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Abstract
Objective: Prebiotics are used to support the
gastrointestinal health via stimulating particular beneficial
parts of the autochthonous microflora and enhancing
their metabolism. Horses often suffer from
gastrointestinal disturbances after feed changes or
behavioral stress in response to transport. Therefore, the
supplementation with prebiotic compounds might reduce
the risk for intestinal dysregulation. The aim of this study
was to investigate the influence of supplementation with
Jerusalem artichoke meal (JAM) in a recommended
prebiotic dosage on fermentation characteristics in the
equine gastrointestinal tract.

Methods: Twelve adult healthy horses received crushed
oat grains (1.2 g starch/kg BW x d-1) and meadow hay (as
fed basis; 1.5 kg/100 kg BW x d-1). Additionally, they were
fed either an apparently prebiotic quantity of fructo-
oligosaccharides (FOS) and inulin (0.2 g/kg BW x d-1) via
Jerusalem artichoke meal (JAM) or an equal amount of
maize cob meal without grains as control (CON) over 3
weeks. On d21, horses were euthanized, gastrointestinal
contents were removed from 7 different regions of the
gastrointestinal tract, the dry matter (DM) content, pH
value and concentrations of short chain fatty acids (SCFA),
L- and D-lactate and ammonia were measured.

Results: JAM did not had a significant (P < 0.05) effect on
any of the measured fermentation products and the pH
value as well. Numerically, JAM increased the
concentrations of SCFA (P > 0.05), lactate (both isomers, P
> 0.05) and ammonia (P < 0.05) predominantly in the
stomach but had no impact on the pH value overall. In the
hindgut, the stimulation of the microbial activity was
limited to the ventral colon only indicated by slightly
higher SCFA (P > 0.05) and ammonia (P > 0.05) but lower
L-lactate (P > 0.05) concentrations compared to control.

Conclusion: FOS and inulin from JAM seem extensively be
fermented already in the stomach of horses. The resulting
organic acids might elevate the risk for gastric ulcers.
Recently the gastric pH was buffered by concomitantly
elevated ammonia, which requires a careful delineation of
the influences of either individual acids or low pH levels or
both together on the mucosa health in both distinct parts
of the equine stomach. In the hindgut, the effect of JAM
on the microbial activity seems to be much less
pronounced than expected or advertised.

Keywords: Gastrointestinal tract; Horse; Microbial
fermentation; Prebiotic; Jerusalem artichoke

Introduction
The equine digestive tract is prone to health disturbances,

predominantly after feed changes and overload with easily
fermentable carbohydrates [1,2]. This is usually accompanied
by alterations in the diversity and activity of the intestinal
microbiota [3,4]. Prebiotics are supposed to have the potency
to promote the guts’ health by providing substrates selectively
for particular beneficial indigenous microorganisms. In horse
feeding, inulin-type fructans with different chain length such
as short chain fructo-oligosaccharides (scFOS) or inulin itself
are implemented as prebiotic substances. Depending on the
amount of intake, both inulin- and phlein-type fructans (the
latter deriving from vegetative parts of temperate grasses)
have either critical or beneficial properties [2,5-8]. Moreover,
the quantity of fermentation products such as short chain fatty
acids (SCFA) and lactate varies with the dosage and the
composition of the supplemental feed [9]. Feeding scFOS in
low (8 g/d) or high (24 g/d) amounts increases the content of
total and individual SCFA in the feces of yearling horses [10].
Contrary, the addition of 30 g scFOS/d to a diet for adult
horses failed to influence the concentration of SCFA in both
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caecum and colon content [11]. Except for these studies, there
is a lack of knowledge dealing with the impact of prebiotics on
fermentative parameters in the entire gastrointestinal tract.
The passed down assumption, however, that prebiotics will
exclusively be fermented in the hindgut [12] might not be
transferred to horse nutrition. Fermentation gasses in the
breath following inulin ingestion indicate that microbial
fermentation already starts in the lower tract [13].

From this we hypothesized that following apparently
prebiotic intakes of inulin-type fructans by horses i)
fermentative degradation starts already in the stomach and ii)
due to this disappearance of prebiotic substances the impact
of the microbiota in the hindgut is comparatively low. As
indicated by the literature [14] we iii) further hypothesized the
concentration of n-butyrate will be elevated in a particular
degree.

Thus, the aim of the study was to investigate the microbial
metabolic responses following apparently prebiotic doses of
FOS and inulin originating from Jerusalem artichoke meal to
adult healthy warmblood horses in different parts of the
gastrointestinal tract.

Materials and Methods
The experimental procedures were approved by the Animal

Welfare Commissioner of the University of Veterinary
Medicine Hannover in accordance with the German Animal
Welfare Law.

Animals, diets and experimental protocol
Twelve adult, healthy warmblood horses (10 mares, 1

stallion, 1 gelding) were included in the study. The mean

bodyweight (BW) and age were 534 ± 64.5 kg and 14 ± 7.5
years, respectively. The horses were maintained in individual
boxes bedded with wood shavings and had free access to tap
water as well as to a salt block.

During a 3 weeks adaptation period, they received crushed
oat grains (1.2 g starch/ kg BW x d-1) and meadow hay (as fed
basis; 1.5 kg/100 kg BW x d-1) in quantities to meet their
energy requirements for maintenance [15]. The horses were
randomly allocated to either the treatment group (JAM) or the
control group (CON).

