. The onlogenetic development of goblet cells affects the mucin
compasition and secretion, causing an alteration in the physicochemical properties of
the mucus kyer. The intestinal mucus prevents the invasion of pathogens 1o the
epithelium by ils antibacteral properties (e.g. f-defensin, lysozyme, avdin and Ig4) and
creales a physical barrier with the ability lo protect the epithelium from pathogens.
Mucesal barrier is the first line of innals defense in the gastrointastinal tract. This basrier
hias a selective permeabiity that alows small particles and nutrients passing through. The
structural components and funclional properties of mucins have been reviewed

extensively in humans and rodents, but it scems 1 be neglected in pouliry. This review
discusses the impact of age on development of gobiet cels and their mucus production
with relevance lor the Tuncional characlenstics of mucus layer and its prolective
mechanism in the chicken's inlestine. Dielary factors directly and indirectly (through
modification of the gut bacteria and their metabolic acthilies) affect goblet cell prolifleration
and difierentiation and can be used to manipulale mucosal integrily and dynamic.
However, the mode of action and mechanisms behind these efects need to be studied
further. As mucins resist o digestion processes, the sloughed mucine can be utiized by
bacterain the lower part of the gul and are considored as endoganous 1ss of prolein and
enargy lo animal. Hydrothermal processing of poullry feed may reduce this loss by
reduction in mucus shedding into the lumen. Given the significance of this loss and the
lack of precise dala, this matler needs 1o be cansluly invesbgated in the Tulure and the

Froponios of intosiingl
rme Lyorin ooty puitional strategies reducing this loss have 1o be defined better,
Hont. mmunol. 12-745848,
. s, 7am e, Imiestine, poutry
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 Balance

Tolerance

Defence
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How health starts...

https://www.hypor.com/de/news/hypor
-leitfaden-fur-ein-effektives- Landwirtschaft
abferkeKManagement/

Landwirtschaftskammer. de Bayerische Landesanstalt fir
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Sow-piglet-couple BERLIN

« Birth canal + coprophagy = Early microbial colonisation

- Piglets eat approx. 20 g faeces +
litter/d (Sansom & Gleed, 1981)

- Coprophagy in the first 7 days
(Aviles-Rosa et al. 2019):

25 % leucocytes 7

Feed intake 7

Weight gain 2

Final weight: 9.6 kg > Piglets without coprophagy

21
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Animal Scence Journal (2016) 87, 1501-1510

ORIGINAL ARTICLE

Dietary administration of probiotics to sows and/or their

neonates improves the reproductive performance,

incidence of post-weaning diarrhea and histopathological

parameters in the intestine of weaned piglets

Teruo HAYAKAWA, ' Tomohide MASUDA," Daisuke KUROSAWA" and Takamitsu TSUKAHARA?

"TOA Pharmaceutical, Sasazuka, Shibuya, Tokyo, and >Kyoto Institute of Nutrition and Pathology, Ujitawara,
Kyoto, Japan

ABSTRACT

Probiotics have gained considerable attention with respect to their beneficial effects on livestock performance and health. The
most significant effects of probiotics on the gut microbiota and the host animals take place when they are included in diets
during particularly stressful periods such as weaning and/or at the beginning of the lactation period. The probiotics Baciflus
mesentericus strain TO-A at 1 x 108 colony forming units (CFUMg, Clostridium butyricum strain TO-A at 1x 10% CFU/g and
Enterococcus faecalis strain T-110 at 1 x 10° CFU/g were used. Litter weight at delivery and ratio of return to estrous improved
significantly (17% and 24% improvement, respectively) by probiotic administration to sows (0.2% (w/w})). Furthermore, the
feed intake of the probiotics-administered sows was greater than that of the control sows during the late lactation period.
Post-weaning diarrheal incidence and growth performance was improved by probiotics administration to neonates (0.02%
(wAw)), while the combined use of probiotics in sows and their neonates induced the enlargement of villous height and
prevented muscle layer thinning in the small intestine of weaning piglets. The administration of probiotics of three species of
live bacteria improved the porcine reproductive performance around stressful periods of sows (farrowing) and piglets (weaning).
[Corrections added on 26 April 2016, after first online publication: “Enterococcus faecalis strain T-100" has been corrected to
'Enterococcus faecalis strain T-110” in the above paragraph and in the 'Probiotics’ section under the Materials and Methods heading.]

Key words: diarrhea incidence, probiotics, reproductive performance, sow, weaning piglets.

doi: 10.1111/asj.12565

Performance, diarrhea incidence, and occurrence of Escherichia coli virulence
genes during long-term administration of a probiotic Enterococcus
faecium strain to sows and piglets'

D. Taras,”> W. Vahjen, M. Macha, and O. Simon

Institute of Animal Nutrition, Faculty of Veterinary Medicine, Free University Berlin, 14195 Germany

ABSTRACT: As part of an interdisciplinary research
project, the performance response of sows and their
litters to the probiotic strain Enterococcus faecium
NCIMB 10415, as well as some health characteristics
of the piglets, were studied. Gestating sows (n = 26)
were randomly allotted into 2 groups. The probiotic was
administered by dietary supplementation to 1 group
of sows and their respective litters (probiotic group),
whereas the second group (control group) received no
probiotic supplementation. The duration of the treat-
ment was nearly 17 wk for sows (d 90 ante partum
until d 28 postpartum) and 6 wk for piglets (d 15 to
56). Body weight and feed consumption were recorded
weekly. The frequency of 4 toxin and 5 adhesion genes
of putative pathogenic Escherichia coli was monitored
weekly (d 7 to 35) by multiplex PCR assays, and fecal
consistency of weaned piglets was studied daily. Probi-
otic treatment of lactating sows led to an overall pre-
weaning mortality of 16.2% compared with 22.3% in
the control group (P = 0.44). Animal losses during the

