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Abstract 22 

To investigate and compare the gut microbiota structure in complete intensive feeding 23 

pattern (CP) and extensive feeding pattern (EP) groups, a total of 20 pigs were divided 24 

into two groups and fed the same diet. The fecal microbial composition was profiled 25 

using 16S rRNA gene sequencing. Our results showed that seventeen predominant 26 

genera were present in each pig sample and constituted a phylogenetic core microbiota 27 

at the class level. Most of the core microbial flora was significantly higher in the CP 28 

group than the EP group (P < 0.05), while Gammaproteobacteria was significantly 29 

lower in the CP group than in the EP group (P < 0.05). The CP group had significantly 30 

higher community diversity, richness, and evenness than the EP group (P < 0.05). 31 

Functional prediction indicated that intestinal microbial species might lead to higher 32 

growth and an increased fat accumulation capacity in the CP group; however, disease 33 

resistance was weaker in the CP group than the EP group. In conclusion, EP pigs have 34 

a wider range of sports venues and better animal welfare than CP pigs, which helps 35 

reduce the occurrence of diseases and neurological symptoms. To explore the effect of 36 

intestinal flora on the disease resistance of pigs at the molecular level, Coprococcus, 37 

which has the key gut bacterium in the intestine, was selected for isolation and 38 

purification, and co-cultured with intestinal epithelial cells. The qPCR was used to 39 

determine the effect of Coprococcus on SLA-DRB gene expression in intestinal 40 

epithelial cells. The results showed that Coprococcus enhance SLA-DRB gene 41 

expression in intestinal epithelial cells. The results provided useful references for 42 

further study on the relationship between intestinal flora and pig disease resistance. 43 
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Introduction 45 

Pigs have been domesticated from wild boar in multiple locations across Eurasia 46 

approximately 10,000 years ago (Larson et al. 2005) and provide more dietary protein 47 

to people than any other animal. Since the mid-20th century, the complete intensive 48 

feeding pattern (CP) has become the dominant indoor pig production system in facilities 49 

and on farms. One of the main reasons for the dominance of the CP is that pigs housed 50 

in an intensive system can be grown to slaughter as soon as possible to save on long-51 

term feed costs through feeding a high protein diet and limiting their activity. However, 52 

CP pigs are raised in much smaller spaces, resulting in poor air quality. High 53 

concentrations of noxious gases (for example, ammonia) and even dust can reduce their 54 

ability to resist diseases, including enzootic pneumonia, porcine reproductive and 55 

respiratory syndrome (PRRS), swine influenza, and other respiratory problems 56 

(Cambra- López et al. 2010; Radon et al. 2002). By contrast, the extensive feeding 57 

pattern (EP) is an alternative production system in which pigs are under free-range for 58 

part or all their production cycle. Each pig has enough activity space to reduce the 59 

occurrence of respiratory and enteric diseases (Carrasco-Garcia et al. 2016; Relun et al. 60 

2015). Pigs produced under outdoor conditions have different meat characteristics, 61 

mainly due to exercise or pasture intake, which may affect pH, fat deposition, fatty acid 62 

profile, and meat color. Pigs under the EP may have more comfortable living conditions 63 

and less environmental stress than pigs under the CP. This type of rearing affects animal 64 

health and the serum biochemical profile. The EP also has an effect on cortisol levels, 65 
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which are related to immune function, thus improving the disease resistance of EP pigs 66 

(Temple et al., 2011). Therefore, in many parts of the world, the EP is still one of the 67 

main breeding patterns. 68 

Pigs harbor a large and complex intestinal microbiota, which has a certain impact 69 

on pig performance. Some studies have found that feeding piglets with calcium-70 

phosphorus can effectively promote the proliferation of intestinal lactobacilli, and the 71 

proliferation of lactic acid bacteria can competitively inhibit the growth of potentially 72 

pathogenic bacteria and enhance piglets disease resistance (Heyer et al. 2015). Kim & 73 

