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ABSTRACT 
The objective of this research was to compare the influence of overfeeding on slaughter performance and small 

intestinal physiology and microbiota between Gang goose and Tianfu Meat Goose. Fifty Gang geese were randomly 

divided into the control group and overfed group, as were fifty Tianfu Meat geese. All geese were slaughtered after 3 

weeks of overfeeding. After overeating, the results indicated that the liver weight, villus height to crypt depth ratio in 

duodenum and ileum, and the activity of invertase and maltase enzymes of Tianfu Meat goose was higher than those 

of Gang goose. However, the subcutaneous adipose tissue weight of Gang goose was higher than that of Tianfu Meat 

goose. Moreover, the Enterobacterial Repetitive Intergenic Consensus-Polymerase Chain Reaction (ERIC-PCR) 

fingerprint indicated that the band number of intestinal bacteria in each small intestinal segment decreased in Gang 

goose and increased in Tianfu Meat goose. The Enterobacter had a higher gene expression in the jejunum of Gang 

goose than that of Tianfu Meat goose and Escherichia coli the gene expression decreased in the ileum of Tianfu Meat 

goose after overfeeding. In conclusion, Tianfu Meat goose’s liver weight, small intestinal digestion and absorption 

capacity and microbiota homeostasis were much better than those of Gang goose. Therefore, Tianfu Meat goose is 

more suitable for foie gras production. The results of the present study will provide a reference for the use of goose 

breeding for overfeeding and the relationship between intestinal physiology and the mechanism of goose fatty liver 

formation.  
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INTRODUCTION 
 

China has the largest number of geese in the world and has 

a number of indigenous and developed goose breeds. 

Goose breeding is the primary determinant for foie gras 

production. Researching the production performance of 

these breeds under overfeeding is essential for the use of 

these breeds for foie gras production. The small intestinal 

is the most important place where nutrients have been 

digested and absorbed. The growth of the animal relies on 

the digestion and absorption of the nutrients. Therefore, it 

is important to investigate the influence on small intestinal 

structure morphology, digestive enzymes activity and flora 

to improve the yield of foie gras through overfeeding. 

Different goose breeds have a very different 

performance from foie gras. Landes Goose is the special 

breed for foie gras production and has the best foie gras 

performance (Geng et al., 2016). Some researchers 

reported that there is a negative effect on the digestion, 

absorption, and utilization of nutrients when the 

waterfowls were overfed (Zhang et al., 2007). Different 

duck genotypes have different intestinal microbiota 

compositions (Vasai et al., 2014). A study of Langdes 

Goose indicated that the prosperity and diversity of the 

bacterial communities in the ileum and cecum decreased 

after overfeeding (Tang et al., 2018). Liu et al. (2016) 

reported that Firmicutes in the duodenal, jejunum and 

ileum were more densely distributed than in caeca, and 

their abundance was affected by overfeeding, in overfed 

geese. 

At the present experiment, an influence of 

overfeeding on the morphology of the intestine structure, 
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and the activity of digestive enzyme has rarely been 

reported in geese. Flora researches mainly focused on 

Landes goose and there have been few reports of other 

goose breeds. Gang goose is an excellent indigenous goose 

breed distributing in southwest China. It is characterized 

by large body size, fast growth rate and strong fat storage 

capacity. Tianfu Meat goose is a developed goose breed 

from the Sichuan Agricultural University with many 

outstanding achievements, for example, excellent egg-

laying, fast growth rate and strong adaptability. In the 

present study, a comparison was performed of the 

influence of overfeeding on slaughter performance, the 

morphology of the small intestine structure, digestive 

enzymes activity and the flora between Gang goose and 

Tianfu Meat goose. The present study will provide a 

reference for the development and use of breed resources 

for foie gras production and provide a foundation for 

further investigation of intestinal health and the 

mechanism of goose fatty liver formation.  

 

MATERIALS AND METHODS 

 

Ethical Approval 

All authors in the present study had to be approved 

by the Institutional Animal Care and Use Committee 

(IACUC) of Sichuan Agricultural University (Permit No. 

DKY-B20141401), and carried out in accordance with the 

approved guidelines. All efforts were made to minimize 

the animals suffering. The movement of birds was not 

restricted until the age of 90 days. 

 

Birds, Experiment design and sampling 

Fifty newborn male Tianfu Meat geese and fifty 

newborn male Gang geese were raised. At the age of 13 

weeks, the geese of each breed were randomly divided 

into two groups, each containing a control group from 

Gang goose and an overfed group from Gang goose, the 

control group from Tianfu Meat goose and an overfed 

group from Tianfu Meat goose, each group comprising 25 

geese. The control group geese were fed as before; the 

geese of the overfed group were overfed with boiled maize 

(5 minutes boiled maize, supplemented with 1% vegetable 

oil and 1% salt), the daily feed intake reached 600-750 

gram (g) (4 meals per day) and given free access to water. 

