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Abstract. The objective of this study was to evaluate the effect of low dietary protein sources on the gut 

microbiota in finishing pigs. Thirty-six Duroc × Landrace × Large White finishing barrows were 

randomly allocated to four equal groups. Soybean meal (SBM) as a protein source is a control group and 

had a general protein level of 15% (SBM15). The pigs fed soybean meal (SBM11), soybean-cottonseed-

corn germ meal (SCCM11), and cottonseed-corn germ meal (CCM11) were offered low protein (11%) 

diets. The results showed that the ileum and feces microbiota of the SCCM11 group were significantly 

increased compared to the SBM15 group (P<0.05). At the phylum level, the relative abundance of 

Proteobacteria phyla was significantly increased in the ileum microbiota of the SCCM11 group 

compared to the SBM15 group (P<0.05). At the genus level, the abundance of Lactobacillus and 

Bifidobacterium showed a significant increase in the ileum microbiota of the SCCM11 group (P<0.05). 

The abundance of Ruminococcaceae, Phascolarctobacterium was significantly increased in the feces 

microbiota of the SCCM11 group than the other three groups (P<0.05). These results indicated that the 

SCCM11 group with added crystalline amino acid may modulate intestinal microbiota. 

Keywords: soybean-cottonseed-corn germ meal, ileum microorganisms, fecal microorganisms, intestinal 

health, 16SrRNA 

Introduction 

Intestinal health is associated with the growth of pigs (Zhou et al., 2015). Commonly, 

intestinal microbiota plays an important role in intestinal healthy (Brestoff and Artis, 

2013). Because of the impact on physiological, nutrition, and immunological process, 

the intestinal microbiota is a uniquely diverse ecosystem that influences many aspects 

of its host (McDonald et al., 2018). 

Wellock et al. (2006) demonstrated that a decrease in dietary protein intake results in 

higher fecal and colonic lactobacilli to the coliform ratio in pigs. Additionally, Rist et al. 

(2014) reported that variations in dietary protein supply may beneficially affect 

microbiota composition in the intestinal tract of pigs. Cottonseed meal (CSM) and corn 

germ meal (CGM) have been used in the non-ruminant animal diets and shown to 

achieve good results, such as improve bacterial diversity (González-Vega and Stein, 

2012). From previous studies, we can see that suitable protein sources and low protein 

(LP) levels can be used in finishing pigs' diets and influence the composition and 

function of intestinal microbiota. 
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Diet composition has been identified as one of the important factors that influence 

the composition of intestinal microbiota (Liao et al., 2017). Amino acid is an important 

part of the diet that can support the growth of bacteria and host (Morales et al., 2012). 

These microbes also can utilize amino acids to offer nutrition for hosts and are 

beneficial for the balance of intestine microecological and guaranteed the health and 

development of intestine (Dersjant-Li et al., 2019). 

This study aims to determine LP diets with different protein sources including 

Soybean meal (SBM), CSM, CGM in feeding finishing pigs as well as to estimate the 

intestinal microbiota. These were assessed through high-throughput sequencing-based 

on Illumina Miseq to define the diversity, abundance, and composition of ileum and 

feces microbiota in finishing pigs. 

Material and methods 

Animals, housing 

Thirty-six (Duroc× Landrace× Large White) finishing barrow pigs (Ji Feng 

Company, Gongzhuling, China), according to initial body weight (BW, 58.65±3.71 kg) 

were randomly allocated to four groups using a randomized block design and the sex 

was considered as a random effect. Each group consisted of three replicates (pens) and 

three pigs each. Every pig was in a single cage (150 cm in length × 70 cm in width), the 

pre-feeding period was 7 days, formal feeding period was 28 days. All pigs were 

conducted at Farm of Jilin Agriculture University, Changchun city, China. The pigs 

were kept individually throughout the experimental period. All animals had unlimited 

access to feed and water throughout the experimental period. The average of the 

ambient temperature in the barn was 25°C. The treatment, housing, husbandry, and 

slaughtering conditions conformed to the Guide for the Care and Use of Laboratory 

Animal (2012). 