first 3 d of the suckling period were decreased in the
probiotic group (P = 0.09). For piglets (n = 153), which
were weaned at 28 d, there were no overall treatment
differences in BW gain, feed intake, or feed efficiency.
Probiotic supplementation, however, led to nearly a
40% reduction (P = 0.012). The actual percentage of
piglets with postweaning diarrhea in the probiotic
group was 21% compared with 38% in the control group
(P = 0.05). The study on virulence factors of dominant
fecal E. coli isolates revealed a high diversity with vary-
ing frequency and distribution of each single pathoge-
nicity gene. The 440 isolates carried 29 different patho-
genicity gene combinations as well as each of the 9
pathogenicity genes alone. Altogether, isolates with
more than 2 pathogenicity genes were quite rare
(£10%), and up until d 28 isolates without any pathoge-
nicity gene occurred most frequently. Depending on the
time of sampling, one-third or more of all isolates con-
tained est2 or estlb as single gene or in combination
with other pathogenicity genes.

Key words: Enterococcus faecium NCIMB 10415, diarrhea, pathogenicity genes, performance, pig, probiotics

©2006 American Society of Animal Science. All rights reserved.

J. Anim. Sci. 2006. 84:608-617
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 Eubiosis = Balanced microbial

colonization

* Dysbiosis = disturbed balance

Vorsitz: Prof. Dr. K. Lomyaxs.,

HAENEL, H. (Potsdam-Rehbriicke): Makroorganismus
und Mikrobioeinese., Der Stoffwechsel des Makroorganismus

Elie Metchnikoff (1845-1916) Elliott Furney (1848-c1910) C. Arthur Scheunert (1879-1957) kann nicht isoliert betrachtet werden, er steht in stindigenWech-
selbeziehungen zn mikroorganismischen Lebensvorgingen. Sie

SR Hooks KB, gehen von den Mikrobioctnosen, den mikroskopischen Lebens-

' O'Mallev MA gemeinschaften der verschiedenen Organe, besonders des

A MODERN METHOD. Y . Darmes aus. — Hs wird iiber Versuche berichtet, diese Mikro-

2017. bioctnosen des menschlichen und tierischen Korpers durch

gelektive Kulturverfahren in einzelne Keimgruppen quanti-

Dysbiosis and its tativ aufzugliedern, Gesetzmiligkeiten in der Zusammen-

KLLIOTT B PURNEY,

discontents. setzung festzustellen und die Grenzen der ,,normalen’* Zusam-

o mBio 8:e01492- mensetzung — als Hubiose bezeichnet — von der ,,gestorten™

= ' Zusammensetzung —— der Dysbiose — abzugrenzen. — In der

2 FUANICLR Tl 17. Darmflora des Erwachsenen besteht die ziichtbare Flora vor-

https://doi.org/ wiegend aus &paemhen Lactobacillen und Faulnisbakterien,

10.1128/mBio.0 konstant begleitet von einer Minderheit anderer Keml‘_l&rtan.

.ProblelmLse!... Iin et(l;\?) di'goestive tract il belibe';/e that eexée:sive kn;)v:‘ledge 14‘92 1 7 - ?J.GB:?{ E:ﬁﬂlﬂﬂh.lilng lE-t- lilliﬂ.ggﬂnﬂﬂsn]gl%?&rﬁla etwa g].{:q]l-lf...‘-']}?lg,e Wl‘i.!lmﬂd
P91 CRVY A S0)V80 by 0] ‘Eubiosis, living made easy, o K spnctd here. Mt ot - ie Keimzahlen im en iinndarm nie r liegen,
o owematn | ek iy | b ool Kriterien dor Dysbiose sind bosonders das Fehlen der anseroben
gl . i Lactobacillen unter Zunahme aerober Keime und stirkere
' ' Aszension von Dickdarmkeimen in den Diinndarm. Beim

Verhandlungen arztlicher Gesellschaften 1960
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of Gastrointestiy A Strategic Pillar

a Luise ), Federico Correa ' and Paolo Bosi

Department of Agricultural and Food Sciences (DISTAL), University of Bologna, 40127 Bologna, Italy;
diana. luise2@unibo.it (D.L.); federico.correa2@unibo.it (EC.); paclo.bosi@unibo.it (FB.)
* Cormespondence: paclo.trevisi@unibo.it

Abstract: The pig gastrointestinal tract (GIT) is an open ecosystem in which microorganisms and their
host are mutually involved and continually adapt to different factors and problems which may or may
not be host dependent or due to the production system. The aim of the present review is to highlight
the factors affecting the GIT microbial balance in young pigs, focusing on the pre- and post-weaning
phases, to define a road map for improving pig health and the production efficiency of the food chain.
Birth and weaning body weight, physiological maturation, colostrum and milk (composition and
intake), genetic background, environmental stressors and management practices, antibiotic use and
diet composition are considered. Overall, there is a lack of knowledge regarding the effect that some
factors, including weaning age, the use of creep feed, the composition of the colostrum and milk and
the use of antibiotics, may have on the gut microbiome of piglets. Furthermore, the information on
the gut microbiome of piglets is mainly based on the taxonomy description, while there is a lack of
knowledge regarding the functional modification of the microbiota, essential for the exploitation of
microbiota potential for modulating pig physiology.

check for
updates

Keywords: weaning transition; gut microbiota; milk; antibiotic; genetics; diet
Citation: Trevisi, I'; Luise, I Correa,

F; Bosi, P Timely Control of
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Enokela et al Animal Microbiome (2026) 3:41 Animal Microbiome
hittps/doiorg/10.1186/542523-026-00541-0

T : , ®
Towards standardization in pig microbiome s
research based on a comprehensive twenty-
year review