The temperature and the relative humidity of the room 

were maintained at 24° centigrade (°C.), and 65 to 70%, 

respectively, until the end of the experiment. Geese and 

overfeeding places were provided by Xichang Huanong 

Poultry Compony, Sichuan, China. All geese were 

slaughtered of age if overfeeding. After 12 hours of 

fasting, the geese were killed. The geese were weighed 

before slaughter; the geese slaughter weight was weighed 

after slaughter. The samples of abdominal fat, 

subcutaneous adipose tissue and liver were collected and 

weighed immediately. The weight and length of each 

section of the intestine were measured and weighted after 

slaughtering and dividing. Five geese in each group were 

anesthetized with an intraperitoneal injection of sodium 

pentobarbital (60 milligram per kilogram (mg/kg)), and 

then immediately sacrificed for small intestinal tissue and 

content. Small intestinal tissue was washed in ice-cold 

saline (0.9% NaCl; 4 °C) and fixed in 4% formaldehyde-

phosphate buffer to determine intestinal morphological, 

and the small intestinal contents were frozen in liquid 

nitrogen and then kept at −80
 
°C for digestive enzyme 

activity, Enterobacterial Repetitive Intergenic Consensus-

Polymerase Chain Reaction (ERIC-PCR) and quantitative 

fluorescence Polymerase Chain Reaction (PCR) of the 

intestinal flora assay.  

 

Small intestine morphological examinations 

According to the methods of Cao et al. (2015), the 

cross-sections from the middle of the duodenum, jejunum, 

and ileum were preserved in 4% formaldehyde-phosphate 

buffer were prepared using standard paraffin embedding 

techniques, sectioned (5 µm) and stained with 

Hematoxylin and Eosin (HE), and then sealed by neutral 

resin size, and then examined by microscope 

photography system (Olympus, Tokyo, Japan). Each slice 

was observed and 5 visual fields were randomly scanned. 

Visual measurements of villus height, crypt depth, and 

intestinal wall thickness were measured 10 times and 

measured in each field of view with 40× magnification 

using imaging software (Image Pro Plus 6.0, Media 

Cybernetics, Bethesda, MD, USA)  

 

Small intestine digestive enzymes activity 

examinations 

According to the previous research (Cao et al., 

2018), approximately 0.1 g of frozen small intestinal 

contents were accurately weighed, and placed in sterile 

Eppendorf tubes containing 9 volumes (weight / volume) 

of ice-cold normal saline (0.7 gram / milliliter). The 

mixture of small intestinal contents and normal saline was 

centrifuged at 4000 revolution / minute for 15 minutes at 

4°C. The supernatant was then obtained and kept at 

−20°C, which was used for the study of the enzyme 

activity. The protein concentration of the samples was 

employed to calculate digestive activities, and assayed 

using a protein quantification kit (Bicinchoninic Acid 
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Assay, Beyotime Biotechnology, Beijing, China); the kits, 

which assayed the activity of amylase, maltase, invertase, 

chymotrypsin were provided by the Nanjing Jiancheng 

Bioengineering Institute (Nanjing, China). All operations 

were carried out according to the instructons.  

 

Extraction of total DNA of small intestinal 

bacteria 

The fecal DNA extraction kit (DP328, Tiangen, 

Beijing, China) was used to extract bacterial genomic 

DNA from small intestinal contents; then the 

concentration of the extracted DNA was determined with 

an ultraviolet spectrophotometer (Nano Drop 2000, 

Thermo, USA). The purity and quality of the entire DNA 

was assessed by spectrophotometric absorption at 260/280 

nanometer (nm) and the integrity of DNA was detected by 

agarose gel electrophoresis and the results were observed 

and photographed in the gel imaging system (Bio-Rad, 

USA). 
 