Diets 

The experimental diets referred to the feeding standard of finishing pigs (NRC, 2012, 

50-80 kg) and were formulated by the net energy system. SBM as a protein source is a 

control group and had a general protein level of 15% (SBM15). The pigs in the SBM11, 

soybean-cottonseed-corn germ meal (SCCM11), and cottonseed-corn germ meal 

(CCM11) groups as treatment groups were offered LP level (11%) diets (Table 1). All 

experimental diets were meet the requirement of standardized ileum digestibility (SID) 

of amino acid in finishing pigs and balanced with some crystalline amino acid (NRC, 

2012). 

Sample 

On the day 29th, all the pigs were fasted for 12 h before slaughter and slaughtered at 

the slaughterhouse in Jilin Agriculture University via electrical stunning followed by 

exsanguination. The pigs were opened up immediately. The ileum content and feces in 

the rectum were collected into tubes (freezing, approximately 5 cm in length × 1 cm in 

width, huayi biological Company, China). Samples kept in liquid nitrogen were 

immediately and at −80°C until further analysis. 
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Table 1. Composition and nutrient analysis of experimental diets 

Diets 
Normal protein (15%CP) Low protein (11% CP) 

SBM15② SBM11② SCCM11② CCM11② 

Maize (8.7% CP) 71.50 77.50 77.00 76.60 

Soybean meal (44.0% CP) 18.00 6.00 3.00 — 

Cottonseed meal (40.6% CP) — — 2.45 4.90 

Corn germ meal (20.8% CP) — — 1.76 3.52 

Rice hull powder 1.29 2.82 2.22 1.63 

Soybean oil 4.05 5.50 5.50 5.50 

Lysine (98%) 0.25 0.59 0.65 0.70 

Methionine (98%) 0.36 0.43 0.43 0.43 

Threonine (98%) 0.17 0.34 0.36 0.38 

Typtophan (98%) 0.06 0.11 0.11 0.11 

Isoleucine (98%) — 0.24 0.27 0.30 

Leucine (98%) 0.06 0.26 0.29 0.32 

Valine (98%) 0.09 0.27 0.27 0.27 

Phenylalanine (98%) 0.05 0.25 0.25 0.25 

Histidine (80.1%) 0.04 0.14 0.15 0.14 

Dicalcium phosphate 0.72 0.86 0.81 0.78 

Limestone 0.94 0.96 1.00 1.02 

Salt 0.30 0.30 0.30 0.30 

Zeolite 1.12 2.43 2.18 1.85 

Vitamin and mineral premix① 1.00 1.00 1.00 1.00 

Nutrition composition     

Net energy (kcal/kg) 2475.42 2475.81 2474.61 2475.48 

Crude protein 14.93 10.97 11.04 11.08 

Lys 0.91 0.91 0.91 0.91 

Met+Cys 0.51 0.51 0.51 0.51 

Thr 0.56 0.55 0.56 0.56 

Trp 0.17 0.17 0.16 0.16 

Ile 0.47 0.47 0.47 0.48 

Leu 0.94 0.91 0.91 0.91 

Phe 0.59 0.59 0.59 0.59 

Val 0.54 0.55 0.54 0.54 

His 0.31 0.31 0.32 0.31 

Ca 0.59 0.59 0.59 0.59 

Note: 
①Premix per kg diet provided: cobalt 1 mg; copper 150 mg; iron 150 mg; manganese 80 mg; zinc 

120 mg; iodine 0.3 mg; selenium 0.3 mg; nicotinic acid 10 mg; calcium pantothenate 5 mg; folic acid 

0.4 mg; biotin 0.05 mg; retinal 38,000,000 IU; cholecalciferol 8,000,000 IU; alpha-tocopherol 90,000 

IU; menadione 1 mg; thiamin mononitrate 1 mg; riboflavin 2 mg; pyridoxine hydrochloride 1.2 mg; 

cyanocobalamin 0.01 mg; antioxidant 0.02 mg. 
②SBM15 represents soybean meal (SBM) and crude protein (CP) level is 15%. SBM11 represents 

SBM and the CP level is 11%. SCCM11 represents soybean-cottonseed-corn germ meal (SCCM) and 

the CP level is 11%. CCM11 represents cottonseed-corn germ meal (CCM) and CP level is 11% 



Sun et al.: Effect of low dietary protein sources on the intestinal microbiota of finishing pigs 

- 1676 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(3):1673-1686. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1903_16731686 

