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Abstract

The bidirectional communication between the cerdrad the enteric nervous system named
the gut-brain axis has been widely recognized. gitemicrobiota has been implicated in a
variety of stress-related conditions including @tyi depression and irritable bowel syndrome
based on rodent studies or correlative analydisiman patients. The aim of the present study
was to investigate to what extent changes in behaluring stressful events and in the
microbial composition of the colonic ecosystem wassociated in horses. The microbiota
alterations were induced by a change from a higérfidiet (100% hay, H diet) to a
progressive low-fiber and high-starch diet (56% leyd 44% barley, HB diet) on six
fistulated horses. Colonic total anaerobic, celidio, amylolytic and lactate-utilizing bacteria
were enumerated once on H diet and once on HB Bitterial richness, diversity and
structure at family and genus level were also da@texd. The behavior of horses was assessed
through two standardized stressful tests: a novelsy and an umbrella test. The different
alterations measured in the colonic microbiota destrated a lower fibrolytic capacity and a
higher amylolytic capacity of the ecosystem whensée received HB compared to H diet.
During the novelty test, the frequency of blowingsasignificantly higher in HB than in H
diet and was positively correlated with the conwiin of amylolytic bacteria and the
Succinivibrionaceae relative abundance. Duringuimbrella test, behavioral variables were
not significantly different between the diets bt tcolonic content pH was negatively
correlated with the frequency of startle respoBshavioral responses of anxiety were related
to hindgut microbiotandicators of a high-starch diet. Dietary-induceddulation of the gut
microbiota composition may have changed the horbesiavioral reactions in stressful

situations.

Keywords: behavior; diet; microbiota; stress; horses
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1. Introduction

The bidirectional communication between the cerdrad the enteric nervous system named
the gut-brain axis has been widely recognized [1&}er the past decade, fundamental
studies emphasized the importance of the gut migt@bn influencing this communication,
revealing a microbiota-gut-brain axis with two-wiayeractions between the microbiota and
stress behavior [2, 4]. The gut microbiota hasbiegplicated in a variety of stress-related
conditions including anxiety, depression and ibiéa bowel syndrome based on animal
studies or correlative analysis in patient popafai[4]. For instance, human patients with
depression exhibited modified and less diversel feterobiota signatures than controls [5].
In lab animals altered gut microbiota profiles hdeen associated with changes in stress-
related behavior and exacerbation of the hypothiakpituitary-adrenal axis reactivity [6]. As
an example, stress hormones (plasma ACTH and ost#iione) elevation in response to
restraint stress was higher in germfree mice thaconventional mice [7]. In open-field test
(i.e. test of spontaneous activity), germfree radslemere more anxious and active than
conventional rodents [mice: 8, rats: 9].

Bearing in mind this influence of the gut microlsiain the central nervous system, there is
great temptation for changing behavior by modugatjat microbiota structure and function.
It is largely recognized that dietary modulatioraisnajor and easy way for inducing changes
in the composition of the gut microbiota [10]. Fhetmore there is scientific evidence
supporting a causal relationship between overatl giiality and occurrence of depression and
anxiety [11].For example, mice on high-sucrose diet displaysd Enxiety than mice on
high-fat diet in three stressful tests [12]. Howewkiological pathways and targets that
mediate the associations between diet, gut mictal@ad anxiety are not clearly identified.
This is why we investigated in a earlier study tbaiv extent behavioral changes were

associated with changes of the microbiota througlalanentary change in horses [13]. Far
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from their natural living, most horses are subrditte stressful conditions in terms of
housing, feeding or training that have been assatiavith the occurrence of altered
behavioral responses or even of diseases suclsa gecers, colic or laminitis [14].

Our earlier study indicated that the gut microflaad the horse’s brain might have a
bidirectional relationship because the animal’'poese in a novelty and a social test varied
with diet [13]. More research is needed to evaldhéimpact of the dietary stress factor on
particular bacterial taxa and their interactionshwiehavioral changes. Hence, the present
study aimed to investigate the link between chamgdsehavior during stressful events and
changes in microbial composition and activity a¢ tolonic ecosystem in horses. In view of
our previous study, another behavioral test knowé more stressful for animals than a
novelty test was used. In addition to bacteria esmaion, we determined bacterial richness,

diversity and structure at family and genus leelell as pH.

