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Abstract
To explore the effects of supplementing a basal diet with green sweet sorghum stalks on the gut
microbiota in geese, one hundred and twenty 28-day-old geese were divided into two groups. Group 1 was
fed a basal diet and group 2 was fed 92% of the same basal diet with green sweet sorghum stalks ad libitum
for 42 days. Three male geese from each group were killed at 70 days old, four gastrointestinal tract
segments (duodenum, jejunum, ileum, and caecum) were collected, and the hypervariable V4 region of the
bacterial 16S rRNA gene was sequenced. There were obvious changes of microbiome in the caecum
compared with the other three intestinal segments after green sweet sorghum stalks were added to the diet.
Group 2 had significantly higher alpha diversity in the caecum compared with group 1 (P <0.05). The phyla of
bacterial communities in the caecum differed. Group 2 had more abundant Bacteroidetes and Firmicutes, but
Proteobacteria were more abundant in group 1. At genus level, Bacteroides was more prevalent in group 2,
as were Prevotella and YRC22 (P <0.05). Functional analysis revealed that the carbohydrate metabolism,
membrane transport, endocrine system and digestive system metabolic pathways were overrepresented in
group 2. In conclusion, caecal microbes might play an important role in digesting green sweet sorghum
stalks in geese.
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Introduction
In 2017 global animal feed volume was estimated at 1.07 billion metric tons with a grossed industrial
output value of about 430 million dollars (Johansen, 2018). In the same year, industrial feed production
exceeded 0.2 billion metric tons in China, making it the largest producer of feed in the world for seven
consecutive years. However, competition between animals and people for food has increased gradually to
the extent that it has become a primary concern for food security (Liu et al., 2018). The development and use
of unconventional feed resources are important to alleviate this problem and to reduce the cost of food for
animals (Song et al., 2015, Ülger et al., 2017,Ülger et al., 2018).
Sweet sorghum (Sorghum bicolor (L.) Moench) is a domesticated species the stalks of which have
high levels of juice and edible sugar (Murray et al., 2009). As a typical unconventional feedstuff, sweet
sorghum stalks have been used successfully to feed pigs (Passos et al., 2015), cattle (Amer et al., 2010),
and sheep (Anandan et al., 2012). Sweet sorghum stalks could be added to diets for poultry. A previous
study investigated the possibility of utilizing green sweet sorghum stalk (henceforth ‘sorghum’) diets for
geese between 28 and 70 days old (Huang et al., 2017). In that study, the control group was provided a
basal diet ad libitum and five other groups were fed 96%, 92%, 88%, 84%, and 80% of this basal diet, with
sorghum being provided ad libitum. It was concluded that 4% to 8% of the basal diet could be replaced with
sorghum without influencing growth, carcass yield, and meat quality of Sichuan white geese. The treatment
in group 2 proved the most effective compromise between feed cost and performance, suggesting that
geese could derive nutritional value from sorghum stalks. Average daily consumption of sorghum was 74.83
g, whereas consumption of the basal diet was reduced from 191.1 g to 180.2 g per day.
Although geese have no cellulose-digesting enzymes in their digestive tract, they are able to utilize
plant-derived coarse fodder, and thus are considered a good model in which to study the function of
intestinal microbiome. Previous research has studied the effects on microbial diversity in the caecum of
URL: http://www.sasas.co.za
ISSN 0375-1589 (print), ISSN 2221-4062 (online)
Publisher: South African Society for Animal Science

http://dx.doi.org/10.4314/sajas.v50i3.9

422

Zhong et al., 2020. S. Afr. J. Anim. Sci. vol. 50

adding cassava foliage (Li et al., 2017), ryegrass and Chinese trumpet creeper (Xu et al., 2017) and
cornstalk (Liu et al., 2018) to the diets of geese. The results of these studies suggested that diet could affect
the composition of gut microbiota. However, the impact of dietary supplementation with sorghum on the gut
microbiota of geese has not been studied. Importantly, resection of the caecum significantly reduced
digestibility of crude fibre from soybean meal and cottonseed meal in caecectomized geese (Jiang et al.,
2013). Based on this result, it was speculated that feeding a basal diet supplemented with sorghum would
not greatly influence the microbiota in duodenum, jejunum, and ileum, but would affect the caecal microbiota.
Therefore, in this study, geese fed the basal diet and those fed 92% of the same diet supplemented with
sorghum ad libitum were hypothesized to have similar populations in their intestinal tracts. The data were
generated using Illumina sequencing on the hypervariable V4 region of the bacterial 16S rRNA gene. These
data might identify differences in the intestinal microbiome of geese and help in understanding the molecular
mechanism of their digestion of sorghum.