© 2021, ALÖKI Kft., Budapest, Hungary 

High- throughput sequencing 

Total sample DNA was extracted with a QIAamp® DNA Stool Mini Kit (QIAGEN 

Company, USA) (Sbardella et al., 2016). The concentration of the extracted DNA was 

determined using 1% agarose gel electrophoresis (Ren et al., 2013). The bacterial 

16SrRNA gene was amplified with a set of primers targeting the V3-V4 region and the 

primers were 338F (5´- ACTCCTACGGGAGGCAGCAG -3´) and 806R (5´-

 GGACTACHVGGGTWTCTAAT -3´). The PCRs were carried out in triplicate using 

20 µL reactions with 4 µL of 5×FastPfu buffer, 2 µL of 2.5 mM dNTPs, 0.8 µL of 5 

µmol l-1 each primer, 0.4 µL of FastPfu polymerase, 10 ng of DNA, and added ddH2O 

to 20 µL, according to the manufacturer’s instructions. The PCR amplification was 

conducted according to described by Metzler-Zebeli et al. (2009). Initial denaturation at 

95°C for 3 min, followed by 27 cycles of 95°C for 30 s, annealing at 55°C for 30 s, 

extension at 72°C for 45 s, with a final elongation step at 72°C for 10 min. The 

concentrations of each PCR product were checked by agarose gel electrophoresis (2% 

agarose) and SanPrep Column DNA Gel Extraction Kit (Biotech, Sangon Company, 

China) to ensure correct primer specific products (Agyekum et al., 2016). Quantity and 

quality of purified PCR amplification products were determined using QuantiFluor® 

Single-Tube Fluorometers (Promega Company, USA) (Castillo et al., 2006). High-

throughput sequencing was performed on Illumina Miseq (PE300) sequencing platform 

at Majorbio Bio-Pharm Technology Co., Ltd. (Meiji Company, China). 

Bioinformatics analysis 

All of the sequences were analyzed and filtered according to the barcode and primer 

sequences using Trimmomatic software. Raw reads were processed to remove 

low-quality sequences if they were shorter than 300 bp or longer than the expected PCR 

product size. Operational taxonomic units (OTUs) were chosen, which were defined by 

97% of similarity, using the Usearch (version 7.1). According to Ribosomal Database 

Project (RDP) classifiers against the Silva 16SrRNA database (Quast et al., 2013) 

assigned taxonomically and calculation abundance, make rarefaction curves of microbe 

structure, the figure of Species abundance and principal components analysis (PCA) 

(Qiong et al., 2007). Rarefaction curves, Shannon index, abundance-based coverage 

estimator (ACE) index, and Chao1 richness were determined using Mothur (version 

v.1.30.1) (Schloss et al., 2011). Beta diversity was evaluated with the Unifrac metric. 

Weighted Unifrac distance matrices were used to compare the hierarchical relationships 

among the samples (Lozupone et al., 2011). 

Statistical analysis 

All experimental data were initially subjected to analysis of variance (ANOVA) with 

General Linear Model (GLM) procedures of SPSS software (19.0, SPSS Inc, Chicago, 

IL, U.S.) using a randomized block design. Growth performance was analyzed with the 

pen as the experimental unit (n=9); Microbiota diversity, abundance, and composition 

of ileum and feces were analyzed with the pen as the experiment unit (n=6). When the 

interactions were significant (P<0.05) for most of the parameters, data were then 

analyzed using one-way ANOVA among the groups within a diet. When F-test was 

significant (P<0.05), the least significant difference (LSD) test was utilized to compare 

significant differences (P<0.05) among the groups. 
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Results 

Effect of variations in dietary protein levels with different protein sources on the 

diversity of ileum and feces bacterial 

The diversity of bacterial based on OTUs and estimated OTUs from ACE, Chao 1, and 

Shannon indices. It reflects the bacterial diversity in the sample. A total of 658,744 valid 

reads and 660 OTUs were obtained from 48 samples through Illumina Miseq analysis 

after screening them with strict criteria. The diversity estimates of the pig ileum and feces 

were shown in Table 2. For the ileum samples, the SBM11 group richness the number of 

OTUs and estimated OTUs from Shannon compared with the SBM15 group (P<0.05). 

