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Abstract

A total of 80 piglets (7.9 + 1.0 kg) were used in a feeding experiment with dried oregano. The diets
differed in their oregano content: 0 g, 2 g, 4 g and 8 g oregano/kg feed, corresponding to 0, 23.5,
46.9 and 93.9 mg carvacrol/kg DM. After the experimental period of 5 weeks, 20 piglets of both
extreme feeding groups were slaughtered: 10 animals of the control group and 10 animals of the
group that received 8 g oregano/kg. Ingesta samples of jejunum, caecum and colon were collected
and analyzed by FISH and PCR RFLP to compare the diversity of microbiota. The results showed no
significant changes in microbiota in response to oregano. The patterns of the PCR-RFLP showed a
similarity of 61.8% - 91.8% in both feeding groups. In conclusion, an effect of oregano on the in-
testinal microbiota could not be shown under the methods used.
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1. Introduction

Weaning with the separation of the sow and the new environmental conditions is a very stressful situation for
piglets. Especially the change from suckling to solid feed is a major challenge for the pig and is associated with
major changes in the microbiota of the gastrointestinal tract (GIT). The GIT represents a dynamic ecosystem
which is very complex and consists of micro-aerophilic and anaerobic microbes [1] that are important for nu-
trient digestion, the support of the mucosal immunity and the development of the gut-associated-lymphoid tissue
[2]. Stress during weaning often caused an altered composition of the microbiota in the gut [3] [4]. Piglets with a
low diversity of the enteric flora were more susceptible to diarrhea than animals with a high diversity [5]. Kons-
tantinov et al. [1] postulated that a stable and complex microbiota is a prerequisite for healthy bowel function.
To support the mucosal immunity and the microbiota in this critical period of life, the Mediterranean herb Ori-
ganum vulgare L. with its antimicrobial abilities was focused on [6] [7]. The main components of its essential
oil are carvacrol and thymol which were used in several in vitro investigations to evaluate the antimicrobial ac-
tivity [8]-[10]. For example, in vitro investigations of Michiels et al. [11] with essential oil components of ore-
gano (carvacrol and thymol) showed antimicrobial opportunities in gastric, jejunal and ceacal simulations. The
researchers recognized a reducing effect on total anaerobic bacteria in all three types of simulations. In vivo in-
vestigations with oregano supplementation to the feed could lead to alterations in microbial counts, for example
lactobacilli [12] [13]. Herb supplementations, in general, are suggested to reduce only harmful coliform bacteria
in the gut while in-feed antibiotics presumably inhibit also the proliferation of beneficial bacteria like lactobacil-
li [14]. In previous studies, oregano was commonly administered as extract or essential oil, whereas the aim of
the current investigation was to examine the influence of dried oregano plant material on the gut microbiota of
weaning piglets.

2. Material and Methods
2.1. Plant Material

The utilized Origanum vulgare L., belonging to the labiate family, was cultivated and harvested on the experi-
mental plots of the Institute for Plant Cultivation, Schnega, Germany. The aerial parts were harvested by manual
cutting after the flowering stage in mid-September 2011. Thereafter, the plant material was dried down to a final
moisture content of app. 9% at 40°C in tray driers. Finally, the dried oregano was ground to 4 mm using a ham-
mer mill (Joachim Kreyenborg & Co, type 10, Minster-Kinderhaus, Germany). Analysis of the monoterpenes
content ensued and was determined on dry matter (DM) basis.

2.2. Experimental Design

2.2.1. Animal Experiment

The experiment was conducted at the Institute of Animal Nutrition, Federal Research Institute for Animal
Health, Braunschweig, Germany in March 2012 according to the European Community regulations concerning
the protection of experimental animals and the guidelines of the regional council of Oldenburg, Lower Saxony,
Germany.

The present investigations were performed within the frame of a more comprehensive piglet experiment ex-
amining the effects of increasing proportions of dried oregano plant material in piglet feed on performance and
health. The experiment is described in detail elsewhere [15].