Material and Methods
The animal experiment was accomplished in strict accordance with the guidelines for the Care and
Use of Experimental Animals established by the Ministry of Science and Technology of the People’s Republic
of China (Approval number 2006-398). Animal feeding and sampling were approved by the Animal Care and
Welfare Committee and the Laboratory Animal Management Committee of Chongqing Academy of Animal
Sciences. All efforts were made to reduce the suffering of geese. All animal experiments were carried out at
a waterfowl breeding base in Rongchang County, Chongqing City, China.
Apparent nutrient digestibility of sorghum was determined using the total faecal collection method (Liu
et al., 2019). Ten Sichuan white geese (male, 60 weeks old) with 4093 g bodyweight were housed singly in
metabolic cages that had been cleaned and disinfected. The steel frame metabolic cages were equipped
with grid floors and collection trays. Four days of adjustment were allowed prior to a five-day collection
period. The whole fresh sorghum was mowed, chopped to 1 - 3 cm in size, and fed to the geese ad libitum.
Drinking water was freely available at all times. The collected droppings were weighed and oven-dried at
75 °C. The crude protein content of the dried samples was determined as prescribed by the AOAC (2000).
The apparent metabolizable energy content of the sorghum was 10.69 MJ·kg -1 and the apparent metabolic
rate of crude protein was 62.57%.
One hundred and twenty 28-day-old Sichuan white goslings weighing approximately 1100 g were
randomly allocated to two groups with six replicates of ten birds each. The pens in which they were housed
had one feeder and five drinkers. The birds in the first group were provided the basal diet ad libitum (group
1), whereas the birds in the second group were fed 92% of this basal with sorghum ad libitum (group 2).
Birds were kept in plastic-wire floored pens in an environmentally controlled goose house. The room
temperature was maintained at 20 - 22 °C and with 16 hours of light and 8 hours of darkness. Drinking water
was freely available at all times. The feeding period was 42 days. Two-hundred-gram samples of sorghum
were collected daily, sealed in hermetic bags, and stored at 4 °C for subsequent nutritional analysis. The
gross energy of the sorghum used in this study was 17.58 MJ·kg -1, and the contents of crude protein, crude
fibre, ether extract, and ash were 11.79%, 34.13%, 1.45%, and 3.72%, respectively. The contents of
phosphorus, calcium, neutral detergent fibre, acid detergent fibre, and nitrogen-free extract were 0.31%,
0.41%, 64.64%, 37.90%, and 38.54%, respectively. The ingredients of the basal diet are provided in Table 1.
At 70 days old, three male geese with bodyweights approximately equal to those of their cohorts were
selected from each group and slaughtered. The average bodyweights in groups 1 and 2 were 3200 g and
3130 g, respectively. The content of four intestinal segments, including the duodenum, jejunum, ileum, and
caecum, were collected simultaneously under aseptic conditions. All samples were snap-frozen in liquid
nitrogen and stored at -80 °C until DNA extraction. Microbial genomic DNA was extracted from the contents
of four intestinal segments using the QIAamp DNA stool mini kit (QIAGEN, Hilden, Germany) according to
the manufacturer’s protocols. The V4 hypervariable regions of 16S rRNA were amplified through polymerase
chain reaction (PCR) using the barcoded fusion primers (520F 5’-AYTGGGYDTAAAGNG-3’ and 802R 5’TACNVGGGTATCTAATCC- 3’), as described by Zhao et al. (2013). The amplifications were examined on a
2% agarose gel, and the band was extracted and purified with the AxyPrep DNA gel extraction kit (Corning
Inc., Corning, New York, USA) according to the manufacturer’s instructions.
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Table 1 Composition and nutritional content of basal diet for goslings (as fed basis)
Ingredients