2. Material and methods
The protocol was approved by the Committee on tinc& of Animal Experiments of Grand

Campus Dijon (registration number: 105; April 08,13).

2.1. Subjects and facilities

Six adult crossbred geldings fitted with cannulaghe right ventral (RV) colon were used.

The barrel of each fistula (in the cecum and inrigbt-ventral colon) was 15 cm long and

2.25 cm internal diameter. Surgery procedure usedet fistulas was the same as that
described by [15], and was performed at least ywars ago. Hence, the effect of fistula on
behavior was assumed to be negligible. Horses agee 13—-21 years and weighing 474 to
517 kg. They were housed in 3.3 x 4 m stalls whightained an automatic waterer (water

provided free choice), a plastic feed bucket foy, lm plastic feed bucket for barley with a
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trace mineral and NaCl block, and wood shavingppéaox Classic, Thierwhol, Retteinmaier,
France) as bedding over rubber stall mats. Hors&e fed at 08:00 and 17:00; stalls were
cleaned and bedding replaced each morning. Theefiavere released daily in a small dry
paddock (10 x 10 m) for 2h. Horses were exercisetimes a week (except days of digestive
collection or behavioral tests) in an automatic keal1h per day at 4-6 km/h. Their
vaccinations against tetanus and influenza (PrétedE, Merial) and their de-worming

(Equest Oral Gel (moxidectin), Fort Dodge Animalati) were updated before the start of

the experiment.

2.2. Experimental design and diets

The horses were submitted to a longitudinal expemintomposed of 8 weeks and separated
in 2 periods, each associated with a diet. Durindjed (30 days), horses were fed a high-fiber
diet composed of 100% of hay (H diet; 2.1 kg of Dmatter (DM)/day/100 kg of Body
Weight (BW)). Then, during a period of gradual s#ion (over five days), they were
submitted to a modification of diet from the H dieta progressive low-fiber and high-starch
diet (from 90% hay and 10% barley to 60% hay anth 4@rley in 4 days). During HB diet
(23 days), horses were fed a diet composed of F@8ayand 44% of barley (HB diet; 1.4 kg
of DM/day /100 kg of BW with 0.8 kg of DM/day/100kaf BW hay). All the diets were
formulated to be iso-energetics and to meet 105%hefenergy requirements for horse
subjected to a very light woike]. Both diets were offered in two equal meals pear. @&very
period, the body weight of each horse was assesgsedlly through a body condition score
and horses were weighed.

Recent data (not published yet) in horses showatGiweeks after a change from a high-
starch diet to a hay diet the hindgut microbialsgstem was still statistically different from

its status under the hay diet (Grimm & Julliandrsp@al data). Thus, we hypothesized that
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the modulation of the hindgut microbiota after ghstarch diet would last more than 4
weeks and we chose to observe all the 6-fistulatades during hay diet (their usual diet)
then during the high-starch diet. The timing of #heerimental procedures is described in

Fig. 1.

2.3. Intestinal samples collection and microbiatalgses

Colonic contents were collected 4h after the maymireal the 27 day of the H diet and the
20" of the HB diet (Fig.1). The colonic contents welsained by gravity via the cannulas.
An aliquot of the unfiltered contents (solid anduldj phase) was sampled for molecular
biology analysis (1 mL, storage at -80 °C until lgsis). Another aliquot of unfiltered content
was also sampled in a container filled to capadityavoid the presence of oxygen) for

microbiological analyses performed immediately raftee sample collection.