Isaacson (2017) showed that the native microorganisms in the intestinal tract of pigs 74 

could exert competitive inhibitory effects on foreign pathogenic bacteria, thus 75 

enhancing the disease resistance of the host. Different compositions of intestinal 76 

microbiota in piglets may affect piglets’ growth performance and absorption capacity 77 

(Yang et al. 2018). In addition, many studies have shown that intestinal flora plays a 78 

role in regulating intestinal movement and secretion, decomposing macromolecular 79 

complex polysaccharides in food, digesting and absorbing nutrients, maintaining the 80 

integrity of intestinal epithelial barrier, and promoting and maintaining the normal 81 

development and activity of the immune system (Clemente et al. 2012; Dinan et al. 82 

2017a).  83 

However, there are few studies on the effect of the feeding mode on the diversity 84 

of the intestinal flora of pigs. The effects of different feeding methods on animals’ 85 

phenotypic traits have been relatively well studied; however, relatively few studies have 86 

explored the relationship between the composition of the intestinal microbiota and its 87 
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phenotypic traits under different feeding modes. Hence, the aim of this study was 1) to 88 

explore and compare the fecal bacterial community structures in CP and EP pigs; 2) to 89 

detect how the bacterial community may be related to pig performance by functional 90 

prediction analysis. 91 

Material and methods 92 

Animal and sample collection 93 

The experimental animal used in this experiment is a hybrid pig breed bred by Chuying 94 

agro-pastoral Group Co., Ltd. Chuying black pigs has the characteristics of good meat 95 

quality and coarse feeding resistance. A total of twenty 10-month-old Chuying black 96 

pigs, provided by the Chuying Agro-pastoral Group Co., Ltd., Henan Province, China, 97 

were placed in the CP group (n = 10) of EP group (n = 10). In the CP group, pigs were 98 

housed in an environmentally controlled room but in different pens. Pigs in EP group 99 

adopted rotational grazing and grazing mode, and the grazing time was adjusted 100 

according to the weather and feed crops.It has a large range of mountain activities, and 101 

can freely feed in the natural environment. All pigs were fed the same diet, which was 102 

based on maize and soybean meal, in addition, pigs in EP group can freely feed on 103 

plants and wild fruits in the environment with the normal implementation of preventive 104 

vaccination measures. To reduce the influence of the pig microbial composition, all 105 

animals in the present study had the same genetic background. In this study, induced 106 

defecation method was used to induce defecation in experimental animals. After 107 

receiving feces with clean and pollution-free disposable gloves, the feces was loaded 108 
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into 50mL frozen storage tube and immediately place in a liquid nitrogen container and 109 

stored at -80℃. 110 

DNA extraction and 16s rRNA gene sequencing  111 

DNA extraction from the inner part of the frozen fecal samples (250 mg) was performed 112 

using the MO BIO’s PowerFecalTM DNA Isolation Kit (MO BIO Laboratories, 113 

Carlsbad, CA, USA) according to the manufacturer’s protocol. The DNA concentration 114 

was measured by a Nanodrop. 16S rRNA gene sequencing was performed by the 115 

Beijing Genomics Institute (BGI, China) via an Illumina Hiseq 2500 instrument. 116 

Briefly, the V4 hypervariable regions of the bacterial 16S rRNA gene were amplified 117 

using bar-coded primers (forward: GTGCCAGCMGCCGCGGTAA, reverse: 118 

GGACTACHVGGGTWTCTAAT). Each 30 mL PCR reaction contained 30 ng DNA, 119 

4 μL PCR Primer Cocktail with 25 μL PCR Master Mix, and molecular biology grade 120 

water as needed. The PCR conditions were as follows: a pre-denaturation cycle at 98℃ 121 

for 3 min; followed by 30 cycles of 98℃ for 45 s, 55℃ for 45 s, and 72℃ for 45 s; 122 

followed by a final extension at 72℃ for 7 min. The overhanging ends of the PCR 123 

product were converted into blunt ends using a T4 DNA polymerase, Klenow Fragment, 124 

and T4 Polynucleotide Kinase. Then, an 'A' base was added to each 3' end to make it 125 

easier to add adapters. The PCR products were purified with Agencourt Ampure XP 126 

beads (Beckman Coulter, Inc.). After purification, the PCR products were used for the 127 

construction of libraries, and then, 20 samples were sequenced using the 250-bp paired-128 

end Illumina HiSeq/MiSeq platform (Illumina, United States) at the BGI Shenzhen.  129 
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Sequence filtering and taxonomy assignment 130 

