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Citrus extracts are increasingly being used in animal nutrition to enhance animal growth performances. Most of the available studies indicate an effect of these extracts on microbiota.

However, citrus extracts can vary a lot. Indeed, the composition of citrus extract depends on parameters such as the citrus species, the extraction methods, and the inclusion rate. This variation is very important to take into consideration before using a citrus extract. The objective here was to evaluate a commercially available standardized natural citrus extract in terms of composition and effect on broiler chickens' performances and microbiota. Results

showed that standardized natural citrus extract positively affects the final weight of broilers, but no effect was observed on chickens' caecal microbiota. The characterization of the standardized natural citrus extract reveals pectic oligosaccharides as major compounds as well as 35 others molecules. Most of these compounds are well described for their beneficial effect on animals' performances and health. In conclusion, the standardized natural citrus extract showed beneficial effects on broilers' performances. These effects are not correlated with broilers microbiota modulation and may be explained by the composition of the product.

INTRODUCTION

The ban of antibiotic growth promoters (AGP) in the European Union was a turning point in the field of animal health and nutrition [START_REF] Castanon | History of the Use of Antibiotic as Growth Promoters in European Poultry Feeds[END_REF]. In fact, the number of alternatives to AGPs increased considerably during this period, aiming to achieve a similar beneficial effect on growth performance [START_REF] Verstegen | Alternatives to the Use of Antibiotics as Growth Promoters for Monogastric Animals[END_REF]. These alternatives include but are not limited to exogenous enzymes, organic acids, prebiotics, probiotics, and plant extracts [START_REF] Huyghebaert | An update on alternatives to antimicrobial growth promoters for broilers[END_REF]. Nowadays, most of these alternatives have proved their effectiveness in the field [START_REF] Ebrahimi | Effect of Dried Citrus Sinensis Peel on Gastrointestinal Microbiota and Immune System Traits of Broiler Chickens[END_REF][START_REF] Puvača | Beneficial effects of phytoadditives in broiler nutrition[END_REF][START_REF] Selle | Beneficial effects of xylanase and/or phytase inclusions on ileal amino acid digestibility, energy utilisation, mineral retention and growth performance in wheat-based broiler diets[END_REF]. However, the observed effect of these alternatives can sometimes vary over time. This is particularly true for alternatives based on plants and/or plant extracts. These variabilities may be explained by many factors such as the manufacturing process, the origin, and the poor and/or absence of standardization.

In this study, we focused on citrus extracts which are particularly studied with variable effects on broiler chickens' growth performances and health. Some studies showed beneficial effects on broiler chickens 'growth performances [START_REF] Abbasi | Investigation on the effect of different levels of dried sweet orange (Citrus sinensis) pulp on performance, carcass characteristics and physiological and biochemical parameters in broiler chicken[END_REF][START_REF] Boumezrag | Modulation of broilers' productivity and blood biochemical parameters by Citrus elements dietary supplementation[END_REF][START_REF] Juin | Effect of a citrus extract (NOR-SPICE AB) on broiler performances[END_REF][START_REF] Seidavi | A review on practical applications of Citrus sinensis by-products and waste in poultry feeding[END_REF]. However, other studies do not report beneficial effects of citrus extract dietary supplementation on broiler chickens' growth performances [START_REF] Akbarian | Growth performance and gut health parameters of finishing broilers supplemented with plant extracts and exposed to daily increased temperature[END_REF][START_REF] Alzawqari | Effect of feeding dried sweet orange (Citrus sinensis) peel and lemon grass (Cymbopogon citratus) leaves on growth performance, carcass traits, serum metabolites and antioxidant status in broiler during the finisher phase[END_REF]. The differences in the reported effects may be partly explained by the high variability of the extracts in terms of composition and concentration of active compounds. However, most of the citrus products show no or very limited composition data, which is an obstacle to the understanding of their mechanism of action. To determine viable long-term alternatives, it is necessary to go beyond performance and look to characterize and standardize citrus extract-based alternatives.

The objective of this study was to obtain some key elements to understand/explain the effect of dietary supplementation of citrus extract on broiler chickens. This was done first by fine characterization of the citrus extract (Nor-Spice AB®, Nor Feed SAS, France) and followed by the in 

MATERIAL AND METHODS

This study was carried out in strict accordance with the recommendations set out in the European Guidelines for accommodation and care of animals (Directive 2010/63/EU revising Directive 86/609/EEC).