Samuel Onyilokwu Enckela”’, Timur Yergalivev'”, Krzysztof Flisikowski®, Stéphanie Céline Homburg®, Henry Reyer®,
Jens Tetens®, Klaus Wimnmers®, Jirgen Zentek® and Amélia Camarinha-Silva'”™

Abstract

The pig microbiome plays a crucial rele in animal health, productivity, and meat guality. This comprehensive review
analyzed 438 publications on pig microbiome studies from 2003 1o 2023, focusing on experimental methodologies,
bioinformatic tools, sequencing approaches, and metadata reporting practices. It critically analyzes the variability
introduced by different DMNA extraction methods, sequencing platforms, and bioinformatics pipelines, emphasizing
their impacts on reproducibility and data comparability. We identify critical gaps in metadata reporting, particularly
in DMA extraction protocals and bioinformatic workflows. To address these issues, we propose a standardized
metadata termplate for pig microbiome studies, integrating Genamic Standards Consartium guidelines with
project-specific criteria. This review provides a framework for developing standardized protacols in pig microbiome
research, aiming ta improve reproducibility and facilitate cross-study comparisans.

Keywords Metadata, Pig, Standardization, Micrabiome
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Major Bacterial Phyla:

Firmicutes

* Beneficial genera
like Lactobacillus,
Clostridium, and
Ruminococcus

* Fiber degradation,
fermentation

» SCFASs, which
support gut health

Bacteroidetes

* Breaking down
complex
polysaccharides

» Key role in energy
extraction from feed

Higher diversity might be beneficial

Consider the gut as ecosystem

Proteobacteria

» Overrepresentation
of Proteobacteria
(e.g., Escherichia
coli, Salmonella)

« Often associated
with dysbiosis and
gut inflammation

Actinobacteria

* Includes beneficial
microbes such as
Bifidobacterium

* Associated with
maintaining gut
integrity and
outcompeting
pathogens

~ 1000 different species
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 Active proteolytic microbial community in the hindgut — what are they doing?

- Bacteroides, Clostridium, Fusobacterium, Streptococcus, and Enterococcus

spp.

Ammonia
Phenols

Indole

Biogenic
amines
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Characterization of the fecal microbiota of
sows and their offspring from German
commercial pig farms

Anja Lihrmann ' #, Ksenia Ovadenko?, Justinus Hellmich', Christoph Sudendey’,
Vitaly Belik(32, Jurgen Zentek', Wilfried Vahjen'

1 Department of Veterinary Medicine, Institute of Animal Nutrition, Freie Universitat Berlin, Berlin, Germany,
2 D of Veterinary icine, System ing Group, Institute of Veterinary Epidemiology and
i ics, Freie Uni: itat Berlin, Berlin,

* anja.lushrmann @fu-berlin.de
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Developing Gut Microbiota Exerts Colonisation
Resistance to Clostridium (syn. Clostridioides) difficile

in Piglets

Lukasz Grzeskowiak */, Temesgen Hailemariam Dadi'”, Jiirgen Zentek and Wilfried Vahjen

Institute of Animal Nutrition, Freie Universitit Berlin, Kénigin-Luise Strasse 49, 14195 Berlin, Germany
* Correspondence: lukasz. grzeskowiak@fu-berlin.de; Tel.: +49-30-838-52256

Received: 24 May 2019; Accepted: 15 July 2019; Published: 26 July 2019
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 Wild boar - Bifidobacteria 2

« Domesticated pigs or wild boar kept in captivity - Lactobacillus spp. +

Enterobacteriaceae 7

Ushida et al. 2016

Animal (

Science Journal
Animal Science Journal (2016) 87, 835-841

&)

doi: 10.1111/asj.12492

ORIGINAL ARTICLE

Domestication and cereal feeding developed domestic pig-
type intestinal microbiota in animals of suidae

Kazunari USHIDA," Sayaka TSUCHIDA,! Yoshitoshi OGURA,? Atsushi TOYODAZ? and Fumito MARUYAMA?

'Graduate School of Life and Environmental Sciences, Kyoto Prefectural University, Shimogamo, > Division of
Bivenvironmental Science, Frontier Science Research Center, University of Mivazaki, Miyazaki, > Comparative Genomics

Laboratory, National Institute of Genetics, Mishima, and *Department of Microbiology, Graduate School of Medicine,
Kyoto University, Kyoto, Japan
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Environmental Impact on Differential Composition of
Gut Microbiota in Indoor Chickens in Commercial
Production and Outdoor, Backyard Chickens

Zuzana Seidlerova, Tereza Kubasova, Marcela Faldynova, Magdalena Crhanova,
Daniela Karasova, Vladimir Babak® and Ivan Rychlik *

Veterinary Research Institute, 62100 Brno, Czech Republic; seidlerova@vri.cz (Z.S.); kubasova@vri.cz (T.K.);
faldynova@vri.cz (M.E); crhanova@vri.cz (M.C.); karasova@vri.cz (D.K.); babak@vri.cz (V.B.)
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* Functional classification (EU categories)

1. Technological additives
2. Sensory additives

3. Nutritional additives

4. Zootechnical additives

- Improve animal performance or environment

- Examples: digestibility enhancers, gut flora stabilizers

5. Coccidiostats and histomonostats
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Additives Effects
Microbiota Other effects
Trace elements ¢ Immune system, gut
Cu, Zn physiology
Acids, salts Diarrhea |

Enzymes Digestive physiology 1

Non digestible Microbiota, immune

carbohydrates system

Phytogenic additives

va
va
Probiotics ¢ Diverse
va
va

Immune system, digestion
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* Amino acids (AAs)