For the investigation 80 male castrated piglets with an average body weight of 7.9 + 1.0 kg were housed in
floor pens of the piglet compartment. Piglets were allowed five days of adaptation prior to the onset of the expe-
rimental period. On day one of the study all piglets were weighed and allocated to four feeding groups according
to their individual weight (n = 20). The allocation into four groups resulted in a number of four animals per box
(n =5). The diet without oregano supplementation served as control diet (CON) while the other three diets in-
cluded 2 g oregano/kg feed (Group 1), 4 g oregano/kg feed (Group 2) or 8 g oregano/kg feed (Group 3), corres-
ponding to calculated dietary carvacrol concentrations of 23.5 mg, 46.9 mg and 93.9 mg/kg DM, respectively.
The dried and milled oregano was admixed to the basic diet to obtain the desired concentrations. The diets con-
sisted mainly of cereals, soy feedstuff, amino acids, vitamins and minerals to meet the recommendations of the
Society of Nutrition Physiology [16]. The compositions of the diets are shown in Table 1. Feed, in mesh form,
and water were offered ad libitum during the experimental period of five weeks. For the current experiment, only
20 animals of the extreme feeding groups (CON and 8 g oregano/kg feed) were focused on.
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Table 1. Composition and characteristics of experimental diets (g/kg).

Group
CON ORE
Components
Barley 339.35 331.35
Wheat 300.00 300.00
Maize extruded 100.00 100.00
Soybean meal extracted 150.00 150.00
Soy protein concentrate 50.00 50.00
Soybean oil 30.00 30.00
Mineral and vitamin premix* 19.00 19.00
Amino acids? 11.50 11.50
Phytase 0.15 0.15
Oregano - 8.00
Calculated terpenes (mg/kg DM):
Carvacrol - 93.9
Thymol - 75
y-Terpinen - 3.1
p-Caryophyllen - 3.1
p-Cymol - 14
Analyzed composition (g/kg DM):
Dry matter 899 896
Crude protein 213 203
Ether extract 61 55
Crude fiber 34 39
Starch 479 486
Sugar 52 51
ME [MJ/kg DM]? 15.87 15.73

CON, control group; ORE, feeding group with 8 g oregano/kg feed. *Ingredients per kg com-
plete diet: Ca4.5g, P 1.4 g, Na 0.9 g, Mg 0.08 g, Fe 75 mg, Cu 15 mg, Mn 40 mg, Zn 50 mg,
1 1 mg, Se 0.2 mg, Co 0.4 mg, Vit A 10.000 IU, Vit D3 1.000 IU, Vit E 50 mg, Vit B; 1 mg,
Vit B, 3.1 mg, Vit Bg 2.5 mg, Vit Bi2 20 ug, Vit Kz 2 mg, Vit C 50 mg, Nicotinic acid 12.5
mg, Folic acid 0.5 mg, Choline chloride 125 mg, Biotin 50 ug. 2Ingredients per kg complete
diet: lysin-HCI 6 g, DL-methionine 3 g, L-threonine 2 g, L-tryptophan 0.5 g. *Calculated on
base of digestible (table values of the used compounds) crude nutrients (as analysed) accord-
ing to the formula of the GfE [17]: ME [MJ] = 0.0205 «DCP [g] + 0.0398 « DCL [g] + 0.0173
« St [g] + 0.0160 « Su [g] + 0.0147 « (DOM - DCP - DCL - St - Su) [g]; where: OM = or-
ganic matter, CP = crude protein, CL = crude fat, St = starch, Su = sugar and D = digestible.

2.2.2. Collection Procedures

After terminating the feeding experiment of five weeks, 10 piglets of the control group and 10 animals of Group 3
(8 g oregano/kg) with an average body weight of 19.9 + 2.7 kg were slaughtered by electrical stunning followed
by exsanguination to evaluate intestinal microbiota. The piglets were allowed feed intake prior to slaughter to ob-
tain well-filled intestines. The gastrointestinal tract (GIT) was removed carefully to avoid digesta mixing and sam-
ples taken from jejunum, cecum and colon. For analysis the entire ingesta of the jejunum was collected by care-
fully squeezing and mixed thoroughly while samples of cecum and colon were collected at a defined location. All
samples for PCR-RFLP analysis were frozen immediately after collection at —20°C, while samples for FISH were
fixed in Carnoy’s solution [18] until analysis.

