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Research and Suggestions on the Present Situation of
Industrial College in Higher Vocational Colleges

Xing Hui  Cao Runping Dai Qipei

Abstracts: Industrial college is an important carrier and innovative practice model for vocational
education to deepen the integration of industry and education, school—enterprise cooperation, break through
the traditional path dependence, and give full play to industrial advantages and the main role of enterprise
education. On the basis of full investigation, the research group deeply analyzed the background and
characteristics, policies and guidance, current situation and problems of industrial college in higher
vocational colleges, and pointed out the key and difficult problems in the development of industrial college.
It is proposed to guide and standardize the construction and operation of industrial colleges from six aspects:
standardizing the organizational structure, clarifying the responsibilities and rights of interest subjects,
perfecting the operation mechanism, strengthening the guarantee mechanism, establishing the supervision
and evaluation mechanism, and perfecting the risk mechanism.

Key words: Higher vocational colleges; Industrial college; Integration between industry and education;

System and mechanism; Cooperation between enterprises and colleges
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Abstract

Tributyrin (TB), as a novel feed additive, holds broad market prospects and is crucial for
promoting fish growth and maintaining intestinal health. We first identified the fatty acid
metabolism-related gene cpt1b in the intestines of mandarin fish (Siniperca chuatsi) from
the TB-supplemented group. A total of 600 mandarin fish (200.0 + 5.0 g) were evenly
allocated into three groups. The control group (C) received only the standard extruded
feed, while the experimental groups were supplemented with tributyrin (TB) at concentra-
tions of 500 mg/kg (T1 group) and 1000 mg/kg (T2 group), respectively. Cloning yielded a
2364 bp open reading frame (ORF) encoding 787 amino acids, with the gene possessing two
conserved transmembrane domains. Phylogenetic analysis further indicated a close phylo-
genetic relationship between largemouth blackbass (Micropterus salmoides) and mandarin
fish. Tissue distribution and intestinal enzyme activity analyses revealed that supplemen-
tation with varying concentrations of TB upregulates cpt1b gene expression in different
tissues, while modulating intestinal digestive enzyme and antioxidant enzyme activities.
Our findings suggest a potential mechanism involving enhanced intestinal enzyme activ-
ity, reduced fat accumulation, increased expression of lipid oxidation-related genes, and
accelerated TB degradation in the intestine.

Keywords: Siniperca chuatsi; cpt1b; tributyrin; molecular cloning

1. Introduction

Fish growth and health are closely related to intestinal enzyme activity and gut mor-
phology [1], and the integrity of gut structure is essential for digestive and absorptive
function [2]. Carnivorous fish generally exhibit higher protease and lipase activities than
other trophic types, which are strongly influenced by diet composition and gastrointestinal
structure. Mandarin fish (Siniperca chuatsi), a typical carnivorous species, naturally preys
on live baitfish but can be gradually domesticated to accept formulated artificial feed [3].
Domesticating mandarin fish through artificial feeding expands their aquaculture scale
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and reduces the ecological damage caused by harvesting large quantities of baitfish [4].
However, formulated feeds contain ingredients such as starch and plant proteins that are
difficult for carnivorous fish to fully digest, and they differ substantially from live bait-
fish in nutritional composition. These differences may impair growth performance and
even affect overall fish health. Studies have shown that under formulated feeding regimes,
both hybrid mandarin fish (Siniperca chuatsi x Siniperca scherzeri) and mandarin fish exhibit
slowed growth rates [5], reduced thickness of the gastric submucosal and muscular layers,
decreased branching of intestinal villi, and diminished intestinal protease activity [4,6].
To improve this situation, butyric acid has attracted considerable attention as a vital en-
ergy source for intestinal epithelial cells, promoting intestinal development and thereby
enhancing feed digestion and absorption [7,8]. Extensive in vitro and in vivo studies indi-
cate that butyrate can improve lipid and glucose metabolism, enhance energy homeostasis,
and modulate immune function in mammals [9,10]. In fish, multiple studies have indicated
that butyric acid can enhance growth performance, improve intestinal health, and boost
non-specific immunity [11-13]. However, butyric acid is highly volatile and possesses an
irritating odor, making it difficult to incorporate into aquatic feed. Furthermore, it is read-
ily digested and absorbed before reaching the small intestine, hindering its delivery to the
hindgut where it could exert its physiological effects. These drawbacks significantly limit
the adoption and application of butyric acid in aquaculture feed. To address this industry
challenge, butyrate salts have been added to feed as an alternative. However, these salts
are prone to deliquescence, which impedes their widespread use [14]. Tributyrin (TB), a
butyric acid precursor composed of N-butyric acid and glycerol, has emerged as an ef-
fective solution. Upon entering the intestine, this short-chain fatty acid is hydrolyzed by
pancreatic lipase into butyric acid, which is rapidly absorbed by intestinal epithelial cells.
It possesses excellent palatability, delivers the same physiological effects as butyric acid,
and readily reaches target sites to exert its functions, effectively bypassing the stomach to
reach the intestines and enter systemic circulation [15], where it acts on organs such as the
liver, muscles, and adipose tissue. TB addresses the challenges of incorporating butyric
acid into feed, including its liquid state at room temperature, high volatility, and pungent
odor, while also mitigating the hygroscopic nature of butyrate salts. As such, TB presents
broad research prospects.

