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1 Introduction
Food spoilage can be caused by a variety of reactions, some of 

which are primarily physical or chemical in nature, while others 
are caused by enzymes or microorganisms. Microorganisms’ 
dynamics of growth, survival, and biochemical activity in food are 
a result of stress reactions in response to changing physical and 
chemical conditions in the food microenvironment, the ability 
to colonize the food matrix and grow into spatial heterogeneity, 
and in situ cell-to-cell ecological interactions that frequently 
occur in the solid phase. Ecological approaches to studying 
the evolution of microbial flora in food would be beneficial for 
better understanding the microbiological processes involved in 
food processing and ripening, improving microbiological safety 
by monitoring in situ pathogenic bacteria, and evaluating the 
effective compositions of microbial populations (Jayan et al., 
2020; Lorenzo et al., 2018; Qeshmi et al., 2018; Teneva et al., 2019; 
Devanthi & Gkatzionis, 2019). Microorganisms colonizing the 
human gastrointestinal tract are a large community, with ten times 
more intestinal microbes than human cells, and macroeconomic 
sequencing of the human microbiome has shown that there are 
3.3 million non-redundant genes in the human microbiome, 
and more than 99% of them are of bacterial origin (Parker et al., 
2018; Wiciński  et  al., 2020; Zielińska & Kolożyn-Krajewska, 

2018). The intestinal flora genome is 150 times larger than the 
human genome and is known as the human “second genome.” 
These intestinal floras play an important role in human health 
by participating in energy metabolism, maintaining energy 
balance, growth and aging processes, production of several 
enzymes, nutrient metabolism, cancer inhibition, and other 
physiological processes that are closely related to the health of the 
body. Research pointed out that intestinal flora is now considered 
one of the most important environmental factors affecting the 
physiology and metabolism of the host (Auchtung et al., 2018; 
Bowey  et  al., 2003; Clemente  et  al., 2012; Hirayama & Itoh, 
2005; Kinross et al., 2008; Kong et al., 2020; Liu et al., 2018; 
Yang et al., 2018).

The high prevalence of suboptimal health and metabolic 
diseases due to environmental pollution and dietary changes 
has prompted research into the mechanisms of diet-mediated 
changes in intestinal function in the development of diseases 
and the search for more effective treatments and methods for 
their management. Therefore, this experiment was conducted 
to investigate the effects of consuming conventional foods with 
pesticides, antibiotics and hormone residues on the intestinal flora 
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Abstract
This study aims to review the effects of conventional and organic diet on the diversity of rat intestinal microbiota and look at 
how intestinal microbiota composition changes the following moxibustion at the Piyu and Zusanli points. A total of twenty-
four Sprague Dawley (SD) rats of the Specific-Pathogen-Free (SPF) grade were haphazardly assigned to one of 3 groups: 
conventional food + moxibustion, conventional food, and organic food. For 12 weeks, organic food was given to the organic 
category, and typical food was prepared for the conventional category of mices, and mices in the combination category received 
typical food for eight weeks and administered moxibustion at the Piyu and Zusanli points for another four weeks. Polymerase 
Chain Reaction-Denaturing Gradient Gel Electrophoresis (PCR-DGGE) was used to assess alterations in intestinal flora. The 
content of intestinal microbiota differed significantly across the three groups, according to the similarity clustering analysis. In 
the combination group, the intestinal bacterial diversity index rose considerably (P < 0.05). Moxibustion at Zusanli and Piyu 
points enhanced Bacteroides stercoris and Barnesiella intestinihominis growth, according to DNA sequencing. It was concluded 
that moxibustion has a greater influence on intestinal bacterial diversity than an organic diet.
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Practical Application: The effects of conventional and organic diet on structure of intestinal microflora.
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of rats by PCR-denaturing gradient gel electrophoresis (polymerase 
chain reaction-denaturing gradient electrophoresis, PCR-DGGE) 
and organic foods without pesticides, fertilizers, hormones and 
additives, and to observe whether wheat grain moxibustion 
has a benign effect on intestinal flora, and to investigate which 
types of intestinal flora it has a significant effect on. Theoretical 
reference for healthy diet and rehabilitation interventions 
targeting intestinal flora (Bigot  et  al., 2020; Dalmacio  et  al., 
2011; Diaz et al., 2016; Wang et al., 2019; Xiong et al., 2014). 
The method was used to investigate the effect of organic food on 
the structure of intestinal flora in rats, and to observe whether 
Zusanli and Piyu has a benign effect on the intestinal flora, and 
to investigate which types of intestinal flora it has a significant 
effect on, in order to provide a theoretical reference for healthy 
diet and rehabilitation interventions targeting intestinal flora 
(Feng et al., 2018).