The treatment group received additionally inulin-type
fructans in a doses currently supposed prebiotic [8] (0.2 g FOS
+ inulin/kg BW x d-1) via Jerusalem artichoke meal (LIVEN
GmbH, Zossen, Germany), and the control group alternatively
an equivalent amount of maize cob meal without grains.

The dose of prebiotic active substances (fructans including
inulin) was calculated according to what was declared for the
commercially available JAM. From that, the content of water-
soluble carbohydrates was as follows (as fed basis): glucose
1.1%, fructose 5.8%, sucrose 11.5%, fructans 62.7% (containing
6.3% inulin in absolute terms). Horses were offered the diet in
two equal meals per day (09:00 h and 15:00 h). Because both
the Jerusalem artichoke meal and the placebo had the
consistency of finely ground material the entire concentrate
was moistened to bind fine particles better to coarser ones.

Furthermore, selective feed intake and aspiration was
avoided as well. Subsamples of all feedstuffs were taken
throughout the entire study for later analyses. The analyzed
chemical composition of all feedstuffs is given in Table 1.

Table 1: Analyzed chemical composition of the feedstuffs and calculated contents of metabolizable energy and pre-caecal
digestible crude protein and selected amino acids.

Item oat hay placebo1 prebiotic2

dry matter (DM), g/kg 912 944 927 939

crude ash, g/kg DM 29 52 26 136

crude protein, g/kg DM 124 90 36 63

acid ether extract, g/kg DM 49 9 8 6

crude fiber, g/kg DM 124 349 343 14

NDF, g/kg DM 316 651 799 3

ADF, g/kg DM 178 391 415 11

ADL, g/kg DM 31 47 39 4

glucose, g/kg DM 0 30 9 14

fructose, g/kg DM 0 39 10 63

saccharose, g/kg DM 11 6 16 122

fructan, g/kg DM 0 40 14 466

starch, g/kg DM 498 0 0 0
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ME3, MJ/kg DM 12.4 6.6 7.5 11.9

pcdCP4, g/kg DM 75 19 13 56

pcd (lysine)4, g/kg DM 2.92 0.80 0.05 0.36

pcd (cysteine + methionine)4, g/kg DM 3.41 0.56 0.06 0.20

pcd (threonine)4, g/kg DM 3.99 0.82 0.06 0.50

1maize cob meal without grains; 2Jerusalem artichoke meal; 3calculation according to [15] and [24]; 4calculation according to [15] and [25]

Digesta sampling and preparation
On d21 of the adaptation period, the horses were

euthanized by a veterinarian. Horses were euthanized
approximately 1 hour after they received the half of the daily
concentrate ration. This served thereto to assure that the
foregut (especially the stomach) contains a sufficient quantity
of digesta for sampling. The horses were sedated with
romifidine (0.12 mg/kg BW). The anesthesia was induced with
a combination of diazepam (0.05 mg/kg BW) and ketamine
(2.2 mg/kg BW). Finally the horses were euthanized with
pentobarbital (60 mg/kg BW). Digesta samples were collected
immediately after the death from 7 different regions of the
gastrointestinal tract: Stomach (Pars nonglandularis [PN], Pars
glandularis [PG], and mixed stomach content [MC]), small
intestine (SI), caecum (CAE), and colon: ventrale (CV), dorsale
(CD) as well as transversum (CT)). Because of its extremely
watery consistency, small intestinal content was used as native
material. Digesta samples from the other parts of the digestive
tract were prepared for pH measurement and further analyses
as described formerly for equine faeces samples [16]. For this,
50 grams of digesta were mixed with 50 mL distilled water
immediately post mortem. The suspension was covered with
aluminum foil to avoid interchange of gases and incubated for
60 min. After that, the pH value was measured, the suspension
centrifuged (4,000 × g) for 10 min at room temperature (RT),
the supernatant collected in plastic tubes (2 mL) and stored at
- 20°C until analysis of organic acids and ammonia. Samples
from the particularly watery digesta from the small intestine
was centrifuged and stored without any previous dilution.

Analyses

Feedstuffs and digesta

The feedstuffs were analyzed for dry matter (DM),
proximate nutrients including starch and amino acids
according to official methods in which for starch the enzymatic
procedure was applied [17,18].

In the digesta, the DM content only was determined with
the same method as for feedstuffs. The method from Pavis et
al. [16] modified by Hillegeist and Greef was used for detection
of water-soluble carbohydrate contents including fructans in
the feedstuffs, and the characterization of the structure of
fructan isomers as separation according to the degree of
polymerization (DP).

pH value

The pH value in the digesta-water-mixtures and native
digesta (small intestine), respectively, was measured
potentiometrically by use of a pH meter (Mettler – Toledo,
Ohio, USA; precision: ± 0.01, temperature compensation: 0°C –
100°C).