To obtain more accurate and reliable results, raw reads with an average Phred score 131 

lower than 20 over a 30-bp sliding window with more than a 3 base mismatch in the 15 132 

bp overlap region between the adapter and read, ambiguous bases, homopolymer runs 133 

exceeding 10 bp and sequence lengths shorter than 100 bp were filtered out (Fadrosh et 134 

al. 2014). Then, clean paired-end reads that overlapped were merged into tags using the 135 

FLASH tool (Magoč et al. 2011). The tags were clustered into operational taxonomic 136 

units (OTUs) by the scripts of USEARCH algorithm (Edgar et al. 2010). Briefly, all 137 

tags from each sample were initially clustered into OTUs at 97% identity by the 138 

UPARSE software (Edgar et al. 2013), and unique OTU representative sequences were 139 

obtained. Second, the UCHIME algorithm (Edgar et al. 2011) was used to scan for 140 

chimeras. Finally, a representative OTU table was generated using ‘usearch_global’ 141 

from USEARCH (Edgar et al. 2010) and then classified using the Ribosomal Database 142 

Project (RDP) naïve Bayesian classifier v.2.2 (Cole et al. 2014) against the Greengenes 143 

16S rRNA gene database (DeSantis et al. 2006) following 0.6 confidence values. A 144 

Venn diagram plot was drawn using the VennDiagram R package (Oliver 2005) to 145 

compare the OTUs between the EP and CP groups. Principal component analysis (PCA) 146 

was also performed to assess the bacterial composition and determine the microbial 147 

community differences among the samples with the ade4 R package (Dray et al. 2007).  148 
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Statistical analysis 149 

In addition to the species composition and abundance analysis described above, a 150 

phylogenetic tree could further clarify the species evolution relationship. The 151 

representative sequences were aligned against the Silva core set 152 

(Silva_108_core_aligned_seqs) using PyNAST by 'align_seqs.py' (Caporaso et al. 153 

2010). A representative OTU phylogenetic tree was constructed using the QIIME built-154 

in scripts, including the fast tree method for tree construction (Kuczynski et al. 2012). 155 

The tags with the highest abundance of each genus were chosen as the corresponding 156 

genus representative sequences, and a genus-level phylogenetic tree was obtained in 157 

the same way as the OTU phylogenetic tree. The phylogeny tree was imaged by 158 

software R (v3.1.1). 159 

The gut microbial richness and diversity indices (Observed Species, Chao 1 160 

estimator, Abundance-based Coverage Estimation (ACE), Shannon and Simpson 161 

indices) were calculated using mothur (Schloss et al. 2009). The Wilcoxon Rank-Sum 162 

Test was used to test the differences of α-diversity between the CP and EP groups. A P 163 

< 0.05 was considered statistically significant. 164 

Phylogenetic measurements of β-diversity were also estimated using the QIIME 165 

software (Kuczynski et al. 2012). The Bary-Curtis distance, weighted UniFrac distance, 166 

and unweighted UniFrac distance were used for principal coordinate analysis (PCoA) 167 

to compare the microbial communities from the two groups. Linear discriminant 168 

analysis effect size (LefSe) (Segata et al. 2011), which takes into account both statistical 169 

significance and biological relevance, was conducted to identify OTUs that were 170 
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differentially represented between CP and EP Chuying black pigs. PICRUSt (Langille 171 

et al. 2013) was utilized to infer the functional pathways from the 16S rRNA gene 172 

sequencing data and the Greengenes database. The significant differences between 173 

pairs of the sample or multiple groups of KEGG pathways were visualized using the 174 

