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Abstract

:

The present study investigated the dietary impact of dried olive pulp (OP) on growth performance, gut health and some welfare and behavior characteristics of broilers. It was conducted in a commercial poultry farm using 108 13 day-old Ross male broilers. Chickens were equally and randomly assigned to 3 dietary treatments, CON, OP3 and OP6, based on the incorporation rate of OP in the ration (0%, 3%, and 6%, respectively). A beneficial impact on foot pad dermatitis (FPD) and feather cleanliness of OP-fed broilers was recorded. No adverse effects on qualitative behavior characteristics evaluated and on the overall growth performance of chickens were observed. No significant differences in the fecal microbiota population were observed among the groups. Changes of β-diversity in an age-dependent way were only observed. The feces of chickens across all age and dietary groups were mainly dominated by the phylum Firmicutes (62.3 to 95.1%), mainly represented by the genus Lactobacillus (32.9 to 78.2%), Proteobacteria (2.0 to 35.6%), and Actinobacteria (1.5 to 11.4%). Supplementing broilers’ diets with 3% and 6% OP beneficially affected chickens’ health and welfare without compromising their growth performance and gut health.
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1. Introduction


Poultry gut health has wide implications for birds’ systemic health, animal welfare, production efficiency, food safety, and environmental impact [1]. Factors affecting intestinal health are diet, microbiota and environment. [2]. The gut microbiota is a very important organ because it modulates several physiological functions such as nutrition, metabolism, and immunity, thus, maintaining the health of the host. It also affects host behavior and physiology [3,4]. Moreover, modulating microbiota composition, through, for instance, anti- or probiotic treatment, influences anxiety, stress and activity [5,6], as well as the serotonergic and immune systems in rodents [7,8]. Similarly, in poultry, changes in microbiota composition influence fearfulness, memory, as well as serotonergic and immune systems [9,10,11]. Later studies in laying hens have shown that microbiota transplantation at earlylife affects behavioral responses, serotonin and immune characteristics in chicken lines divergently chosen on feather pecking [12]. Microbiota is defined by host genes and the environment, with nutrition being one of the most significant factors. Alterations in the dietary composition may, thus, cause changes in microbiota [13].



Using antibiotics as growth promoters in farm animals has been totally forbidden by the European Union (EU) since 2006 (EC Regulation No. 1831/2003) [14] due to their possible negative effects on animal health and food safety [15,16]. In a global effort to minimize the use of drugs in poultry and livestock production, phytogenic feed additives abundant in bioactive compounds with anti-microbial, antioxidant and anti-inflammatory properties seem promising alternatives to antibiotics [17,18]. They have positive effects on farm animals since they improve growth parameters by ameliorating diet properties, promoting animals’ production performance, and improving food quality [17]. Additionally, plant-derived feed supplements have been recently obtaining interest as a way of maintaining gut health in poultry [19,20]. One such feed additive of plant origin is olive pulp (OP), which is a by-product of the olive oil extraction process. As it is well known, the olive oil industry produces large quantities of by-products that are harmful to the environment, which in recent years have been attempted to be further exploited within the principles of the circular economy [21]. Towards this direction, supplementing animals’ diets with olive by-products contributes to the recycling of these wastes, helping the transition to an effective circular waste-based economy [22]. Other advantages of this strategy are the lower dependence of animal production on human-consumed seeds and the decreased waste management costs [22]. Since feed represents 70% of total production costs in poultry farming, new sources of raw materials from agricultural and industrial by-products have been evaluated as feedstuff in order to decrease those costs [18,23].



OP is the remainder after the olive cake is dried. It is rich in essential fatty acids (73% oleic acid, 13% palmitic acid and 7% linoleic acid) and has elevated residual oil [24]. Moreover, it has oleuropeoside advantageous compounds such as oleuropein and phenolics like tyrosol [25]. Previous reports demonstrate that dietary polyphenols are potent antioxidants that can be utilized in poultry for improving health, growth performance and animal product quality. [26]. Thus, OP can supply animals with energy and, specifically, polyunsaturated fatty acids providing them also with various biologically active ingredients with antioxidants, antifungals, and antibacterial and anti-tumoral properties [27,28,29,30,31,32]. Furthermore, it is regarded as a good source of protein, calcium, copper and cobalt [33]. Its high nutritive value and chemical composition make OP an attractive and low-cost nutrient for farm animals [34,35].



OP has been formerly used at various incorporation rates (2–20%) in broilers’ diets in numerous studies with promising though not always consistent findings regarding birds’ performances [25,36,37,38,39,40,41,42,43,44,45]. In general, doses up to 10% do not seem to adversely affect broiler growth [25,38,39,40,43], meat quality [41,45] and health parameters [40,42,44]. On the other hand, higher dietary levels of OP have been shown to impair body weight gain, feed conversion ratio and food consumption of broilers [36,43,46]. It has been previously documented that broiler chickens fed dried OP-supplemented diets utilize OP more efficiently when its inclusion rate is increased gradually with birds’ age [41].



Current literature indicates that there is a lack of research evidence regarding the optimal inclusion rate of OP in chickens’ diets as well as its dietary impact on birds’ welfare and behavior. Moreover, the dietary effect of OP on broilers’ gut microbiota has been investigated in a limited number of studies [40,47]. On the other hand, feeding broilers with 1500 ppm of a bioactive olive pomace extract from common olive (Olea europaea) decreased some of the negative effects that a short-term fasting period caused in birds’ intestines [19]. Furthermore, in vitro studies have demonstrated the anticoccidial activity of OP extract against Eimeria oocysts in broiler chickens [48]. Taking into consideration all the above, the aim of this investigation was to assess the dietary effect of dried OP on broilers’ growth performance and gut microbiota, as well as on some welfare and qualitative behavior characteristics of birds. An additional objective of this study was to determine the optimal inclusion rate of OP in chickens’ diets.




2. Materials and Methods


2.1. Animals, Diets and Experimental Design


This trial was conducted in a Greek commercial poultry farm, and the duration of the experiment was 29 days. In total, 108 Ross male broilers, 13-day-olds, with an initial body weight (BW) of 428.01 ± 2.69 g were used in the study. Chickens were randomly accommodated in 9 consecutive floor pens of 1 m2 (12 birds/pen) in an environmentally controlled poultry house. Each pen was covered with rice husk and it was provided with nipple drinkers and a bell feeder. During the experiment, broilers were allowed free access to fresh water and feed was offered ad libitum in mash form. The stoking density in each floorpen (33 kg/m2) met the requirements of EU Directive 2007/43/EC [49]. The lighting, temperature, and relative humidity were controlled according to the Ross 308 management guidelines [50].