2 Material and methods

2.1 Material

24 SD rats weighing 200 g ± 20 g SPF grade ♂ were purchased 
from Beijing Weitong Lihua Laboratory Animal Technology 
Co., Ltd (Zhang et al., 2019). The feed was provided by Jiangsu 
Synergy Pharmaceutical and Biological Engineering Co (Li et al., 
2019). The organic diet was the formula provided by Synergy 
(38% corn, 22% wheat, 15% soybean, 12% fish meal, 10% bran, 
2% yeast, and the remaining minerals and trace elements), which 
was replaced by organic corn, organic oats and organic soybean 
in equal amounts. The organic corn and organic soybeans were 
purchased from Dewei Organic Series produced by Songwon 
Honest Industry Co (Cascone & Lamberti, 2020). The purchased 
products have the organic trademark logo on the packaging. 
Shielding environment experimental facilities: Nanjing University 
of Traditional Chinese Medicine Animal Experiment Center. Moxa 
velvet was 1:50 refined moxa velvet and Scutellaria baicalensis 
oil paste (20 g/box, lot no. 1401020), purchased from Jiangsu 
Provincial Hospital of Traditional Chinese Medicine (Fu et al., 
2013; Hesketh & Zhu, 1997; Jia  et  al., 2008; Su  et  al., 2018; 
Sun et al., 2007). The bacterial universal primers GC-338F, 518R 
and 338F/518R, lysozyme, protease, high-efficiency centrifugal 
column agarose gel recovery kit, and restriction endonuclease 
were purchased from Beijing Yiming Revival Biotechnology Co.

2.2 Methods

Animal grouping and treatment

After 24 SD rats were acclimatized for three days, they were 
randomly divided into three groups using SPSS17.0, namely, the 
organic group, the conventional group, and the conventional group 
+ Zusanli and Piyu intervention group. During the experiment, 

the organic group was fed organic food, and the conventional 
and conventional groups + Zusanli and Piyu intervention groups 
were fed conventional food. After eight weeks, Zusanli and Piyu 
intervention was started in the conventional group + Zusanli 
and Piyu intervention group for four weeks, and the remaining 
two groups were left untreated.

Zusanli and Piyu intervention

The rats were artificially immobilized, and the back and 
hind limbs were exposed (1 cm × 1 cm shaved at the treatment 
acupuncture points). The acupuncture points were positioned 
with reference to the Basic Skills of Basic Medical Laboratory 
Animal Operation. The acupuncture points (Zusanli (housanli) 
Acupoints: below the knee joint of the hind limbs, about 5 mm 
inside the head of the fibula; Piyu: the intercostals of the twelfth 
thoracic vertebrae, on the left and right sides) were applied 
with astragalus oil and 5 mg/strength of moxibustion floss was 
placed on the acupuncture points, and the floss was ignited 
with incense and removed when the rat showed a contraction 
of the moxibustion area. Repeat for five strokes per point, one 
time/d alternating sides. 6 d is a course of treatment, a total of 
4 courses of intervention, rest 1 d between courses.

Extraction of rat intestinal feces

After the intervention, the rats were put to death by cervical 
dislocation at the 13th week, and they were immediately placed 
on the ultra-clean workbench. The intestinal feces of each group 
were collected aseptically, and the intestinal feces of every two 
rats in the same group were collected together and then frozen 
in liquid nitrogen for storage.