Samples, animals, and diet

Standardized natural citrus extract (SNCE, Nor-Spice AB) was supplied by Nor-Feed SAS Company (France). It is a 100% natural feed additive based on citrus extract and standardized in terms of citroflavonoids (≥ 6%). Nine hundred thirty 1-d-old males (Ross 308, Aviagen, Beaucouze, Maine et Loire, France) were randomly assigned to 3 dietary treatments: a control treatment (CTL) in which broiler chickens were fed with a standard diet and 2 citrus treatments, in which broiler chickens were respectively fed with standard diet supplemented with 250 ppm (SNCE 250) and 2,500 ppm (SNCE 2,500) of SNCE. The feeding program was set up as follows: starter from d 1 to d 14, grower from d 14 to d 28, and finisher from d 28 until the end. Nutritional values of the 3 diets are described in Table 1 and2. Each treatment was composed of 10 repetitions pens of 31 broiler chickens per pen. Broiler chickens were reared until d 42.

Broiler chickens were fed using a hung pan feeder system (one per pen) and a dedicated nipple line was used for water (ad libitum). The following prophylaxis program was set up: d 0: infectious bronchitis vaccine (aerosol spraying) and d 17: infectious bursal disease vaccine (drinking water). No other treatment was applied during the trial. Wood dust was used for litter. The lighting program was set up as follows: d 0 to d 4: 24 h a day of lighting with 100 % light intensity, d 5 to d 42: 18 h a day of lighting with 30 to 40% light intensity. Feed consumption and body weight per pen were recorded weekly from d 14 to d 42. Feed conversion ratio (FCR) was also weekly calculated from d 14 [START_REF] Bignon | Caractérisation de différents types de litières et effets sur l'apparition et la séverité des lésions et le comportement des poulets de chair à croissance rapide | ITAVI. Journée de la recherche avicole et palmipèdes à fois gras[END_REF].

Sequencing

Ten broiler chickens per treatment (1 per pen) were randomly selected and humanly euthanized at d 7 and d 42 and ceca contents were sampled for microbiota analysis. Samples were kept in an airtight jar at -80°C until use. Libraries construction, DNA extraction, and sequencing were performed at the Analyse des acides nucléiques platform (ANAN, Structure fédérative de la recherche Qualité et Santé du végétal, Angers, France). DNA samples were extracted and purified using the ZR-96 Soil Microbe DNA kit (Zymo Research, Irvine, CA, USA). Illumina sequencing libraries were prepared according to Caporaso et al. [START_REF] Caporaso | Ultra-high-throughput microbial community analysis on the Illumina HiSeq and MiSeq platforms[END_REF]. A first Polymerase Chain Reaction (PCR) amplification was performed with the primer sets 515f/806r [START_REF] Caporaso | Ultra-high-throughput microbial community analysis on the Illumina HiSeq and MiSeq platforms[END_REF], which target the V4 region of the 16 rRNA gene. PCR reactions were performed in 50 µL with a high-fidelity Taq DNA polymerase (AccuPrime TM Taq DNA Polymerase System, Invitrogen, USA) using 5µL of 10X Buffer, 1µL of forward primer, and 1 µL of reverse primer at 10µM each, 0.2µL of Taq, and 5 μl of DNA.

Cycling conditions were composed of an initial denaturation step at 94°C for 3 min, followed by 35 cycles of amplification at 94°C (30 s), 50°C (45 s), and 68°C (90 s), and final elongation at 68°C for 10 min. Amplicons were purified with magnetic beads (NucleoMag NGS Clean-up and Size Select, Macherey-Nagel, Düren, Germany). Second PCR amplification was performed to incorporate Illumina adapters and barcodes. PCR cycling conditions consists of a first denaturation at 94°C (1 min), followed by 12 cycles at 94°C (1min), 55°C (1 min), and 68°C (1 min), and final elongation at 68°C for 10 min. Amplicons were purified with magnetic beads. All the amplicons were pooled and the concentration of the pool was monitored with quantitative PCR (KAPA Library Quantification Kit, Roche, Basel, Switzerland). Amplicon libraries were mixed with 5% PhiX and sequenced with a MiSeq reagent kit v2 500 cycles (Illumina, San Diego California, USA). Then, each sequence was assigned to its sample, with the help of the index. (Jombart, 2008) packages were used for non-metric multidimensional scaling analysis. Permanova analysis were performed to compare the 2 treatments and the ggplots2 package (Wickham, 2006) was used for plots.