Broilers were equally and randomly assigned in 3 dietary treatments identified CON, OP3, and OP6, based on the inclusion rate of OP in their ration (0%, 3% and 6% respectively) with 36 chickens/group, 3 replicates-floor pens/group. A three-phase feeding program was applied in each dietary treatment, consisting of a grower diet fed from 13 to 20 days of age, a finisher 1 and a finisher 2 diet fed from 21 to 32 days of age and from 33 to 41 days of age, respectively. In total 9 diets were formulated (Table 1). In OP-diets, dried OP substituted mainly wheat and a small quantity of sunflower oil of the CON-diet in order to formulate all ratios at an isonitrogenous and isocaloric basis. The dried OP used in the investigation was a commercial animal feed supplement in the form of flour (Sparta INNOLIVE®, Sparta Life S.A., Sparta, Greece), and its’ nutrient and fatty acid composition are described in detail by [51].




2.2. Production Traits and Fecal Sampling


Broilers’ body weight (BW) was determined at the onset of the experiment (13 days of age) and at 20, 27, 34 and 41 days of age. Body weight gain (BWG) and feed consumption (FC) per bird were calculated on weekly intervals as well as for the whole experimental period (13–41 days of age). Based on FC and BWG, the feed conversion ratio (FCR) per bird was calculated both at weekly intervals and during the entire experiment. The mortality rate was recorded daily.




2.3. Welfare and Behavior Indicators


At the age of 34 and 41 days, the chickens of each treatment group were individually evaluated for feather cleanliness, foot pad dermatitis (FPD), and hock burn, as well as for quality behavior traits, according to the Welfare Quality (2009) protocol [52]. First, observations of the quality behavior characteristics (active, fearful, depressed, calm, bored, friendly and feeding behavior) were undertaken in order to avoid confounding data due to handling stress. For the quality behavior traits, individual visual observations were performed (no recording) with a duration of 2 min for each pen. In each group, the number of birds expressing a specific type of behavior was noted, and then it was divided by the total number of live birds in this group and multiplied by 100. All observations were performed at the same time, 9 o’clock in the morning, by the same assessor at each evaluation period (34 and 41 days of age).



Then, each bird was gently held by one person, and its breast was examined for the feather cleanliness assessment by scoring on a 3-point scale: Score 0—completely clean feathers; Score 1—slight feather soiling; Score 2—moderate feather soiling; and Score 3—severe feather soiling. The percentage of chicks presenting each score was then calculated. Both feet of birds were examined for the presence of foot pad dermatitis (swelling-bubble foot) or hock burn, and scores were assessed according to the following: (a) FPD: 0—no evidence of FPD; Score 1 & 2—minimal evidence of FPD, Score 3 & 4—evidence of FPD. (b) Hock burn 0—no evidence of hock burn; Score 1 & 2—minimal evidence of hock burn. Score 3 & 4—evidence of hock burn. The percentage of birds with each scoring category was then estimated.




2.4. Microbiota Analysis


2.4.1. Sample Collection and Processing


At the onset of the experiment (13 days of age), two samples of fresh feces (approximately 1 g each) were randomly collected from 2-floor pens (1 sample per floor pen) for microbiota analysis. At the middle (27 days of age) and at the end of the trial (41 days of age), 9 samples of fresh feces in each time point (1 sample/pen-floor) were collected for microbiota analysis. At each time point, approximately 1 g of fresh feces/pen–on the floor was aseptically gathered by the plastic glove of one use from 5 different points of each pen (4 corners and the center) and was put in sterile plastic tubes. Upon collection, the samples were kept frozen at −20 °C preceding DNA extraction. Total genomic DNA was isolated using the Quick-DNA fecal/soil Microbe Microprep Isolation Kit (Irvine, CA, USA) following the manufacturer’s protocol. Afterward, genomic DNA was stored at −20 °C until further analysis.




2.4.2. 16S rRNA Library Construction and Sequencing


DNA concentration of samples was measured using a Qubit 4.0 Fluorometer with the Qubit® dsDNA BR assay kit (Invitrogen, Carlsbad, CA, USA). Bacterial community composition was assessed through sequencing of the V3–V4 hypervariable regions of the prokaryotic 16S ribosomal RNA gene (16S rRNA). Library construction was performed following Illumina’s 16S Metagenomic Sequencing Library Preparation (15044223 B) protocol, using 2× KAPA HiFi HotStart ReadyMix Reagent (KAPA BIOSYSTEMS, Woburn, MA, USA). Gene-specific primers described in Klindworth et al. [53] were used for amplification of the V3–V4 hypervariable regions after addition at the 5′ end of an Illumina (Illumina Inc., San Diego, CA, USA) overhang adapter nucleotide sequence. The sequences of the primers used are presented in Table S1. PCR amplicon and library purification from primer-dimer species and unincorporated primers was performed using Agencourt AMPure XP magnetic beads (Beckman Coulter-Life Sciences, Indianapolis, IN, USA). Library quantification was conducted through fluorometric quantification with the Qubit® dsDNA BR assay kit, and size evaluation was performed on a Fragment Analyzer system (Agilent Technologies Inc., Santa Clara, CA, USA) with a DNF-915 dsDNA Reagent kit. The libraries’ molarity was assessed by a qPCR performed on a RotorGene Q thermocycler (Qiagen, Hilden, Germany) using the KAPA Library Quantification kit for Illumina sequencing platforms (KAPA BIOSYSTEMS, Woburn, MA, USA). Sequencing was performed on a MiSeq platform using the MiSeq® reagent kit v3 (2 × 300 cycles) (Illumina, San Diego, CA, USA).





2.5. Statistical Analysis


The statistical analysis of the data was performed using Jeffreys’s Amazing Statistics Program JASP (v 0.14; JASP Team, 2020) software [54]. The significance of the differences in the percentages of feather cleanliness, foot pad dermatitis (FPD), hock burn and qualitative behavior traits among dietary treatments was assessed by the Chi-square test. For the analysis of broilers’ growth performance: BW, BWG, FC and FCR, the normality of the data was tested employing the Shapiro-Wilk test; Homogeneity of variance was evaluated with Levene’s test. One-way ANOVA was used to compare the average values of the parameters evaluated among groups. Post hoc analysis was performed using Tukey’s test. When the distribution was not normal, the non-parametric tests Kruskal-Wallis and Mann-Whitney were used to make the comparisons. All comparisons were made at a significance level of p ≤ 0.05.