2.3.1. Bacteria functional group analysis

Total anaerobic bacteria and cellulolytic, amylmlyand lactate-utilizing bacteria were
enumerated in the colon using conventional anaerobiture techniques. The content of
colon (1mL) was serially diluted in a mineral saat[17] and then inoculated in roll tubes
on specific media under continuous flow of CO2 [18pncentrations of total anaerobic
bacteria (dilutions representing010°°, or 107 mL of intestinal contents) were determined
on a non-selective modified complete agar mediugy £D] after 48 h of incubation at 38°C.
Concentrations of lactate-utilising bacteria (déns representing 18 10 or 10° mL of
intestinal contents) were determined on a selectieelium [21] after 48h of incubation at
38°C. Concentrations of amylolytic bacteria (dibus representing 010° and 10°, mL of
intestinal contents) were determined on a modifetéctive medium containing 1% (w/v)

soluble starch as the main energy source [22]; @f2eh of incubation at 38°C. Most probable
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number [23] of cellulolytic bacteria (dilutions mesenting 10, 10° and 10’ mL of
intestinal contents) were determined using a medifiroth medium [20, 24] after 15 d of
incubation at 38°C. Finally, all the bacteria camcations were turned into decimal

logarithms (logg).

2.3.2. Bacterial 16S rDNA extraction, sequencingd bioinformatical analysis

Total DNA was extracted from 0.25 g RV colonic @mnttas described by Yu and Morrison
[25]. The quantity of obtained DNA was assessedaospectrophotometer (Eppendorf,
Hamburg, Germany) and its purity was evaluated &lgutating A260/280 ratios to verify
contamination by proteins (ratio values betweenah@ 2 were acceptable for nucleic acid
extractions from digestive samples). DNA samplesewben frozen at -80°C. The V3-V4
hypervariable region (459 bp in E. Coli) of the tea@l 16S ribosomal RNA gene (16S
rRNA, 1542 bp in E. Coli) was amplified by PCR ugihe forward and reverse primers F343
(CTTTCCCTACACGACGCTCTTCCGATCTACGGRAGGCAGCAG) (adapt from [26])
and R784 (GGAGTTCAGACGTGTGCTCTTCCGATCTTACCAGGGTATEBATCCT)
(adapted from [27]). The PCR mix was constitutedl@fng of DNA, 5uL of buffer (MP
Biomedicals, lllkirch-Graffenstaden, France), 1 fldANTP mix, 0.5uL of Taq polymerase (5
U/uL MTP TM Taq DNA Polymerase, Sigma, Saint-Louldissouri, USA), 1.25 pL (20
pHM) of forward and reverse primer and was complaéted0 pL with sterile water. The
conditions of PCR were: one cycle at 94 °C duringif, followed by 30 x (94 °C during 1
min, 65 °C during 1 min and 72 °C during 1 min).eTamplification was followed by a
melting program (72°C during 10 min). To verify tleerrect amplification of the V3-V4
region, the DNA samples were electrophoresed o agarose gel. The PCR products (4uL)
were applied per well and electrophoresed for 14t146°C using a fixed voltage of 70 V on a

Mupid One system. After purification with magnebeads amplicons were submitted to a
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second PCR aiming at ligate lllumina adapters anthdex allowing the identification of the
sample. The PCR mix was the same than for the RGR with a forward primer
(AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGAC) anta reverse
primer(CAAGCAGAAGACGGCATACGAGAT-Index-GTGACTGGAGTTEGACGTGT).
The conditions of PCR were similar to the previongs except 12 cycles of elongation were
performed. PCR products were again purified usirmgmetic beads. The resulting PCR
products were sequenced using an lllumina MiSegofu260 base paired-ends according to
the manufacturer instructions (lllumina Inc., Saredo, CA). The quality of the run was
checked using control libraries generated from BteX virus (lllumina PhiX control;
lllumina Inc., San Diego, CA).

Bioinformatic analyses were performed using the Bipeline (Find Rapidly OTU with
Galaxy Solution), which associates several tool&dok on the file of sequences and obtain
both the abundance table of operational taxonommits u(OTUs) and their taxonomic
affiliation [28]. OTUs which are not present inlaast 2 samples, or whose abundance was
less than 5x18 were removed. Remaining OTU (operational taxomomiit) were then
aligned to the silval23 16S data base [29] usindBL and were affiliated to the highest
taxonomic rank possible. The abundance table amds$bociated multi-hit list were created.
Relative abundance of the different families andega was calculated. Richness (Number of
species) and diversity (Shannon) indexes [30] wateulated from the abundance table using

FROGS.