Characterisation of SNCE

All solvents used in High-Performance Liquid Chromatography (HPLC) were of HPLC grade.

Methanol and acetonitrile were purchased from Sigma-Aldrich. Deionized water from a Millipore Milli-Q water system was used to prepare mobile chromatographic phases.

To determine the proportion of polar/apolar compounds from SNCE, successive exhaustion dilutions have been performed with solvents ordered by increasing polarity (dichloromethane, methanol, and water). To do that, 500 mg of freeze-dried SNCE were weighed and solubilized in 10 mL of dichloromethane. After 5 minutes of sonication bath, the mixture was centrifuged for 10 minutes at 13 000 g and filtrated. The filtrate was recovered. Then 10 mL of dichloromethane was added to the solid deposit and the mixture was sonicated over 5 minutes, centrifuged for 10 minutes at 13000 g, and filtrated. The filtrate was recovered a second time and the procedure described was repeated a third time with dichloromethane. The same procedure was also performed 3 times with methanol, from the solid deposition obtained after the third filtration with dichloromethane. To finish, the same procedure was also performed 3 times with water, from the solid deposition obtained after the third filtration with methanol. Then, all the recovered filtrate per solvent were pooled in an evaporation flask and frozen at -80°C before lyophilization. The product obtained after lyophilization was weighed and the proportion of apolar/polar compounds was determined by 

Gaz chromatography-Mass spectrometry identification.

To analyze apolar compounds, 50 mg of freeze-dried SNCE were weighted and solubilized in 1 mL of cyclohexane. After 5 minutes of sonication bath (S30H, Elmasonic, Germany), the mixture was centrifuged for 10 minutes at 13,000 g. Then, 0.5 mL of the supernatant were added to 0.4 mL of anhydrous chloroform and 0.1 mL of N, O-Bis(trimethylsilyl)trifluoroacetamide (BSTFA) for derivatization. The mixture was then heated to 70°C for 20 minutes and cooled to room temperature for 10 minutes before analysis.

A Gas Chromatography-Mass Spectrometry (GCMS-QP2010SE, Shimadzu, Marne-la-Vallée, France) analysis was carried out with a ZB-5 column (30mx0.25mmx0.25 µm, Phenomenex) to identify apolar compounds from SNCE. Helium was used as carrier gas. 9.6 ml/min rate and split ratio 5:1 was applied to 1 µL injected samples. The column oven was programmed 80°C and 16°C/min to 320°C. Spectral data were compared to the NIST MS search program database (NIST 11, NIST 11s, FFNSC 2). Only compounds with an identification score higher than 95% from the NIST database were considered.

High Performances Liquid Chromatography analysis.

Freeze-dried SNCE were weighted (50 mg) and solubilized in 1 mL of methanol. After 5 minutes of sonication bath (S30H, Elmasonic, Germany), the mixture was centrifuged for 10 minutes at 13,000 g and the supernatant has been recovered for HPLC-MS n analysis and HPLC-UV-ELSD (Evaporative light scattering detector) analysis. Regarding polar compounds, HPLC-UV-ELSD (Prominence-i C, ELSD-Sedex LT 90, Shimadzu, Marne-la-Vallée, France) analysis were performed following the methodology employed by [START_REF] Ledesma-Escobar | Characterization of lemon (Citrus limon) polar extract by liquid chromatography-tandem mass spectrometry in high resolution mode[END_REF][START_REF] Ledesma-Escobar | Characterization of lemon (Citrus limon) polar extract by liquid chromatography-tandem mass spectrometry in high resolution mode[END_REF] and using an Inertsil ODS-2 C18 analytical column (250 mm x 4.6 mm, 5µm). For ELSD conditions, the pressure of a carrier nitrogen gas and drift tube temperature were 3.5 bar and 40°C, respectively. Each analysis has been performed in triplicate on 5 different batches of SNCE. The injection volume was 10 µL. The mobile phase was composed of 0.1% of formic acid in deionized water (A) and acetonitrile (B) at a flow rate of 1 mL/min. The initial condition was 4 % (B), 96 % (A). A gradient program was performed as follows: 4 % to 10 %B in 5 min, 10 % to 25 %B in 30 min; 25 % to 100 % B in 15 min, and constant 100 % B for 5 min before return to initial condition for 5 min. The objective here was to determine the HPLC profile of the citrus extract. The proportion of each polar compound family was also determined by relative quantification, from the ELSD profile data of the SNCE.