2.3. Analyses

2.3.1. Oregano and Feed
Representative samples of each diet were collected and analyzed for dry matter, crude ash, crude protein (N
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x 6.25), ether extract (HCI digestion), crude fiber, sugar (Luff-Schoorl) and starch according to the methods
of the Association of German Agricultural Analysis and Research Centres [19]. Prior to mixing the feed with
oregano, the monoterpenes content was examined. For this, 50 mg dried plant material spiked with tetrade-
cane as internal standard was extracted with 1 ml n-hexane in the ultrasonic bath (1 hour, 15°C). After cen-
trifugation (10 minutes at about 10,000 x g) and filtration the extract was subjected to gas chromatography
(Perkin Elmer Auto System, equipped with flame ionization detector). The extract was chromatographed on
a DB1-like Zebron ZB-AAA capillary column (10 m, 0.25 mm). The injection volume was set to 1.5 ul and
the flow rate to 450 ml He/minute. The oven temperature program was as follows: 2 minutes at 70°C, 140°C
at 8°C/minute followed by 220°C at 20°C/minute and held for 2 minute at 220°C. Analysis of the monoter-
penes revealed the following composition: p-cymene (0.18 g/kg), S-caryophyllene (0.38 g/kg), y-terpinene
(0.39 g/kg), thymol (0.94 g/kg), carvacrol (11.7 g/kg).

2.3.2. PCR-RFLP Analysis

For DNA analysis, samples of about 1 g of ingesta of the proximal colon were kept in sterile Falcon tubes and
frozen immediately (—20°C) until PCR-RFLP analysis. Prior to the analysis DNA of the ingesta samples was ex-
tracted with the commercial QlAamp® DNA Stool Mini Kit (QIAGEN®, Hilden, Germany) as recommended by
the manufacturer. The total bacteria of the ingesta was analyzed according to Castillo et al. [13]. A 580-bp
fragment of 16S rRNA gene was amplified from DNA extracts by PCR. For these purpose primers specific to
conserved sequences flanking variable regions V3, V4 and V5 were utilized: 5’-CTACGGGAGGCAGCAGT-3’
(forward) and 5’-CCGTCWATTCMTTTGAGTTT-3" (reverse). The DNA was amplified using a FlexCycler
(Analytik Jena AG, Jena, Germany) with the following conditions: One denaturation step of 4 minutes at 94°C,
followed by 35 cycles of denaturation at 94°C (1 minute), annealing at 45°C (1 minute) associated with an in-
creasing temperature of 0.1°C per cycle, extension at 72°C (1 minute 15 seconds) and a final extension at 72°C
(15 minutes). After amplification the PCR products were visualized with agarose gel electrophoresis. The next
step was the enzymatic restriction with three independent restriction enzymes (Rsal, Hpall and Hhal (New
England Biolabs GmbH, Frankfurt/M, Germany). The digestion was carried out with the appropriate restriction
buffer at 37°C for 3 hours as recommended by the manufacturer. Using a 2% high-resolution agarose gel, the
fragments were separated. Bands between 100 and 580 bp length were used to generate restriction profiles for
each piglet. For pairwise comparisons of restriction profiles and construction of dendrograms, similarity matric-
es were generated with Hierarchical Clustering Explorer 3.0 [20] using Manhattan distance.

2.3.3. Fluorescence in Situ Hybridisation (FISH)

Ingesta samples of about 1 ml from jejunum, cecum and colon for fluorescence in situ hybridization (FISH)
were immediately fixed in Carnoy’s solution [18] for at least 12 hours. Similar conditions were used for gram
positive and gram negative bacteria. The ingesta samples were assessed with group specific 16S rRNAgene-
targeted oligonucleotide probes (Table 2, [21]-[26]). FISH method was performed according to Swidsinski [27].
The soft chyme sediment from the fixed samples was directly pipetted on a slide (50 pl) and then dried at 50°C
for 30 minutes. Next, the hybridization step followed. The utilized oligonucleotide probes were synthesized with
the reactive fluorescent dye carbocyanite 3 (Cy3) (Bifidobacterium group, Faecalibacterium prausnitzii group)
or Cy5 (Enterobacteriaceae group, Bacteroides group, MWG Biotech, Ebersberg, Germany) at the 5’-end. De-
tecting all relevant bacteria the universal probe Eub338 was used as well as the nonsense probe Non338 to test
nonspecific binding of oligonucleotide probes. Hybridization temperature was 50°C and formamide concentra-
tion was 1%. The quantification of the fecal bacteria was performed under a Nikon e600 fluorescence micro-
scope (Nikon, Tokyo, Japan). The documentation of the bacteria was conducted using a Nikon DXM 1200F color
camera and software (Nikon, Tokyo, Japan).