2.3.3. pH measurement
The pH of the colon was measured directly afterdhmples collection using the HI 1053
electrode (Hanna instrument, Lingolsheim, Franca)nected to an electronic pH-meter

(CyberScan pH 510, Eutech Instrument, Strasbouemnde).
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2.4. Behavioral analysis in the stressful tests

In order to examine the reactions specific to thedus studied, we attempted to test the
horses’ reaction in a context as neutral as passibvelty and umbrella tests were thus
performed in a barn adjacent to the stall wheredwwere living. Both tests were realized the
same day, the 80days of the H diet and the "28lays of the HB diet (Fig 1.). Novelty tests

were realized on mornings and umbrella tests @rradbns.

2.4.1. Novelty test

The testing area (Fig. 2) consisted of a pre-test(waiting pen, 15 fjand a test arena (45
m?) made of wooden walls covered with white sheetsn(high). A sliding door allowed
passage from waiting pen to the area [31]. At theosite side of the entrance, the test arena
contained a bucket containing pellets (75 g of eotr@ate) and a closed black umbrella fixed
on the wall (1.5 m high, the opening system ofuhebrella was on the other side of the wall
thanks to a hole in the wall). Three zones wererdghed in the test arena to measure the
horse activity (Z1, Z2 and Z3). Between thé"2iay and the 30of the H diet, horses were
submitted to a habituation procedure. On day dme,animals were individually allowed to
freely explore the test arena for 5 min. On day, tearh horse was led by a stockperson to the
bucket containing the pellets and ate them. Ontligge, animals were allowed to eat pellets
on their own. After the habituation procedure, lsrsvere submitted to the novelty test on
two occasions (Fig 1.). Each horse entered theatesia where a novel object (H diet: a red
fire extinguisher, 1 m high; HB diet: a gold cardbi display box, 1.5 m high) had been
placed 20 cm in front of the food-filled bucket.eTtest lasted for 5 min. The behavior of the
horse was recorded (using a SONY Handycam HDV Camand analyzed using the

following behavioral categories: feeding (takingdiointo the mouth, chewing food), being
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vigilant (being immobile with head in an uprightgioon, ears immobile and tail slightly
raised), smelling the floor, interacting with thevel object (head and ears oriented towards
the object whereas animal’s nose is less than 1@ra@m the object), blowing (high pitched
'‘whoosh' sound produced as the horse exhales thrthegnose) and moving (sum of the
frequencies of being of the different zones Z1,a68 Z3). The order that animals entered in

the testing area was randomly made.

2.4.2. Umbrella test

The day of the novelty test (in the same test grdmases were submitted to the umbrella test
on two occasions (Fig 1.). Each horse entereddbedrena and started to feed. After 30 s
feeding, the sudden event occurred i.e. the blankrella was open by an experimenter
placed outside the pen. As soon as the umbrellaopas, the test lasted for 5 min. The
behavior of the horse was recorded (using a SONNdiizam HDV Camera) and analyzed
using the following behavioral categories: feedinging vigilant, smelling the floor, having a
startle response (having a visible transient catita of the shoulder and/or hindquarter of
the animal occurring with a flexion of the legswath the legs moving away from each other),
blowing and moving. Times spent in the differenhes of the test arena (Z1, Z2 and Z3) and
latencies to feed after the sudden event wereratsmrded. The order that animals entered in

testing area was randomly made.

2.5. Statistical analysis

Data were analyzed using XLSTAT software (versi@i123.01.19097, Addinsoft, Paris,
France). Since the animals were physiologicallplstéadult, non-productive), restricted fed,
and maintained in a controlled environment, timeafwas assumed to be negligible [32].

Diet effect on microbial parameters (concentratafnbacteria functional group, relative

10
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abundance of bacterial families and genera, richraesl diversity indexes) was analyzed
using ANOVAs. Friedman test was used to analyze efiect on horses’ behaviors during
novelty andumbrellatests. Spearman correlations (with Holm's methodsasent) were
used to correlate microbial parameters and hotsasaviors during novelty and suddenness

tests. The limit of significance was set at P 0.0

3. Reaults

3.1. Behavioral analysis

During novelty test, the frequency of blowing wagngicantly higher in HB diet than in H
diet (P= 0.04, Tablel). The other behavioral vdeslwere not significantly different between
H diet and HB diet (P>0.3, Table 1). During umtaelést, behavioral variables were not

significantly different between H diet and HB d{et-0.3, Table 1).