Bioinformatic Analysis


Bacterial community analysis was performed using Quantitative Insights Into Microbial Ecology2 (Qiime2) (version 2020.8) [55]. Raw reads were imported into QIIME2 and were trimmed for adapters using the cutadapt plug-in [56]. Paired-end trimmed reads were joined using the VSEARCH plug-in [57], and quality filtering was performed with a minimum quality score of 28. Reads passing filters were dereplicated and clustered into Operational Taxonomic Units (OTUs) with 99% sequence similarity using the VSEARCH tool [57] and the open-reference method. Subsequently, chimera filtering was conducted with the VSEARCH plug-in [57], and sequence taxonomy was assigned by aligning the sequences against the SILVA 132 reference database [58] at 99% sequence identity using the BLAST plug-in [59]. Archaeal, mitochondrial, chloroplastic and unassigned sequences were removed from the data.



The resulting OTU table and biom file were imported in R (version 4.0.3) [60] for further processing. OTU counts and taxonomic assignment were merged into a phyloseq and an ampvis2 object and analyzed using the phyloseq [61] and amvis2 [62] R packages, respectively. Results visualization was performed by combining functions provided by the ggplot2 R package [63]. All bar plots were normalized to 100% as abundance estimations within each sample, so percentages do not reflect the true biomass fraction of each sample.



The α-diversity was calculated with the phyloseq package using the Observed, Chao1, and ACE (abundance-based coverage estimator) indices for richness estimation as well as the Shannon, Simpson, Inverse Simpson, and Fisher indices for evenness estimation. Kruskal-Wallis non-parametric test was used to determine significant differences in the α-diversity and the relative abundance across treatments.



To assess the similarity of microbiome structure in samples, the β-diversity was calculated using the Bray-Curtis index. Principal coordinate analysis (PCoA) based on the Bray-Curtis distance matrix was performed; results visualization was performed by combining functions provided by the ggplot2 and MicrobiotaProcess R packages [64]. ANOSIM was performed using the vegan package [65].



For investigating the differences in taxonomic abundances at phylum, family, genus, and species level between CON and dietary treatment groups and between the different dietary treatments, differential abundance analysis was conducted with the DESeq2 (v) R package [66]. Prior to the analysis, OTUs were agglomerated at the species level. The Wald significance test was used for p-value calculation. Log2(fold-change) values were shrunk with the ‘apeglm’ method [67]. The thresholds used for defining differentially abundant taxa were p value < 0.01 and |log2(fold-change)| > 0.5.





2.6. Availability of Data and Materials


Raw fastq files are available through the NCBI Sequence Read Archive under the BioProject ID PRJNA885374.





3. Results


3.1. Growth Performance


The incorporation of OP in broilers’ diet had a significant impact (p < 0.05) on their BW, BWG, FC and FCR (Table 2). However, at 41 days of age, birds of all groups presented similar BW (p > 0.05), while BWG, FC and FCR for the whole experimental period were not significantly different among dietary treatments (p > 0.05), as indicated in Table 2. OP-fed broilers presented significantly lower BW at 20 days of age compared to controls (p < 0.05). At 27 days of age, control birds and those that received 6% OP with their diet had significantly higher BW compared to OP3 chicks (p < 0.05). A similar pattern regarding BW was recorded at day 34 of age; however, the observed differences were significant only between CON and OP3 groups (p < 0.05). During the grower phase (13–20 days of age), CON chicks presented significantly higher BWG compared to OP birds (p < 0.05), whereas FC and FCR did not differ significantly among groups (p > 0.05). From 21 to 27 days of age, similar BWG and FCR were recorded among dietary treatments (p > 0.05), while CON birds presented significantly lower FC compared to OP chicks (p < 0.05). From 28 to 34 days of age, FCR was higher for OP broilers compared to controls, with significant differences being observed between CON and OP6 groups (p < 0.05). At this period, BWG and FC were not significantly different among groups. From 35 to 41 days of age, broilers from all groups presented similar BWG (p > 0.05). However, OP birds consumed significantly less feed compared to controls (p < 0.05). The observed differences in FC during this period resulted in significant differences in the FCR among all dietary treatments (p < 0.05). In particular, the best FCR was recorded in the OP3 group, followed by OP6 and CON groups (p < 0.05). During the feeding trial, no deaths were observed among dietary treatments.




3.2. Welfare and Behavior Indicators


Data in Table 3 display the dietary influence of OP on broilers’ feather cleanliness as evaluated at the age of 34 and 41 days of their life. At 34 days of age, the percentage of CON chickens with moderate feather soiling (score 2) was significantly higher compared to OP birds (p < 0.05). At 41 days of age, the highest percentage of broilers with completely clean feathers (score 0) was recorded in the OP group and the lowest one in the CON group (p < 0.05). Moreover, at this time point, a lower percentage of chickens with moderate feather soiling (score 2) was found in OP groups compared to controls, and the observed differences were found significant between CON and OP6 groups (p < 0.05).



A significantly higher percentage of broilers with no evidence of FPD (score 0) was observed in OP-fed broilers compared to controls (p < 0.05) on both days 34 and 41 of their age (Table 3). Similar results were found for the percentages of broilers evaluated with scores 1 and 2 (indicating minimal evidence of FPD), with the observed differences among groups presented in detail in Table 3. Finally, at day 41 of age, the percentage of CON chickens that were evaluated with a score of 3 for FPD was higher than that recorded in OP birds, with significant differences being noticed between CON and OP3 groups (p < 0.05).



In the present study, the broilers of all experimental groups were evaluated with very good scores for hock burn, indicating no evidence of such welfare issue (Table 3). In addition, the incorporation of OP in broilers’ diet had no significant effect (p > 0.05) on hock burn (Table 3) or the qualitative behavior characteristics evaluated (Table 4).




3.3. Dietary Effects of OP on Fecal Microbiome


3.3.1. Microbiome Diversity Measures


To evaluate the fecal microbial diversity in response to OP feeding, α-diversity was compared between the control and the OP-fed groups. For the statistical tests, samples were grouped into three categories named (a) based on diet, (b) based on sampling time and (c) based on both diet and sampling time. Calculation of richness and evenness indices showed that no statistically significant differences were found among all groups over time, indicating that OP does not modulate the richness and biodiversity of fecal microbial communities (Figure 1). However, though not statistically significant, a numerical increase of indices for richness estimation (Observed, Chao1, and ACE) in OP6 related to the OP3 dietary group by 27 and 41 days of age was observed, indicating a direct relationship between the OP dose and fecal microbial diversity.