In parallel, HPLC-MS n was performed to identify secondary polar metabolites from SNCE.

Analyses were performed on a 2695 HPLC module coupled to a 2489 UV/visible detector (Waters, Saint-Quentin en Yveline, France) and an Esquire 3000 plus mass spectrometer (Bruker, Wissembourg, France), following the same HPLC conditions as described in HPLC-UV-ELSD part.

Metabolites were identified using both positive and negative ionization modes. The ion source temperature was maintained at 340°C. A full scan was carried out within the m/z range 50-1500 using a collision energy of 1V. Spectral data were analyzed using DataAnalysis software (Bruker).

Identification of the citrus extract compounds was carried out by comparing HPLC-MS n analysis data of each compound detected with those reported in literature data, especially via the SciFinder database (American Chemical Society-SciFinder. Available online: http//sciFinder-n.cas.org/).

To complete, characterization of osidic compounds from SNCE were performed on Bioressources Imagerie, Biochimie & Structure (BIBS) instrumental platform (http://www.bibs.inra.fr/). Simple sugar content was determined using a GC-FID (Gaz Chromatography-Flame Ionization Detector) analyzer after acid hydrolysis of polymers in monomeric units. Simple sugars were then derivatized in alditols acetate before GC-analysis [START_REF] Englyst | Improved method for measurement of dietary fiber as non-starch polysaccharides in plant foods[END_REF]. In addition, carbohydrate acid content was determined by colorimetric dosage at 520 nm following the method developed by [START_REF] Blumenkrantz | New method for quantitative determination of uronic acids[END_REF][START_REF] Blumenkrantz | New method for quantitative determination of uronic acids[END_REF]. Briefly, SNCE polymers were hydrolyzed into monomers using sulfuric acid (2N). Furfuric derivatives obtained from hydrolysis were coupled with meta-hydroxydiphenyl (MHDP) and then dosed with the spectrophotometer at 520 nm. 

Statistical Analysis

Statistical analyses of growth performances data were performed by GraphPad Prism 7 software (GraphPad software, San Diego, CA, USA). The pen was considered as a statistical unit for all growth performances parameters except the weight in which the animal was used as a statistical unit. Statistical analyses were performed by Analysis of variance (ANOVA) or Kruskal-Wallis test when data were non parametric. Shapiro-Wilk normality test was performed to determine if data were parametric or not. Tukey post hoc were performed for non-parametric for multiple comparisons.

Statistical significance was considered at P < 0.05. Regarding microbiota analysis, statistical analyses were performed using R software (R Development Core Team ( 2008)).

RESULTS

Standardized natural citrus extract Characterisation

Results from successive exhaustion dilution done in triplicate in 5 different batches showed that SNCE contained on average 0.38 % of apolar content (Table 3). GC-MS analysis confirmed the presence of stearic and palmitic acids in the SNCE.

Concerning polar compounds, LC-MS/MS analysis allowed to identify 35 secondary metabolites among polyphenols (flavones, flavanones, and flavanols), carboxylic acids, hydroxycinnamic acids, phenolic acids, and coumarin (Figure 1, Table 4).

Regarding polar compounds, the osidic part represents 51.48 % of the SNCE on average (Table 3). GC-FID analysis performed in duplicate allows to identify 6 simple sugars among rhamnose, arabinose, xylose, mannose, glucose, and galacturonic acids (Table 5).

Growth performances

The effects of different dietary experimental diets on growth performance are presented in Table 6. SNCE supplementation affects the bodyweight of broiler chickens at d 42 (P = 0.004, Anova).

Broiler chickens that received feed supplemented with 250 ppm of SNCE were heavier compared to the control one (P = 0.026, Tukey). Similarly, broiler chickens supplemented with 2,500 ppm of SNCE were also heavier than the control one (P = 0.001, Tukey). No statistical difference was observed between broiler chickens from SNCE 250 and SNCE 2,500 treatments in terms of body weight.