3.2. Intestinal microbiota analysis

Concentrations of amylolytic bacteria and of t@aherobic bacteria were significantly higher
on HB diet than in H diet (respectively P= 0.00% &+ 0.05, Table 2). pH and the other
concentrations of bacteria were not significantiffedent between the two diets (Table 2).
The number of species and Shannon index were gatfisantly different between diets

(Table 2). The relative abundance of Succinivibaiceae family was significantly higher in

HB diet than in H diet (P= 0.04, Table 2). The tiela abundance of the other bacteria

families were not significantly different betwedrettwo diets (P> 0.1, Table 3).

3.3. Correlations between behavioral and physicklgiata

11
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The adjusted P-values with Holm's method showed ltehavioral and physiological data
were not significantly correlated (adjusted P-vak@5). In the following results, P-values of

Spearman correlations without Holm's method adjestare shown

3.2.1. Novelty test

Concentration of amylolytic bacteria and frequeatyplowing were positively correlated (P=
0.009, Table 3). The other behavioral variables aodcentrations of bacteria were not
significantly correlated (P>0.1, Table 3).

Behavioral variables and Species index were natifsigntly correlated (|r|[<0.5; P>0.1).
Shannon index and duration of smelling the flodraighon index and frequency of moving
were positively correlated (¢).6; P<0.04). Shannon index and duration of feedusge
negatively correlated (r=-0.8; P=0.01). The othehdvioral variables and Shannon index
were not significantly correlated (|r|<0.5; P>0.1).

Relative abundance of Succinivibrionaceae (geBuscinivibrio) and frequency of blowing
were positively correlated (P=0.02, Table 4). Thieo behavioral variables were not

significantly correlated to colonic bacteria faredirelative abundance (P>0.1, Table 4).

3.3.2. Umbrella test

Behavioral variables and bacterial concentratiomsewnot significantly correlated (P>0.1,
Table 5). pH was negatively correlated with fregueaf startle response (P=0.02, Table 5).
Behavioral variables and species number were mpiifidantly correlated (|r|<0.6; P>0.3).
Behavioral variables and Shannon index were natifsggntly correlated (|r|<0.6; P>0.3).
Relative abundance of Ruminococcaceae (especiaypusgy Ruminiclostridium and
Ruminococcaceae UCG-005) was positively correlated with duration of smadjithe floor

(P=0.05, Table 6). Relative abundance of Ruminc@oeae (especially genus

12
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Ruminiclostridium 5, Ruminococcaceae UCG-002 and Ruminococcaceae UCG-003) was

negatively correlated with latency to feed (P=0,00@&ble 6). Relative abundance of
Prevotellaceae was positively correlated with leyeto feed (P=0.04, Table 6). The other
behavioral variables and bacteria family abundaneese not significantly correlated

(P>0.05, Table 6).

4. Discussion

In this study, we examined and found data supppttie association between the fluctuations
of the colonic microbial ecosystem due to dietdrgrgyes and changes in behavior reflecting
anxiety-like disorders in horses. One strengthwfsiudy included the use of live horses as
model for their own species. Indeed interactionsvben the intestinal microbiota and the
host are host specific [33]. There is a markedrimdividual variability of the colonic
bacterial composition, which could be a confoundiagtor. Using fistulated animals, this
limitation could be resolved as we worked with #@me individuals along the study. To
increase the relevance of the findings, horsesldHm tested after different lengths of time
eating each diet. Another study should be condutteidst the diets short- and long-term
effects on the microbiota.