Fatty acid metabolism, particularly the beta-oxidation pathway, plays a critical role
in tissue proliferation, energy production, and cell growth [16]. Following the administra-
tion of TB-supplemented feed to mandarin fish, our intestinal transcriptome analysis iden-
tified a set of differentially expressed genes (DEGs) involved in fatty acid metabolism path-
ways [17]. Among these DEGs, carnitine palmitoyltransferase 1B (CPT1B) was prioritized
as a key target due to its well-documented role as a rate-limiting enzyme in mitochondrial
fatty acid -oxidation [18], which is closely related to our hypothesized metabolic regula-
tory effects of TB [17]. Fatty acid oxidation is a central catabolic pathway utilized by diverse
eukaryotic cells to provide energy for mitochondria. Cellular long-chain fatty acid oxida-
tion in mitochondria is facilitated by the regulated translocation of activated fatty acids
from the cytoplasm to the mitochondrial matrix through the coordinated action of two
enzymes: CPT1, located on the outer mitochondrial membrane facing the cytoplasm, and
CPT2, located on the inner mitochondrial membrane facing the matrix. CPT1 catalyzes the
conversion of long-chain acyl-coenzyme A (CoA) to long-chain acylcarnitines, which then
traverse the inner mitochondrial membrane via carnitine/acylcarnitine translocase. Sub-
sequently, CPT2 regenerates long-chain acyl-CoA from acylcarnitine, enabling fatty acid
oxidation to yield acetyl-CoA. The regulated step in fatty acid oxidation occurs at cpt1 [19],
which can regulate fatty acid oxidation according to the energy demands of the organism,
effectively maintaining a balanced state of fat metabolism, and is therefore also known

https://doi.org/10.3390/cimb48030305

-15-


https://doi.org/10.3390/cimb48030305

Curr. Issues Mol. Biol. 2026, 48, 305

30f18

as an energy sensor. Among the various CPT1 isoforms, the most extensively character-
ized in mammals and teleosts are the hepatic isoform CPT1A (CPT1«x) and the muscular
isoform CPT1B (CPT1p), both of which were initially identified in rats [20,21]. Gutieres
et al. [22] successfully cloned the full-length cDNA sequence of the cpt1 gene in rainbow
trout (Oncorhynchus mykiss), providing the first evidence of cpt1 gene presence in fish tis-
sues, though without determining the precise number of its subtypes. Subsequent investi-
gations in rainbow trout [23] and yellow catfish (Pelteobagrus fulvidraco) [24] revealed five
distinct cpt1 isoforms—cptlala, cptlalb, cptlBla, cptl1B1b, and cptla2 —and four isoforms—
cptlala, cptlalb, cptla2a, and cptlpP, respectively. These findings indicate that a genome
duplication event may have driven the diversification of the cpt1 gene family in fish [23].
Subsequent extensive studies on cpt genes in numerous fish species revealed high homol-
ogy with mammalian cpt genes, with relatively conserved amino acid sequences across
mammals and teleosts. However, research on the functional characterization and regula-
tory mechanisms of the CPT family within mandarin fish remains scarce in both domestic
and international fields.

To this end, the present study first cloned the coding region of the cpt1b gene in man-
darin fish, obtained its open reading frame (ORF) sequence, and performed bioinformatics
analysis. Concurrently, by integrating existing vertebrate genomic data, we investigated
the sequence conservation of the cpt1b gene across vertebrates to elucidate the evolutionary
relationship between CPT proteins in fish and other vertebrates. Building on this founda-
tion, we further analyzed the effects of dietary TB supplementation on intestinal digestive
enzyme activities and cpt1b gene expression levels in different experimental groups of man-
darin fish. Notably, as a precursor of butyrate, TB may exert its regulatory effects through
butyrate-mediated activation of signaling pathways such as AMPK, leading to upregu-
lated cpt1b gene expression in tissues including the intestine and liver. This, in turn, could
enhance -oxidation of long-chain fatty acids, ultimately improving intestinal digestive
function and systemic lipid metabolic homeostasis. This proposed regulatory mechanism
requires experimental validation. The findings of this study will provide theoretical sup-
port for elucidating the molecular mechanism by which TB regulates intestinal function
and lipid metabolism in mandarin fish through modulation of cpt1b gene expression.