Detection and analysis of intestinal flora by 

ERIC-PCR 

The ERIC-PCR assay was performed according to 

the method described by Staji et al. (2018). The total DNA 

extracted from small intestinal bacteria was used to 

perform ERIC-PCR amplification using primers (ERIC-1: 

5'-ATGTAAGCTCCTGGGGATTCAA-3'; ERIC-2: 5'-

AAGTAAGTGACTGGGGTGAGCG-3') (BGI, Beijing, 

China) (Wang et al., 2014). Amplification reactions were 

performed in a volume of 25 microliter (μL) containing 

1.5  μL of each primer (25 picomole), 2 μL of 2.5 

millimole (mM) dNTPs, 2.5 μL of 10 × Buffer, 2 μL of 

25 mM MgCl2, 0.5 μL of 5 U/μL Taq Polymerase (Sigma 

Aldrich, Shanghai, China), and 10 nano-grams (ng) of 

template DNA. The procedure was initially denatured at 

94 °C for 7 minutes, followed by 30 denaturation cycles at 

94 °C for 60 seconds, annealing at 52 °C for 60 seconds, 

and elongation at 65 °C 8 minutes, followed by a 10 

minutes extension at 65 °C. The ERIC-PCR products were 

isolated by electrophoresis (100 voltage, 30 minutes) in 

agarose gel (1.5%), with the DNA marker DL5000 

(Takara, Japan), and the electrophoresis results were 

observed and photographed in the gel imaging system 

(Bio-Rad, USA). 

 

Detection of bacterial relative gene expression 

levels 

Detection of small intestinal bacterial relative gene 

expression levels was performed according to the method 

described by Dewar et al. (2017). The quantitative 

fluorescence PCR was performed with the CFX 96 

instrument (Bio-Rad, USA), using a Takara ExTaq RT-

PCR kit and SYBR Green as the detection dye (Takara, 

Japan). The reaction system and procedure of the 

quantitative fluorescence PCR were operated according to 

the Prime Script 
TM

 RT reagent Kit manual operation 

(TaKaRa, Japan). The relative gene expression levels of 

genes were normalized to β-actin and 18S using the 2
-ΔΔCt

 

method (Livak and Schmittgen, 2001). Table 1 listed the 

quantitative fluorescence PCR Primers (BGI, Beijing, 

China). 

 

Table 1. Primers for quantitative fluorescence quantitative PCR 

Gene name Primers Product size (bp) Reference 

Escherichia coli 
F: TACCCGCAGAAGAAGCACC 

215 Ren et al. 2012 
R: CGCATTTCACCGCTACACC 

Enterobacter 
F: CATTGACGTTACCCGCAGAAGAAGC 

195 Lu, et al., 2019 
R: CTCTACGAGACTCAAGCTTGC 

Enterococcus 
F: CCCTTATTGTTAGTTGCCATATT 

144 Bartosch, et al., 2004 
R: CTCTACGAGACTCAAGCTTGC 

18S 
F: TTGGTGGAGCGATTTGTC 

129 Benjamino and Graf, 2016 
R: ATCTCGGGTGGCTGAACG 

β-actin 
F: CAACGAGCGGTTCAGGTGT 

92 Feng et al. 2012 
R: TGGAGTTGAAGGTGGTCTCG 

F = forward primer, R = reverse primer, bp = base pair.   

 

Data analysis 

The gel imaging system was used to take pictures of 

the stained gel and Quantity One image analysis software 

(Bio-Rad, USA) was used for ERIC-PCR image analysis. 

Using SAS 9.2 (SAS Institute, USA), the comparisons of 

several groups were analyzed by General Liner Model 
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(GLM), and the means were assessed for significant 

differences using the SNK-q test. All results were 

expressed as means ± Standard Deviation and p-value 

below 0.05 was considered statistically significant.  

 

RESULTS 

 

Influence of overfeeding on slaughter 

performance 

As shown in table 2, overfeeding could significantly 

increase body weight, slaughter weight, abdominal fat pad 

weight, subcutaneous adipose tissue weight, and the liver 

weight of Tianfu Meat goose and Gang goose (p < 0.05). 

After overfeeding, there was no significant difference 

between the body weight, slaughter weight, and abdominal 

fat weight of the two goose breeds (p > 0.05). However, 

the liver weight of Tianfu Meat goose was higher than that 

of Gang goose, and the subcutaneous adipose tissue 

weight of Gang goose was higher than that of Tianfu Meat 

goose after overfeeding (p < 0.05). 

 

Influence of overfeeding on intestinal morphology 

As shown in table 3, duodenal weight, duodenal 

length, jejunum weight, ileum weight, and ileum length 

obviously increased in both Tianfu Meat goose and Gang 

goose after overfeeding (p < 0.05). The villi height, the 

crypt depth, and the wall thickness of different small 

intestinal segments were measured, the results are shown 

in table 4. The wall thickness became thin except for the 

jejunum of the Gang goose after overfeeding (p < 0.05). 