The β-diversity analysis was performed to estimate the difference or the similarity in the microbiome composition among groups. Pairwise ANOSIM revealed that the microbial composition was significantly affected by age (p = 0.0027, R = 0.3268; Table S2); PCoA visualization of the β-diversity among samples collected at the onset of the experiment (13 days of age), at 27 days of age, and at the end of the study (41 days of age) revealed a trend of clustering of microbial communities based on sampling time (Figure 2A). On the other hand, pairwise ANOSIM did not show significant differences in microbial composition among samples from different dietary treatments (p = 0.4947, R = −0.01152; Table S3); PCoA plots showed that there was no clear clustering of the samples based on the different dietary treatments (Figure 2B).




3.3.2. Microbial Community Composition


To obtain further insights into the impact of OP feeding on the fecal microbiome, we assessed the relative abundance of bacterial taxa in samples collected at the onset of the experiment (13 days of age), at 27 days of age, and at the end of the study (41 days of age). Calculation of the relative abundance at different levels from phylum to genus and multiple test comparisons revealed that the predominant taxa were similar between the different dietary treatments at 27 and 41 days of age as well as between the OP groups and the control group at each time point. Firmicutes (62.3 to 95.1%), Proteobacteria (2.0 to 35.6%), and Actinobacteria (1.5 to 11.4%) formed the vast majority of microbiota at the phylum level across all age and dietary groups (Figure 3A,C). At the genus level, Lactobacillus (32.9 to 78.2%) was the dominant genera in the feces of chicken in all OP and CON groups, followed by Streptococcus (0.7 to 22.7%) and Staphylococcus (0.9 to 15.3%) (Figure 3B,D). Though not statistically significant, a numerical increase and decrease in shifts in the main genera were observed in the OP6 and OP3 dietary groups compared to CON, at 41 days of age; Interestingly, an increase in Staphylococcus (0.9 to 14.5%) in OP dietary treatments compared to CON has been revealed.



To identify differential taxa between CON and OP dietary treatment groups an abundant differential analysis has been performed. The staphylolococcaceal family was significantly more present in the OP3 dietary group than in the CON group, at 41 days of age (Figure 4A, Table S4). At the same time point, testing between OP6 dietary treatment group and CON group showed that four families (Lactobacillaceae, Staphylococcaceae, Corynebacteriaceae, and Peptostreptococcaceae) were enriched in OP6 group (Figure 4B, Table S5).






4. Discussion


This is the first report that investigates the impact of OP on welfare and behavior traits of broilers. The studied inclusion rates were chosen according to the results of a previous study of ours carried out in laying hens [51]. In our former report, a positive dietary effect of dried OP on welfare parameters of hens was found in incorporation rates ranging from 3% to 6%. Thus, we decided to perform this trial using the lowest (3%) and the highest dose rates (6%) based on the beneficial impact on hens’ welfare characteristics. Moreover, the chickens used in the present trial were selected from a commercial flock that was introduced in poultry house at the age of 1 day-old. A 12-days adaptation period was used before starting the experiment, in order to provide chickens the appropriate time to adjust to the new poultry house environment and also reduce stress factors related to their transport from the hatchery to the poultry farm. In addition, this period was also required for the stabilization of their body weight.



The present study revealed that the addition of 3% and 6% OP in growers’ diet retarded BWG of chickens during this period and resulted in their lower BW at day 20 compared to controls. However, during the growing phase, the chickens of all groups consumed similar amount of feed. This finding indicates the compromised nutrient utilization of feed in OP fed growers in comparison to control birds due to the high fiber content of OP, and consequently to the higher fiber content of OP diets compared to CON diet, confirming previous reports [36,43]. It seems that the immature digestive system of young broilers, which still develops at the age of 28 days of age [68,69] is not capable of digesting the high fiber content of OP diets. Jiménez-Moreno et al. [70] indicated that moderate amounts of structural insoluble fiber (2.5%) rather than (5%) are required to improve gizzard development, gastrointestinal function and nutrient digestibility in young broilers 21 days of age. Commercial broiler diets are typically formulated to contain a maximum of 2–3% crude fiber [71]. In the present study, CON diets were within crude fiber content recommendations in all three feeding phases, whereas OP diets exceeded them, as indicated by the chemical composition of experimental ratios. In line with our findings, Papadomichelakis et al. [41] also observed a negative impact in broilers growth performance when they consumed diets containing 5% of dried OP compared to controls during the grower phase. Thus, in order to provide young broilers the time required for their digestive system to adapt to the introduction of fibrous OP to their diets, these authors suggested the gradual increase of OP in birds fed with age.



It has been previously documented that broiler chickens undergoing compensatory growth also exhibit greater than normal feed intake relative to body weight and some associated digestive adaptation [72]. The results of this trial concerning FC during the period from 21 to 27 days of life are in agreement with the aforementioned authors. More specifically, in order to cover their needs for maintenance and growth, OP-fed broilers consumed significantly greater amounts of feed compared to CON birds during 21 to 27 days of life. The increased FC observed in OP-fed broilers resulted in similar BWG among chickens of all groups during 21 to 27 days of life. However, despite the similarities in BWG during this time period, only the chicks that consumed diets with 6% OP managed to achieve similar BW with control chicks. Increased feed intake in broilers fed finisher diets with 5% OP have also been recorded in previous reports [45]. During the last two weeks of the finishing period, considerable differences of FCR were recorded among groups. At first, a deterioration of FCR in OP-fed broilers compared to controls was recorded from 28 to 34 day of life followed by the opposite result the next period (35–41 d). The observed differences in feed efficiency were the net result of the numerical or significant differences in FC seen among groups during each time period.



Despite the observed differences in productive traits of broilers as recorded at weekly intervals among groups, overall growth performance of chickens as indicated by final BW at 41 day of life, BWG, FC and FCR during the whole experimental period (13–41 d) was not affected by the addition of OP in birds’ diet. These data imply the capability of broilers to adapt to and efficiently utilize diets containing OP at levels of 3% and 6% gradually with age without compromising their growth. The mechanisms implicated in this adaptation could be a combination of factors acting individually or synergistic to a more functional digestive tract. Both the type of diet (higher fiber content in OP ratios compared to control) and the age of broilers with continue developing gastrointestinal system play a key role. Inclusion of insoluble dietary fiber in broiler diets has been shown to regulate intestinal morphology, gut microbiota, nutrient absorption, digestive organ development, and growth performance [73]. However, limited factors such as digestive enzymes’ secretion and activities, as well as the surface area for absorption, prevent young broilers with an immature gastrointestinal tract to properly digest and absorb nutrients [74]. As the chickens grow, these issues are improving, resulting in the amelioration of nutrient utilization. Additionally, the role that the microbiome plays, or the absence of it, in the development of young chicks, must be taken into account. The gastrointestinal tract of the hatchling is sterile [75] but is quickly colonized by microbiome through the feed and environment. It is worth mentioning that a stable microbiome, with high-species diversity and an even distribution of predominant species, is established by the third week of life [76,77].