- Essential for growth

- Functional roles in gut health

- Key examples
- Glutamine

- Tryptophan

0 0
HQNWOH
NH,

OH

™ io

HN NH
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* Modulates
Arginine Precursor of Precursor of Nitric mTOR activity
9 Creatine Oxide * Precursor of
polyamines
: Metabolic fuel for Metabolic fuel for Precursor of Modulates mTOR
Glutamine : .
enterocytes lymphocytes glutathione activity
Glvcine Precursor of
y glutathione
Rich in
Threonine immunogloulins and
mucins
Cysteine Rich in mucins Precurspr o
glutathione
Critical for
Tryptophane macrophage and
lymphocyte function
BCAA/Leucine Precursor of Modulates mTOR

glutamine activity
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e Glutamine a "miracle amino acid“?
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Preweaning performance in intrauterine growth-restricted
piglets: Characteristics and interventions
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Abstract

ine growth (IUGR) i itly observed in pig production, especially
when using highly prolific sows. IUGR piglets are bom with low body weight and shape
indicative of differences in organ growth. Insufficdent uteroplacental nutrient transfer tc
the fetuses is the leading cause of growth restriction in the pig. Supplementing the sow's
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Effects of Oral Glutamine Supplementation, Birthweight and
Age on Colonic Morphology and Microbiome Developmentin -

Male Suckling Piglets
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TRIENNIAL GROWTH SYMPOSIUM: Important roles
for L-glutamine in swine nutrition and production'?

G. Wu,** F. W. Bazer,* G. A. Johnson,* D. A. Knabe,* R. C. Burghardt,*
T. E. Spencer,* X. L. Li,* and J. J. Wang*{

*Departments of Animal Science and of Veterinary Integrative Biosciences, Texas A&M University,
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China Agricultural University, Beijing, China 100193

ABSTRACT: L-Glutamine (GIn) has traditional-
Iv not been considered a nutrient needed in diets for
vestock species or even mentioned in classic animal
utrition textbooks. This is due to previous techni-
al difficulties in Gln analysis and the unsubstanti-

tad acenmmntian that animale ran cunthociza anffic

ide. The exquisite integration of Gln-dependent regula-
tory networks has profound effects on cell proliferation,
differentiation, migration, metabolism, homeostasis,
survival, and function. As a result of translating basic
research into practice, dietary supplementation with
nt 1% Gln maintains gut health and prevents intestinal

dysfunction in low-birth-weight or early-weaned piglets

while increasing their growth performance and surviv-
EXEOED 9@ al. In addition, supplementing 1% Gln to a corn- and
soybean-meal-based diet between d 90 and 114 of ges-
tation ameliorates fetal growth retardation in gilts and
reduces preweaning mortality of piglets. Furthermore,
dietary supplementation with 1% Gln enhances milk
production by lactating sows. Thus, adequate amounts
of dietary Gln, a major nutrient, are necessary to sup-
port the maximum growth, development, and produc-
tion performance of swine.
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Effect of oral glutamine supplementation on growth and
glutamine and glucose metabolism in suckling piglets
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Critical role of tryptophan in infections B BerRLN

« Trp Supplementation @ Gut

H ea Ith - ENHANCE FEED INTAKE AVOID STRESS
- Support of intestinal — N N S

morphology (Koopmans et al.,
20006)

- Fewer symptoms of colitis in

piglets (Kim et al., 2010)
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Probiotics celebrating 100 years of cellular

P re b I Otl CS future research in their respective fields.

EWPOINT

Elie Metchnikoff (1845—1916):

immunology and beyond

Dayvid M. Uinderhill, Siaman Gordon, Beat A. Imhof, Gabriel Natez

Microorganisms e s

Abztract | The year 2016 marks 100 years since the death of Elie Metchnikoff

[1845—1916], the Russian soologist who pioneerned the study of cellular immunology

and whao is widely credited with the discovery of phagocytosis, Tor which he was

. jointly awarded the Mobel Prize in Plysiology or Medicine in 1908, However, his

B a Cte rl a a n d ye a Sts Loy scientific career spanned many disciplines and has ha-d {ar-rl.-m:hlng t‘ﬂl.'l:l}
on modern immunology beyond the study of phag, e Lo th srain

article, five leading immunologists fram the fields of

biolagy, leukocyte migration, the microbiota and in

Reviews Immunology how Metchnikolls work has in
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Dietary Moduation of the Human Colonc Microbiota:
Intreducing the Concepl of Prediotics

LY W TN A ARTE B AR

Carbohydrates that cannot be digested by t

body's own enzymes
Fermentable substrate for the intestinal micr.

= Feed materials

Bilder: https://www.editions-tredaniel.com/marcel-roberfroid-auteur-4217.html; https://www.reading.ac.uk/food/our-staff/glenn-gibson; 39
http://www.bio-kult.com/userfiles/file/1756 what exactly are probiotics.pdf
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» Effects of probiotics and diarrhoea prophylaxis in piglets

Nutritional management of gut health in pigs around weaning

Jean-Paul Lallés'*, Paolo Bosi’, Hauke Smidt” and Chris R. Stokes®
'INRA, UMRI1079, Rearing Systems, Animal and Human Nutrition, F-35590 Saini-Gilles, France
lDipmvaL University of Bologna, Reggio Emilia, Ttaly
3I_abrm:nr)rfv of Microbiology, Wageningen Universitv, Wageningen, The Netherlands
Weterinary Pathology Infection & Immunity, University of Bristol, Langford, UK