To study the variations of the colonic microbiabsgstem, we combined the analysis of
bacterial composition (family) and microbial furartality of the colonic ecosystem. Recent
data brought out the fact that studying the miabetabolism could be as important and
relevant as examining the gut microbiota compasitio order to better understand the
complexity of the dynamic relationship of microl@ptdiet, and mental health [34]. Under
dietary changes, the capability of bacteria to rfyottieir metabolism could indeed be faster
than their capacity to alter their composition. Tiwe diets that we distributed to the horses

modulated significantly the colonic microbiota irwcardance with data reported in the

13
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literature. As expected [35], the different altemas demonstrated a lower fibrolytic capacity
and a higher amylolytic capacity of the ecosystelmenvhorses receivedgherstarch intake.
This change was reflected by the significant inseeaf amylolytic bacteria concentration in
the colonic content of horses fed the high-staréét @ompared the high-fiber diet.
Furthermore, the relative abundance of Succinigitaceae family increased with starch.
Bacterial species ofSuccinovibrio are included among the predominant amylose-,
amylodextrin- and maltose-utilizing bacteria [36:3%nd it was even reported that
Succinivibrio dextrinosolvens constitutes a high proportion of the cecal micoofe before the
onset of laminitis [39]. Cellulolytic and amylolgti bacteria hydrolyse plant structural
cellulose and starches respectively into simplesi¢cellobiose, glucose) which are further
fermented by other intestinal microorganisms ingoupgate and then short chain fatty acids,
lactate, and gases (CO2 and CH4). The types ofefetation metabolites produced from
pyruvate in the hindgut of horses depend on th&dieenvironment [35] and can impact the
fecal pH. Although we found no significant diffeas in the colonic content pH of horses
fed high-starch or high-fiber diet, pH was negd{iveorrelated with the frequency of startle
response in umbrella test. Hence, when the colooitent pH decreased which can induce
acidosis [40], the frequency of startle responseemsed which can reveal more anxiety in
horses. Our data support the fact that a dietartpfacan induce changes in behavior during
stressful events. Likewise, during the novelty test horses demonstratedsaynificantly
higher frequency of blowing when they were fed High starch compared to the hay diet.
This frequency of blowing was positively correlatetth the concentration of amylolytic
bacteria and the relative abundance of Succinmitaceae family. Blowing in horses may be
considered as an alert or alarm type of behavidrraay be associated with anxiety [41]. In
our study, the horses seemed tonioee over reactive in the novelty testhen fed the high

starchdiet than the hay diet. However, they did not steagnificant behavioral differences

14
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during the umbrella test. During this test, all Hueses stopped eating few secoadd some

of them showed a startle response in reactiondstitlden event, with no difference between
the diets. This lack of difference may be due toeding effect, because all the horses
exhibited very strong responses to the sudden pgesfi the umbrella. This hypothesis was
also suggested in calves [42] and in lambs [31]adidition, according to the appraisal
theories of cognitive psychology of Scherer to assemotions [43], the evaluation of
suddenness is the most automatic evaluative proltesm be argued that suddenness caused
specific reflex responses, making it difficult tesctfiminate the variation in sentience and
decision making between individuals.

A recurring criticism in studies examining the libktween colonic microbiota and anxiety-
like disorders is that data do not permit the elaton of whether an altered microbiota are
the cause or consequence of behavioral changesa8lk individual in our study was
submitted to the same controlled management paessnét terms of housing, bedding,
exercise, etc. except for the diet, we could hyptichlly assign the observed behavioral
changes during stressful tests to the alteratidnhe microbial ecosystem due to dietary
modifications. We also found positive correlatidretween the duration of smelling the floor
or the frequency of moving during novelty testldhe diversity of colonic bacteria; and
between the duration of smelling the floor durimghluella test and the relative abundance of
Ruminococcaceae. Oppositely, bacterial diversitg wagatively correlated with the duration
of feeding during novelty test. Smelling the flomnd moving may reflect an exploratory
behaviorin horses in a calm situation [44]. Therefore indipals who were more reactive in
our studyspentless time smelling the floor butore time before eating and for eating, and
concomitantly had a lower bacterial diversity withhe colon. Ruminococcaceae is a family
of fibrolytic and acid-intolerant bacteria that m@gcrease in abundance in response to dietary

change (concentrate diet) and intestinal diseaskomes [45]. The decrease in bacterial
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richness and diversity potentially reduces theliezgie of the microbial ecosystem and can
result in a higher susceptibility to dysbiosis. dgniologic data have suggested that colic
could result from dysbiosis in the hindgut ecosysées a result of dietary factors [35]. Other
epidemiological data have cited the temperament] aspecially the irritability and

excitability of the horse as a risk factor for cq#6].