The results of this investigation concerning overall growth performance are in agreement with those observed by other researchers who evaluated the in feed inclusion of OP in broilers’ diet, at various incorporation rates such as 5% and 10% [25,38,39,46], 2%, 4%, 6% and 8% [40], 5% [42,43], 2.5%, 5% and 7.5% [36] and 6% [37]. On the other hand, lower BW at slaughter, increased feed intake and FCR in broilers fed grower and finisher ratios containing 2.5% and 5% olive paste flour respectively compared to controls, was reported by Fotou et al. [45]. Moreover, decreased FC [37,43,46], deterioration of FCR [37,41,42,43], decreased BWG [36,37] and final BW [36,37,43] of broilers fed diets supplemented with OP at rates of 8% [41,42], 3% and 9% [37], 10% [36,43], 15% [43] and 20% [46] compared to control chicks have been previously documented. The deterioration of OP fed broilers’ productive traits in former reports has been attributed to the high crude fiber content of OP, and consequently OP diets that have been shown to negatively affect nutrient utilization [36,43,45]. Finally, Saleh et al. [44] observed higher BWG in broilers with 35 days of age that consumed diets containing 4% OP compared to control chickens.



The lack of consistency of our results considering the dietary effect of OP in broiler growth performance with those formerly reported in similar studies could be due to differences in the composition of OP and diets used, the dose rate of OP, as well as chickens age and hybrid. The crude fiber content of olive by- products used is of great importance. Similar to other agro-industrial by-products, dried olive residues are characterized by a high variability in the chemical composition, due to different oil extraction methods and olive varieties, or the following processing out such as drying or destoning [78]. Destoning, has been shown to reduce the crude fiber content of dried OP thus allowing higher dietary dried OP incorporation rates without negative impact on growth performance of broiler chickens [25].



The incorporation of OP in broilers’ diet at both studied levels (3% and 6%) had a positive effect on both FPD and the cleanliness of the birds’feathers as evaluated at day 34 and 41 of their life. This finding is very important for chickens health and welfare but also from the farmers’ financial point of view. It is well known that FPD is a very common and well recognized problem in broiler industry [79], that negatively affects birds productivity and welfare [80] especially when lesions are severe and painful and it has been associated with reduced mobility, lameness and consequently with behavioral restrictions of birds [81,82]. It has also been shown that FPD is highly correlated to systemic bacterial infections since pathogens can invade to the chickens through damaged epithelium on the foot pads causing bumblefoot [83]. Furthermore, financial losses due to FPD are mainly attributed to slaughterhouse condemnation of carcasses with contact dermatitis lesions [79]. Chicken legs are a highly profitable by-product for the industry, and poor footpad conditions due to FPD downgrade the product quality, resulting in condemnations and downgrading and, consequently, in loss of income [81]. On the other hand, plumage cleanliness is important for thermoregulation and when the feathers are wet or soiled by bedding material they may lose their protective properties, having negative effects on the welfare of birds [84]. Dirty feathers can provide information regarding chickens living conditions and feather cleanliness estimation is a good indicator for management quality and litter humidity [85].



FPD is a multifactorial problem with litter quality, nutrition and gut health being some of the factors implicated in its’ incidence [79,80,81]. The most important risk factor for the development of FPD is considered the litter condition [86]. The litter moisture and ammonia concentration from accumulated fecal material can burn and weaken the dermis of the footpad [87], with an increased severity of FPD resulting from the prolonged exposure of feet to wet litter. Moisture causes the outer layer of the dermis to soften, posing a risk of microbial contamination, leading to necrosis [88]. In a number of studies, dirty feathers and FPD are highly correlated; possibly due to a common cause which is litter humidity [84,89,90]. Moreover, birds with FPD prefer to spend more time sitting due to pain, thus soiling their feathers [81]. The results of the present study confirm the findings of the aforementioned authors.



The precise mechanism implicated in the positive nutritional effect of OP in both FPD and feather cleanliness of broilers observed in this study is presently unknown and requires further investigation due to the lack of similar studies in available literature. As mentioned above, nutrition and diet composition are considered major factors in the onset of FPD because they have a direct effect on feces moisture and eventually litter quality as well as on gut health. Our findings could be partially attributed to the higher fiber content of OP diets compared to the control diet which might have ameliorated either litter quality or gut health of birds or both. It has been previously documented that dietary fiber intake can directly influence wet litter, depending on the type, source, level and chemical composition of the fiber, as well as the diet composition [91]. Dietary non-starch polysaccharides (NSP), specifically insoluble NSP, have been shown to provoke beneficial effects on gut health, litter quality and nutrient utilization, by increasing crop and gizzard activity, stimulating digestive enzyme production and enhancing bacterial fermentation in the hind gut [91]. The presence of NSP in the cell wall of OP has been documented by several authors [25,38,39]. A number of studies have reported that adding lignocellulose-based products like OP [46] in poultry diets positively affects fecal consistency and litter quality [92,93,94,95]. In part, this could be due to the presence of fiber that increases digesta retention time and water holding capacity, leading to increased water absorption in the gastrointestinal tract and thus decreased moisture in the excreta. Furthermore, short chain fatty acids (SCFAs), the final products of fermentation of dietary fiber by the intestinal microbiota, have been shown to enhance the absorption of water [96,97]. Moreover, previous reports demonstrated that SCFAs, such as propionate and acetate, present toxic effects on some pathogenic bacteria [98,99].



The higher percentage of birds with no evidence of FPD and completely clean feathers recorded in OP groups compared to CON could also be due to the advantageous for the skin health effect of OP bioactive compounds like polyunsaturated fatty acids (PUFA) and polyphenols. Former reports demonstrate that oils with high content of essential fatty acids ameliorate skin hydration, regenerate the damaged epidermal lipid barrier and modulate skin metabolism [100]. Additionally, plant polyphenols are regarded as important substances for skin function, with hydrating, smoothing and softening actions [101,102,103]. Since this is the first study investigating the dietary effect of OP in FPD and feather cleanliness of broilers, comparison of our findings cannot be made. However, the results of a recent similar trial carried out in laying hens confirm the dietary impact of OP in keratin components of the skin [51]. In particular, Dedousi et al. [51] observed improved belly feather condition and longer claws in laying hens fed diets with 3–6% incorporation rates of OP compared to the CON diet.