SCFA

The liquid phase of digesta samples (supernatant of the
digesta-water-mixture or native liquid phase) were analyzed
for SCFA concentrations according to the method from Geißler
as described by Zeyner et al. [19]. The analysis was performed
using a gas chromatograph (Shimadzu 17A GC, Jena, Germany)
with a flame ionization detector and a separation column FFAP
30 mm × 0.25 mm (Supelco, Pennsylvania, USA) but without
use of a water cooling sample rack. Helium was taken as
carrier gas (3.99 L/h, split 40:1). The temperature program
started at an initial temperature of 80°C and heated up at a
rate of 10°C up to 110°C, then at 15°C up to the end
temperature of 175°C. The temperature was held for 4 min.
The total cycle time for one measurement was 11:33 min. For
analysis, the supernatant of the digesta-water-mixture was
thawed at room temperature and centrifuged (2,000 × g) for 5
min. Five hundred microliter of the supernatant were
transferred into a separate tube (1.5 mL Eppendorf tube). The
supernatant was mixed with 50 µL of the internal standard
solution and centrifuged (2,000 × g) for 5 min to segregate the
protein precipitation. Then the clear solution was transferred
into a micro vial and immediately injected into the GC. The
concentrations of the individual SCFA (acetic acid, propionic
acid, iso-valeric acid, iso-butyric acid, n-valeric acid, 3-methyl-
butyric acid [n-butyric acid], n-caproic acid) in the supernatant
of the digesta-water-mixture were calculated upon the internal
standard.

L- and D-lactate

L- and D-lactate were analyzed according to the method of
Scheijen et al. [20] by using HPLC-MS/MS after sample
preparation according to Henry et al. [21]. As the internal
standard (IST) sodium DL-lactate-3, 3, 3-d3 (CDN Isotopes,
Quebec, Canada) was taken. First, the samples were thawed at
room temperature, mixed and centrifuged for 5 min (18,000 ×
g) at 4°C. Assuming that the foregut contains higher
concentrations of lactate, the samples were treated differently
according to their origin in the gastrointestinal tract. After
centrifugation, the supernatant (25 µL from samples of the
stomach and the small intestine; 1000 µL from samples
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belonging to the hindgut) were transferred in a separate
Eppendorf tube (1.5 mL). The supernatants of the foregut
samples were mixed with 200 µL of the IST (3 mol/L,
respectively) and 825 µL distilled water, the supernatants of
the hindgut samples were instead mixed with 50 µL of the IST
(0.3 mmol/L, respectively). Both types of samples were mixed
with 25 µL of hydrochloride acid 27% (w/w) and then loaded
to the Extrelut NT1 columns (Merck, Darmstadt, Germany).
The samples were eluted with 6 mL 2-methyl-2-butanol:
chloroform (ratio 11:9), then extracted by 1 mL ammonium
hydroxide (0.1 mol/L; solved in water). After centrifugation at
800 × g for 3 min the aqueous phase was transferred in a new
2 mL Eppendorf tube (100 µL for the foregut samples; and the
entire aqueous phase for the hindgut samples) and evaporated
at 65°C under a stream of nitrogen. After that, the residue was
dissolved in 400 µL methanol, mixed thoroughly and was then
centrifuged for 5 min (18,000 × g) at room temperature. The
supernatant was transferred to an opaque HPLC vial and
evaporated at 50°C under a stream of nitrogen. Residues were
mixed with 100 µL of diacetyl-L-tartric anhydride (50 mg/mL in
dichloromethane: acetic acid, ratio 4:1) and incubated for 30
min at 75°C in closed vials for derivatization. Subsequently, the
vials were opened and the samples were evaporated at 50°C
under a stream of nitrogen. Conclusively, the residues were
dissolved in 100 µL acetonitrile: water (ratio 1:2) and
transferred in vials with inserts. Samples were measured using
an API 2000 (Applied Biosystems, Darmstadt, Germany) in
combination with an HPLC 1100 (Agilent, Waldbronn,
Germany) using an Hypersil ODS column (150 mm × 2 mm, 5
µm; VDS optilab, Berlin, Germany) at 25°C. The temperature of
the ESI-source was set to 300°C. The eluent was 1.5 mmol/L
ammonium formate (pH 3.6) in water: acetonitrile (99:1) at a
flow rate of 150 µL/min. After a run of 13 min, the column was
washed for 4 min with acetonitrile at 250 µL/min and re-
equilibrated. Lactic acids were measured using the mass
transition of 305/89 m/z and the IST at 308/89 m/z.

Ammonia

Ammonia was analyzed according to Conway [22], modified
by Voigt and Steger [23]. Therefore, the samples were thawed
at room temperature. Afterwards, 1 mL of the digesta-water
mixture was transferred into a micro-diffusion vessel and
incubated at room temperature for 24 h. Ammonia diffused
from the sample into the boric acid und changed the indicator
from red to green. After the incubation period, hydrochloride
acid (0.01 mol/L) was used for titration until the indicator
reaches the initial color. The amount of ammonia in the
sample can be calculated by the depleted amount of
hydrochloride acid using the following equitation:

cA= ((VHCL x 0.17)/MNH3) x 1,000

where cA is the concentration of ammonia in the sample (in
mmol/L), VHCL is the volume (in mL) of hydrochloride acid,
which was used to reach the initial indicator color and MNH3 is
the molar mass (in g/mol) of ammonia. Assuming that 1 mL
hydrochloride acid neutralizes 0.17 mg/mL ammonia, the
factor 0.17 is used to relate the depleted volume of
hydrochloride acid with the amount of ammonia in the
sample.