Overfeeding increased the villus height of all small 

intestinal segments of two breeds (p < 0.05). Compared to 

the control group, the crypt depth of all small intestine 

parts in the overfed group of Tianfu Meat goose decreased 

(p < 0.05). The ratio of villus height to crypt depth of 

Tianfu Meat goose after overfeeding was higher than that 

of Gang goose in duodenum and ileum (p < 0.05). 

 

Influence of overfeeding on digestive enzyme 

activity in small intestine  

As shown in table 5, the activity of amylase, and 

chymotrypsin significantly in the duodenum of two breeds 

decreased after overfeeding (p < 0.05). The activity of 

maltase, invertase, and chymotrypsin increased 

significantly in the jejunum of Gang goose after 

overfeeding (p < 0.05). The activity of amylase, 

chymotrypsin, and maltase in the ileum of the Gang goose 

decreased significantly after overfeeding (p < 0.05). The 

activity of amylase and chymotrypsin decreased and the 

activity of invertase and maltase increased in the ileum of 

Tianfu Meat goose after overfeeding (p < 0.05). Compared 

to the overfed group of Gang goose, the activity of maltase 

and invertase in the duodenum and ileum of Tianfu Meat 

goose overfed group was higher (p < 0.05).   

 

ERIC-PCR results of the small intestinal 

microbiota after overfeeding 

Figure 1 indicates that the ERIC-PCR amplified 

bands, which were bigger than 500 base pair (bp), had the 

greatest difference between the control group and the 

overfed group in each intestinal segment of the overfed 

group. The number of amplified bands of intestinal 

microbiota in each intestinal segment of the Gang goose 

overfeeding group was less than that of the control group. 

In contrast, the number of amplified bands of intestinal 

microbiota was increased in each intestinal segment in 

Tianfu Meat goose after overfeeding.  

The Quantity One Analysis Software was used to 

analyze the similarity of the ERIC-PCR map (Figure 2). In 

comparison, it was intuitive to see that the difference in 

the composition of the intestinal microbiota is between 

different intestinal segments. The similar index between 

the microbiota in different intestinal segments varied from 

0.13 to 1.00. The cluster analysis indicated that force-

feeding had an obvious influence on the intestinal 

microbiota in both goose breeds. 

 

Overfeeding influence on the bacterial 

distribution in each intestinal segments 

The Relative gene expression level of bacteria in the 

duodenum is shown in figure 3A. The gene expression of 

Enterobacter was higher in the Tianfu Meat goose than in 

the Gang goose (p < 0.05). There was no significant 

difference in Escherichia coli and Enterococcus gene 

expression between two breeds after overfeeding (p > 

0.05). The relative gene expression level of bacteria in the 

jejunum is shown in figure 3B. The gene expression of E. 

coli and Enterococcus in the jejunum had no significant 

difference between the Tianfu Meat goose and the Gang 

goose after overfeeding (p > 0.05). Enterobacter gene 

expression of the Gang goose was higher than Tianfu Meat 

goose (p < 0.05). In figure 3C, the relative gene expression 

level of bacteria in the ileum was shown. There was no 

significant difference in Escherichia coli and 

Enterococcus gene expression in the ileum between two 

breeds after overfeeding (p > 0.05). However, Escherichia 

coli gene expression in Tianfu Meat goose decreased after 

overfeeding (p < 0.05).  
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Table 2. Comparison of overfeeding influence on the slaughter performance between Gang goose and Tianfu Meat goose                                      

Characteristics 
Control group of 

Gang goose 

Overfed group of 

Gang goose 

Control group of 

Tianfu Meat goose 

Overfed group of 

Tianfu Meat goose 

Alive body weight 4189.66 ± 436.31b 6099.51 ± 805.15a 4027.94 ± 468.44b 6282.11 ± 566.29a 

Slaughter weight 3496.15 ± 1007.10b 5533.63 ± 688.32a 3385.19 ± 367.43b 5679.26 ± 519.89a 

Abdominal fat weight 96.44 ± 29.73b 366.51 ± 81.93a 97.61 ± 35.97b 428.13 ± 120.18a 

Subcutaneous fat weight 632.13 ± 46.38c 1440.46 ± 184.84a 440.52 ± 63.37d 1240.96 ± 104.16b 

Liver weight 60.6 ± 6.04c 266.54 ± 37.52b 54.35 ± 8.07c 397.94 ± 80.02a 

Values are means ± Standard Deviation (n = 25).  
a, b, c, d 

= values within the same row with different superscripts mean significant difference (p < 0.05). g = gram.  