Moreover, the feed intake of broiler chickens fed with 2,500 ppm of citrus extract was higher than the feed intake from the CTL treatment (P = 0.037, Tukey). SNCE supplementation did not affect other growth performances such as FCR (P = 0.661, Anova), mortality (P = 0.258, Anova) and litter score (P = 0.919, Anova).

Microbiota analysis

As expected, no difference was observed regardless of the level of supplementation on the cecal microbiota composition of broiler chickens at d 7 (P = 0.191) (Figure 2a). In fact, the non-metric multidimensional scaling (NMDS) performed didn't allow to separate samples from the 3 treatments.

At d 42 SNCE supplementation didn't affect the microbiota composition of broiler chickens (P = 0.726). In fact, the non-metric Multidimensional Scaling (MDS) using Bray-Curtis matrix distance also didn't allow to separate supplemented samples from supplemented broiler chickens (250 and 2,500 ppm) from samples coming from unsupplemented broiler chickens (Figure 2b). However, the MDS analysis using Bray-Curtis distances revealed differences between the cecal microbiota of broiler chickens from d 7 and d 42 (P < 0.01) (Figure 2c) as would be expected. Major differences belong to the Ruminococcaceae whose proportion increase between d 7 and d 42, contrary to the Lachnospiraceae whose proportion decreases during this same period. Lactobacillaceae proportion was also more abundant at d 42 compared to d 7 (Figure 3a and Figure 3b). Regarding the composition at d 42, Lactobacillus, Blautia, and Faecalibacterium were the three most abundant genus in the ceca sample (Figure 3b), possibly reflecting well-balanced microbiota and good intestinal health from broiler chickens. Among all samples, the highest average number of Lactobacillus was observed in the experimental treatments fed with SNCE. 

DISCUSSION

Characterization of SNCE

In the present study, characterization performed using 5 different batches of SNCE allowed to identify more than 99 % of the composition of the product. According to the results presented in Table 3, there is no inter-batches variation, confirming the standardization of the SNCE. This may partially explain the constant results observed on broiler chickens' growth performances regardless of the region and experimental period [START_REF] Djezzar | Aqueous citrus extract supplementation affects gut microbiota and histological parameters of broiler chicken[END_REF][START_REF] Juin | Effect of a citrus extract (NOR-SPICE AB) on broiler performances[END_REF].

The osidic fraction of the citrus extract represents a major part of the product, with more than 98 % of citrus extract dry matter. The characterization of the structure was not complete due to the complex chemical composition of pectin, from which they come. These results are in contrast with the finding of Rafiq et al, who estimated the proportion of dietary fiber (which includes pectin derivative product) on different citrus extracts [START_REF] Rafiq | Citrus peel as a source of functional ingredient: A review[END_REF] between 44.2 % and 70.4 % of dry matter. SNCE process explains its richness in POS. Indeed, during manufacturing process of SNCE, the extract is standardized to achieve this level of fiber. Thus, explaining the high proportion of POS in the SNCE compared to the findings of Rafiq and colleagues.

Citrus extracts used in animal nutrition are mostly byproducts from industries such as juice canning industries [START_REF] Alsaied | Using of citrus by-products in farm animals feeding[END_REF] and essential oils industries [START_REF] Chavan | Recent progress in the utilization of industrial waste and by-products of citrus fruits: A review[END_REF]. Usually, they do not undergo any processing neither standardization, which may explain the described variability of their composition in scientific literature. Citrus byproducts have numerous applications such as ingredients for animal feed, the production of bio-fuel, pectin production, or the production of biodegradable packages [START_REF] Chavan | Recent progress in the utilization of industrial waste and by-products of citrus fruits: A review[END_REF]. During the process of SNCE manufacturing, a step of essential oil extraction is made. This explains the absence of these compounds in the SNCE, contrary to the literature reports [START_REF] Ben Hsouna | Citrus lemon essential oil: chemical composition, antioxidant and antimicrobial activities with its preservative effect against Listeria monocytogenes inoculated in minced beef meat[END_REF][START_REF] Bendaha | Chemical composition, antioxidant, antibacterial and antifungal activities of peel essential oils of citrus aurantium grown in Eastern Morocco[END_REF].