Extraction of DNA from fecal specimens

After the fecal specimens were thawed, bacterial DNA 
was extracted according to the operation manual of the Fecal 
Genomic DNA Rapid Extraction Kit.

Amplification of bacterial 16S rDNA fragments

The extracted DNA was tested for its integrity by 0.8% 
agarose gel electrophoresis. The 16S rDNA variable region V3 
was used as the target, and PCR amplification was performed 
using universal bacterial primers GC-338F and 518R; the primer 
sequences are shown in Table 1. The PCR amplification system 
(50 μL) was as follows: ddH2O, template DNA 50 ng, 518R 
(20 mmol/L) 1 μL, GC-338F (20 mmol/L) 1 μL, rTaq (5 U/μL) 
0.4 μL, dNTP (2.5 mmol/L) 3.2 μL, and 10 × PCR buffer 5 μL 
was added to 50 μL. The PCR amplification procedure was as 
follows: pre-denaturation at 94 °C for 5 min; denaturation at 
94 °C for 1 min, denaturation at 55 °C for 45 s, extension at 
72 °C for 1 min, 30 cycles; final extension at 72 °C for 10 min. 

Table 1. Synthesis report.

Oligo Name Sequence
GC338F 5’- CGCCCGGGGCGCGCCCCGGGGCGGGGCGGGGGCGCGGGGGGCCTACGGGAGGCAGCAG- 3’

518R 5’- ATTACCGCGGCTGCTGG- 3’
338F 5’- CCTACGGGAGGCAGCAG- 3’
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The PCR products were purified and recovered, then imaged 
under a UV gel imaging system, and the profiles were stored.

DGGE analysis of PCR products

Ten μL of PCR products were taken for DGGE analysis. 
A polyacrylamide gel (100% chemical denaturant containing 
seven mol/L urea and 40% (v/v) acrylamide) with a deformation 
gradient of 35%-55% and a concentration of 8% was used for 
electrophoresis at 150 V for five h at 60 °C in 1 × TAE buffer. 
After DGGE was completed (Ercolini, 2004; Han et al., 2010; 
Rantsiou et al., 2004), silver staining was used as follows: (1) 
fixation solution (ethanol 50 mL, glacial acetic acid 2.5 mL, 
constant volume 500 mL) for 15 min; (2) Milli-Q pure water 
washing, 20 s and 2 min each; (3) silver staining solution (silver 
nitrate 1 g, 37% formaldehyde 0.75 mL, volume 500 mL) for 
15 min; (4) Milli-Q pure water washing, 20 s and 2 min each; 
(5) silver staining solution (silver nitrate 1 g, 37% formaldehyde 
0.75 mL, constant volume 500 mL) for 15 min. (4) Milli-Q pure 
water washing, 20 s and 2 min each; (5) color development 
solution (sodium hydroxide 7.5 g, 37% formaldehyde 2.5 mL, 
fixed volume 500 mL) for 5-7 min. Finally, the reaction was 
terminated with the termination solution (50 mL of ethanol, 
2.5 mL of glacial acetic acid, 500 mL of fixed volume).

Recovery and sequencing of dominant bands in DGGE profiles

Cut off the DGGE bands to be recovered with a sterilized 
scalpel and re-amplify the 16S rDNA V3 region using the 
same method as above. The re-amplified DNA fragments were 
recovered, purified, ligated into Pmd18-T vector, and transformed 
into DH5α receptor cells to screen positive clones for sequence 
determination. SPSS17.0 software was used for data processing. 
The experimental data were expressed as mean ± SD, and one-way 
ANOVA with SNK test was used for the comparison between 
groups, and P < 0.05 was considered statistically significant.

3 Results

3.1 DNA extraction

The DNA samples extracted with the kit could obtain clear 
bands. From Figure 1, it can be seen that there is a faint trailing 
phenomenon, low protein amount, and obvious brightness, which 
indicates that the amount of DNA is sufficient to perform PCR.