Content (%)

Nutrients

Content

61

ME (MJ·kg-1)

11.50

Soybean meal

23.2

Crude protein, %

16.50

Wheat bran

0.3

Crude fibre, %

7.11

Alfalfa meal

11.8

Calcium, %

0.95

Soybean oil

0.4

Phosphorus, %

0.60

Lysine

0.1

Lysine, %

0.98

Methionine + cysteine

0.2

Methionine + cysteine, %

0.70

Salt

0.3

Threonine, %

0.60

Limestone

1.1

Tryptophan, %

0.20

Calcium hydrophosphate

1.4

Arginine, %

0.80

Choline

0.1

Vitamin and mineral premix1

0.1

Corn

1

Copper: 8 mg, Iron: 85 mg, Zinc: 80 mg, Manganese: 85 mg, Selenium: 0.3 mg, Iodine: 0.4 mg; vitamin A: 2500 IU,
vitamin D3: 2000 IU, vitamin E: 10 IU, vitamin K3: 2 mg, vitamin B1: 1.5 mg, vitamin B2: 10 mg, vitamin B6: 3 mg, vitamin
B12: 0.02 mg, pantothenic acid: 10 mg, nicotinic acid: 50 mg, folic acid: 1 mg, biotin: 0.15 mg ME: metabolizable energy

The PCR products were used to construct a sequencing library with Illumina TruSeq Nano DNA LT
library prep kit (Illumina, Inc., San Diego, California, USA). For each sample, barcoded V4 PCR amplications
were sequenced with the Illumina Miseq platform. The DNA extraction, PCR amplification, and sequencing
service were accomplished with Personal Biotechnology Co., Ltd. (Shanghai, China).
Sequence reads were eliminated if they included ambiguous bases, if the average Phred score was ≤
25, if a homopolymer ran ≥ 6, if there were mismatches in the primer sequence, and if a sequence length
was < 100 bp. Trimmed and assembled sequences were uploaded to QIIME, v1.8.0 (Caporaso et al., 2010).
Bacterial operation taxonomic units (OTUs) with greater than 97% similarity were clustered, and
taxonomic identification was assigned using the RDP classifier with a confidence threshold of 0.8 (Wang et
al., 2007). Rarefaction analysis based on MOTHUR v1.30.1 was conducted to calculate the chao1 and ACE,
diversity estimates, and the Shannon and Simpson index-based measures of community evenness (Schloss
et al., 2009). To investigate the differences of microbial communities between group 1 and group 2, beta
diversity analysis was conducted by using principal coordinate analysis (PCA).
The functional composition of the caecal metagenome was predicted using PICRUSt (Langille et al.,
2013). The OTUs at 97% similarity were mapped to gg13.5 database by QIIME, v1.8.0. The abundance of
OTUs was normalized automatically using 16S rRNA gene copy numbers from known bacterial genomes in
the Integrated Microbial Genomes and Microbiomes (IMG/M) database (Chen et al., 2019) The predicted
genes and their function were aligned to the KEGG database (Kanehisa & Goto, 2000) and the differences
among groups were compared with the STAMP software (Parks et al., 2010). Student’s two-tailed t-test and
ANOVA analysis were performed with SPSS 10.0 software (SPSS Inc., Chicago, Illinois, USA) with P <0.05
being considered statistically significant.

Results and Discussion
Research into the microbial diversity in the gastrointestinal tract of domestic poultry has intensified in
recent years. To the authors’ knowledge, this is the first study to evaluate the effect on their intestinal
microbiomes of adding sorghum to the diet fed to geese using high-throughput sequencing.
A total of 86 819 qualified sequences were obtained from the duodenum, jejunum, ileum, and caecum
of the six geese. There was an average of 36 034 reads per sample. Shannon value and Shannon
rarefaction curves for each sample are shown in Figure 1 and indicate that the sequence coverage was
adequate. Of the 4201 and 3963 OTUs found for groups 1 and 2, 3398 were shared. In both groups, fewer
OTUs were found in the caecal samples than in the other segments of the intestinal tracts (Figure 2).
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Figure 1 Shannon rarefaction curves for individual samples of intestinal microbiota under the condition of
97% similarity