Early weaning of piglets is often accompanied by a severe growth check and diarrhoea. It is
well established that this process is multi-factorial and that post-weaning anorexia and under-
nutrition are major aetiological factors. G i i disturb include alterations in
small intestine architecture and enzyme activities. Recent data indicate transiently-increased
mucosal permeability, disturbed absorptive-secretory electrolyte balance and altered local
inflammatory cytokine patterns afier weaning. These responses appear to operate according to
two distinct temporal patterns, an acute response followed by a long-lasting adaptation
response. Pigs coexist with a diverse and dense icrobiota in their gastroi

tract. Most of these microbes are beneficial, providing necessary nutrients or protection against
harmful pathogens for the host. The microbial colonisation of the porcine intestine begins at
birth and follows a rapid succession during the neonatal and weaning period. Following the
withdrawal of sow’s milk the young piglets are highly susceptible to enteric diseases partly as a
result of the altered balance between developing beneficial microbiota and the establishment of
intestinal bacterial pathogens. The intestinal immune system of the newbom piglet is poorly
developed at hirth and undergoes a rapid period of expansion and specialisation that is not
achieved before early (commercial) weaning. Here, new insights on the interactions between
feed components, the commensal microbiota and the physiology and immunology of the host
£ i inal tract are highli and some novel dietary strategies are outlined that are
focused on improving gut health. Prebiotics and probiotics are clear nutritional options, while
convincing evidence is still lacking for other bioactive substances of vegetable arigin.

Pig: Weaning: Diet: Intestine
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Gastrointestinal health and function in weaned pigs: a review
of feeding strategies to control post-weaning diarrhoea without
using in-feed antimicrobial compounds

J. M. Heo'**, F. 0. Opapeju’*, J. R. Pluske?, J. C. Kim?, D. J. Hampson? and C. M. Nyachoti’
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Summary

For the last several decades, antimicrobial compounds have been used
to promote piglet growth at weaning through the prevention of subclini-
cal and clinical disease. There are, however, increasing concerns in rela-
tion to the development of antibiotic-resistant bacterial strains and the
potential of these and associated resistance genes to impact on human
health. As a consequence, European Union (EU) banned the use of anti-
biotics as growth promoters in swine and livestock production on 1

January 2006. Furthermore, minerals such as zinc (Zn) and copper (Cu)

are not feasible alternatives/replacements to antibiotics because their
excretion is a possible threat to the environment. Consequently, there is
a need to develop feeding programs to serve as a means for controlling
problems associated with the weaning transition without using antimi-
crobial compounds. This review, therefore, is focused on some of nutri-
tional strategies that are known to improve structure and function of
gastrointestinal tract and (or) promote post-weaning growth with special
emphasis on probiotics, prebiotics, organic acids, trace minerals and die-
tary protein source and level.

2012

Kavanova et al. BMC Microbiclogy (2025) 25:8

BMC Microbiology
https://doi.org/10.1186/512866-024-03711-9

. L . , ®
In vitro characterization of lactic acid

bacteria and bifidobacteria from wild
and domestic pigs: probiotic potential for post-
weaning piglets

2%, 1

Katerina Kavanova'2'®, Iveta Kostovova' @, Monika Moravkova' @, Tereza Kubasova' and

Magdalena Crhanova'

Abstract

Background Gastrointestinal diseases in weaned piglets are a frequent cause of high morbidity and mortality
in domestic pigs. The use of antibiotics is problematic due to increasing antibiotic resistance in bacterial populations,
for which reason the use of suitable probiotics is highly recommended to maintain animal health and welfare.

Results In this study, 57 strains of biologically safe lactic acid bacteria (LAB) and bifidobacteria originating

from the gastrointestinal tract (GIT) of pigs were identified and characterized in terms of their probiotic properties
for potential use in weaned piglets. These strains were divided into two sets based on their origin - from the GIT

of wild boars (n=41) and from the GIT of domestic pigs (n = 16). Strains obtained from wild boars exhibited greater
taxonomic diversity compared to isolates from domestic pigs. While searching for coding sequences (CDS) encod-
ing bacteriocins and bile salt hydrolases (BSH), no significant difference was detected between the two tested
groups. On the other hand, CDS encoding adhesinlike factors were more frequent in the dataset isolated from wild
boars than in the dataset obtained from domestic pigs. Moreover, more CDS enceding carbohydrateactive enzymes
(CAZymes) were carried in the genomes of strains obtained from wild boars. Utilization of important selected car-
bohydrate substrates, such as starch, D-raffinose, D-mannose, Dcellobiose and gentiobiose, was confirmed by API
testing. Antimicrobial activity against at least one of the five tested pathogens was found in 51% of wild boar strains
but in none of the isolates from domestic pigs.

Conclusion This suggests that the intestinal microbiota of wild bears could serve as a promising source of probiotics
for domestic pigs.

Keywords Probiotics, Wild boars, Domestic pigs, Antimicrobial activity, CAZymes, Carbohydrate utilization
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Environmental factors Host factors
Farm management Genetic background
* Husbandry - Bird species
- Stocking density e - Type (i.e. broiler, layer)
- Temperature " - Breed
- Photoperiod - Sex
- Ventilation Gut development and maturation
* Feed management A ;
- Feed and water access y . g::‘:n#:fpshyosltem
- Feed quality X ; ogy
; l - Microbiota acquisition
» Litter management 1 +
- Litter type Productive
- Litter humidity
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* Nutrition
- Fead composition
- Feed ingredients Gut health
- ::rtu:le ;s-i_r.izi - Nutrient assimilation
- Micronutrients P i i - Intestinal barrier integrity
- Enzymes ) Gut microbiota - Immune response efficiency
- Inflammatory balance
- Health interventions * Functional output - Susceptibility 1o enteric pathogens
- Antibiotic growth promoters - Production of SCFA (E. coli, Salmonella, Campylobacter,

- Added metabolic potential
- Competitive exclusion of pathogens

- Vaccination
- Probiotics/Prebiotics
- Plant bicactives

C. perfringens)

* Composition
- Richness species

- Population structure and complexity
- Balance between commensal and detrimental microorganisms
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Review
Probiotics, Prebiotics, and Phytogenic Substances for
Optimizing Gut Health in Poultry