The number of OTUs and estimated OTUs from the ACE, Chao 1 indices showed that the 

SCCM11 and CCM11 groups were much higher than the SBM15 and SBM11 group 

(P<0.05). The number of OTUs, Chao 1, and ACE indices of the SCCM11 group was 

higher than the other three groups (P>0.05). For the feces samples, the number of OTUs 

of the SBM11 and SCCM11 groups was significantly higher than the SBM15 group 

(P<0.05). The number of OTUs and Chao 1 indices showed that the SCCM11 group was 

significantly higher than the groups of SBM15 and SBM11 (P<0.05). 

 
Table 2. Effect of low protein diet and different protein sources on diversity estimation of the 

16S rRNA gene libraries from ileum and feces microbiota in finishing pigs (n=6) 

Items Group OTU ACE Chao1 Shannon 

Ileum 

SBM15 42.333±10.504c 53.662±5.670c 53.323±17.287b 1.353±0.295b 

SBM11 60.667±6.028b 66.210±3.045c 66.333±15.939b 2.037±0.057a 

SCCM11 85.067±12.133a 206.067±35.388a 157.250±23.750a 1.960±0.433ab 

CCM11 83.7500±7.2500a 127.517±23.000b 128.520±25.517a 1.820±0.080b 

P value 0.050 0.049 0.045 0.053 

Feces 

SBM15 382.333±29.501b 459.000±37.363 365.000±43.313b 4.447±0.119 

SBM11 318.0000±22.338c 475.000±12.124 481.667±20.033b 4.280±0.131 

SCCM 459.667±25.686a 489.000±10.149 496.667±18.963a 4.560±0.125 

CCM 419.000±14.933ab 462.333±21.008 484.000±36.056a 4.347±0.318 

P value 0.047 0.414 0.042 0.368 

Different letters in the same column identify significant differences at 0.05 level among parameters. 

SBM15 represents soybean meal (SBM) and the crude protein (CP) level is 15%. SBM11 represents 

SBM and the CP level is 11%. SCCM11 represents soybean-cottonseed-corn germ meal (SCCM) and 

the CP level is 11%. CCM11 represents cottonseed-corn germ meal (CCM) and the CP level is 11% 

 

 

The analysis of bacterial community structure is mainly based on principal 

component analysis (PCA). It is based on the distance to describe the relationship 

between samples. The pig ileum and feces were divided into two groups based on PCA 

(Fig. 1) and the unweighted pair group method with arithmetic mean (UPGMA) from 

the Unifrac and Mothur analyses (Fig. 2). Pairwise comparisons revealed that the 

bacterial community structure of ileum samples in SBM15, SBM11, SCCM11, and 

CCM11 groups showed a high level of distance to feces samples for SBM15, SBM11, 

SCCM11, and CCM11 groups. Additionally, rarefaction curves from the ileum and 

feces microbiome appear to approach a horizontal asymptote, indicating that the current 

sequencing effort saturates diversity (Fig. 3). However, the distance of bacterial 

community structures in ileum or feces was very short among the four groups. 
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Figure 1. The score plot of principal component analysis for different bacterial communities 

using weighted Unifaces distance. This analysis is based on principal component analysis 

(PCA) and the distance describes the relation between samples. SBM15 represents soybean 

meal (SBM) and the crude protein (CP) level is 15%. SBM11 represents SBM and the CP level 

is 11%. SCCM11 represents soybean-cottonseed-corn germ meal (SCCM) and the CP level is 

11%. CCM11 represents cottonseed-corn germ meal (CCM) and CP level is 11%. The “I” 

represent ileum; “F” represents feces. The number, in the end, is pig number (one to three 

pigs). To make the figure clear, I did not put all pig number (one to six pigs) 

 

 

Effects of variations in dietary protein levels with different protein sources on the 

abundance and composition of ileum and feces microbiota for phylum and genus 

level 

In order to evaluate the abundance and composition of ileum and feces microbiota, a 

phylum and genus level was a calculation to define the microbiota of ileum and faces. 

At the phylum level, the pig ileum microbiomes of four groups were dominated by the 

Firmicutes phyla (Fig. 4). The result showed that three LP diets significantly increased 

the relative abundance of Proteobacteria phyla (P<0.05). The pig fecal microbiomes 

among the dietary treatments had no effect on the bacterial community composition. 

Firmicutes, Bacteroidetes, Proteobacteria, and Spirochaetae amounting to beyond 99% 

of the total reads. 