Calculations

Basing on the analyzed chemical composition of the feed,
the contents of metabolizable energy (ME) and pre-caecal
digestible (pcd) crude protein (pcdCP), pcd methionine and
cysteine (as sum of sulfur-containing amino acids) and pcd
threonine were calculated according to Kienzle and Zeyner [24]
and Zeyner et al. [25], respectively. With subject to digesta
samples, the concentrations of fermentation products (total
and individual organic acids, ammonia) in the native liquid
phase of the digesta from the respective parts of the digestive
tract were calculated basing on the analyzed DM content and
the measured concentration of the fermentation product in
the supernatant of the digesta-water-mixture using the
equation given by Zeyner et al. [19]. For digesta samples from
the small intestine this kind of calculation was dispensable
because all analyses were performed directly in the liquid
digesta phase.

Statistical analyses
Statistical analysis was performed using SAS (version 9.4,

SAS Inst. Inc., Cary, NC, USA). Results were reported as means
± SD or least square means (LSmeans) ± SE. Data were
analyzed by PROC MIXED (two-way ANOVA with repeated
measures) using a model with the fixed factors treatment
(CON and JAM), part of the gastrointestinal tract (PN, PG, MC,
SI, CAE, CV, CD and CT), and the interaction between
treatment and part. The simultaneous analysis including all
parts of the gastrointestinal tract was not possible because (a)
no or small variation of the traits was observed in some parts
(PN, PG, MC or SI), (b) the assumption of normality of the
residual effects was rejected following Shapiro-Wilk test, and
(c) including of the complete covariance matrix of the eight
observations per animal lead to convergence problems on the
estimation of the model parameters. Therefore, parts of the
digestive tract were clustered in “foregut” (including PN, PG,
MC and SI), and “hindgut” (including CAE, CV, CD and CT). In
order to take into account the repeated measures, the residual
effects corresponding to the four observations of one animal
within “foregut” and “hindgut” were considered as dependent
with residual covariance matrix R. The following competing
covariance structures of R were tested using the repeated
statement of the MIXED procedure: unstructured (type = UN),
exchangeable (type = CSH), Toeplitz (type = TOEPH (4), and
autoregressive (type = ARH(1)). In all structures
inhomogeneous residual variances were assumed. The final
covariance structure was selected using AIC-values based on
the log-likelihood function of the REML-method. Comparison
between the different parts of the gastrointestinal tract was
made using the post hoc Tukey-Kramer test. The multiple t-test
implemented in PROC MIXED (two-way repeated measures
ANOVA with Kenward-Roger approximation to the degrees of
freedom) was used to compare the two groups (CON and JAM)
within the parts of the two tracts (“foregut” and “hindgut”).
The Shapiro-Wilk test was applied to check the normality of
the studentized residuals. In the case of significant differences
and of rejecting the normal distribution, the Wilcoxon rank
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sum test was additionally taken to compare the two groups
within the parts. Data were statistical significant at P < 0.05.

Results

Chemical composition of the Jerusalem
artichoke meal

The contents of water-soluble carbohydrates determined in
the pooled material sampled throughout the entire study was
largely different from the declared ones. The analyzed
contents were as follows (as fed basis): glucose 1.4%, fructose
6.3%, sucrose 12.2%, fructans 46.6% (content of inulin
depending from what the DP range is defined being inulin).
The fructan of the JAM product was represented by
particularly high and largely similar percentages of isomers up
to DP 22.

General observations
In general, the horses consumed the moistened

concentrates quite well and did not exhibit obvious signs of
gastrointestinal disturbances. In the stomach of one horse of
the placebo group, however, mucosal lesions particularly
alongside the margo plicatus were observed post mortem.

Digesta characteristics

Dry matter

Irrespective of the diet (P > 0.05), the DM content of the
digesta (Table 2) was highest in the stomach (≈ 21%),
particularly low in the small intestine (≈ 6%) with further
gradual increase until the colon transversum (≈ 15%). Along
the majority of the digestive tract the digesta DM was
numerically higher after feeding of JAM vs. CON, with inverse
relation in the colon transversum (P > 0.05).

Table 2: Dry matter content (in %; mean ± SD) and concentrations (in mmol/L; LSmeans ± SE) of individual short chain fatty acids
(SCFA) along the gastrointestinal tract of 6 control horses (CON) and 6 horses fed with Jerusalem artichoke meal (JAM).