Characterization performed on SNCE may help to explain the mechanism of action behind the observed effect of SNCE on broiler chickens' growth performances. In fact, some molecules identified in SNCE have already been studied for their potential activity on health and performance. For example, it's important to notice that pectic oligosaccharides present in SNCE are well described for their prebiotic effect [START_REF] Gullón | Pectic oligosaccharides: Manufacture and functional properties[END_REF][START_REF] Míguez | Pectic Oligosaccharides and Other Emerging Prebiotics[END_REF]. Their effects on the prevention against pathogenic bacteria and toxins have also been described [START_REF] Michel Combo | Les oligosaccharides pectiques : production et applications possibles[END_REF]. These two pectic oligosaccharides effect are usually correlated with better performances in broiler chickens [START_REF] Yu | Dietary Supplementation With Citrus Extract Altered the Intestinal Microbiota and Microbial Metabolite Profiles and Enhanced the Mucosal Immune Homeostasis in Yellow-Feathered Broilers[END_REF].

Regarding SNCE secondary metabolites, polyphenols which represent the major part of them, are also described for their beneficial effect on different compartments of the gut and intestinal microbiota. For instance, Unno and colleagues [START_REF] Unno | Hesperetin Modifies the Composition of Fecal Microbiota and Increases Cecal Levels of Short-Chain Fatty Acids in Rats[END_REF] demonstrated that the citroflavonoids of the citrus extracts promote the production of short-chain fatty acids in the colon, which results in pH diminution and pathogenic bacteria inhibition. Among the polyphenols identified from SNCE, eriocitrin, naringin, and hesperidin, which were among the most abundant, are particularly interesting. In fact, Gwiazdowska et al found that hesperidin and naringin stimulated the growth of Bifidobacterium bifidum at a concentration of 2 µg/mL [START_REF] Gwiazdowska | The impact of polyphenols on Bifidobacterium growth[END_REF].

Similarly, Estruel-Amades et al showed that hesperidin supplementation at 100 or 200 mg/kg three times per week results in an increase of Lactobacillus proportion in intestinal microbiota [START_REF] Estruel-Amades | Hesperidin Effects on Gut Microbiota and Gut-Associated Lymphoid Tissue in Healthy Rats[END_REF]. Hesperidin has also shown antioxidant properties and effect on broiler chicken fatty acids profile, reducing saturated fatty acids proportion in chicken meat and improving polyunsaturated fatty acids and omega n-6 content [START_REF] Hager-Theodorides | A c c e p M a n u s c r i p t Genes Involved in Fatty Acid β-oxidation and Antioxidant Defense in a Dose Dependent Manner[END_REF]. These modifications of the fatty acids profiles were correlated with a reduction of the atherogenicity and thrombogenicity indices [START_REF] Hager-Theodorides | A c c e p M a n u s c r i p t Genes Involved in Fatty Acid β-oxidation and Antioxidant Defense in a Dose Dependent Manner[END_REF]. In addition, Parkar and his team [START_REF] Parkar | The potential influence of fruit polyphenols on colonic microflora and human gut health[END_REF] demonstrated the ability of naringenin, the aglycone of naringin, to inhibit the growth of some pathogenic strains including E.coli, S.aureus, and S.typhimurium in a concentration range of 62.5 to 125 µg/mL. The role of eriocitrin as antioxidant [START_REF] Miyake | Identification and antioxidant activity of flavonoid metabolites in plasma and urine of eriocitrin-treated rats[END_REF] and antibacterial compound [START_REF] Makni | Citrus limon from Tunisia: Phytochemical and Physicochemical Properties and Biological Activities[END_REF] has also been shown. Moreover, eriocitrin has recently shown positive effects on oxidative damage induced by Lipopolysaccharides from pathogens [START_REF] Carvalho | Impact of citrus flavonoid supplementation on inflammation in lipopolysaccharide-induced periodontal disease in mice[END_REF]. As hesperidin, naringin, and eriocitrin, some other compounds identified in SNCE, such as [START_REF] Duda-Chodak | The inhibitory effect of polyphenols on human gut microbiota[END_REF][START_REF] Stevens | The Intestinal Fate of Citrus Flavanones and Their Effects on Gastrointestinal Health[END_REF]. As growth performances were enhanced in this study by SNCE supplementation and no effect was observed on cecal microbiota, we suggest that there was a possible effect on other parts of the intestine.