2.4. Statistical Analysis

The results of the FISH analysis were tested with a multifactorial ANOVA using the GLM procedure of the
SAS-software (SAS Enterprise Guide 4.3). The intestinal segment and the feeding group were defined as fixed
effects. Values presented in the paper below are shown as mean + standard deviation (SD).

Analysis of RFLP pattern was performed with Bionumerics (version 6.6, applied Maths, Belgium) and Hie-
rarchical Clustering Explorer 3.0 (Human-Computer Interaction Lab, University of Maryland).
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Table 2. Sequences of oligonucleotide probes.

Probe Probe sequence (5’>3’) Targeted species Fluoc:;:cent Reference

Bac303 CCA ATG TGG GGG ACC TT most Bacteroidaceae and Prevotellaceae, - g Manz et al. [21]
some Porphyromonadaceae

Bif164 CAT CCGGCATTACCACCC Bifidobacterium spp. Cy3 Langendijk et al. [22]
Fprau645 CCT CTG CAC TAC TCA AGA AAA AC Fusobacterium prausnitzii and relatives Cy3 Suau et al. [23]
Ebac1790 CGT GTT TGC ACAGTG CTG Enterobacteriaceae Cy5 Bohnert et al. [24]

Eub338 GCT GCC TCC CGT AGG AGT most Bacteria FITC Amann et al. [25]

NonEub338 ACT CCT ACG GGA GGC AGC control probe Wallner et al. [26]
3. Results

In general, all animals accepted the oregano supplemented feed and there were no acute pathologies in any of
the piglets, all animals appeared to be in good health. An effect on the performance data has failed during the
whole experimental period. The piglets had an average daily gain of 473 + 80 g/d and a daily feed intake of 796
+ 79 g/animal during the whole experimental time [15].

3.1. Diet Composition

The analytical results of the chemical compositions of the various experimental diets are shown in Table 1. The
values were attained according to the recommendations of the Society of Nutrition Physiology [16].

3.2. Distribution and Morphology of Bacteria Analyzed by FISH

The microorganisms in the investigated intestinal segments were mainly concentrated in the caecum and colon
independent of oregano supplementation. Small amounts of microorganisms were counted in the jejunum in
contrast to caecum and colon, except for Bifidobacteria (Bif) which were the major genus in this segment. In
Figure 1 the distribution of the microorganisms is summarized. It was notable that the bacteria have populated
the majority of the caecum and colon. While higher counts of enterobacteria were detected in colon, more
amounts of Bifidobacteria colonized the caecum. The statistical results of the FISH analysis are not documented
in writing, because there are, partially, an insufficient number of bacterial counts in the different parts of the in-
testine and due to the high individual variations and the ensued high standard deviation, no significant differ-
ences are recognized (Figure 1). Additionally, the results showed no influence on the microorganisms of the
examined intestinal segments in response to the oregano supplementation.

Morphology of the microorganisms in the jejunum was inconspicuously in the control group and oregano
supplemented animals of Group 3. Noteworthy in the caecum was the formation of isles of Fpr in oregano and
control group. Further, there were small and chain coccus-type species as well as rod bacteria. Similarly to the
morphology of the Fpr the Bif were also accumulated in isle formation independent of oregano supplementation.
The morphology of the microorganisms of the colon showed no difference in control animals and oregano
group.

3.3. Effect of Oregano on Microbial Composition as Estimated by RFLP

The used three enzymatic restrictions resulted in a specific number of bands to express the bacterial richness in
the collected ingesta of the three different intestinal parts. The analysis of the Hhal restriction profiles included
the presence or absence of 16, for Hpall of 14 and for Rsal of 12 clearly differentiable bands. By combining the
results for all three enzymes for each piglet was an individual pattern created characterized by 17 through 29
bands per profile. The cluster analysis of patterns by the example of three animals of each group is shown in
Figure 2.

The patterns clustered with 61.8% to 91.8% similarity between piglets from control group and oregano fed
animals and up to 97.2% similarity between piglets within one of the both groups. Thereby no clear assignment
of the patterns to the groups of the piglets according to their feeding background was possible.
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Figure 1. Microbiological biodiversity in the intestine as measured by FISH.
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Figure 2. Microbiological biodiversity in the proximal colon measured by PCR-
RFLP. (a) Agarose gels after ethidium bromide staining with representative re-
striction profiles of 16S rRNS fragments with the three enzymes used (shown by
the example of 3 animals of each group); (b) The dendrogram represents the per-
centage of similarity of the 16S rRNA fragment restriction profiles for the oregano
fed animals (Group 3, fed with 8 g/kg oregano) and the control animals (Group C,

without oregano) (UPGMA, Manhattan distance).
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4. Discussion

The present experiment is aimed at examining the effect of dried oregano supplementation on the microorgan-
isms of jejunum, caecum and colon as representative segments and supposed action sites of oregano within the
intestinal tract. Therefore, piglets were slaughtered and ingesta of the mentioned intestinal parts was collected
and analyzed with regard to the spatial organization of the gut microbiota.