At the genus level, the most predominant genus in SBM15, SBM11, SCCM11, and 

CCM11 were the Clostridium sensu stricto, Terrisporobacter, Peptostreptococcaceae, 

and Turicibacter genus in the ileum (Fig. 5). The SBM15 diet significantly decreased 

the abundance of Actinobacillus (0.501%), Lactobacillus (0.017%), and 

Bifidobacterium (0%) (P<0.05), but increased the abundance of Streptococcus (2.895%) 
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comparing to the three LP diets groups (P<0.05). The SCCM11 group diet significantly 

increases the abundance of Lactobacillus (5.214%) and Bifidobacterium (3.923%) 

comparing to the other three groups (P<0.05) (Table 3). In the feces, four diet groups 

library included sequences most similar to Clostridium sensu stricto, Terrisporobacter, 

Peptostreptococcaceae, Rikenellaceae, Treponema, Christensenellaceae, 

Lachnospiracea and Prevotella (Fig. 5). The SBM15 group significantly increase the 

abundance of Streptococcus (7.785%) and Anaerovibrio (1.394%) genus (P<0.05) and a 

lower relative abundance of Prevotellaceae UCG-001 (0.243%) (P<0.05) than the three 

LP groups. Nevertheless, Ruminococcaceae UCG-014 (2.882%), 

Phascolarctobacterium (1.496%) and Oscillibacter (1.426%) were more abundant in 

the SCCM11 group than the other three groups (P<0.05) (Table 3). 

 

Figure 2. Cluster analysis by the weighted unweighted pair group method with arithmetic 

means (UPGMA) for bacterial communities from different diets samples. SBM15 represents 

soybean meal (SBM) and the crude protein (CP) level is 15%. SBM11 represents SBM and the 

CP level is 11%. SCCM11 represents soybean-cottonseed-corn germ meal (SCCM) and the CP 

level is 11%. CCM11 represents cottonseed-corn germ meal (CCM) and CP level is 11%. The 

“I” represent ileum; “F” represents feces. The number, in the end, is pig number (one to three 

pigs) and the same color means the same group. To make the figure clear, I did not put all pig 

number (one to six pigs) 
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Figure 3. Rarefaction curve of bacterial 16S rRNA sequences for different diets samples. OTUs 

are identified using 97 % cutoffs. SBM15 represents soybean meal (SBM) and the crude protein 

(CP) level is 15%. SBM11 represents SBM and the CP level is 11%. SCCM11 represents 

soybean-cottonseed-corn germ meal (SCCM) and the CP level is 11%. CCM11 represents 

cottonseed-corn germ meal (CCM) and CP level is 11%. The “I” represent ileum; “F” 

represents feces 

 

 

Figure 4. The relative abundance of ileum and feces microbiota general (percentages) at the 

phylum level in the finishing pigs fed different diets. SBM15 represents soybean meal (SBM) 

and the crude protein (CP) level is 15%. SBM11 represents SBM and the CP level is 11%. 

SCCM11 represents soybean-cottonseed-corn germ meal (SCCM) and the CP level is 11%. 

CCM11 represents cottonseed-corn germ meal (CCM) and CP level is 11%. The “I” represent 

ileum; “F” represents feces 
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Figure 5. The relative abundance of ileum and feces microbiota general (percentages) at the 

genus level in the finishing pigs fed different diets. SBM15 represents soybean meal (SBM) and 

the crude protein (CP) level is 15%. SBM11 represents SBM and the CP level is 11%. SCCM11 

represents soybean-cottonseed-corn germ meal (SCCM) and the CP level is 11%. CCM11 

represents cottonseed-corn germ meal (CCM) and CP level is 11%. The “I” represent ileum; 

“F” represents feces 

 

 
Table 3. The relative abundance of microbiota genera (%) that were significantly affected by 

the dietary treatment in the ileum and feces of finishing pigs (n=6) 