Awad A. Shehata "2#, Sakine Yalgin 3, Juan D. Latorre 4, Shereen Basiouni %, Youssef A. Attia ®0,
Amr Abd El-Wahab 7809, Christian Visscher 7"/, Hesham R. El-Seedi *'°!!, Claudia Huber >, Hafez M. Hafez 13,
Wolfgang Eisenreich 2( and Guillermo Tellez-Isaias **

Abstract: The gut microbiota has been designated as a hidden metabolic “organ’ because of its
enormous impact on host metabolism, physiology, nutrition, and immune function. The connection
between the intestinal microbiota and their respective host animals is dynamic and, in general,
mutually beneficial. This complicated interaction is seen as a determinant of health and disease;
thus, intestinal dysbiosis is linked with several metabolic diseases. Therefore, tractable strategies
targeting the regulation of intestinal microbiota can control several diseases that are closely related to
inflammatory and metabolic disorders. As a result, animal health and performance are improved. One
of these strategies is related to dietary supplementation with prebiotics, probiotics, and phytogenic
substances. These supplements exert their effects indirectly through manipulation of gut microbiota
quality and improvement in intestinal epithelial barrier. Several phytogenic substances, such as
berberine, resveratrol, curcumin, carvacrol, thymol, isoflavones and hydrolyzed fibers, have been
identified as potential supplements that may also act as welcome means to reduce the usage of
antibiotics in feedstock, including poultry farming, through manipulation of the gut microbiome.
In addition, these compounds may improve the integrity of tight junctions by controlling tight
junction-related proteins and inflammatory signaling pathways in the host animals. In this review,
we discuss the role of probiotics, prebiotics, and phytogenic substances in optimizing gut function
in poultry.

Figure 1. Factors affecting the gut microbiota composition modified according to Carrasco et al. [21]

(figure was created with BioRender.com, accessed on 15 December 2021).
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Bacillus subtfilis in broiler diets with different levels of energy and protein

Farshad Goodarzi Boroojeni,*' W. Vahjen,* K. Minner,* A. Blanch,” D. Sandvang,’ and J. Zentek*

*Institute of Animal Nutrition, Department of Veterinary Medicine, Freie Universitit Berlin, Kénigin-Luise-Str.
49, 14195 Berlin, Germany; and | Chr. Hansen A/S, Bage Allé 10-12, 2970 Horsholm, Denmark

ABSTRACT  The present study evaluated the im-
pacts of Bacillus subtilis (BAS) inclusion in broiler diets
with standard nutrient content or nutrient deficiency
(ND) on growth performance (GP) and nutrient di-
gestibility. The 42 d experiment consisted of 6 exper-
imental diets, a diet with standard nutrient content,
and 2 diets with different levels of energy and protein
deficiency, without or with BAS. At the end of exper-
iment, apparent ileal digestibility coefficients (AIDC)
of starch, crude protein (CP), and gross energy (GE)
were determined. Furthermore, impacts of BAS supple-
mentation in standard diets on gut histomorphology,
bacterial metabolic activity, and composition were eval-
uated. Performance and AIDC data were subjected to
ANOVA using GLM procedure with a 3 (nutrient lev-
els) x 2 (BAS presence/absences) factorial arrangement
of treatments. Gut histomorphology and microbiology
data, obtained from broilers fed standard diets with-
out (S) and with BAS (SB), were assessed by an inde-
pendent Student’s {-test. The ND in diets was effective

enough to cause nutritional stress and negatively affect
performance. Inclusion of BAS in both types of diet
improved GP, which was due to the fact that adding
BAS in these diets led to improvements in AIDC of CP,
starch, and GE (P < 0.05). Comparing only 2 experi-
mental groups, S and SB, revealed no impact on bacte-
rial composition and metabolism in the ileum and ce-
cum, except a reduction in ileal lactobacilli number for
SB group. Adding BAS to standard diet reduced crypt
depth (CD) and increased villus length to CD ratio in
the duodenum, whereas it had no impact on other his-
tomorphological variables in the duodenum, jejunum,
and ileum. In conclusion, supplementation of broiler
diets with probiotic BAS can positively affect growth
performance and nutrient digestibility and this positive
impact might even be more pronounced in nutrient-
deficient diets. However, the extent of the alleviating
ability of BAS in nutrient-deficient diets as well as the
biological mechanisms for such a phenomenon needs to
be studied further.

Key words: Bacillus subtilis, nutritional stress, probiotic, growth promoter, histology

2018 Poultry Science 97:3967-3976
http://dx.doi.org/10.3382/ps /pey265
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Effect of Feed Additives as Alternatives to In-feed
Antimicrobials on Production Performance and
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2

Narasin had a strong C. perfringens

reducing effect

Also effective

» Bacillus subtilis probiotic strain

« Short- and medium-chain fatty acids

« Saccharomyces cerevisiae

Animals 2020, 10(2), 240; https://doi.org/10.3390/ani10020240
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Inulin

- Extraction from Jerusalem artichoke, chicory or artichoke
- Heterogeneous structure

- Chain length 3 to 60

Wikipedia

CH,OH
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REVIEW ARTICLE

Review on the effects of potential prebiotics on controlling Prebiotic in Salmonella and E. coli in pigs
intestinal enteropathogens Salmonella and Escherichia coli in

pig production -
replotics
T.H.T.Tran"?, N. Everaert? and J. Bindelle'~? -o0-0-0-

‘ommensal /4

ST X
bacteria = FhCRRS ;

VUIEI MUCUS  recepior &\»

1 Precision Livestock and Nutrition Unit, University of Liege, Gembloux, Belgium, and
2 AgriculturelsLife, TERRA, Gembloux Agro-Bio Tech, University of Liege, Gembloux, Belgium