part of the gastrointestinal tract1

Item PN PG MC SI CAE CV CD CT

DM

CON2 21 ± 4 19 ± 4 21 ± 5 6 ± 1 7 ± 2 10 ± 2 10 ± 2 16 ± 4

JAM3 24 ± 6 20 ± 3 21 ± 3 6 ± 1 8 ± 2 10 ± 2 11 ± 2 13 ± 5

acetic acid

CON2 22.7 ± 4.5 14.7 ± 5.7 15.7 ± 2.6 3.9 ± 1.2 70.4 ± 7.3 76.7 ± 7.5 70.4 ± 8.1 29.7 ± 4.7

JAM3 30.9 ± 4.5 22.8 ± 5.7 24.8 ± 2.6 2.8 ± 1.2 54.5 ± 7.3 84.0 ± 7.5 70.7 ± 8.1 35.4 ± 4.7

propionic acid

CON2 1.8 ± 1.2 0.5 ± 0.3 0.3 ± 0.4 0.0 ± 0.1 50.9 ± 5.9 55.2 ± 5.6 41.9 ± 5.0 19.7 ± 3.2

JAM3 1.4 ± 1.1 0.3 ± 0.3 0.7 ± 0.4 0.1 ± 0.1 41.5 ± 5.2 58.2 ± 5.6 45.4 ± 5.0 23.7 ± 3.2

iso-butyric acid

CON2 0.7 ± 0.4 0.0 ± 0.0 0.9 ± 0.4 0.0 ± 0.0 2.5 ± 0.3 9.4 ± 0.8 8.2 ± 1.0 3.3 ± 0.7

JAM3 0.0 ± 0.0 0.3 ± 0.4 0.1 ± 0.4 0.0 ± 0.0 2.0 ± 0.3 8.7 ± 0.8 9.6 ± 1.0 4.6 ± 0.7

n-butyric acid

CON2 11.5 ± 8.3 4.9 ± 2.7 7.6 ± 4.5 0.3 ± 0.1 31.3 ± 3.0 38.1 ± 4.8 28.9 ± 5.3 11.1 ± 2.2

JAM3 28.3 ± 8.3 8.3 ± 2.7 18.8 ± 4.5 0.3 ± 0.1 25.8 ± 3.0 49.3 ± 4.8 27.4 ± 5.3 11.9 ± 2.2

iso-valeric acid

CON2 1.6 ± 1.0 2.1 ± 2.5 6.4 ± 3.4 0.3 ± 0.2 2.5 ± 0.4 11.2 ± 1.4 9.9 ± 1.2 3.7 ± 0.8

JAM3 1.5 ± 1.0 3.4 ± 2.5 2.1 ± 3.4 0.1 ± 0.2 1.8 ± 0.4 12.1 ± 1.4 10.6 ± 1.2 4.3 ± 0.8

n-valeric acid

CON2 0.4 ± 0.3 0.0 ± 0.0 0.0 ± 0.0 0.1 ± 0.3 2.4 ± 0.3 4.8 ± 0.6 4.0 ± 0.4 1.9 ± 0.3

JAM3 0.0 ± 0.0 0.3 ± 0.3 0.9 ± 0.3 0.1 ± 0.3 2.2 ± 0.3 5.2 ± 0.6 3.9 ± 0.4 2.2 ± 0.3

n-caproic acid

CON2 0.0 ± 1.0 0.0 ± 0.0 2.8 ± 1.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
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JAM3 0.0 ± 0.0 0.2 ± 1.0 1.0 ± 1.0 0.4 ± 1.0 0.1 ± 0.1 0.0 ± 0.1 0.1 ± 0.1 0.1 ± 0.1

1part of the gastrointestinal tract: PN = Pars nonglandularis; PG = Pars glandularis; MC = mixed content (stomach); SI = small intestine; CAE = caecum; CV = colon
ventrale; CD = colon dorsale; CT = colon transversum; 2CON = control group fed with maize cob meal without grains; 3JAM = treatment group supplemented with
Jerusalem artichoke meal; Statistical analysis did not indicate any significant differences between CON and JAM group horses for a given segment of the digestive
tract (P > 0.05)

pH value

The pH values did not show any differences between the
control and the treatment group (Figure 1; P > 0.05) in any part
of the gastrointestinal tract. In the stomach, the pH value
reached 4.5 ± 1.1 on average in the Pars nonglandularis and
3.4 ± 0.8 on average in the Pars glandularis (approximately 1

hour postprandial) in both groups. The pH value in the small
intestine was higher than in the stomach with 8.0 ± 0.1 (SI) vs.
3.9 ± 0.7 (MC), but was similar within both groups. In the
further gastrointestinal tract, the pH value declined from 6.7 ±
0.2 in the caecum to 6.4 ± 0.3 in the colon transversum,
irrespective of the treatment (P > 0.05).

Figure 1: LSmeans (± SE) of the pH value (-log[H3O+]) along the gastrointestinal tract after feeding of JAM (n = 6) or CON (n = 6).

SCFA

Irrespective of the diet, concentrations of total SCFA were
particularly high in the hindgut and low in the small intestine
with the following order along the digestive tract: CV > CD >
CAE > CT > PN > PG > SI. In the non-glandular region of the
stomach, the content of total SCFA was about 1.7-fold as high
as in the glandular part. In general, the treatment group (JAM)
showed numerically higher concentrations of total SCFA in
almost all parts of the gastrointestinal tract, except for caecum
and small intestine (Table 2; P > 0.05). The difference between
diets was particularly high in the non-glandular region of the
stomach. Total SCFA in the PN amounted to two-thirds only in
CON vs. JAM group horses. The supplemental feeding of JAM
resulted in a tendential higher concentration of acetic acid in
the mixed content of the stomach (P > 0.05) as well as in
higher concentrations in the Pars nonglandularis (P > 0.05) and
Pars glandularis (P > 0.05; Table 2). Except for the caecum, the
concentration of acetic acid was higher in all parts of the
hindgut in the JAM feeding group in comparison to the control
group (Table 2; P > 0.05). The concentration of propionic acid