No welfare issues in respect of hock burns were recorded in the present study. Even though nutrition plays an important role in the incidence of leg problems in broilers and consequently to possible behavior changes, the incorporation of OP in broilers’ diet did not affect the qualitative behavior characteristics evaluated. These results could be attributed to the minimal evidence of FPD observed in birds of all groups. It has been previously shown that severe lesions of FPD have been associated with hock burns [89,104] and behavioral restrictions of chickens [81,89] and turkeys [105] such as reduced activity due to pain.



To improve our understanding of the mechanisms involved in the positive dietary effect of OP in both FPD and feather cleanliness of broilers observed in this study, we examined the impact of OP in modulating fecal microbiota. Fecal samples were utilized in this study due to concerns that cloacal swabs may not collect enough material for sufficient analysis and the need to not sacrifice birds. Estimation of the α and β-diversity in response to OP feeding showed that there was no significant effect of dietary treatments on fecal microbiota diversity; only changes of β-diversity on an age dependent way were observed. Although in a limited number, previous studies in broilers also revealed that OP did not affect the diversity of the chicken ceacal microbiota. According to them, no significant differences were observed in cecum microbiota of broilers fed 2–8% OP [40] or 750 ppm of a bioactive olive pomace extract from common olive (Olea europaea) [47] compared to those fed the control diets.



The feces of chickens across all age and dietary groups were mainly dominated by the phylum Firmicutes (62.3 to 95.1%) mainly represented by the genus Lactobacillus (32.9 to 78.2%), Proteobacteria (2.0 to 35.6%), and Actinobacteria (1.5 to 11.4%) (Figure 3A–D). These results are in agreement with previous studies which reported the same dominant phyla in the cecal [106] and fecal microbiota [107] in chickens. Although it has been shown that bioactive compounds of olive pomace such as oleuropein and hydroxytyrosol [108] as well as the use of fiber as a tool in order to encourage extended digesta passage rate in the fore gut can help to promote beneficial microbiota [91], in our study we found that the incorporation of OP in broilers’ diet at both studied levels (3% and 6%) did not modify the relative abundance of taxa in feces.



Strikingly, though not statistically significant, at the genus level a numerical increase in Staphylococcus (0.9 to 14.5%) in OP dietary treatments compared to CON was revealed. Differential abundant analysis also confirmed differentially enrichment with Staphylococcaceae of OP3 and OP6 microbiota compared to CON. Lactobacillaceae was also one of the differentially abundant taxa which were identified to be enriched in 41 days of age samples from birds treated with OP6, compared to CON. The latter is in agreement with previous studies reporting Lactobacillus was identified at increased counts in ileal samples of birds fed with olive leaves and pomace extracts compared to that of the CON [47,108,109]. Differentially enrichment of Lactobacillaceae in OP6 dietary treatment could be attributed to their ability to metabolize phenolic compounds contained in OP thus favoring their growth [110]. Lactobacilli have a principal role in shaping the immune system repertoire by improving antibody-mediated immune responses and modulating cytokine expression [111]. On the other hand, staphylococci constitute a common part of chicken intestinal microbiota acting as symbiotic or pathogenic [112]. Similar to our findings, Staphylococcaceae have also been recorded in broiler fecal microbiota samples in former reports [113].



Overall, comparing the OP treated groups with their respective control groups, our results suggest that OP treatments did not significantly affect the fecal microbiota population and consequently positive dietary effects of OP on both FPD and feather cleanliness of broilers are not ascribed to the modulation of gut microbiota. They could however be attributed to the skin health beneficial [101,102,103] and immunomodulatory effects of the bioactive compounds of OP [47]. These results are in agreement with previous studies which have been proposed that positive effects of OP in pigs and chickens are related to its anti-inflammatory properties rather than to alterations in gut microbial ecology and function [47,114]. However, it should be noted that our results should be evaluated with caution; it has been proposed that fecal samples from chickens can be used to detect changes in the intestinal microbial community but the two microbiota differ significantly in diversity and the fecal microbiota does not accurately represents the intestinal one [107,115].




5. Conclusions


The current study revealed that supplementing broilers’ diet with dried OP positively affected both FPD and feather cleanliness of birds. These observations demonstrate the potential health and welfare benefits for OP fed chickens and also indicate a possible cost –benefit relation for the producers. The non-significant differences observed among dietary treatments regarding fecal microbial population indicate that the positive dietary effects of OP on both FPD and feather cleanliness could possibly be related to the higher fiber content of OP diets compared to control diet which might have ameliorated litter quality rather than gut health of birds. They could also be associated with the skin health beneficial effect and the anti-inflammatory properties of OP bioactive compounds like PUFA and polyphenols, however further investigation is necessary to verify the exact mechanism implicated in those results. The addition of OP in broilers’ diet at both studied levels (3% and 6%) did not adversely affect the qualitative behavior characteristics evaluated as well as the overall growth performance of chicks. These data imply the capability of broilers to adapt to and efficiently utilize diets containing OP at both levels of 3% and 6% gradually with age without compromising their growth.



Taking into account the encouraging findings of our research on the parameters studied, the nutritional effect of OP on the quality and organoleptic characteristics of broilers’ meat could be explored in the future. A more detailed investigation of the intestinal microbiome could also be conducted to assess the potential probiotic action of some of the bioactive substances of the olive paste.
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Figure 1. Alpha-diversity boxplots across dietary treatment groups (CON, OP3, OP6) of day 13 (D13; onset of the experiment), 27 (D27), and 41 (D41) chickens. Richness was estimated using the Observed, Chao1, and ACE indices. Evenness was estimated using the Shannon, Simpson, Inverse Simpson, and Fisher indices. No significant differences were found between any of the treatment groups using the Kruskal-Wallis non-parametric test. 
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Figure 2. Principal coordinate analysis (PCoA) based on the Bray-Curtis distance matrix of chicken fecal microbiota by age; on day 13 (onset of the experiment), 27 and 41 chickens (A), and by dietary treatment; chickens fed with OP3% (OP3), OP6% (OP6), and control group (CON) (B). Statistical significance determined by ANOSIM is indicated in each plot. 
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Figure 3. Microbial community composition. Bar charts showing the relative abundance of the most predominant microbial phyla (A) and genera (B), in fecal samples, in each dietary treatment group and time point. Heatmap analysis of the relative abundance of the top microbial phyla (C) and genera (D) in the feces of day 13, 27 and 41 chickens, in each dietary treatment group. 
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Figure 4. The phylogenetic tree of the species was found to be differentially abundant between the groups CON and 3% (A), and 6% (B) OP dietary treatments, at 41-day fecal samples. The differentially abundant species’ names are shown. The final node’s size is proportional to the p-value for the corresponding species. The color of the node denotes the group in which the differentially abundant species are more abundant. Clades with different colors correspond to different families. 
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Table 1. Formulation and nutrient composition of diets containing Olive Pulp (OP) compared with the Control diet (CON).
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Grower