STAMP software (Parks et al. 2014).  175 

Cell culture and isolation and purification of bacteria 176 

Coprococcus were isolated from fecal samples by reference to the test methods of 177 

Mirlohi et al. (2009). Then Coprococcus were cultured and the bacterial solution was 178 

prepared according to the concentration gradient of 106, 107and 108, Store at 4℃, set 179 

aside. Subsequently, pig intestinal epithelial cells were isolated and cultured by 180 

referring to the method of Deguchi et al. (2006).  After cell culture for 24h, the cells 181 

were treated with different concentrations of bacterial fluid prepared in the previous 182 

stage. After the cells were collected after the cells were co-cultured with the bacterial 183 

solution for 12h, RNA was extracted from the cells according to the instructions of 184 

the RNA extraction kit. The concentration and quantity of RNA were measured using 185 

a NanoDrop 1000 Spectrophotometer (NanoDrop, Germany), then the qualified 186 

RNA samples were then stored in a refrigerator at a low temperature for later use. A 187 

number of studies have shown that there is a significant correlation between the 188 

expression of the SLA-DRB gene and disease resistance, so the SLA-DRB gene is 189 

considered an important candidate gene for regulating disease resistance (Huang et 190 

al. 2016). Based on the above research, SLA-DRB gene was selected as the candidate 191 
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gene in this study to study the influence of intestinal flora on its expression. The 192 

Takara kit was used for reverse transcription and qPCR to detect the expression level 193 

of the SLA-DRB gene. CFX_3StepAmp+Melt was used for qPCR. The HMBS was 194 

selected as the internal reference gene. 195 

Results  196 

Microbiome sequencing statistics 197 

After removing low-quality reads, an average of 18.71 Mb of clean data remained for 198 

each animal. A total of 766,524 16S rRNA high-quality paired-end reads with an 199 

average of 38,362 sequences per sample were obtained. The reads were then combined 200 

into tags based on their overlap, and 764,186 tags were generated in total with an 201 

average of 38,209 tags per sample, and the average length was 252 bp. The detailed 202 

information is listed in Supplementary Table S1. 203 

Pyrosequencing data and microbial diversity 204 

A total of 15,732 OTUs (CP = 8,222 and EP = 7,510) were identified at a 97% sequence 205 

similarity level in this study. There were 1,176 OTUs shared between the two groups, 206 

and the number of unique genera under the CP and EP were 126 and 43, respectively 207 

(Fig. 1a). Furthermore, PC analysis revealed that the CP and EP groups formed a 208 

relatively isolated cluster, and the second PC (accounts 20.98%) clearly divided these 209 

pigs into two groups (Fig. 1b). The microbial communities from the tow feeding 210 

patterns were estimated (Table 1). CP pigs had significantly higher Chao1 and ACE 211 

than EP, which meant the CP increased the diversity of the microbial community. 212 
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However, there were no significant differences in either the Shannon or Simpson 213 

indices between the CP and EP groups.  214 

Comparison of the caecal microbial community composition  215 

A total of 15 bacteria, accounting for more than 95% of all gut microbes at the class 216 

level, were classified based on the identified OTUs. Bacteria belonging to class 217 

Bacteroidia (36.7% and 42.8%, respectively) were the predominant microorganisms in 218 

CP and EP pigs, followed by Clostridia (19.1% and 21.6%, respectively), Spirochaetia 219 

(12.8% and 9.1%, respectively) and Bacilli (7.1% and 4.2%, respectively) (Fig. 2a). In 220 

the core flora, the levels of Actinobacteria, Bacilli, Deltaproteobacteria, Fibrobacteria, 221 

Epsilonproteobacteria, Oligosphaeria, Sphingobacteriia, and Spirochaetia were 222 

significantly higher in the CP group than in the EP group (P < 0.05), while 223 

Gammaproteobacteria was significantly lower in the CP group than in the EP group (P 224 