Items Genus SBM15 SBM11 SCCM11 CCM11 P value 

Ileum 

Actinobacillus 0.501±0.051d 5.930±0.671a 1.596±0.212c 3.562±0.789b 0.001 

Streptococcus 2.895±0.728a 0.567±0.367b 0.237±0.230b 0.195±0.257b 0.003 

Lactobacillus 0.017±0.017c 0.589±0.580b 5.214±2.768a 0.194±0.082b 0.006 

Bifidobacterium 0.000c 0.026±0.023b 3.923±4.739a 0.241±0.196b 0.029 

Feces 

Streptococcus 7.785±5.620a 0.172±0.139b 0.077±0.065b 0.057±0.055b 0.023 

Ruminococcaceae UCG-014 0.498±0.432b 0.183±0.034b 2.882±0.890a 1.110±0.942b 0.009 

Prevotellaceae UCG-001 0.243±0.109b 1.857±0.904a 1.739±0.923a 1.695±0.993a 0.022 

Ruminococcaceae UCG-010 0.862±0.478ab 0.691±0.133b 0.941±0.144b 1.502±0.245a 0.039 

Ruminococcus 1 0.414±0.013b 0.555±0.344b 0.987±0.585b 2.125±0.262a 0.002 

Phascolarctobacterium 0.508±0.177b 0.545±0.455b 1.496±0.158a 0.360±0.231b 0.004 

Oscillibacter 0.676±0.196b 0.504±0.237b 1.426±0.454a 0.504±0.298b 0.019 

Anaerovibrio 1.394±0.344a 0.433±0.390b 0.625±0.335b 0.175±0.165c 0.008 

Different letters in the same column identify significant differences at 0.05 level among parameters. 

SBM15 represents soybean meal (SBM) and the crude protein (CP) level is 15%. SBM11 represents 

SBM and the CP level is 11%. SCCM11 represents soybean-cottonseed-corn germ meal (SCCM) and 

the CP level is 11%. CCM11 represents cottonseed-corn germ meal (CCM) and CP level is 11% 
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Discussion 

With the development of next-generation sequencing techniques, we know the 

density of bacteria in the pig intestine represents as much as 1011-1012 cells for every 

gram of gut contents and belongs to thousands of bacterial taxa (Rinninella, 2019). This 

is necessary to determine intestine microbiota diversity in pigs. 

In this study, the LP diet, in which the protein level is 11%, can affect the diversity 

of ileum and feces bacterial. This consists of previous reports (Rist et al., 2014). For 

ileum, the SCCM11 and CCM11 groups significantly increased the diversity of 

bacterial compared with the groups of SBM15 and SBM11. The possible reason is that 

the SCCM11 group is combined with SBM, CSM, CGM as the protein source, and the 

CCM11 group is combined with CSM, CGM. Different protein sources and 

combinations, due to their different protein structures, the amino acids released by 

digestion have a certain effect on microbiota diversity. It is beneficial for the small 

intestine microbe to utilize amino acids for metabolism activities. However, the 

bacterial diversity of the CCM11 group was less than the SCCM11 group. Gidlund et al. 

(2015) indicated that SBM has higher protein digestion than CSM. The reason may be 

due to lack of SBM, which is one of the protein sources, compared with SCCM11 

group, the protein cannot be degraded well in the small intestine for CCM11 diet and 

intestine microbiota also cannot better-used amino acid for metabolism activities (Fan et 

al., 2015). For feces, the bacterial diversity of the SCCM11 group was significantly 

increased compared with the SBM15 group. The possible reason is that the SCCM11 

group consisted of different sources not only enrich amino acid composition but also 

other abundant nutrition in the diet. The diversity of bacterial increased to adapt to the 

competition of bacterial for nutrition. 

For bacterial structure, the present study showed that bacterial community structure 

is similar in the same intestine among the four groups. Zhao et al. (2010) indicated that 

intestinal microbiota structure is the result of natural choice. The reason may be that, 

during the long-term treatment, intestinal structure adapts to the competition relation of 

microbiota and the change of nutrition (Wu et al., 2011). However, contrary to the 

stable fecal microbiota, ileum microbiota displays pronounced compositional 

fluctuations. This is in agreement with the opinion of Jiang et al. (2013). The reason 

may be due to the different functions of the small intestine and large intestine. As we 

have known, the small intestine is the main place of nutrition digestion and absorption. 

It may enrich the activities of microbiota to used nutrition. 

Recently, because of the potential impacts of host health, the effect of dietary protein 

on the intestinal microbiome in pigs is necessary to be attentive. This study focused on 

potential pathogenic and beneficial microorganisms. Also, the dietary treatment in the 

condition of this study modulated several abundances of gut microbiota in the phyla and 

genus levels. 