Figure 2 Venn diagrams illustrating the commonality of operational taxonomic units in the intestinal tract of
geese fed a basal diet (light grey) and geese fed 92% of the basal diet and supplemented ad libitum
sorghum with for 42 days (darker grey)
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No significant difference in microbial richness (chao1 and ACE indices) and evenness (Shannon and
Simpson indices) were found in the duodenum, jejunum, and ileum (P >0.05) (Table 2). However, the choa1
index indicated greater richness (P =0.02) of the microbiota in the caecum of geese in group 2. The Shannon
index also indicated greater (P =0.05) microbial diversity in these samples.
Table 2 Diversity in the 16S rRNA gene libraries of goose gut from sequencing
Intestinal
region

Duodenum

Jejunum

Ileum

Caecum

Diets

Diversity indices
Chao1

Ace

Simpson

Shannon

Group 1

785.3 ± 181.1

881.3 ± 191.7

0.91 ± 0.04

5.79 ± 1.08

Group 2

690.0 ± 241.9

804.4 ± 236.5

0.91 ± 0.05

5.56 ± 1.36

P-value

0.61

0.68

0.99

0.83

Group 1

982.7 ± 262.0

1087.7 ± 266.5

0.97 ± 0.02

7.44 ± 1.30

Group 2

736.3 ± 149.6

834.8 ± 154.6

0.92 ± 0.07

6.04 ± 1.18

P-value

0.23

0.23

0.33

0.24

Group 1

631.7 ± 165.2

754.6 ± 133.7

0.80 ± 0.14

4.44 ± 1.27

Group 2

962.3 ± 351.2

1098.3 ± 276.3

0.93 ± 0.08

6.44 ± 1.92

P-value

0.23

0.23

0.33

0.24

Group 1

594.3 ± 19.2

711.4 ± 78.0

0.94 ± 0.02

5.93 ± 0.42

Group 2

690.3 ± 40.7

833.3 ± 79.4

0.97 ± 0.01

6.62 ± 0.14

P-value

0.02

0.13

0.11

0.05

Group 1: basal diet, Group 2: basal diet with green sweet sorghum stalks provided ad libitum