< 0.05). Bacteroidia, Erysipelotrichia, and Negativicutes were also lower in the CP 225 

group than in the EP group, although this difference was not statistically significant. 226 

The levels of Coprococcus Lachiospiraceae, Succinivibrio, Aeromonadales, Roseburia, 227 

Anaerovibrio, Faecalibacterium, and Oscilibacter were significantly higher in the EP 228 

group than in the CP group (P < 0.05). At the genus level, bacteria from the genus 229 

Prevotella were most prevalent in CP (21.7%) and EP (26.5%) pigs, followed by 230 

Treponema (12.5% and 8.9%, respectively) and Lactobacillus (6.4% and 3.7%, 231 

respectively) (Fig. 2b and Table S2). 232 
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Weighted UniFrac distance analysis showed that the community composition and 233 

structure in the CP group was significantly different from that in the EP group according 234 

to the first two PCs, explaining 48.39% and 15.29% of the variation (Fig. 2c), 235 

respectively. Similarly, the taxonomic composition of CP pigs was also distantly 236 

separated from the EP pigs when the Bray-Curtis distance was used (Fig. 2d).  237 

LEfSe analysis was performed to identify specific taxa that consistently varied in 238 

abundance between the CP and EP groups across the different locations and could thus 239 

be used as biomarkers. Based on a logarithmic LDA score of 2.0 as the cutoff, a total 240 

of 26 genera were significantly differentially represented between the two groups, with 241 

12 more abundant in CP pigs and 14 more abundant in EP pigs (Fig. 3a). A cladogram 242 

for the family and genus level abundance is shown in Fig. 3b. The genera 243 

Campylobacter and Paraprevotella, which are known to include potential pathogens of 244 

poultry and/or humans, were biomarkers in the CP group, while Prevotella as a 245 

biomarker in the EP group. 246 

Differences in the functional potential of the intestinal bacterial community in 247 

the CP and EP groups 248 

To further predict how microbial flora differences potentially contribute to the 249 

differences in the host phenotype, PICRUSt (Langille et al. 2013) was used to analyze 250 

the microbial flora from the CP and EP groups. The statistical significance of the gene 251 

distribution between the groups was determined using ANOVA. Many bacterial genes 252 

that are potentially related to growth, fat accumulation (such as transport and catabolism, 253 

translation, genetic information processing, endocrine system and amino acids folding, 254 
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sorting, and degradation) were predicted to be enriched in the microbial flora of CP 255 

pigs (Fig. 4). On the other hand, bacterial genes potentially involved in disease 256 

resistance (such as environmental adaptation, immune system, nervous system, and 257 

metabolism of cofactors and vitamins) were predicted to be enriched in EP pigs (Fig. 258 

4).  259 

Cell level to verify the function of differential flora 260 

Coprococcus is a relatively common bacterium, and in this study, Coprococcus was 261 

identified as a key bacterium that may affect the disease resistance of pigs, 262 

Coprococcus was selected in this study for functional exploration. After 12 hours of 263 

intestinal epithelial cell treatment with Coprococcus, qPCR was used to identify SLA-264 

DRB gene expression in the experimental group and the control group. The results 265 

showed that the concentration of Coprococcus in group 1×106, 1×107, and 1×108 266 

enhance the expression of the SLA-DRB gene, making the expression level of the SLA-267 

DRB gene significantly higher than that of the control group (P < 0.05). And with the 268 

increase of Coprococcus concentration, its enhancing effect on the SLA-DRB gene 269 

expression gradually increased (Fig. 5). 270 

Discussion 271 

In this study, by investigating and comparing the characteristics and diversity of 272 

intestinal bacterial communities of CP and EP Chuying black pigs, our objective was 273 

to identify the different intestinal flora related to pig performance between different 274 

feeding patterns.  275 
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The disease is an important factor that restricts the development of the modern pig 276 

industry. Therefore, it has become an important direction of modern breeding to 277 

improve the disease resistance of animals through genetic breeding while making 278 