 

Table 3. Comparison of overfeeding influence on the weight and length of the small intestine between Gang goose and 

Tianfu Meat goose 

Characteristics 
Control group of 

Gang goose 

Overfed group of 

Gang goose 

Control group of 

Tianfu Meat goose 

Overfed group of 

Tianfu Meat goose 

Duodenal weight (g) 8.85 ± 1.22c 24.74 ± 7.51a 8.85 ± 0.93c 15.32 ± 2.41b 

Duodenal length (cm) 37.75 ± 11.06b 53.10 ± 10.96a 32.38 ± 1.49b 47.60 ± 5.14a 

Jejunal weight (g) 16.38 ± 3.16b 24.98 ± 3.50a 16.55 ± 0.94b 23.00 ± 1.88a 

Jejunal length (cm) 59.75 ± 6.30b 73.90 ± 5.55a 74.00 ± 2.94a 75.90 ± 4.39a 

Ileal weight (g) 16.20 ± 2.53b 23.86 ± 3.45a 15.15 ± 4.52b 21.48 ± 1.89a 

Ileal length (cm) 59.25 ± 11.64b 85.40 ± 9.04a 70.75 ± 4.99b 88.2 ± 18.72a 

Values are means ± Standard Deviation (n = 25).  
a, b, c 

=  values within the same row with different superscripts mean significant difference (p < 0.05). g = gram, cm = 

centimeter.  

 

Table 4. Comparison of overfeeding influence on small intestinal histology between Gang goose and Tianfu Meat goose 

Intestinal section 
Control group of 

Gang goose 

Overfed group of 

Gang goose 

Control group of 

Tianfu Meat goose 

Overfed group of 

Tianfu Meat goose 

Duodenum 

Villus height (µm) 379.74 ± 57.58c 426.67 ± 133.85b 393.28 ± 102.49c 526.25 ± 77.82a 

Crypt depth (µm) 129.06 ± 28.95a 123.44 ± 19.07a 142.07 ± 42.84a 98.05 ± 21.96b 

Villus/crypt ratio 3.12 ± 0.87b 3.64 ± 1.58b 3.29 ± 1.96b 5.56 ± 1.25a 

Gut wall thickness (µm) 227.38 ± 125.70b 189.54 ± 46.57c 466.48 ± 169.32a 237.54 ± 108.36b 

Jejunum 

Villus height (µm) 301.54 ± 46.45d 509.27 ± 136a 395.15 ± 150.42c 444.01 ± 215.55b 

Crypt depth (µm) 129.96 ± 30.64b 123.08 ± 23.28b 188.47 ± 63.76a 98.17 ± 214.23c 

Villus/crypt ratio 2.49 ± 0.85b 4.38 ± 1.66a 2.35 ± 1.25b 4.73 ± 1.00a 

Gut wall thickness(µm) 235.14 ± 54.93b 233.92 ± 53.29b 408.99 ± 197.51a 287.35 ± 131.71b 

Ileum  

Villus height (µm) 332.35 ± 117.04b 423.11 ± 89.58a 303.07 ± 48.03b 379.46 ± 46.2a 

Crypt depth (µm) 106.01 ± 26.57b 121.69 ± 27.61a 99.69 ± 26.33b 85.51 ± 18.93c 

Villus/crypt ratio 3.44 ± 1.77b 3.68 ± 1.22b 3.20 ± 0.78b 4.63 ± 1.07a 

Gut wall thickness (µm) 442.86 ± 279.94a 177.9 ± 41.13d 338.15 ± 157.64b 258.93 ± 139.6c 

Values are means ± Standard Deviation (n = 5). 
a, b, c, d 

= values within the same row with different superscripts mean significant difference (p < 0.05). µm = micrometer.  

 

Table 5. Comparison of overfeeding influence on small intestinal digestive enzyme activity between Gang goose and 

Tianfu Meat goose 

Intestinal section 
Control group of 

Gang goose 

Overfed group of 

Gang goose 

Control group of 

Tianfu Meat goose 

Overfed group of 

Tianfu Meat goose 

Duodenum 

Chymotrypsin ( U / mgprot)∆ 371.57 ± 76.01a 283.36 ± 120.69b 374.09 ± 90.05a 264.48 ± 59.91b 

Amylase (U / mgprot) 6407.23 ± 317.92a 4624.37 ± 241.80b 6545.65 ± 291.29a 5046.17 ± 524.72b 

Invertase (U / mgprot) 1480.11 ± 239.26a 782.59 ± 287.07b 1536.89 ± 186.00a 1394.96 ± 126.74a 

Maltase (U / mgprot) 4700.95 ± 345.56b 3088.29 ± 364.67b 6508.92 ± 415.00a 6038.36 ± 336.35a 