Inner mucus

Epithelial cells

Lamina propria

Junction

Teell

Nendritie cell

Fig. 2 Schematic representation of the mechanisms of prebiotics against pathogen infection: coating of the host surface receptors by adhesin ana-
logs (1), or by commensal bacterial biofilm formation (2); bacteriocins (3) or short-chain fatty acids (SCFAs) (4) produced by favourable bacteria (3); use
of SCFAs as energy source for epithelial cells (5) and metabolic regulation (6); inhibition of the type-lll secretion system (T3SS) (7); improvement of tight
junction, mucin production (8) or immunomodulation (9) (based on the figures in reviews of Sansonetti (2004) and Kalita et al. (2014)). [Colour figure
can be viewed at wileyonlinelibrary.com]
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Gastrointestinal health and function in weaned pigs: a review
of feeding strategies to control post-weaning diarrhoea without
using in-feed antimicrobial compounds

J. M. Heo"#*, F. 0. Opapeju’*, J. R. Pluske?, J. C. Kim?, D. J. Hampson® and C. M. Nyachoti'

1 Department of Animal Science, University of Manitoba, Winnipeg, MB, Canada,
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» Establishing a more stable and diverse microbiota
« Lactobacillus and Bifidobacterium spp. 1

« Reduced ammonia content in the colon
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Authors and Year Dosage (%) Type of pDFA Mean difference [95% CI]
The Veterinary Journal 249 (2019) 24-32
Yoon et al., 2014 0.008 amp e 16.00[ 9.62, 22.38]
Yoon et al., 2014 0.006 amp e 12.00( 5.62. 18.38) Contents lists available at ScienceDirect
Wuetal., 2012 0.04 amp Ham = 12.00[ 285, 21.15]
Wuetal, 2012 0.04 amp H i 46.00[ 2826, 63.74) .
Tang et al., 2012 0.01 amp i | ! 84.30[ 37.77,130.83] The Veterinary ]ournal
Wan et al,, 2016 0.006 amp H T 118,33 5555, 181.11)
Yang etal., 2012 0.02 chitosan 1 27.00{ -9.02, 63.03) i Ih : Isevi /Nlocate/tvjl
Yang et al., 2012 0.04 chitosan | —| 42.00[ 597, 78.03] Journal homepage: www.elsevier.com/iocate/tv)
Yang et al.,, 2012 0.06 chitosan H———— | 33,001 -3.03, 69.03]
Qliver and Wells, 2013 0.01 lysozyme P 23.00[ 083, 45.17]
May etal,, 2012 0.01 lysozyme P 3B.00[ 1.86, 74.14]
Nyachoti et al., 2012 0.1 lysozyme t ; ' 11.00[ 44.44, 5644 . . s . . . N
Nyt o 2052 o ecome i - 65.00( 2270 18470] Potential dietary feed additives with antibacterial effects and their 'l)
Nyachotietal, 2012 02 iysozyme * i * 11.00[ 4444, 6644] impact on performance of weaned piglets: A meta-analysis
Nyachoti et al., 2012 02 lysozyme } ! 18.00[ -70.70, 106.70]
Le tal., 2016 X I e 18.51[ -12.65, 49.67 B
LZ:: o aote gggz I;:E:: : 17 35{ 13.81, 48.51 } W. Vanrolleghem?, S. Tanghe?, S. Verstringe?, G. Bruggeman®*, D. Papadopoulos®,
., X ——e= E =13 .
' i ' seiC d i€
Long et al, 2016 0.009 lysozyme [ 41.00] 984, 72.16] P. Trevisi€, ]. Zentek®, S. Sarrazin®, J. Dewulf®
Long et al,, 2016 0.012 lysozyme P 4278[ 1162, 73.94] 2 Nutrition Sciences N.V., Booiebos 5, B-9031 Ghent (Drongen), Belgium
Qliver et al., 2014 0.01 lysozyme P p——] 30.00[ 8.21, 50.79] b Laboratory of Microbiology & Infectious Diseases, School of Veterinary Medicine, Faculty of Health Sciences, Aristotle University, Thessaloniki, Greece
Oliver et al., 2014 0.01 lysozyme D 28.00( 7.21, 48.79) < Department of Agricultural and Food Science (DISTAL) — University of Bologna, Viale G. Fanin, 46-40127 Bologna, Italy
.70 9 Institute of Animal Nutrition, Freie Universitit Berlin, Konigin-Luise-Str. 49, 14195 Berlin, Germany
.. 841 © Veeterinary Epidemiology Unit, Faculty of Veterinary Medicine, Ghent University, Salisburylaan 133, 9820 Merelbeke, Belgium
« AM Itiv ntrol )
.89]
171 ARTICLE INFO ABSTRACT
17l Article history: This meta-analysis evaluated the use of potential dietary feed additives (pDFA) with antibacterial effects
03] Accepted 29 April 2019 and their impact on the perfomance of weaned piglets. Twenty-three peer-reviewed in vivo studies,
.28 comprising 50 trials, were identified between January 2010 and January 2017. The pDFA in these studies
.85] Keywords: could be grouped in 5 classes: antimicrobial peptides, chitosan, lysozyme, medium chain fatty acids/
0 .89] Antibiotics » triglycerides and plant extracts. Mixed-effect meta-analyses with type of pDFA as fixed effect were
® n n n .89] D}El'a"y feed additives performed for the growth parameters ‘average daily gain’ (ADG) and ‘feed conversion ratio’ (FCR), which
S a ro u We a I CO u e re a Ce .89] :\Ili:;:n are the two most important and used economic performance parameters for farmers.
12 € For each class of pDFA, results of the meta-analysis showed significantly higher average daily gain in
551 the group with pDFA compared to the negative control group, while no significant difference with the
.00] positive control group was observed. Furthermore, a positive effect on FCR was found, i.e. significantly
65 less feed was needed to gain 1 kg of body weight in the group with pDFA compared to the negative control
-77] group. No significant differences with positive control groups were observed for each class of pDFA,
| 9] except for plant extracts, where the FCR was also significantly reduced in the treatment group. These

results suggest that pDFA could reduce the use of antimicrobials without significant negative effects on