The higher body weight observed on broiler chickens fed with SNCE can be explained by other indirect effects of SNCE active compounds on the gut structure and/or motility. In fact, intestinal motility plays an important role in the assimilation of nutrients [START_REF] Fändriks | Roles of the gut in the metabolic syndrome: an overview[END_REF]. A major compound of SNCE, hesperidin, is well documented as having a myorelaxant effect [START_REF] Mendel | Antispasmodic effect of selected Citrus flavonoids on rat isolated jejunum specimens[END_REF]. In fact, Mendel et al showed that hesperitin, the aglycone of hesperidin, induce myorelaxation on the jejunum of rats, which led to intestinal transit slowdown. By slowing down the intestinal transit, the contact time between the feed and the intestines is longer which may result in better absorption of nutrients and feed valorization. Further studies on chicken's intestines should be performed to confirm this hypothesis. In addition, Djezzar and colleagues have already shown an increase of the intestinal length and villi on broiler chickens, reflecting a larger absorption surface and a better feed valorization as consequences of SNCE supplementation [START_REF] Djezzar | Aqueous citrus extract supplementation affects gut microbiota and histological parameters of broiler chicken[END_REF].

Effect of SNCE on growth performances of broilers chickens

This study aimed to confirm the effect of SNCE on growth performances of broiler chickens and to understand its mode of action, regarding its composition and the possible effect on microbiota. The results show that supplementing a broiler chicken's diet with SNCE increased their bodyweight at d 42 (P < 0.01), compared to the ones fed with a standard diet without supplementation. The higher the concentration was, the greater the final bodyweight is. However, no dose effects of SNCE were observed in this trial. Boumezrag and colleagues also demonstrate a beneficial effect of this citrus extract on broiler chickens performances, showing an effect of SNCE supplementation at 250 ppm on live weight and carcass yield [START_REF] Boumezrag | Modulation of broilers' productivity and blood biochemical parameters by Citrus elements dietary supplementation[END_REF]. Our results are also in accordance with Juin et al, who also indicate an effect of SNCE on bodyweight and FCR of broiler chickens [START_REF] Juin | Effect of a citrus extract (NOR-SPICE AB) on broiler performances[END_REF]. A meta-analysis published recently confirmed these results (Cisse 
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A c c e p t e d M a n u s c r i p t et al., 2019). Taken together, these trials confirmed that SNCE can be a viable long-term alternative in substitution to AGP to support animal growth and feed efficiency. On the other hand, many results from published studies did not show positive effects of citrus/citrus extract supplementation on broiler chickens performances [START_REF] Abbasi | Investigation on the effect of different levels of dried sweet orange (Citrus sinensis) pulp on performance, carcass characteristics and physiological and biochemical parameters in broiler chicken[END_REF][START_REF] Akbarian | Growth performance and gut health parameters of finishing broilers supplemented with plant extracts and exposed to daily increased temperature[END_REF][START_REF] Alzawqari | Effect of feeding dried sweet orange (Citrus sinensis) peel and lemon grass (Cymbopogon citratus) leaves on growth performance, carcass traits, serum metabolites and antioxidant status in broiler during the finisher phase[END_REF][START_REF] Nazok | Effect of different levels of dried citrus pulp on performance, egg quality, and blood parameters of laying hens in early phase of production[END_REF][START_REF] Seidavi | A review on practical applications of Citrus sinensis by-products and waste in poultry feeding[END_REF]. Mourão and colleagues show that there are even negative effects on bodyweight average daily gain, feed conversion ratio, and carcass weight and yield of broiler chickens due to dietary citrus supplementation in feed [START_REF] Mourão | Effect of dietary dehydrated pasture and citrus pulp on the performance and meat quality of broiler chickens[END_REF]. This variability is not surprising. In fact, characterization of the citrus/citrus extract products data are often missing. As stated by Moset et al, the variability of the citrus composition may be strongly linked to the variability of the observed effect on broiler chickens [START_REF] Cisse | Standardized Natural Citrus Extract dietary supplementation influences sows' microbiota, welfare, and preweaning piglets' performances in commercial rearing conditions[END_REF][START_REF] Moset | Ensiled citrus pulp as a by-product feedstuff for finishing pigs: nutritional value and effects on intestinal microflora and carcass quality[END_REF]. The SNCE evaluated here is standardized by its manufacturing process but also in terms of concentration of some active compounds such as total phenolic compounds and some citroflavonoids (Hesperidin, Eriocitrin). The standardization of the SNCE was demonstrated by HPLC analysis carried out on five batches in this study. This fact may be at the origin of the reproducible results obtained with the SNCE by different authors and in different experimental conditions.