3.2 PCR results

518R and GC-338F amplified the gene of the 16S rDNA V3 
region of rat intestinal bacteria as primers, and a DNA fragment 
of about 200 bp was obtained. After 2% agarose gel electrophoresis 
and EB staining, a bright and clear band at 200 bp could be seen 
under UV light (Figure 2), which was used for DGGE analysis.

3.3 DGGE mapping analysis

The DGGE profiles of the 16S rDNA V3 region of each 
group of rat fecal bacteria (Figure 3) showed that the number 
and intensity of the bands varied in the lanes of each group of 
samples. The bands in different positions represent different 

Figure 1. DNA extraction results. M: DL2000 DNA Marker bands.

Figure 2. Amplification of 16S rRNA gene in V3 region. 1-4: organic 
group; 5-8: conventional group; 9-12: conventional group + Zusanli 
and Piyu intervention group; M: DL2000 DNA Marker bands.

Figure 3. DGGE mapping. 1-4: organic group; 5-8: conventional group; 
9-12: conventional group + Zusanli and Piyu intervention group. Each 
number corresponds to a different sample, and each band with different 
brightness represents a different amount of flora. The black numbers 
marked in the plots correspond to those in Table 3.
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dominant bacteria, and the brightness reflects the relative number 
of bacteria. The number and brightness of the bands in lanes 
1, 2, 3, and 4 of the organic group were higher than those in 
lanes 5, 6, 7, and 8 of the conventional group; the number and 
brightness of the bands in lanes 9, 10, 11 and 12 increased after 
Zusanli and Piyu intervention, indicating that the diversity of 
the intestinal flora of the rats in the organic group was higher 
than that in the conventional group, and the diversity of the 
intestinal flora of the rats in the conventional group increased 
after Zusanli and Piyu intervention.

For quantitative analysis, the number of electrophoretic 
bands and band density of each sample were digitally analyzed by 
Quantity one software, and abundance (S), Shannon index (H’), 
and equilibrium index (E) were used to compare the diversity of 
different samples. Abundance (S) was expressed as the number 
of bands per lane in the DGGE profile; Shannon index (H’) was 
calculated as follows: (Equation 1); Pi = Ni/N; where Pi is the ratio 
of the intensity of a single band to the total intensity of all bands 
in the sample, N is the abundance of all bands in a single lane of 
the DGGE profile, and Ni is the abundance of the ith band; S is 
the sum of all bands in a sample; Eq. S is the sum of all bands in a 
sample; the equilibrium index (E) indicates the consistency of the 
distribution of the genus of the population, calculated as E = H’/lnS. 
The results are shown in Table 2. One-way ANOVA showed that: 
(1) the homogeneity between groups was > 0.05, which was not 
statistically significant; (2) the Shannon index between groups was 
P > 0.05, which was not statistically significant. However, P = 0.06 
between the conventional group and the conventional + Zusanli 
and Piyu group, considering that the sample size of each group 
was 4, if the sample size was increased, the diversity of intestinal 
flora after Zusanli and Piyu intervention might be different; (3) 
the richness of P1> 0.05 between the conventional group and 

the organic group was not statistically significant. Compared 
with the conventional group, the richness of the conventional 
+ Zusanli and Piyu group was significantly different (P2 = 0.02 
< 0.05); compared with the organic group, the richness of the 
conventional + Zusanli and Piyu group was different (P3 = 0.04 
< 0.05), and P2<P3, indicating that the richness of the intestinal 
flora of the rats in the organic group was slightly higher than that 
of the conventional group, and the richness of the intestinal flora 
could be significantly increased by moxibustion at the Zusanli 
and Piyu points.