was elevated in the mixed content of the stomach (P > 0.05) as
well as in the colon (CV, CD and CT; Table 2; P > 0.05) but lower
in the Pars nonglandularis, Pars glandularis, small intestine
and caecum (Table 2; P > 0.05) with the addition of JAM in the
diet. Iso-butyric acid concentration increased only in the Pars
glandularis, colon dorsale and colon transversum (Table 2; P >
0.05) but was reduced in the other parts of the gastrointestinal
tract. The concentration of n-butyric acid raised numerically in
almost all parts of the digestive tract with exception of the
caecum and the dorsal colon (Table 2; P > 0.05). Feeding of
JAM resulted in an elevated concentration of iso-valeric acid in
the stomach (PN and PG) as well as in the colon (CV, CD and
CT; Table 2; P > 0.05). The concentration of the isomer n-
valeric acid increased in the Pars glandularis, mixed content of
the stomach and also in the colon (ventrale and transversum;
(Table 2; P > 0.05). N-caproic acid was measured only in low
concentrations and in a few samples, predominantly in the
JAM group (Table 2; P > 0.05). The percentage distribution of
the SCFA was affected by the addition of JAM in the diet,
mainly in the foregut (Figure 2). In the Pars nonglandularis of
the JAM group, the percentage of n-butyric acid increased with
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coincident reduction of propionic acid but with no impact on
the percentage of acetic acid (Figure 2a; P > 0.05). The same
effect was noticed in the Pars glandularis but with a significant
lower proportion of propionic acid in the JAM group (Figure
2b; P < 0.05). In the further gastrointestinal tract, the
individual SCFA were distributed almost similarly in the control
and the treatment group except for the ventral colon. Therein,

the percentage of n-butyric acid was significant higher in the
JAM group compared to the control group (CON: 19.5 ± 1.66%
JAM: 22.5 ± 1.37%; P < 0.05) with a slightly coincident
reduction of the percentage of acetic acid (CON: 39.1 ± 3.80%;
JAM: 38.8 ± 2.62%; P > 0.05) and propionic acid (CON: 28.2 ±
3.82%; JAM: 26.8 ± 1.64%; P > 0.05).

Figure 2: Mean percentage distribution of different short chain fatty acids in the Pars nonglandularis (A) and Pars glandularis
(B) of 6 horses fed the control diet (CON) and 6 horses supplemented with a Jerusalem artichoke meal (JAM).

L- and D-lactate

The concentration of both L- and D-lactate was tendentially
higher in the JAM group in both parts of the stomach (P >
0.05). In the small intestine, the concentration of L-lactate was
slightly elevated in the CON group compared with the
treatment group and vice versa regarding the D-lactate
concentration (Table 3; P > 0.05).

Furthermore, the concentration of L-lactate was significantly
lower after feeding of JAM in comparison to the control group,
exclusively in the ventral colon (Table 3; P < 0.05).

In the colon transversum, the concentrations of L-lactate as
well as D-lactate were tendentially lower in the treatment
group (Table 3; P > 0.05).

Table 3: Concentrations (in mmol/L; LSmeans ± SE) of ammonia and lactate (L-lactate as well as D-lactate) along the
gastrointestinal tract of 6 control horses (CON) and 6 horses fed with Jerusalem artichoke meal (JAM).

part of the gastrointestinal tract1

Item PN PG MC SI CAE CV CD CT

ammonia

CON2 9.7 ± 1.4 6.5a ± 0.5 8.5 ± 0.7 8.6 ± 1.3 2.7 ± 0.6 7.6 ± 2.5 10.2 ± 2.1 9.9 ± 1.1

JAM3 12.7 ± 1.4 8.2b ± 0.5 9.4 ± 0.7 7.1 ± 1.3 2.4 ± 0.6 13.4 ± 2.5 8.8 ± 2.1 9.7 ± 1.1

L-lactate

CON2 17.2 ± 7.9 19.2 ± 6.9 37.2 ± 19.3 4.1 ± 4.2 0.0 ± 0.0 0.0c ± 0.0 0.1 ± 0.0 0.2 ± 0.1

JAM3 34.9 ± 9.5 24.9 ± 6.9 13.5 ± 15.7 10.2 ± 3.9 0.0 ± 0.0 0.0d ± 0.0 0.0 ± 0.0 0.2 ± 0.1

D-lactate

CON2 19.7 ± 6.9 8.8 ± 6.9 22.6 ± 11.6 4.0 ± 7.2 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.3 ± 0.1

JAM3 23.6 ± 6.9 27.7 ± 6.9 15.9 ± 9.5 16.0 ± 6.9 0.0 ± 0.0 0.0 ± 0.0 0.1 ± 0.0 0.2 ± 0.1

1part of the gastrointestinal tract: PN = Pars nonglandularis; PG = Pars glandularis; MC = mixed content (stomach); SI = small intestine; CAE = caecum; CV = colon
ventral; CD = colon dorsal; CT = colon transversum 2CON = control group fed with maize cob meal without grains 3JAM = treatment group supplemented with
Jerusalem artichoke meal a-dDifferent superscripts indicate with P < 0.05 different means between CON and JAM group horses for a given segment of the digestive
tract
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Ammonia

Feeding of JAM elevated the ammonia concentration
predominantly in the stomach (PN, PG and MC) as well as in
the ventral colon (Table 3). Particularly in the Pars glandularis,
the concentration of ammonia was significantly higher in the
JAM group in comparison to the control group (Table 3; P <
0.05). The concentration of ammonia was tendentially lower in
the small intestine, caecum, colon dorsale and colon
transversum when JAM was fed (Table 3; P > 0.05).