appropriate inspection and quarantine measures. Controlling the species of the 279 

intestinal flora is another important means of enhancing disease resistance. In this study, 280 

the abundance of Lachnospiraceae and Roseburia flora, which are related to 281 

environmental adaptation, the immune system, and antigen processing and presentation, 282 

were significantly higher in the EP group than in the CP group (P < 0.05). By functional 283 

prediction, we concluded that the EP group was superior to the CP group concerning 284 

disease resistance. The possible reason for this result is that EP pigs are more likely to 285 

be infected by pathogenic bacteria due to increased contact with the external natural 286 

environment. Therefore, EP pigs have an increased abundance of bacteria related to 287 

disease resistance in the intestinal tract by adjusting the composition of their intestinal 288 

flora to enhance their ability to adapt to the external environment. Besides, appropriate 289 

exercise can effectively enhance the physique of pigs; the EP group undergoes a wide 290 

range of exercise, and the average amount in the EP group is greater than that of the CP 291 

group; therefore, the composition of the intestinal flora is relatively healthy. The 292 

presence of Lachnospiraceae and Roseburia in the intestines can improve the disease 293 

resistance of pigs (Fouhse et al. 2016), and changes in the microbial structure impact 294 

disease resistance in pigs (Roselli et al. 2017). Interestingly, the research conducted by 295 

Relun et al. (2015) elaborated the relationship among traditional feeding methods, 296 

infectious diseases, and disease resistance and showed that traditional feeding methods 297 
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were conducive to enhancing the disease resistance of pigs, but traditional methods of 298 

raising pigs also increased the risk of infection. The results of the above studies were 299 

all consistent with this study, which to some extent proves the credibility of the results 300 

of this study. Therefore, we suggest appropriately increasing the contact between pigs 301 

and the outside environment during captivity and increasing the amount of exercise to 302 

improve the disease resistance of pigs. 303 

The physical health of animals is important, but the mental health of animals is 304 

also important. It has become an inevitable trend in the development of the modern 305 

breeding industry to ensure the mental health of animals and improve animal welfare. 306 

In this study, we found that Paraprevotella, Lachnospiraceae, and Ruminococcaceae 307 

were significantly more abundant in the intestines of the CP group than in those of the 308 

EP group (P < 0.05). Similarly, Jiang et al. (2015) found that the above microbes were 309 

present in lower concentrations in the intestines of depressed rats. The results of this 310 

study on the prediction of the function of different flora showed that the CP group had 311 

flora related to human neurological and neurodegenerative diseases, such as 312 

Alzheimer’s disease. On the contrary, microflora related to the nervous system and 313 

cellular processes and signaling were found in the EP group. By comparison, we can 314 

infer that a wide range of breeding environments may be more suitable for the 315 

development of animal mental health. In this study, pigs in the EP group had larger 316 

exercise space, cleaner air, and freer activity. By contrast, CP pigs have narrow living 317 

spaces, a depressing atmosphere, a strong smell, and little contact with the external 318 

environment. As a result, captive pigs more easily develop neurological symptoms. At 319 
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present, many scientific research teams have hypothesized that captive pigs suffer from 320 

mental depression, but related research is rare. The present study confirmed this 321 

hypothesis to a certain extent from the functional prediction of differential intestinal 322 

flora. On the other hand, a large body of research on the brain-gut-microbiota axis 323 

confirms that gut microbes can indeed influence an animal’s mood and behavior by 324 

regulating the nervous system (Sampson and Mazmanian 2015 ). Another study also 325 

showed that gut microbes could produce neurotransmitters found in the human brain. 326 

Evidence is accumulating to support the view that gut microbes influence central 327 

neurochemistry and behavior. Translational studies indicate that certain bacteria may 328 

have an impact on stress responses and cognitive function. Currently, it is possible to 329 

treat depression and neurological diseases by regulating the intestinal flora and thereby 330 

changing brain function (Dinan et al. 2017b). In addition, some research on the 331 

relationship between animal welfare and economic performance shows that good 332 

animal welfare has a positive impact on economic performance (Henningsen et al. 333 