5. Conclusion

Modulation of the gut microbiota by changing theetdseemed to change the horses’
behavioral reactions in stressful situations. s our previous study [13], behavioral

responses of anxiety were related to hindgut miotabndicators of a high-starch diet. The

ability of diet to modulate the microbial structuaed function of the gut shows the gut
microbiota to be not only a sensitive organ bubatse with great potential to modulate
anxiety. More studies are needed to better undetdtee effect of diets on anxiety disorders

in mammals.
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Figure captions

Fig 1. Diagram depicting the timing of the diets (H diet: high-fiber diet composed of 100% of
Hay; HB diet: very low-fiber diet composed of 56% of Hay and 44% of Barley), the sampling

collection and the behavioral tests.

Fig 2. The testing area for novelty and umbrella tests. Three zones were defined: Z1, Z2 and

Z3.
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Table 1. Observed behaviors (n= 6 horses) during H die@¥d®ay) and HB diet (56% hay

and 44% barley) in both standardized stressfus f@&ivelty and umbrella tests)

Mean + S.E H dief HB diet Friedman's te:  P-value
Novelty test
Duration of feeding (s) 130.2 £ 35.8 122.2 £+ 35.0 .030 0.9
Duration of being vigilar (s) 75.7+ 26.¢ 85.0+ 26.( 0.00¢ 0.€
Duration of smelling the flo« (s) 29.3+5.€ 19.0+8.C 0.€ 0.4
Duration of interacting with th 36.0+ 13.4 49.4+ 16.< 0.t 0.t
novel object (s)
Frequency of blowing 0.8+0.8 34+15 4.5 0.04
Frequency of moving 8.8+29 6.4+1.2 0.08 0.8
Latency to feed (s) 92+14 124 +2.6 1.0 0.3
Umbrella test
Duration of feeding (s) 132.6 £38.9 97.4+25.2 50. 0.5
Duration of being vigilant ( 116.2+ 39.t 142.6+ 25.€ 0.t 0.t
Duration of smelling the floor ( 23.6x£9.¢ 23.0£9.2 0.01 0.€
Frequency of startle respol 0.6+0.4 0.4+0.2 0.0¢ 0.8
Frequency of blowing 3.6+29 20+1.3 0.01 0.9
Frequency of moving 7.2+25 76124 0.4 0.5
Latency to feed (s) 128+2.1 30.8+£22.6 1.1 0.3




Table 2. Bacteria functional group, biochemical parametard bacteria family (n= 6 horses)
during H diet (100% hay) and HB diet (56% hay adAébdoarley)

Mean = S.E H diel HB diel F P-value
Bacteria enumeration
(CFU:Colony-forming unit)
Concentrationlog;o CFU/¢) of 4.7+0.2 42 +0.2 3.t 0.0¢
cellulolytic bacteria
Concentratior(log;o CFU/g) of 5.6£0.2 6.5+0.2 13.7 0.00¢
amylolytic bacteria
Concentration (log CFU/g) of 6.1+0.3 6.9 £0.3 29 0.1
lactate-utilizing bacteria
Concentration (log CFU/qg) of total 6.9+0.3 7.9+0.3 5.3 0.05
anaerobic bacteria
pH 6.7+0.1 6.9+0.1 1.4 0.3
Richness and diversity
Species index 857 £ 50 845 + 60 0.02 0.9
Shannon index 55+0.1 54+0.1 0.5 0.5
Family (relative abundance)
Lachnospiraceae 21.7+15 22.8+1.9 0.2 0.7
Ruminococcaceae 16.0+1.0 20.0+3.2 14 0.3
Prevotellacee 16.8+ 2.5 104+ 2.2 3.€ 0.0¢
Streptococcace 0.06+ 0.0z 4.Cx 2.2 3.4 0.1
Veillonellacea 0.1+ 0.0t 1.5+1.C 2.C 0.z
Succinivibrionacee 0.006 + 0.00 1.3+0.! 6.2 0.0
Lactobacillaceae 0.3+£0.09 0.8+0.3 3.2 0.1
Fibrobacteraceae 0.2 £0.07 0.3+0.2 0.1 0.8