The microbial biodiversity in the gastrointestinal tract (GIT) of the piglets is a very complex system of several
anaerobic and micro-aerophilic microbes. Several researchers have been working on the microbial communities
in the GIT [1] [28]. Most of the microbiota located in the intestine belongs to the genera Streptococcus, Lacto-
bacillus, Fusobacterium, and Peptostreptococcus. Additionally, there is the Bacteroides and Prevotella group
which are the gram-negative organisms [1].

In the present study the genera Faecalibacterium, Enterobacteria, Bifidobacteria, Bacteroides and Prevotella
group in piglet’s ingesta of jejunum, caecum and colon were examined by FISH analysis and PCR-RFLP.

No significant effects of oregano supplementation on microbial composition of the control group compared to
oregano fed animals were recognized with the methods used in the current study. Accordingly to investigations
of Muhl and Liebert [29] in which a phytogenic feed additive (PFA) with carvacrol and thymol was utilized no
significant influences by dietary treatment were achieved. In contrast to the current investigation, the mentioned
researchers examined the populations of total culturable anaerobic bacteria while in the present study the detec-
tion of the microbiota based on molecular biology techniques. Manzanilla et al. [12] also used the traditional
cultivation technique but recognized a significant increase of lactobacilli and a tended decrease of enterobacteria
under the stimulation of 150 or 300 mg PFA/Kkg consisting of 5% carvacrol, 3% cinnamaldehyd and 2% capsi-
cum oleoresin. As a consequence of the supplementation of the plant extract mixture the ratio between lactoba-
cilli and enterobacteria showed a significant increase. This ratio was suggested as a parameter to allow evaluat-
ing the intestinal health. The enterobacteria in the current study were not influenced by dried oregano supple-
mentation, therefore it is possible that the effects mentioned by Manzanilla et al. [12] were due to the use of a
plant extracts or the mixture of the three plant materials. Castillo et al. [13] also used a PFA with the same con-
centration of plant extracts like the working group of Manzanilla et al. [12] did. In their investigation no influ-
ence of the PFA on the enterobacteria in jejunum and caecum was recognized, which is in accordance with the
current study.

Carvacrol and thymol as main components of the essential oil of oregano did not influence any bacterial
group when administered as pure compound (2000 mg/kg) in different formulation types (soybean oil, inert car-
rier and microencapsulation) in the investigation of Michiels et al. [30]. They suggested that the high dry matter
content of the gastric ingesta and the fast absorption in the small intestine were the reason for the non-existent
influence on the bacterial load. Hence, the question arises, whether a higher amount of dried oregano plant ma-
terial and a more concentrated carvacrol and thymol content resulted in a slower absorption rate in the small in-
testine followed by an increased availability of the active substances in the gut.

The PCR-RFLP analysis of 16S rRNS genes in DNA extracts of the ingesta was chosen to mirror the whole
bacterial diversity. In contrast to Castillo et al. [13] [28] we were not able to detect specific ecological changes
in feeding groups fed with or without oregano. Castillo et al. [13] pointed out that different treatments leads to
different clusters. The differences were the result of the increasing biodiversity in the microbial ecosystem due
to the use of feed additives. Investigations in humans showed a high similarity in intestinal microbiota in twins
[31]. Therefore it is noteworthy that no information about the litter, the dam or the sire was available in the cur-
rent investigation which could also be possible factors for non-detectable ecological changes by oregano sup-
plementation.

5. Conclusion

The supplementation of dried oregano did not influence the microbiota of the intestinal tract of piglets. There-
fore, the question arises whether a higher amount of dried oregano influences the microbiota and if other genera
like Lactobacillus were more affected by oregano than the analyzed ones. The PCR-RFLP pattern showed no in-
fluences of oregano supplementation in the piglets. Maybe there is an influence of the parentage on the microbi-
ota, which could be recognized in further investigations, especially with siblings by using molecular biology

techniques.
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