Effect of SNCE on microbiota

The obtained results showed that the microbiota composition of broiler chickens evolved between d 7 and d 42. The age of the broiler chickens has already been described as a variation factor for microbiota composition [START_REF] Gabriel | La microflore digestive des volailles : facteurs de variation et conséquences pour l'animal[END_REF]. As described by Lu et al, the proportion of Lactobacillaceae and Ruminococcaceae increased from d 7 to d 49 [START_REF] Lu | Diversity and succession of the intestinal bacterial community of the maturing broiler chicken[END_REF]. Ranjiktar et al also observed a decrease of Lachnospiraceae proportion and an increase of Ruminococcaceae proportion on broiler chickens' ceca, from d 8 to d 36 [START_REF] Ranjitkar | Bacterial Succession in the Broiler Gastrointestinal Tract[END_REF]. The different diets between production stages may probably explain these variations in cecal microbiota composition [START_REF] Apajalahti | Percent G+C profiling accurately reveals diet-related differences in the gastrointestinal microbial community of broiler chickens[END_REF]. Other parameters such as the environment during the first days [START_REF] Gabriel | Microbiote digestif des volailles[END_REF]), the immune system [START_REF] Neish | Microbes in gastrointestinal health and disease[END_REF]) and the nervous system [START_REF] Collins | The interplay between the intestinal microbiota and the brain[END_REF] Moreover, the fine characterization of the SNCE showed the presence of many compounds such as pectic oligosaccharides, hesperidin, and naringin, previously described for their modulation effect on microbiota. For example, Gómez et al showed that Pectic oligosaccharides (POS) from citrus can be responsible for the promotion of Bifidobacteria and lactic bacteria growth [START_REF] Gómez | Purification, characterization, and prebiotic properties of pectic oligosaccharides from orange peel wastes[END_REF]. Surprisingly, we did not observe any effect of SNCE supplementation in caecal microbiota. Our results are also in contradiction with the finding of Yu and colleagues who demonstrate that dietary supplementation with citrus extract improves the intestinal barrier function by modulating the microbial composition of broiler [START_REF] Yu | Dietary Supplementation With Citrus Extract Altered the Intestinal Microbiota and Microbial Metabolite Profiles and Enhanced the Mucosal Immune Homeostasis in Yellow-Feathered Broilers[END_REF]. These observed effects were positively correlated with growth performances improvement of broiler. The type of citrus extract, the feed composition, and also the inclusion rate (250 ppm Vs 10 ppm) can explain partially the difference observed by the cited authors compared to our results. Sampling methods and area are others possible explanations for these differences. Indeed, whereas the cecal microbiota was analyzed in our study, Yu et al analyzed a blend of cecal and ileal content [START_REF] Yu | Dietary Supplementation With Citrus Extract Altered the Intestinal Microbiota and Microbial Metabolite Profiles and Enhanced the Mucosal Immune Homeostasis in Yellow-Feathered Broilers[END_REF]. Similarly, Ebrahimi et al have also shown a correlated effect of Citrus sinensis supplementation between broiler chickens microbiota and growth performances [START_REF] Ebrahimi | Effect of Dried Citrus Sinensis Peel on Gastrointestinal Microbiota and Immune System Traits of Broiler Chickens[END_REF]. This highlights the fact that microbiota data are complex at harvest, treatment, and analyses. That's why special consideration must be given to their interpretation and comparison.

Dietary supplementation of SNCE to another species, namely pigs, during a shorter period revealed an important impact on fecal microbiota composition [START_REF] Cisse | Standardized Natural Citrus Extract dietary supplementation influences sows' microbiota, welfare, and preweaning piglets' performances in commercial rearing conditions[END_REF]. It should be noticed that in this cited study, the supplementation period, the inclusion rate, and the sampling area were different from the actual broiler chicken study. Differences may also be explained by the intestinal transit time which is different between sows and broilers.