Principal coordinate analysis (R Core Team, 2017) was used to study the community composition in
four intestinal segments of the two groups. An unweighted implementation of the UniFrac method proposed
by Lozupone and Knight (2005) identified distinct differences in the caecum microbiota from geese fed the
two diets, but showed little differentiation in the duodenum, jejunum, and ileum samples. The first and
second principal coordinates accounted for 57.68% and 20.13% of the variation between groups in the
microbiota of the caecum, respectively (Figure 3). After sorghum was added to the diet, obvious changes in
the microbiome were found in the caecum than in the other three intestinal segments of the geese. This
finding was similar to results obtained in pigs in which different distributions of microbiota were observed
across segments of the gastrointestinal tract (Zhao et al., 2015). Based on the metagenome profiles of adult
pigs, they showed enrichment associated with metabolism pathways and metabolic disease in large intestine
while higher abundance of infectious disease, immune function disease, and cancer functions were seen in
the small intestine. Some scholars believe that dietary fibres are not digested in the small intestine but could
be fermented in the large intestine (Macfarlane et al., 2008). The role of the small intestine is thought to be in
digesting and absorbing the food from the stomach, with the large intestine and the caecum in particular
facilitating microbial fermentation (Dibaise et al., 2008). It is widely accepted that even if they are genetically
unable to produce cellulose-digesting enzymes in the intestinal tract, geese possess a strong capability to
digest fibrous plant material through microbial fermentation in the caecum (He et al., 2015; Zhou et al., 2015;
Xu et al., 2017).
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Figure 3 First and second principal coordinates illustrating variation in microbiota from caecum of geese fed
a basal diet (red circles) or the same basal diet supplemented with green sweet sorghum stalks (blue
triangles)
Resection of the caecum significantly reduces the digestibility of crude fibre in soybean meal and
cottonseed meal by caecectomized geese (Jiang et al., 2013). Therefore, the authors speculated that
feeding 92% of the basal diet supplemented ad libitum with sorghum was not a sufficient dietary alteration to
influence the microbiota in duodenum, jejunum and ileum, but that it would have a great effect on the caecal
microbiota (Figure 3). More than 90.0% of these sequences belonged to the three most abundant phyla of
bacteria, namely Bacteroidetes, Firmicutes and Proteobacteria, in both groups of geese. This is consistent
with previous studies (Gao et al., 2016; Li et al., 2017). In musk oxen, the relative abundant of Bacteroidetes
and Firmicutes could reach 90% in the rumen gut microbiome and account for most of fibre digestion
(Ungerfeld et al., 2018). Bacteroidetes have the ability to degrade polysaccharides and metabolic
intermediates (Louis et al., 2007; Lin et al., 2011). Both Firmicutes and Bacteroidetes can produce shortchain fatty acids via fermentation of fat and fibre in human beings (Duncan et al., 2007; Filippo et al., 2010).
In group 2, the Firmicutes were numerically more abundant than in group 1 (Table 3). Parnell et al. (2012)
observed that prebiotic fibres could increase the amount of Firmicutes and promote the growth of beneficial
bacteria in the gut. However, the increasing level of Firmicutes did not improve the energy metabolism in this
study.
Synergistetes are anaerobic gram-negative bacteria and opportunistic pathogens. However,
Synergistetes can be found in the microbiome of the umbilicus and in the normal vaginal flora of healthy
people (Jumasbilak et al., 2009; Marchandin et al., 2010). Synergistetes was observed only in group 2 and
their role in fibre digestion remains unknown.
Only 30 OTUs could be identified to genus level (Table 4). Of these, 17 were Firmicutes, 7 were
Bacteroidetes, 2 were Proteobacteria, 1 was Verrucomicrobia, 1 was Deferribacteres, 1 was Actinobacteria
and 1 was Euryarchaeota. Only one bacterial genus, namely Methanocorpusculum (0.283%), was present in
the caecal samples of group 2, whereas it was absent in group 1. Bacteroides and Desulfovibrio were
predominant genera that represented 40.423% and 35.689% in group 1 and group 2, respectively. Only two
OTUs, Prevotella and YRC22, were significantly different in abundance between geese on the two diets (P
=0.010 and P =0.035, respectively). The relative abundance of Prevotella in group 2 was nearly nine times
that of group 1. Similarly, the relative abundance of YRC22 in the group 2 was approximately three times
greater than in group 1. Methanocorpusculum was present in the caecal samples from group 2 in low
frequency (0.28%) but was almost absent from group 1.
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Table 3 Proportional representation of bacterial phyla in the caecum of geese fed a basal diet or the basal
diet supplemented with green sweet sorghum stalks
Phyla

Group 1 (%)

Group 2 (%)

P-value

Bacteroidetes

38.074 ± 6.034

45.995 ± 2.900

0.110

Firmicutes

28.534 ± 5.418

35.174 ± 4.665

0.183

Proteobacteria

23.801 ± 7.957

11.951 ± 2.459

0.069

Verrucomicrobia

4.334 ± 6.620

0.742 ± 0.967

0.405

Tenericutes

2.660 ± 0.990

1.951 ± 1.000

0.432

Actinobacteria

1.735 ± 0.419

2.342 ± 3.054

0.751

Cyanobacteria

0.451 ± 0.439

0.521 ± 0.186

0.812

Synergistetes

0.000 ± 0.000

0.569 ± 0.487

0.113

Euryarchaeota

0.087 ± 0.061

0.299 ± 0.475

0.486

Deferribacteres

0.143 ± 0.127

0.198 ± 0.158

0.661

Lentisphaerae

0.079 ± 0.130

0.093 ± 0.076

0.414

Elusimicrobia

0.056 ± 0.034

0.017 ± 0.023

0.168

Saccharibacteria

0.017 ± 0.021

0.000 ± 0.000

0.238

Fusobacteria

0.006 ± 0.010

0.007 ± 0.011

0.905

Others

0.023 ± 0.035

0.141 ± 0.222

0.414

Group 1: basal diet, Group 2: basal diet with green sweet sorghum stalks provided ad libitum

Table 4 Proportional representation of bacterial genera in caecum of geese fed basal diet or same diet
supplemented with green sweet sorghum stalks
Genus

Group 1 (%)

Group 2 (%)