Discussion
Feed analysis indicate that the horsed received 199 g of

mono- and dimeric sugars but only 466 g of fructans via 1 kg of
the commercial JAM product (as fed basis) being 161 g/kg
lower than declared. From that, the horses did not have
ingested as much prebiotic active substances as it is
recommended to be prebiotic [8] and thus was aimed in the
study. On the one hand, this has probably influenced the
outcome of the study. On the other hand, differences between
assumed and realized contents of inulin-type fructans in the
additive in question may have biased former studies too. The
authors of the Present study are not aware of analytical
control of the fructan content in the majority of studies from
the literature. To overcome the problem analytical control
might further be an issue for both science and practical use.
The amount of starch intake was calculated based on feedstuff
analysis before the study. During the experiment, the pooled
sample (oat grains) was analyzed once again and a higher
starch content was measured. Therefore, the starch intake was
1.2 g/ kg BW * d-1 instead of exactly 1 g starch per kg BW and
day.

Nevertheless, the horses consumed the moistened
concentrates quite well during the entire study. The stomach
was full of digesta after euthanasia and the stomachs’ DM
content measured in the recent study is in the range of what is
reported from the literature [26]. Despite no significant
differences were noticed the DM content in nearly all parts of
the gastrointestinal tract was numerically higher when JAM
was fed which coincided with also higher total concentrations
of SCFA. Elevated SCFA might have triggered water absorption
probably at least in the terminal gut. An argument against this
explanation is the DM content in the colon transversum being
just there higher in CON vs. JAM horses.

Feeding of prebiotics aimed to elevate the microbial activity
associated with an increase of microbial fermentation
products predominantly in the hindgut [12]. Contrary, the
results of the present study indicate that an elevated microbial
metabolism already exists in the foregut following JAM intake.
Feeding of JAM increased the total amounts of SCFA in both
parts of the stomach. Interestingly, the percentages of acetic
acid of total SCFA were almost similar in both parts of the
stomach (Pars nonglandularis and Pars glandularis) after
feeding of JAM, but both the total amount and the percentage
of n-butyric acid as well tended to increase with coincident
reduction of the percentage of propionic acid. N-butyric acid
was reported to have several beneficial impacts on the gut

epithelium e.g. energy source for the colonic epithelial cells,
activation of mucin release, regulation of cell proliferation and
apoptosis [14] primarily in the hindgut. In the equine large
intestine, butyrate transport can be mediated by the
monocarboxylate transporter 1 (MCT 1) and inhibited through
luminal acetate, propionate and lactate concentrations of
about 20 mmol/L [27]. As opposed to this, the impact of n-
butyric acid in the stomach seems to be detrimental. In an in
vitro study with tissues from the nonglandular part of the
equine stomach, n-butyric acid significantly decreased the
mucosal barrier function at a concentration of 60 mmol/L and
in combination with a low pH of 4.0 or even 1.5 [28]. At least
pH values around 4 are normally reached in the stomach
content of horses even rather on hay than concentrate-based
diets [26] as it was provided here. The pH levels measured in
the recent study were actually between 4.4 and 3.4 in the
nonglandular and glandular region, respectively, of the
stomach. Therefore, higher amounts of n-butyric acid together
with a low pH might have been an issue in the pathogenesis of
gastric ulcers related to the nonglandular part of the equine
stomach. The horses in the recent study did however not
exhibit gastrointestinal disturbances or any other health
discomfort during the study period. Post mortem observation
of the stomach wall, however, did also not indicate that 3
weeks feeding of JAM in a dose chosen here causes mucosal
lesions in any part of the organ. The only horse with mucosal
lesions in the stomach belonged to the control group. It needs,
however, be taken into account that the measurements were
performed in digesta sampled approximately 1 hour after
concentrate intake. This means that the availability of rapidly
fermentable carbohydrates was rather high at this time point,
and thus the concentration of organic acids might be as well.
The subsequent time course over the day has probable
mitigate this. It is further imaginable that the 3 weeks lasting
adaptation period was not long enough for a clear impact of
the diet on the gastric mucosa health. The higher
concentrations of n-butyric acid in the stomach might be a
result of two potential mechanisms. Firstly, the
supplementation of prebiotic compounds can have increased
the amount of butyric acid producing bacteria like Sarcina spp.
or Clostridium spp. [29]. Consequently, the elevated microbial
metabolism due to the increased availability of specific
substrates would lead to an overall increased content of
fermentation products, particularly n-butyric acid. Secondly,
the increased concentration of this particular SCFA might be a
result of interconversion reactions. Results from an in vitro
study revealed that there is a considerable contribution of
interconversion reactions from extracellular acetate as well as
lactate to butyrate after adding oligo-fructose as substrate
[30]. The present results indicate a tendency for higher
contents of L-lactate as well as of D-lactate especially in both
parts of the stomach. There was also a tendency for higher
contents of n-butyric acid which was notably noticed in the
Pars nonglandularis, but only a slight increase in the Pars
glandularis. The dominant bacteria in the horse stomach were
found to be Lactobacilli spp., Sarcina spp. and Streptococci spp.
[29]. Consequently, the elevated metabolism of the dominant
Lactobacilli spp. might result in a higher concentration of
lactate in the stomach, particularly in the Pars nonglandularis.
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This might enhance other bacteria (like Sarcina spp.) to
convert lactate to n-butyric acid leading to an overall increased
amount of this intrinsic SCFA.