The unweighted pair-group method with arithmetic means 
(UPGMA) was used for similarity cluster analysis on the 
electropherograms (Figure 4), and it was found that organic 
groups 1, 2, 3, and 4 were clustered separately. Also, conventional 
groups 5, 6, 7, and 8 were clustered separately too, indicating 
that the structure of the intestinal flora of the organic groups 
and the conventional groups had more obvious differences. 
The intestinal flora structure of the rats in the conventional 
group was significantly different from that of the conventional 
+ Zusanli and Piyu intervention group by removing 12, 9, 10, 
and 12 clusters. It can be seen that long-term consumption of 
organic food and moxibustion at the Zusanli and Piyu points 
can affect the structure of intestinal flora in rats.

3.4 DNA sequence analysis of the differential intestinal 
bands corresponding to DGGE profiles

The differences of the bands in the DGGE map can well 
reflect the differences and similarities of the intestinal bacterial 
composition of rats during the experiment. The differential bands 
were sequenced and compared with the Blast tool’s GenBank 
database, and the results are shown in Table  3. The bacteria 

Table 2. Analysis of bacterial diversity.

Subgroup Uniformity (E) Shannon index (H’) Richness (S)
Available groups 0.98 ± 0.00 3.62 ± 0.03 40.00 ± 1.15
Conventional group 0.98 ± 0.01 3.59 ± 0.12 39.50 ± 3.87
Conventional + Zusanli and Piyu group 0.98 ± 0.00 3.78 ± 0.04 47.25 ± 2.06

Figure 4. Similarity clustering analysis graph. 1-4: organic group; 5-8: conventional group; 9-12: conventional group + Zusanli and Piyu 
intervention group.
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in rat feces showed high similarity with the known bacterial 
sequences in the database, all above 90%. The sequencing results 
indicated that the possible bacteria in bands 1, 5, 8, and 9 were 
Clostridium populeti, Barnesiella intestinihominis, Clostridium 
methylpentosum, Coprococcus comes with similarities of 100%, 
90%, 95%, and 99%, respectively, suggesting that Firmicutes and 
Bacteroidetes are the normal dominant flora in the conventional rat 
intestine and that Zusanli and Piyu can increase. The sequencing 
results indicated that band 2 was probably Bacteroides stercoris, 
with 95% similarity, suggesting that long-term consumption of 
organic food materials could promote the reproduction of this 
bacterium in the rat intestine; the bands 3 and 4 were specific 
to the conventional + Zusanli and Piyu group. The sequencing 
results indicated that bands 3 and 4 were probably Barnesiella 
intestinihominis and Bacillus faecalis, with similarities of 96% 
and 99%, respectively, suggesting that Zusanli and Piyu could 
promote the reproduction of these two bacteria in the rat intestine.

4 Conclusions
In this research, after 12 weeks, the three groups of intestinal 

flora were individually clustered according to similarity clustering 
analysis, suggesting that there is a relationship between the 
consumption of organic food and moxibustion at the Zusanli 
and Piyu points and the change in the diversity of intestinal 
flora. In the conventional + Zusanli and Piyu group, No. 12 was 
a separate branch, which may be due to individual differences. 
The DGGE overall pattern suggested that the diversity of 
intestinal flora was higher in the 12 weeks organic diet-fed rats 
than in the conventional group, and the diversity of intestinal 
flora increased in the conventional group after moxibustion of 
the Zusanli and Piyu points with wheat grain.

However, digital analysis of the intestinal flora diversity in 
these three groups showed that the differences were not significant 
except for the abundance in the conventional + Zusanli and 
Piyu group (P2 = 0.02 < 0.05, P3 = 0.04 < 0.05). This may be due 
to the fact that this experiment is not a large sample (n = 4), 
as the Shannon P = 0.06 between the conventional group and 
the conventional + wheat grain moxibustion group, suggesting 
that increasing the sample size, wheat grain moxibustion at the 
Zusanli and Piyu points can increase the Shannon index of rat 
intestinal flora. The higher the diversity index of intestinal flora, 
the more stable the structure of intestinal flora and the more 
difficult to break the balance. It is suggested that moxibustion 

of Zusanli and Piyu points can increase the stability of intestinal 
flora. The results of sequencing the differential bands on the 
DGGE map showed that:

(1)	Firmicutes and Bacteroidetes are the normal dominant 
flora in the conventional rat intestine. Eckburg  et  al. 
(2005) found that intestinal microorganisms could be 
classified into six major categories: Firmicutes, Bacteroides, 
Proteobacteria, Actinobacteria, Verrucomicrobia, and 
Fusobacteria, of which Bacteroides and Firmicutes are the 
main ones. The results of this experiment are consistent 
with Eckburg’s report;

(2)	the abundance of fecal Bacteroides increased in the 
intestine of rats in the organic group, suggesting that 
this kind of intestinal bacteria is more competitive in 
the organic feed environment;

(3)	The abundance of Barnesiella intestinihominis and 
Bacillus faecalis in the intestine of rats in the conventional 
+ Zusanli and Piyu group increased, suggesting that 
Zusanli and Piyu points could promote the reproduction 
of these two bacteria in the intestine of rats. Barnesiella 
intestinihominis and fecal mycobacterium belong to the 
phylum Bacteroides, suggesting that the consumption 
of organic feed and moxibustion on the foot and spleen 
acupuncture points with the wheat grain can increase 
the abundance of Bacteroides.

Jumpertz  et  al. (2011) reported that the proportion of 
calorie intake was positively correlated with the abundance of 
Bacteroides in feces and negatively correlated with the abundance 
of Firmicutes. The results of this experiment are consistent with 
the fact that rats with wheat grain moxibustion intervention had 
a high abundance of Bacillus phylum compared to conventional 
rats. Organic food is an international term for uncontaminated 
natural food, which is truly natural, nutritious, high quality, safe, 
and environmentally friendly ecological food. Diet is one of the 
most important factors in determining the bacterial composition 
of the intestinal flora, and Zhang et al. found that changes in 
the structure of the diet can cause changes in the structure of 
the intestinal flora (Zhang et al., 2010).

Other studies found that a high-fat diet could lead to changes 
in the structure of the intestinal flora and a decrease in the 
number of probiotics (Lactobacillus and Bifidobacterium) and 

Table 3. Identification results of representative strip colonies.

Band Most similar strains Similarity percentage Similar strain 
registration number Phylum

Band9 Barnesiella intestinihominis 90 NR_041668 Bacteroidetes
Band2 Bacteroides stercoris 95 NR_027196 Bacteroidetes
Band8 Clostridium methylpentosum 95 NR_029355 Firmicutes
Band3 Barnesiella intestinihominis 96 NR_041668 Bacteroidetes
Band7 Flavonifractor plautii 97 NR_043142 Firmicutes
Band4 Bacteroides stercoris 99 NR_027196 Bacteroidetes
Band5 Coprococcus comes 99 NR_044048 Firmicutes
Band6 Novosphingobiumnitrogenifigens 99 NR_043857 Proteobacteria
Band1 Clostridium populeti 100 NR_026103 Firmicutes
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conventional commensal bacteria (Bacteroides and Enterococcus) 
(Li et al., 2017; Sui’e et al., 2006). In this experiment, we found 
that the long-term feeding of organic food increased the diversity 
of intestinal flora in rats compared with those fed conventional 
food. Wheat grain moxibustion is one of the earliest treatment 
methods in China, and it has been reported in the literature that 
Zusanli and Piyu have certain anti-inflammatory, lipid regulating, 
digestive system improving, immune system improving, and 
can improve the quality of life of unhealthy people. In recent 
years, it has been found that the intestinal flora, as the largest 
micro-ecosystem in the human body, can, directly and indirectly, 
influence the growth and development of the host organism, as 
well as the immune activity and the homeostasis of the internal 
environment, and it is closely related to metabolic diseases.

In conclusion, the results of this study showed that the 
intestinal flora of rats was differentially altered by organic food 
and conventional food, and the diversity of intestinal flora could 
be improved by eating organic food and moxibustion at the 
Zusanli and Piyu points. It suggests that a long-term organic 
diet and grain moxibustion are beneficial to the stability of 
intestinal flora and health.
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