Bacteroides

17.902 ± 3.393

24.785 ± 7.700

0.23

Desulfovibrio

22.521 ± 8.523

10.904 ± 2.583

0.09

Prevotella

0.667 ± 0.471

6.666 ± 2.214

0.01

Akkermansia

4.334 ± 6.620

0.737 ± 0.972

0.40

Parabacteroides

1.846 ± 1.261

3.046 ± 0.426

0.19

Faecalibacterium

1.694 ± 1.612

1.724 ± 0.412

0.98

Oscillospira

0.675 ± 0.299

2.231 ± 2.123

0.28

Phascolarctobacterium

1.360 ± 0.823

0.754 ± 0.928

0.45

Ruminococcus

0.649 ± 0.163

1.214 ± 0.396

0.08

Rikenella

1.106 ± 1.482

0.681 ± 0.460

0.66

Ruminococcus

0.886 ± 0.814

0.798 ± 0.423

0.88

Barnesiella

1.210 ± 1.352

0.334 ± 0.147

0.33

Peptococcus

1.048 ± 1.713

0.382 ± 0.247

0.54

Megamonas

0.613 ± 0.425

0.780 ± 0.713

0.75

Butyricimonas

0.701 ± 0.261

0.624 ± 0.423

0.80

Blautia

0.687 ± 0.669

0.244 ± 0.101

0.32

Eubacterium

0.237 ± 0.027

0.633 ± 0.351

0.12

YRC22

0.147 ± 0.098

0.489 ± 0.161

0.04

Group 1: basal diet, Group 2: basal diet with green sweet sorghum stalks provided ad libitum

P-value
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Linear discriminant analysis effect size from QIIME indicated overrepresentation of seven genera in
the caecal microbiome of geese in group 2, and five overrepresented genera in geese fed the basal diet
(Figure 4).

Figure 4 Relative representations of microbial genera in the caecum of geese fed a basal diet (green) or the
basal diet supplemented with green sweet sorghum stalks (red)
The cladogram represents the structure of the caecum microbiota, their predominant bacteria, and the
greatest differences in taxa between the groups (Figure 5), Two genera (Prevotella, YRC22), two families
(Prevotellaceae, Paraprevotellaceae), and one order (Bacteroidales) belonging to the phylum Bacteroidetes
were heavily weighted in group 2. One genus (Desulfovibrio), one family (Desulfovibrionaceas), one order
(Desulfovibrionales), and one class (Deltaproteobacteria) belonging to the phylum Proteobacteria were
heavily weighted in group 1.
Taxa abundance of Prevotella and YRC22 in the two groups were compared using Metastats analysis
(White et al., 2009) (Figure 6). The results suggest that Prevotella and YRC22 were more abundant in the
caecum of geese whose diet was supplemented with sorghum. group 2.
The OTUs were normalized by 16S rRNA gene copy number and their metagenomic functions
predicted from KEGG pathways. A total of 5256 KEGG pathways were found, of which 245 were specific to
group 1, 128 were unique to group 2, and 4883 were shared (Figure 7A). Unfortunately, few OTUs (only 1 to
27) were represented in group 2-specific pathways. Intriguingly, the KEGG orthology (KO) of carbohydrate
metabolism, which belonged to ‘metabolism’, membrane transport, which belonged to ‘environmental
information processing’, and endocrine system and digestive system, which belonged to ‘organismal
system’, were overrepresented in group 2 relative to group 1 (Figure 7B, 7C, 7D). Second, further analysis of
the KEGG pathways was conducted based on the 20 top-ranked differentially represented OTUs (Table 5).
Of these, four KOs did not match the KEGG pathways (K02004, K02003, K07024, and K07090). Of the other
16 KOs, eight were more represented in group 2, namely K06147, K02025, K02026, K00266, K02529,
K02006, K09687, and K01190, which are involved in membrane transport and carbohydrate metabolism.
The genera Prevotella and Bacteroides are well-known fermenters of dietary fibre. Their abundance in
the caecum of geese in group 1 was 18.6%. However, with the addition of the sorghum, the proportion of
Prevotella and Bacteroides was 31.5%. Prevotella in the caecum can ferment carbohydrates, thus supplying
short-chain fatty acids, which are important for host health (Macfarlane et al., 1995). Prevotella are also able
to degrade the mucin glycoprotein and improve intestinal conditions to promote the growth and survival of
the host (Dp et al., 2000; Rho et al., 2005). During the postweaning period, the high-level abundance of
Prevotella in pigs has been related to degradation of hemicelluloses, including xylans (Hayashi et al., 2007;
Lamendella et al., 2011). A recent study showed that dietary supplementation with an organic acid could lead
to an increased abundance of Prevotella, which facilitated degradation of carbohydrates and thereby
strengthened intestinal immunity (Li et al., 2018).
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Figure 5 Cladogram illustrating the structure of the caecum microbiota, their predominant bacteria, and the
greatest differences in taxa between geese fed a basal diet (green) and those fed the basal diet
supplemented with green sweet sorghum stalks (red)