]
[ ) r T ] 581 performance indicators.
O n e g a I Ve e e C S O n e p e O r a n Ce © 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd[4.0f).
indicators

EIE. &e 111D IULITOL lJlUI. SIIUVYD LLIT 1TOUILD UL LIIT INIIATU TIHITLULY lllcl.d'ﬂllﬂly:!l) vviLn lleC v PUI.CIll.Iﬂl ulcl.ﬂl, ICTCU auuiuvoc [Pul n; A IIATU TLITLL. 1'UL LIIT avclas‘: uauy Weight gﬂiﬂ
(ADG, in g) the mean difference estimate (black square symbol) with corresponding 95% confidence interval (95% CI; black bar) between the treatment group with pDFA and
the negative control group is shown. Whenever a 95% Cl exceeded the plot limits of (—150; 150), this was indicated by an arrow. Per pDFA the summary estimate based on the
model is shown in grey, with the outer edges of the polygon indicating the 95% CI limits.

54



Phytogenic feed additives

FREIE
UNIVERSITAT

BERLIN

Herbs, spices, plant extracts

105 {2026) 106219

Contents lists available at ScicnceDirect

Table 3
Apparent ileal digestibility of la
pooled samples of 12 hens per d

Items Uni
Pooled replicates n°
Body weight g
Dry matter (ileum digesta) %
Apparent ileal digestibility

Crude protein Y%
- Alanine %
- Arginine Yo
- Aspartic acid %
- Cysteine Yo
- Glutamic acid %
- Glycine %
- Histidine %
- Isoleucine %
- Leucine %
- Lysine Y%
- Methionine %
- Phenylalanine %
- Proline %
- Serine %
- Threonine %
- Tyrosine %
- Valine %
- Total amino acids %
Crude fat %
Crude ash %
Calcium %
Phosphorus %

p-values of p < 0.05 indicate s
indicate a trend.

RNA sequencing

« Antimicrobial properties (pancreas, follicles) #

 Mineralization processes

follicle, and
live

ljul “ @,

* Improved cleavage of carbohydrates, peptides,
and lipids in the follicle, indicating improved

nutrient utilisation for the developing embryo

rovements and potentially possess humoral
om, and excretion, warranting further inves-
a wide amay of active ingredients with anri-
ning them as a promising alternative to in-
This study investigates how a phytogenic
ise with quillaja bark influences reproductive
ens. A four-week trial with Lohmann Brown
50 mg kg phytogenic supplement to assess
(n = 24), and gene expression in pancreas,
2 hens showed a significant increase of 384
trends for improved egg weights (p = 0.053)
5. Complementary BNA sequencing analyses

ith antimicrobial properties (pancreas, fol-
ftesults suggest improved cleavage of carbo-
atrient utilisation for the developing embryo.
nt digestibility of laying hens and promotes
wl nutrient availability in eggs, potentially

expression of antibacterial profeins Invo In Innate IMmmune res

hytogenic feed supplement can enhance the
ponses.
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Post weaning deaths: Control group: 3 animals; Experimental group: 1 animal

— —
(0)) (0] o N

N

Number of animals with digestive
problems
NN

4 5 6 7 8 9 10 11 12 13
Day after weaning

n= 40 / group; m + phyt. Additive; A control

Krieg et al. 2009
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 Postbiotics

Bioactive microbial metabolites (e.g., SCFA, peptides, cell components)

Antimicrobial & anti-inflammatory effects

Modulate immunity and microbiota activity

High stability

- Key concept: targeted, consistent gut health modulation
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Joumal of Ethnopharmacolegy 261 (2020) 113073
This is an open access article published under a Creative Commons Attribution (CC-BY)
JOURNAL OF License, which permits unrestricted use, distribution and reproduction in any medium,

provided the author and source are cited.

Contents lists available at ScienceDirect
ACS
AUTHORCHOICE

Journal of Ethnopharmacology

g 4% %

e v i
ELSEVIER journal homeapage: www.elsevier.com/flocatefjethpharm

pubs.acs.org/jnp
i L herb and obiota of health - Lythrum salicaria Ellagitannins Stimulate IPEC-J2 Cells Monolayer
Lythrum salicaria L. herb and gut microbiota of healthy post-weaning piglets. | @) Formation and Inhibit Enteropathogenic Escherichia coli Growth and
Focus on prebiotic properties and formation of postbiotic metabolites in ex &5 Adhesion

vivo cultures.
Sebastian Granica, Wilfried Vahjen, Jirgen Zentek, Matthias F. Melzig, Karolina A. Pawlowska,

Temesgen H. Dadi’, Wilfried Vahjen®, Jiirgen Zentek®, Matthias F. Melzig", Sebastian Granica’, and Jakub P. Piwowarski*
Jakub P. Piwowarski*"™*
2 Institute of Amimal Nutrition, Freie Universitaet Berfin, Germany Cite This: J. Nat. Prod. 2020, 83, 3614-3622 Read Online

* Department of Pharmaceutical Biology, Freie Universitoet Berlin, Germany
© Department of Pharmacognosy and Molecular Basis of Phytotherapy, Medical University of Warsow, Poland
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Microbiome-targeted strategies

Functional metabolites

Advanced delivery systems

— | /I /| /
— | —J —_J| —

Integrated health concepts
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: Gut health

inlt:euétrj;?e'd is central to
systems animal
health

Feed
additives
offer
targeted
solutions
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