(13–20 Days of Age)

	
Finisher 1

(21–32 Days of Age)

	
Finisher 2

(33–41 Days of Age)




	
Items

	
CON

	
OP3

	
OP6

	
CON

	
OP3

	
OP6

	
CON

	
OP3

	
OP6






	
Ingredients

	

	

	

	

	

	

	

	

	




	
Wheat

	
36.395

	
33.615

	
30.955

	
40.95

	
38.105

	
35.35

	
44.87

	
42.135

	
39.28




	
Corn

	
25

	
25

	
25

	
25

	
25

	
25

	
25

	
25

	
25




	
Soya meal

	
31.3

	
31.4

	
31.47

	
26.43

	
26.58

	
26.72

	
22.33

	
22.43

	
22.6




	
Olive pulp

	
0

	
3

	
6

	
0

	
3

	
6

	
0

	
3

	
6




	
Sunflower oil

	
4.1

	
3.9

	
3.6

	
4.9

	
4.7

	
4.45

	
5.15

	
4.9

	
4.7




	
MCP *

	
0.42

	
0.42

	
0.43

	
0.215

	
0.22

	
0.22

	
0.185

	
0.19

	
0.195




	
Premix 1

	
0.4

	
0.4

	
0.4

	
0.4

	
0.4

	
0.4

	
0.4

	
0.4

	
0.4




	
Limestone

	
1.05

	
0.93

	
0.8

	
0.86

	
0.74

	
0.61

	
0.9

	
0.78

	
0.66




	
NaCl

	
0.28

	
0.28

	
0.28

	
0.28

	
0.28

	
0.28

	
0.28

	
0.28

	
0.28




	
Methionine

	
0.35

	
0.34

	
0.35

	
0.3

	
0.3

	
0.3

	
0.25

	
0.25

	
0.25




	
Lysine

	
0.26

	
0.27

	
0.27

	
0.24

	
0.25

	
0.25

	
0.24

	
0.24

	
0.24




	
Threonine

	
0.15

	
0.15

	
0.15

	
0.135

	
0.135

	
0.135

	
0.11

	
0.11

	
0.11




	
RONOZYME® HiPhos

	
0.02

	
0.02

	
0.02

	
0.015

	
0.015

	
0.015

	
0.01

	
0.01

	
0.01




	
Mycotoxins Binder

	
0.2

	
0.2

	
0.2

	
0.2

	
0.2

	
0.2

	
0.2

	
0.2

	
0.2




	
Coccidiostat

	
0.05

	
0.05

	
0.05

	
0.05

	
0.05

	
0.05

	
0.05

	
0.05

	
0.05




	
Antioxidant

	
0.015

	
0.015

	
0.015

	
0.015

	
0.015

	
0.015

	
0.015

	
0.015

	
0.015




	
Xylanase

	
0.01

	
0.01

	
0.01

	
0.01

	
0.01

	
0.01

	
0.01

	
0.01

	
0.01




	
Total

	
100

	
100

	
100

	
100

	
100

	
100

	
100

	
100

	
100




	
Chemical analysis

	

	

	

	

	

	

	

	

	




	
Crude protein (%)

	
20.774

	
20.8

	
20.833

	
18.985

	
19.003

	
19.008

	
17.49

	
17.52

	
17.57




	
Crude fiber (%)

	
2.75

	
3.45

	
4.15

	
2.65

	
3.35

	
4.05

	
2.57

	
3.27

	
3.91




	
Fat (%)

	
5.95

	
6.15

	
6.25

	
6.75

	
6.95

	
7.1

	
7.01

	
7.15

	
7.25




	
Ash (%)

	
4.76

	
4.8

	
4.85

	
4.12

	
4.18

	
4.22

	
3.93

	
3.98

	
4.04




	
Calculated analysis

	

	

	

	

	

	

	

	

	




	
ME (kcal/kg)

	
2901

	
2903

	
2903

	
2993

	
2998

	
2999

	
3040

	
3042

	
3044




	
Lysine (%)

	
1.256

	
1.259

	
1.254

	
1.117

	
1.12

	
1.118

	
1.013

	
1.009

	
1.075




	
Methionine (%)

	
0.652

	
0.649

	
0.648

	
0.579

	
0.576

	
0.577

	
0.511

	
0.509

	
0.507




	
Ca (%)

	
0.63

	
0.631

	
0.63

	
0.515

	
0.516

	
0.514

	
0.514

	
0.516

	
0.517




	
P (%)

	
0.462

	
0.461

	
0.46

	
0.398

	
0.397

	
0.397

	
0.377

	
0.376

	
0.375




	
Na (%)

	
0.12

	
0.12

	
0.12

	
0.12

	
0.12

	
0.12

	
0.12

	
0.12

	
0.12








1 Premix Finisher contains (per kg of product): Vitamin A, 2,500,000 IU; vitamin D3, 1,250,000 IU; vitamin E, 20,000 mg; vitamin K3, 1500 mg; biotin, 35,000 mcg; folic acid, 300 mg; vitamin B1, 1500 mg; vitamin B2, 1500 mg; vitamin B6, 750 mg; vitamin B12, 6000 mcg; niacinamide, 7500 mg; calcium D-pantothenate, 3750 mg; choline chloride, 150,000 mg; carbonate (siderite), 12,500 mg; cooper as copper sulphate pentahydrate, 2500 mg; manganic oxide, 27,500 mg; zinc oxide, 20,000 mg; calcium iodate anhydrous, 300 mg; coated granulated sodium selenite, 75 mg; citric acid, 14 mg; orthophosphoric acid, 3.50 mg; butylhydroxytoluene (BHT), 35 mg; butylated hydroxyanisole (BHA), 8.75 mg; calcium carbonate, 55.90%; calcium, 22.21%; phosphorous, 0.01%. * MCP: Monocalcium Phosphate.
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Table 2. Growth performance of broilers fed the control and diets containing different levels of OP. Data are presented as mean ± SE.
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	CON
	OP3
	OP6