Jejunum 

Chymotrypsin ( U / mgprot) 157.72 ± 20.00b 200.42 ± 56.57a 137.36 ± 17.32b 148.44 ± 16.27b 

Amylase (U / mgprot) 5278.36 ± 261.53 5950.41 ± 532.03 5259.59 ± 189.00 5387.69 ± 195.89 

Invertase (U / mgprot) 1210.43 ± 386.95b 2272.92 ± 128.92a 738.97 ± 102.12c 645.05 ± 228.88c 

Maltase (U / mgprot) 5781.68 ± 750.08b 7928.71 ± 918.54a 3529.73 ± 560.71c 3282.79 ± 544.71c 

Ileum 

Chymotrypsin ( U / mgprot) 140.84 ± 20.15a 87.73 ± 1.94b 219.74 ± 12.34a 83.73 ± 26.62b 

Amylase (U / mgprot) 5658.06 ± 183.10b 4495.21 ± 196.86c 7118.45 ± 168.24a 5328.67 ± 165.74b 

Invertase (U / mgprot) 869.08 ± 129.69c 766.17 ± 147.12c 1138.15 ± 156.47b 1314.76 ± 136.02a 

Maltase (U / mgprot) 4645.29 ± 323.60a 3927.61 ± 195.76b 2785.75 ± 167.45c 4645.29 ± 223.61a 

Values are means ± Standard Deviation (n = 5). 
a, b, c

 = values within the same row with different superscripts mean significant difference (p < 0.05). 
∆
= The protein 

concentration of the samples was employed to calculate digestive activities, U / mgprot = the enzyme activity of samples (U) / the protein concentration of the samples 

(mg); mgprot = milligram protein. 
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Figure 1. ERIC-PCR results of the intestinal microbiota in Gang goose and Tianfu Meat goose. 1 and 14: DNA marker DL5000; 2: 

duodenal microbiota of the control group of Gang goose; 3: duodenal microbiota of the overfeed group of Gang goose; 4: duodenal 

microbiota of the control group of Tianfu Meat goose; 5: duodenal microbiota of the overfeed group of Tianfu Meat goose; 6: jejunal 

microbiota of the control group of Gang goose; 7: jejunal microbiota of the overfeed group of Gang goose; 8: jejunal microbiota of 

the control group of Tianfu Meat goose; 9: jejunal microbiota of overfeed group of Tianfu Meat goose; 10: ileum microbiota of the 

control group of Gang goose; 11: ileum microbiota of the overfeed group of Gang goose; 12: ileum microbiota of the control group 

of Tianfu Meat goose; 13: ileum microbiota of the overfeed group of Tianfu Meat goose. 

 

 

 

 
Figure 2. The dendrogram of ERIC-PCR in the intestinal microbiota of Gang goose and Tianfu Meat goose. ＃2: duodenum 

microbiota of the control group of Gang goose; ＃3: duodenum microbiota of the overfeed group of Gang goose; ＃4: duodenum 

microbiota of the control group of Tianfu Meat goose; ＃5: duodenum microbiota of the overfeed group of Tianfu Meat goose; ＃6: 

jejunum microbiota of the control group of Gang goose; ＃7: jejunum microbiota of the overfeed group of Gang goose; ＃8: jejunum 

microbiota of the control group of Tianfu Meat goose; ＃9: jejunum microbiota of the overfeed group of Tianfu Meat goose; ＃10: 

ileum microbiota of the control group of Gang goose; ＃11: ileum microbiota of the overfeed group of Gang goose; ＃12: ileum 

microbiota of the control group of Tianfu Meat goose; ＃13: ileum microbiota of the overfeed group of Tianfu Meat goose. 
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Figure 3. Relative gene expression level of bacteria in small intestine of Gang goose and Tianfu Meat goose. CG-GG: control 

group of Gang goose; OG-GG: overfed group of Gang goose; CG-TG: control group of Tianfu Meat goose; OG-TG: overfed 

group of Tianfu Meat goose. The experimental values are the means ± Standard Deviation (n = 5). 
a, b, c

 =The different 

lowercase above the bars represent significant differences (p < 0.05). 