2018). Therefore, providing adequate outdoor exercise time to pigs may be beneficial 334 

to animal welfare to some extent, but how much outdoor exercise time is most effective 335 

in improving animal welfare deserves further study. 336 

On the premise of ensuring animal health and welfare, improving the growth rate 337 

of pigs has become an important direction in the process of genetic breeding. The results 338 

of this study showed that the abundance of Sphingobacteria, Deltaproteqbacteria, and 339 

Lactobacillus related to intestinal fat accumulation in the CP group was significantly 340 

higher than that in the EP group (P < 0.05). Moreover, the prediction results of the 341 
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function of the intestinal flora showed that the intestinal functions related to xenobiotics 342 

biodegradation and metabolism, folding, sorting and degradation and other traits in the 343 

CP group were significantly higher than those in the EP group (P < 0.05). The reasons 344 

for the above results may be that pigs in the CP group exercised less, were less disturbed 345 

by external factors, and grew in a single environment, leading to faster fat accumulation. 346 

Another research team conducted a similar study on the relationship between the 347 

composition of intestinal microorganisms and growth rate and fat accumulation. The 348 

results showed that the presence of Sphingobacteria and Deltaproteqbacteria in the 349 

intestinal tract enhanced the fat accumulation of animals to some extent (Yang et al. 350 

2016; Zhao et al. 2015). This result is consistent with our findings.  351 

Finally, the results of this study showed that the abundance of Aeromonadales in 352 

the intestinal tract of the EP group was significantly higher than that of the CP group 353 

(P < 0.05). This may also be the cause of fat accumulation and slow growth in the EP 354 

group. Meanwhile, the functional prediction of the EP group also showed that the 355 

intestinal flora associated with infectious diseases significantly higher than those in the 356 

CP group (P < 0.05). Thus, it can be seen that although free-range breeding guarantees 357 

higher animal welfare and increases the resistance of pigs themselves, the probability 358 

of pigs being infected with pathogenic bacteria also increases to a higher degree due to 359 

their more contact with the external environment. Some members of the team studied 360 

the relationship between wild animals and the spread of disease and came to similar 361 

conclusions (Carrasco-Garcia et al. 2016). Therefore, we suggest improving the 362 
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epidemic prevention system in free-range pig breeding, which is conducive to the 363 

healthy growth of pigs and thus will have economic benefits.  364 

In conclusion, this study found that bacteria associated with disease resistance and 365 

nervous system improvement are more abundant in the intestinal tract of EP pigs than 366 

CP pigs. However, microflora associated with fat deposition and mental illness were 367 

highly abundant in CP pigs. These findings may result in a lower incidence of disease 368 

resistance and mental problems in EP pigs than in CP pigs as well as a higher rate of 369 

disease infection and slower growth rate. Although EP rearing increases the risk of 370 

disease, it improves animal welfare and is more in line with the nature of animals. On 371 

the other hand, this study elucidated the effect of Coprococcus on SLA-DRB gene 372 

expression in pig intestinal epithelial cells, providing some references for studying the 373 

influence of flora on host disease resistance. These findings can enhance our 374 

understanding of the relationship between intestinal flora and the rearing mode of pigs 375 

and provide a theoretical basis for subsequent studies on the regulation of host disease 376 

resistance by intestinal microflora. 377 
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Table 1. Estimated OTU richness and diversity indices of CP and EP pigs 515 

Data are the mean±SD of 10 replicates; different letters in the same row indicate a significant 516 

difference (P < 0.05).  517 

Feeding patterns Chao1 ACE Shannon Simpson 

CP 938±67a 935±65a 5.00±0.23 0.019±0.007 

EP 847±92b 840±95b 4.92±0.44 0.020±0.008 
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 518 

Figure Legends: 519 

Figure 1. Cluster analysis of the OTUs in CP and EP pigs. (A) Venn diagram showing shared 520 

and unique genera of the microbial communities in both groups. The OTUs were defined at a 521 