	Body weight (g)
	
	
	



	Day 13
	428.61 ± 2.34
	426.39 ± 2.87
	429.03 ± 2.88



	Day 20
	873.33 ± 8.18 a
	809.86 ± 9.70 b
	812.22 ± 12.45 b



	Day 27
	1346.67 ± 17.52 a
	1276.11 ± 19.00 b
	1350.71 ± 19.51 a



	Day 34
	1943.75 ± 33.79 a
	1791.94 ± 32.70 b
	1879.00 ± 30.56 ab



	Day 41
	2604.44 ± 37.06
	2492.78 ± 38.79
	2531.32 ± 45.67



	Body weight gained (g)
	
	
	



	13–20 d
	444.72 ±7.51 a
	383.47 ± 5.47 b
	383.19 ± 18.51 b



	21–27 d
	473.33 ±18.28
	466.25 ± 18.19
	537.17 ± 18.34



	28–34 d
	597.08 ± 24.81
	515.83 ± 35.63
	530.34 ± 37.26



	35–41 d
	660.69 ± 30.21
	700.83 ± 19.14
	649.41 ± 34.54



	Total period (13–41 d)
	543.96 ± 28.25
	516.60 ± 36.37
	525.03 ± 31.00



	Feed consumption (g)
	
	
	



	13–20 d
	754.58 ± 31.28
	825.00 ± 58.21
	845.28 ± 18.55



	21–27 d
	1062.50 ± 25.09 a
	1462.36 ± 86.81 b
	1472.16 ± 102.20 b



	28–34 d
	1274.03 ± 11.40
	1483.47 ± 55.25
	1567.12 ± 122.41



	35–41 d
	2155.69 ± 37.29 a
	1501.53 ± 66.77 b
	1627.97 ± 67.16 b



	Total period (13–41 d)
	1311.70 ± 157.57
	1318.09 ± 90.68
	1378.13 ± 101.30



	FCR
	
	
	



	13–20 d
	1.70 ± 0.05
	2.16 ± 0.18
	2.22 ± 0.11



	21–27 d
	2.25 ± 0.05
	3.16 ± 0.31
	2.75 ± 0.25



	28–34 d
	2.14 ± 0.09 a
	2.91 ± 0.28 ab
	2.96 ± 0.11 b



	35–41 d
	3.27 ± 0.09 a
	2.14 ± 0.09 b
	2.51 ± 0.03 c



	Total period (13–41 d)
	2.34 ± 0.18
	2.59 ± 0.17
	2.61 ± 0.11







a,b,c Means within a raw at a particular age with different superscripts differ significantly (p < 0.05).
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Table 3. Percentage of broilers observed in the 3 dietary treatments (CON, OP3, OP6) scoring for welfare parameters (feather cleanliness, foot pad dermatitis, hock burn) at the age of 34 and 41 days of their life.
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Day 34

	
Day 41




	
Score

	
CON

	
OP3

	
OP6

	
CON

	
OP3

	
OP6






	

	
Feather cleanliness 1




	
0

	
36.11

	
61.11

	
51.43

	
13.89 a

	
47.22 b

	
50.00 b




	
1

	
44.44

	
38.89

	
48.57

	
47.22

	
38.89

	
44.12




	
2

	
19.44 a

	
0.00 b

	
0.00 b

	
36.11 a

	
13.89 ab

	
5.88 b




	
3

	
-

	
-

	
-

	
2.78

	
0

	
0




	

	
Foot pad dermatitis 2




	
0

	
47.22 a

	
91.67 b

	
82.86 b

	
41.67 a

	
86.11 b 

	
79.41 b




	
1

	
27.78 a

	
5.56 b

	
2.86 b

	
13.89

	
11.11

	
8.82




	
2

	
22.22 a

	
2.78 b

	
8.57 ab

	
25.00 a

	
2,78 b

	
2.94 b




	
3

	
2.78

	
0.00

	
5.71

	
16.67 a

	
0 b

	
2.94 ab




	
4

	
-

	
-

	
-

	
2.78

	
0

	
5.88




	

	
Hock burn 3




	
0

	
97.22

	
94.44

	
100

	
94.44

	
91.67

	
97.06




	
1

	
2.78

	
2.78

	
0

	
5.56

	
2.78

	
2.94




	
2

	
-

	
-

	
-

	
0

	
2.78

	
0




	
3

	
-

	
-

	
-

	
-

	
-

	
-




	
4

	
0

	
2.78

	
0

	
0

	
2.78

	
0








a,b Means within a raw at a particular age (Day 34, Day 41) for each score category 0-4 with different superscripts differ significantly (p < 0.05). 1 Feather cleanliness: Score 0: indicates completely clean feathers; Score 1: indicates slight feather soiling; Score 2: indicates moderate feather soiling and Score 3: indicates severe feather soiling; 2 Footpad dermatitis: Score 0: indicates no evidence of FPD, Score 1 & 2: indicate minimal evidence of FPD, Score 3 & 4: indicate evidence of FPD; 3 Hock burn: Score 0: indicates no evidence of Hock burn, Score 1 & 2: indicate minimal evidence of Hock burn, Score 3 & 4: indicate evidence of Hock burn.
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Table 4. Percentage of broilers observed in the 3 dietary treatments (CON, OP3, OP6) scoring for qualitative behavior characteristics (active, fearful, depressed, calm, bored, friendly and feeding behavior at the age of 34 and 41 days of their life.






Table 4. Percentage of broilers observed in the 3 dietary treatments (CON, OP3, OP6) scoring for qualitative behavior characteristics (active, fearful, depressed, calm, bored, friendly and feeding behavior at the age of 34 and 41 days of their life.





	
Quality Behavior Traits

	
Day 34

	
Day 41




	
CON

	
OP3

	
OP6

	
CON

	
OP3

	
OP6






	
Active

	
19.44

	
30.56

	
22.22

	
16.67

	
25

	
30.55




	
Fearful

	
0

	
0

	
0

	
0

	
0

	
0




	
Depressed

	
0

	
0

	
0

	
0

	
0

	
0




	
Calm

	
63.89

	
55.55

	
61.11

	
72.22

	
52.78

	
52.78




	
Bored

	
0

	
0

	
2.78

	
0

	
0

	
0




	
Friendly

	
0

	
2.78

	
0

	
0

	
2.78

	
0




	
Feeding

	
16.67

	
11.11

	
13.89

	
11.11

	
19.44

	
16.67








No significant differences were detected among groups (p > 0.05).
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