Table 3. Correlations between behavioral data (frequermiekiration in s) during novelty test and bactenameration and pH

Concentration of

Concentration of Concentration of Concentration of .
total anaerobic pH

cellulolytic bacteria amylolytic bacteria lactate-utilizing bacteria

bacteria
Duration of feeding -0.2 0.005 0.04 0.1 0.3
Duration of being vigilant 0.04 0.02 -0.2 -0.3 -0.3
Duration of smelling the floor 0.4 -0.5 -0.1 -0.3 .10
Duration of interacting with the novel object 0.03 0.3 0.3 0.1 0.08
Frequency of blowing -0.3 0.8 0.4 0.4 -0.2
Frequency of moving 0.4 -04 -0.4 -0.2 0.2

Latency to feed -0.2 -0.1 -0.4 -0.2 0.3




Table 4. Correlations between behavioral data (frequermiekiration in s) during novelty test and bactéaiaily data (relative abundance)

LachnospiraceaeRuminococcaceaePrevotellaceae StreptococcaceaéVeillonellaceae Succinivibrionaceaelactobacillaceae Fibrobacteraceae

Duration of feeding -0.1 -0.4 -0.1 -0.03 -0.04 -0.1 -0.09 -0.5
Duration of being vigilant 0.3 0.4 0.2 0.07 0.3 0.2 -0.3 0.4
Duration of smelling the floor -0.4 -0.02 0.3 -0.3 -0.03 -0.08 -0.2 0.6
t?]‘érﬁggglogg;‘éﬁ{a"“”g with -0.04 0.6 05 0.6 05 0.4 0.6 0.4
Frequency of blowing 0.2 0.2 -0.1 0.5 0.3 0.7 0.1 .010
Frequency of moving -0.3 0.4 -0.07 -0.3 0.09 -0.09 0.01 0.5

Latency to feed 0.1 0.4 -0.2 0.1 0.4 0.3 0.009 0.4




Table 5. Correlations between behavioral data (frequermietiration in s) during umbrella test and bacteriameration and pH

Concentration of

Concentration of Concentration of e Concentration of total
. . . . lactate-utilizing . . pH
cellulolytic bacteria  amylolytic bacteria . anaerobic bacteria
bacteria

Duration of feeding 0.02 -0.2 -0.2 -0.2 0.4
Duration of being vigilant -0.08 0.3 0.3 0.3 -0.3
Duration of smelling the floor -0.2 0.07 0.2 -0.1 0.4
Frequency of startle response 0.03 0.2 0.4 0.4 -0.7
Frequency of blowing 0.03 0.2 0.1 0.1 -0.4
Frequency of moving 0.04 0.3 0.1 0.01 0.09
Latency to feed -0.1 -0.2 -0.1 -0.08 -0.04




Table 6. Correlations between behavioral data (frequermiekiration in s) during umbrella test and bactéamaily data (relative abundance)

Duration of feeding

Duration of being vigilant
Duration of smelling the floor
Frequency of startle response
Frequency of blowing
Frequency of moving

Latency to feed

LachnospiraceaeRuminococcaceaePrevotellaceae Streptococcaceae VeillonellaceguccinivibrionaceaelLactobacillaceae Fibrobacteraceae

-0.3
-0.03
0.3
-0.2
0.2
0.6
0.2

-0.2
-0.1
0.6
0.2
0.3
0.1
-0.8

-0.2
0.4
-0.5

0.1

-0.1
-0.4
0.7

-0.2
0.3
0.2

0.06

-0.03
0.1

-0.3

-0.3 -0.3 0.2-
0.4 40 0.07
60. -0.04 0.4
3 -0. -0.2 0.4
-0.3 -0.08 0.2
-0.09 0.2 0.09
0.4 -0.3 -0.4

-0.4
0.5
-0.4
0.01

0.03

-0.04

2-0.