97% sequence similarity level. (B) PC analysis of the OTUs in the CP and EP groups.  522 

Figure 2.Microbial community composition in the intestines of the CP and EP groups. 523 

Taxonomic composition at the class (A) and genus (B) levels. Only classes and genera with an 524 

abundance > 0.5% in any group were plotted. PCoA of microbiota based on the weighted 525 

UniFrac (C) and Bray-Curtis (D) distances. Red dots represent the distribution status of CP 526 

group samples, while blue dots represent the distribution status of EP group samples. 527 

Figure 3. Bacterial taxa differential analysis of the intestinal microbiomes in CP and EP pigs. 528 

(A) OTUs differentially represented at the genus level between EP and CP Chuying black pigs 529 

identified by LEfSe. Histogram showing OTUs that are more abundant in EP (green color) or 530 

CP (red color) Chuying black pigs ranked by effect size. (B) Phylogenetic tree of the microbial 531 

communities in the CP and EP groups. The phylogenetic tree with taxonomical nodes, where 532 

the diameter of the nodes indicates relative abundance, shows the intestinal microflora of the 533 

CP and EP groups. Different groups are labeled with different colors. The red areas indicate 534 

that the species of bacteria were more abundant in the CP group, and the green areas indicate 535 

that the bacteria are more abundant in the EP group. 536 
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Figure 4. Predicted function of the microbial flora between CP and EP pigs. The third level 537 

KEGG pathways are shown in the post-hoc plot. The significance of the gene distribution 538 

between groups was determined by ANOVA with a P value < 0.05.  539 

Figure 5. Bar chart of qPCR results. (A) Coprococcus was treated with A concentration of 540 

1×106, (B) Coprococcus was treated with A concentration of 1×107, (C) Coprococcus was 541 

treated with A concentration of 1×108, ** represents blank treatment control group. 542 

 543 

Supporting information 544 

Table S1. Statistics of paired-end reads in both groups. 545 

Table S2. Genus level intestinal microbiota difference analysis results for the different 546 

group. 547 



Figures

Figure 1

Cluster analysis of the OTUs in CP and EP pigs. (A) Venn diagram showing shared and unique genera of
the microbial communities in both groups. The OTUs were de�ned at a 97% sequence similarity level. (B)
PC analysis of the OTUs in the CP and EP groups.



Figure 2

Microbial community composition in the intestines of the CP and EP groups. Taxonomic composition at
the class (A) and genus (B) levels. Only classes and genera with an abundance > 0.5% in any group were
plotted. PCoA of microbiota based on the weighted UniFrac (C) and Bray-Curtis (D) distances. Red dots
represent the distribution status of CP group samples, while blue dots represent the distribution status of
EP group samples.



Figure 3

Bacterial taxa differential analysis of the intestinal microbiomes in CP and EP pigs. (A) OTUs
differentially represented at the genus level between EP and CP Chuying black pigs identi�ed by LEfSe.
Histogram showing OTUs that are more abundant in EP (green color) or CP (red color) Chuying black pigs
ranked by effect size. (B) Phylogenetic tree of the microbial communities in the CP and EP groups. The
phylogenetic tree with taxonomical nodes, where the diameter of the nodes indicates relative abundance,
shows the intestinal micro�ora of the CP and EP groups. Different groups are labeled with different
colors. The red areas indicate that the species of bacteria were more abundant in the CP group, and the
green areas indicate that the bacteria are more abundant in the EP group.



Figure 4

Predicted function of the microbial �ora between CP and EP pigs. The third level KEGG pathways are
shown in the post-hoc plot. The signi�cance of the gene distribution between groups was determined by
ANOVA with a P value < 0.05.

Figure 5



Bar chart of qPCR results. (A) Coprococcus was treated with A concentration of 1×106, (B) Coprococcus
was treated with A concentration of 1×107, (C) Coprococcus was treated with A concentration of 1×108,
** represents blank treatment control group.
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