 

 

DISCUSSION 

 

The main purpose of overfeeding was to increase body fat 

deposition and produce foie gras in ducks and geese. The 

impact of overfeeding on production performance has 

been well discussed in waterfowl (Wen et al., 2016). The 

present study found similar results that body weight and 

liver weight increased, and fat was deposited in the 

subcutaneous and abdominal areas. Overfeeding-induced 

synthesis of triglycerides (TG) in the liver and peripheral 

adipose tissue could lead to a significant accumulation of 

TG in the liver and in the peripheral adipose tissue (Davail 

et al., 2000; Liu et al., 2020). Overfeeding induced a 

significant increase in liver weight (Arroyo et al., 2017; 

Liu et al., 2019). In the present trial, liver weight and 

subcutaneous fat weight increased significantly in the 

overfed group.  Tianfu Meat goose’s liver weight was 

higher than that of Gang goose after overfeeding, 

indicating that Tianfu Meat goose performed better for 

foie gras production. The subcutaneous adipose tissue 

weight of Gang goose was higher than that of Tianfu Meat 

goose after overfeeding, indicating that Gang goose had 

better fat storage capacity in subcutaneous adipose tissue. 

The small intestine is the main place where the 

nutrient is digested and absorbed, which plays an 

important role in the digestion, absorption, and 

transportation of nutrients (El Aidy et al., 2015; Lamot, et 

al., 2019). Mitchell and Smith studied three broiler strains 

with different growth rate. The result indicated that the 

fastest growing strain had the highest absolute intestinal 

weight and length (Mitchell and Smith, 1991). 

Abdelfattah-Hassan and El-Ghazaly (2019) reported that 

the small intestine length of the duck increased, the villi 

length increased after the addition of organic acids to 

duckdiet, and the digestion and absorption surface area 

increased. Significant differences in the duodenum weight 

and length, the jejunum weight, the ileum weight and 

length were observed in the present research, indicating 

that the intestine accelerated its own growth and 

development to adapt to the high-intensity digestion and 

absorption. 

The integrity of the intestinal mucosa morphology is 

the basis for maintaining normal intestinal physiological 

activity in animals (Houshmand et al., 2012). The villus 

height, crypt depth, the ratio of the villus to crypt and wall 

thickness of the small intestine are important indicators to 

measure the function of small intestine digestion and 

absorption (Simon et al., 2019). The higher the height of 

villi, the greater the number of intestinal epithelial cells. 

The larger the contact area in which the small intestinal 

mucosa is in contact with nutrients, the greater the 

nutrients absorption (Caspary, 1992; Abdelfattah-Hassan 

and El-Ghazaly, 2019). The depth of the crypt reflects the 

rate of proliferation and maturity of the crypt cells. The 

crypt becomes shallow, indicating that maturation rate of 

crypt cell increased, the secretion function enhanced (Al-

Fataftah and Abdelqader, 2014), and the crypt cells 

migrate and differentiate from the base of the crypt to the 

end of a villus from  which the absorptive chorionic villi 

and supplement normal exfoliated chorionic epithelium 

(Yang et al., 2016). The higher ratio of villus height to 

crypt depth reflects higher nutrient absorption capacity 

(Wu et al., 2004; Li et al., 2019). The villus height, the 

ratio of villus height to crypt depth increased and the crypt 

depth became shallow in intestine of Tianfu Meat goose 

and some segments of Gang goose intestine after 
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overfeeding, which explained that the intestinal absorption 

capacity increased. Compared to the Gang goose, the ratio 

of villus height to crypt depth of the Tianfu Meat goose 

after overfeeding was higher in the duodenum and in the 

ileum, which indicated that the intestinal absorption 

capacity of the Tianfu Meat goose was higher than that of 

Gang goose. The thickness of the small intestinal mucous 

membrane and myometrium is closely related to the 

rhythmic contraction of the small intestine and the 

efficiency of the mechanical digestion of the chyme. 

However, in the present experiment, the intestinal wall 

thickness decreased after overfeeding. This was possibly 

due to the physical expansion caused by overfeeding, on 

the other hands the thickness became thin, which was 

beneficial for the diffusion absorption dependent on the 

nutrients concentration. 

Animals have to digest all kinds of nutrients under 

the action of digestive enzymes. In the present experiment, 

amylase activity decreased, but some other digestive 

enzyme activities increased after overfeeding. These 

changes ensured that nutrients were fully utilized. When 

overfeed, a large number of carbohydrates obtained from 

geese were converted into blood sugar, which 

continuously supplied the liver with the synthesize TG, so 

that the rate of using blood glucose to synthesize TG in the 

liver of geese would increase dramatically. When the 

synthesis of TG in the liver exceeded the secretion of 

apolipoprotein and the rate of fatty acids β-oxidation, fat 

began to accumulate in the liver (Fournier et al., 1997). 