Figure 6 Differential representations of Prevotella and YRC22 in geese fed a basal diet (red) or the basal
diet supplemented with green sweet sorghum stalks (blue)
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Figure 7 Predicted functions of caecal microbiota of geese fed a basal diet or one supplemented with green sweet sorghum stalks. Commonality of KEGG
pathways in geese fed the basal diet (light) and supplemented geese (dark) (A). Relative abundance in the ‘environmental information processing’
pathways (B); in the ‘metabolism’ pathways (C); and in the ‘organismal system’ pathways (D)
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Table 5 Twenty top-ranked KEGG pathways shared by group 1 and group 2 based on the bacterial
operational taxonomic units that were differentially represented in the caecum
KO ID

KEGG pathway

P-value

K09687

Antibiotic transport system ATP-binding protein

0.049

K07090

None

0.121

K02529

LacI family transcriptional regulator

0.122

K02026

Multiple sugar transport system permease protein

0.127

K02025

Multiple sugar transport system permease protein

0.139

K03406

Methyl-accepting chemotaxis protein

0.170

K03406

Methyl-accepting chemotaxis protein

0.170

K02051

Sulfonate/nitrate/taurine transport system substrate-binding protein

0.177

K00974

tRNA nucleotidyltransferase (CCA-adding enzyme)

0.211

K07024

None

0.246

K00602

Phosphoribosylaminoimidazolecarboxamide formyltransferase /IMP cyclohydrolase

0.321

K13789

Geranylgeranyl diphosphate synthase, type II

0.336

K02006

Cobalt/nickel transport system ATP-binding protein

0.340

K02004

None

0.600

K06147

ATP-binding cassette, subfamily B, bacterial

0.623

K00266

Glutamate synthase (NADPH/NADH) small chain

0.654

K01834

Phosphoglycerate mutase

0.735

K01990

ABC-2 type transport system ATP-binding protein

0.771

K02003

None

0.788

K03088

RNA polymerase sigma-70 factor, ECF subfamily

0.915

K03088

RNA polymerase sigma-70 factor, ECF subfamily

0.915

K01190

Beta-galactosidase

0.998

KO ID: KEGG orthology identification code

The level of dietary fibre affects the intestinal microflora of goose (Zhou et al., 2018). Geese fed a
lower level of dietary fibre (5% corn stover or alfalfa) had fewer (P <0.05) Prevotella in the caecal microflora
than those that were fed a diet that was higher in fibre (8% corn stover or alfalfa). The present findings are
consistent with this result and explain the relationship between dietary fibre and the abundance of Prevotella
in the caecal microflora of geese.
The genus YRC22 was significantly more prevalent in the caecum in group 2 than in group 1 (P
<0.05). However, little is currently known about YRC22 and its function, although it has been found in the
caecal microbiota of birds and mammals (Venable et al., 2016).

Conclusions
This study provides a foundation for understanding the utilization of sorghum by goose gut microbiota.
Supplementation with chopped sorghum could affect caecal microbiota favourably by increasing the
abundance of genera Prevotella and YRC22. Promotion of the genera Prevotella andYRC22, together with
Bacteroides, might enhance carbohydrate metabolic, membrane transport, endocrine system and digestive
system functions in goose caecum. However, fibre digestion, absorption and utilization by the gut microflora
in geese is a complicated process, and further research is required to uncover the underlying mechanisms.
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