Moreover, the results indicated a tendential increase of the
content of iso-valeric acid in the Pars glandularis and only a
slight increase in the Pars nonglandularis. In vitro studies with
nonglandular tissue samples revealed a decrease in the barrier
function after the incubation with iso-valeric acid (60 mmol/L)
at pH ≤ 7.0 [31]. Iso-types of SCFA indicate microbial
proteolysis which is in good increment with the higher
ammonia contents in the stomach digesta following JAM
feeding in this study. Further, branched-chained SCFA are not
rapidly absorbable in the nonglandular part of the stomach
[32], which might result in a further accumulation in the
glandular part of this organ.

Prebiotics are used to stimulate predominantly the
autochthonous microflora as well as their metabolism in the
hindgut [12]. In contrast to studies with scFOS fed in different
dosages [10,11], the present results indicated a much lesser
impact of JAM on the microbial fermentation products in the
hindgut than expected. Already in a former study fermentation
gases in the exhaled air indicated that inulin started to be
fermented in more distal parts of the horses’ gut [13]. In the
current study, feeding of JAM was accompanied by lower
concentrations of SCFA and lactate (L- and D- isomer) in the
caecum. An increased content of L-lactate was noticed after
feeding of scFOS (30 g/d × horse-1, over a 21 d period), but
there was no impact on the concentration of total SCFA [11]. In
the ventral colon, the content of n-butyric acid as well as
acetic acid were elevated and the concentration of L-lactate
was significantly reduced in the recent study which needs to
be assessed rather fortunately in this part of the digestive
tract. In contrast to this, the supplementation of scFOS had no
impact on the concentration of SCFA and decreased the
amount of D-lactate but not L-lactate in the colon. In the study
of Respondek et al. [11], horses (7 years old) supplemented
with scFOS were fed at a roughage to concentrate ratio of
approximately 30:70. The horses in the current study received
a vice versa ratio of approximately 85:15. Therefore, apart
from the dosage of the prebiotic, the composition of the basal
ration might be relevant for the effects of the prebiotic
especially in the hindgut. Diets containing more than 50% of
concentrate can lead to an augmented concentration of SCFA
in the hindgut, so that the prebiotic effect might be less
pronounced [33].

Furthermore, feeding of JAM resulted in a tendential
increased concentration of ammonia in the Pars
nonglandularis and a significantly elevated content in the Pars
glandularis. This might be a result of an increased metabolic
activity of several proteolytic and/or ureolytic microorganisms
in the stomach as mentioned above. Some studies indicated
the highest proteolytic activity primarily in the small intestine
of horses [34] but more recent results revealed the presence
of proteolytic active bacteria like Pseudomonas spp. equally in
the stomach [30]. Due to the low pH in the stomach, urease
seems to be inactive but the increased amount of ammonia
might be a result of the contribution of intracellular gastric

urease originated from bacteria [35,36]. Elevated amounts of
ammonia were also noticed in the hindgut particularly in the
ventral colon after feeding of JAM. Redundant amounts of
ammonia could either be excreted via feces or be absorbed
and converted to non-proteinogenic amino acids or urea in the
liver [35,37].

Although the supplementation of JAM increased the
concentration of SCFA and lactate predominantly in the
stomach, no pH differences between both groups were
recorded. This might be based upon the somewhat higher
elevated concentration of ammonia in the stomach following
JAM feeding, which acts as puffer therefore counteracts a pH
decrease. Particularly in human being and may be other target
animals such as pigs feeding of prebiotics aims, among others,
to decrease the pH predominantly in the hindgut and thus to
reduce the chance of pathogens to colonize the digestive tract
[9]. The present results indicated no decreasing pH in the
hindgut related to only a slight increase of organic acids as
acidifying fermentation products and in some anatomical
regions a concomitant ammonia increase.

In the recent study, the amount of prebiotics that actually
might have reached the hindgut seemed to be much lesser
than required and did not lead to a significant elevation of the
microbial activity. An elevation of the dose, however, may
increase the risk for pronounced microbial fermentation
although in the stomach with subsequent negative impact on
the mucosal health and can therefore not unconditionally be
recommended. This issue needs to be investigated further as
well as probable impacts of the chain length of individual
fructans in the prebiotic in question, which are partly
responsible for the rapidness of degradation. And last but not
least, future galenic treatment might ensure prebiotics to be
fermented first in the hindgut where they actually should be
decomposed to unfold their positive effects. When working on
such a strategy one should consider that apparently prebiotic
doses recommended for practical use [8] unavoidably included
that part of prebiotic substances that have been decomposed
by both microbial fermentation and acidic hydrolysis
particularly in the stomach of horses. Thus, the situation when
the full prebiotic dose as recommended by [8] would actually
reach the caecum needs to be investigated carefully.

Conclusions
Fructo-oligosaccharides + inulin originating from Jerusalem

artichoke meal fed to horses in an apparently prebiotic dosage
might cause an increased microbial activity and equally
elevated amounts of fermentation products predominantly in
the stomach. Although increased acidity represents a risk
factor for gastric ulcers this effect needs to be discussed
carefully with respect to particular SCFA, the elevated
ammonia concentration and the fairly stable pH value as
overall result. The impact of feeding the prebiotic compound
in the dosage applied here on the hindgut might be much
lesser pronounced than expected.
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