Invertase and maltase are disaccharidase and catalyze 

disaccharide that was created by cracking starch in 

glucose. The activity of invertase and maltase from Tianfu 

Meat goose was higher in the duodenum and ileum and 

lower in the jejunum than that of Gang goose after 

overfeeding. In combination with the present trail the total 

length of duodenum and ileum was longer than the length 

of jejunum, so that the activity of invertase and maltase 

from Tianfu Meat goose after overfeeding in the small 

intestine was higher than that of Gang goose. As 

previously mentioned, the ratio of villus height to crypt 

depth of the Tianfu Meat goose after overfeeding, was 

higher than that of the Gang goose. So, the digestion-

absorption capacity of Tianfu Meat goose was higher than 

that of Gang goose. Thereby, more glucose was absorbed 

into blood and TG was synthesized in the liver of Tianfu 

Meat goose, and the liver weight of Tianfu Meat goose 

was higher than that of Gang goose after overfeeding. 

In the present study, the ERIC-PCR fingerprint 

technique was applied to analyze the community structure 

of the small intestinal microbiota. The experimental results 

indicated that overfeeding decreased the band number of 

intestinal bacteria in each intestinal segment of Gang 

goose and increased the band number of intestinal bacteria 

in each intestinal segment of Tianfu Meat goose, 

indicating that the small intestinal microbial diversity was 

significantly influenced by overfeeding, which was similar 

to the finding reported by Vasai et al. (2014). The 

reduction in intestinal microbial diversity reduces 

intestinal homeostasis and resistance to pathogens 

(Mountzouris et al., 2015; Das et al., 2019). The 

overfeeding and intestinal homeostasis of Tianfu Meat 

goose was, therefore, higher than that of Gang goose. 

However, the bacterial species represented by the specific 

bands of each segment, still need to be investigated. 

It has been found in the livestock, the Escherichia 

coli are pathogenic bacteria (Kittler et al., 2020; Xu et al., 

2020; Yuan et al., 2020). Enterococcus faecium belongs to 

Lactobacillus, and is a normal beneficial bacterium in the 

gastrointestinal tract of mammals (Zhao et al., 2013; 

Shanmugasundaram et al., 2019). It was reported that 

when Enterobacter cloacae B-29 is given orally to germ-

free mice and providing the high-fat diet could induce 

obesity and insulin resistance in mice (Fei and Zhao, 

2013). Therefore, Enterococcus, Escherichia coli, and 

Enterobacteria were selected for analysis in the present 

study, and the overfeeding effect on the gene expression 

level of the three bacteria in different intestinal segments 

of Gang goose and Tianfu Meat goose was measured. The 

general distribution ratio of Enterococcus, Enterobacter, 

and Escherichia coli was similar in each part of the 

intestine (Enterobacter＞Escherichia coli＞Enterococcus) 

in the groups of Gang goose and Tianfu Meat goose. 

Pathogenic bacteria entering the intestinal tract reduce the 

species and number of intestinal microorganisms by 

producing toxins and harmful substances and reducing the 

diversity of intestinal flora (Barman et al., 2008; Ayiku et 

al., 2020). In the present study, there was no significant 

difference in the gene expression of Enterococcus. The 

gene expression of Escherichia coli decreased after 

overfeeding in Tianfu Meat goose. Therefore, intestinal 

microbiota had better stability in Tianfu Meat goose. The 

Enterobacter gene expression of Gang goose was higher 

in the jejunum and ileum and lower in the duodenum than 

that of Tianfu Meat goose before overfeeding. The 

Enterobacter gene expression of Gang goose was higher 

in the jejunum and lower in the duodenum than that of 

Tianfu Meat goose after overfeeding, furthermore, the 

total length of the jejunum and ileum was longer than the 

length of the duodenum, so that the number of 

Enterobacter in the small intestine of the Gang goose 
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overfeeding group was greater compared to the Tianfu 

Meat goose overfeeding group. The subcutaneous adipose 

tissue weight of Gang goose was higher than that of 

Tianfu Meat goose after overfeeding. This was consistent 

with new research that Enterobacter cloacae 

administration induced subcutaneous fat accumulation in 

mice fed high-fat diet (Keskitalo et al., 2018).  

 

CONCLUSION 

 

In conclusion, the liver weight, lipid deposition in the 

liver, the digestion-absorption capacity, gut microbiota 

diversity, and gut microbiota stability of the Tianfu Meat 

goose after overfeeding were higher than those of the 

Gang goose. Thereby, Tianfu Meat goose is the better 

breed for foie gras production for prolonged overfeeding. 

The subcutaneous adipose tissue weight and small 

intestine Enterobacter gene expression of Gang goose 

were higher than those of Tianfu Meat goose after 

overfeeding, so Gang goose is suited to overfeeding in a 

short time for gain body weight and subcutaneous fat as an 

overfed duck for roast duck.  
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