At the phylum level, the present study showed that Firmicutes is the predominant 

bacterial in ileum among the four groups. This is in agreement with the opinion of Yang 

et al. (2018). Moreover, the relative abundance of Proteobacteria phyla in the ileum of 

the three LP groups was significantly increased compared with the SBM15 group, as 

previously shown in the microbiota study of pigs (Huang et al., 2020). The possible 

reason is that three LP diets adding more crystalline amino acids which are more easily 

to be absorbed by small intestinal compared with the normal protein diet. Meanwhile, it 

also increased the interest of Proteobacteria to utilize amino acid as a fermented 

protein. But the three LP groups had no effect on bacterial composition in feces 
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compared with the SBM15 group. More studies demonstrate that a reduction in dietary 

protein content may result in a lower intestinal ammonia concentration, but not 

necessarily changes in the intestinal bacterial community of pigs (Heo et al., 2013; 

Rutherfurd et al., 2014). Our results may be insisted on the opinion. These results 

indicated that LP diets supplement crystalline amino acid has the potential to be 

available for large intestinal microbiota. 

At the genus level, the abundance of Lactobacillus and Bifidobacterium of the 

SCCM11 group was increased in ileum compared to the SBM15 group. It is generally 

accepted that Lactobacillus is important to maintain intestinal health and can inhibit the 

growth of potential pathogenic groups (Zhang et al., 2018). Similar to Lactobacillus, 

Bifidobacterium was also shown to beneficial affect intestinal health (Zhang et al., 

2020). This is in agreement with previous studies (Bindelle et al., 2010; Jiang et al., 

2015). The reason may be that the SCCM11 group combined with different protein 

sources, which have a high-quality source can enrich amino acid composition and 

contribute to the development of Lactobacillus and Bifidobacterium. 

In the feces, the relative abundance of Streptococcus and Anaerovibrio genus was 

higher and the abundance of Prevotellaceae was lower in the SBM15 group compared 

with three LP groups. Streptococcus genus also belongs to the lactic acid bacteria and 

some species have similar probiotic characteristics to Streptococcus. Also, some species 

are potential pathogens (Gómez-Gascón et al., 2016). The previous study reported that a 

reduction of dietary CP content diet from 230 to 130 g/kg was associated with lower 

counts of pathogenic bacteria, such as Coliforms (Ye et al., 2011). In the present study, 

the abundance of Ruminococcus and Prevotellaceae of the SCCM11 and CCM11 group 

were increased. This is in general agreement with Zhou et al. (2015), where feeding an 

LP diet to pigs increased Prevotellaceae. Moreover, it was previously reported that 

Ruminococcus and Prevotellaceae were two of the predominant fiber-degrading 

bacterial species in the intestinal tracts of pigs (Zhao et al., 2017). The abundance of 

Bacteroides was also increased in the SCCM11 and CCM11 groups. The reason may be 

that Bacteroides has a better ability to decompose and use substrate. It was revealed that 

adding CSM and CGM increased the decomposition and utilization of fiber as a 

substrate in the large intestine for Bacteroides. In the SCCM11 group, the reads 

assigned to the genera Oscillibacter were present in slightly higher proportions than the 

other three groups. Oscillibacter has been identified as a valerate-producing anaerobe 

(Le Roy et al., 2020). Valerate as organic acids can reduce pathogenic bacteria of the 

intestine and endogenous losses (Park et al., 2014; Rodrigues et al., 2020). 

Conclusion 

The present study indicated that support crystalline amino acid to LP diet, in which 

the protein level is 11%, may modulate the intestinal microbiota. Maybe due to the 

preferred location of some bacteria groups in the intestine, the effect on intestinal 

microbiota diversity, abundance, and composition are not consistent throughout the 

sampling sites in the current study. The present results showed that the SCCM11 group 

increased the bacterial diversity in ileum and feces and also increased the abundance of 

Lactobacillus which is important to maintain intestinal health and can inhibit the growth 

of potential pathogenic groups. However, the potential regulatory mechanism of the 

microbiota on the finishing pig health is still unclear, and further research is needed. 
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Further studies are warranted to clarify the potential roles of this microbiota modulate to 

the health of finishing pigs according to DGGE technology. 
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