2. Materials and Methods
2.1. Animal Ethics

This study was conducted following the Laboratory Animal Welfare Guidelines of
China (GB/T 35892-2018), and the experiment was approved by the Animal Experimenta-
tion Ethics Committee of Hebei Agricultural University (Grant No. 2023036).

2.2. Fish Sampling

The experimental mandarin fish (Siniperca chuatsi) were supplied by Anhui Xinong
Ecological Aquaculture Co., Ltd. (Hekou Village, Qidu Town, Shitai County, Chizhou
City, Anhui Province, China). Prior to the commencement of the study, dietary conversion
of mandarin fish had been successfully accomplished. A total of three hundred healthy,
disease-free mandarin fish with robust feeding capacity, each weighing approximately
200 g (average body weight of 200.0 £ 5.2 g), were selected for the experiment. The fish
were evenly allocated into three groups and reared in net cages (1.5 m x 1.5 m x 1.2 m),
one hundred fish per group (1 = 100), with mandarin fish extruded feed provided through-
out an eight-week trial period. The control group (C) received only the standard extruded
feed, while the experimental groups were supplemented with tributyrin (TB) at concentra-
tions of 500 mg/kg (T1 group) and 1000 mg/kg (T2 group), respectively, then administered
twice daily (7:00 am. and 5:00 p.m.). Throughout the rearing period, water quality pa-
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rameters were maintained as follows: temperature at 25 £ 1 °C, pH 7.8-8.2, and dissolved
oxygen > 5.0 mg/L. After two months of feeding, five fish from each group were randomly
selected and dissected following anesthesia with MS-222 (100 mg/L; Cat. D0063637, Shang-
hai Amperexperiment Technology Co., Anpel, Shanghai, China). The brain, intestine, liver,
and muscle tissues were excised on ice, immediately frozen in liquid nitrogen, and subse-
quently stored at —80 °C for further analyses.

2.3. Total RNA Isolation and cDNA Synthesis

The total RNA was isolated using TRIzol reagent (Cat. 15596026, Invitrogen, Carlsbad,
CA, USA) following the method described by Zhang et al. [25]. Total RNA was extracted
from each sample. The quality and concentration of total RNA were assessed using 1%
agarose gel electrophoresis and a micro-volume nucleic acid and protein detector (Monad
GD30102, Suzhou, China). Reverse transcription was performed using the HiScript® III 1st
Strand cDNA Synthesis kit (Catalog No.: R312-01, VAZYME, Nanjing, China) to synthesize
cDNA template strands.

2.4. Cloning of the cpt1b Gene in Mandarin Fish

Based on partial gene sequences retrieved from the mandarin fish genome database,
combined with transcriptome sequencing data generated in our laboratory and the ref-
erence sequence of the mandarin fish cptlb gene (NCBI Accession No.: XM_044192898.1).
The amplifications were performed using 2X FidCycle Fast High Fidelity PCR Mix (contain-
ing blue dye) (Product No.: B639300, BBI, Shanghai, China), and multiple pairs of nested
PCR primers were designed using Primer5 software for the cloning of the cptlb gene cod-
ing region. All primers were synthesized by the Sequencing Department of Sangyo Biotech
Co., Ltd. (Beijing, China), with detailed information listed in Table S1. For cloning of the
cptlb coding region, due to its large fragment size, we adopted a strategy of “segmented
amplification followed by overlapping extension PCR (OE-PCR) assembly” to obtain the
full-length coding sequence (CDS). Specifically, the complete CDS of cptlb was divided
into two overlapping segments (Segment 1 and Segment 2). The first round of nested PCR
was performed using cDNA from mandarin fish intestine as templates, with two pairs
of specific outer primers: F1/R1 for Segment 1 and F2/R2 for Segment 2. After amplifi-
cation, 1.0% agarose gel electrophoresis showed multiple diffuse bands or no distinct tar-
get bands. To improve the amplification specificity and sensitivity, the first-round PCR
products were diluted 100-fold as templates for the second round of nested PCR. Specifi-
cally, the inner primer pairs F3/R3 and F4/R4 were designed to target the specific region
of Segment 1 (amplified by F1/R1 in the first round), and the inner primer pairs F5/R5 and
F6/R6 were designed for the specific region of Segment 2 (amplified by F2/R2 in the first
round). After the second-round amplification, 1.0% agarose gel electrophoresis was per-
formed again, and four distinct bands with sizes consistent with the expected target frag-
ments were obtained (as shown in Figure 1). Subsequently, the four target bands were
separately purified using the EZNA Gel Purification Kit (Omega, Norcross, GA, USA).
The purified fragments were sent for sequencing, and the obtained sequences were assem-
bled using DNAMAN software (version: 9.0.1.116). BLAST alignment against the NCBI
reference sequence (XM_044192898.1) showed that the assembled full-length CDS had a
similarity of 99.96%.

The thermal cycling programs for first-round nested PCR and second-round nested
PCR are detailed in Table S1.
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Figure 1. PCR-specific amplification results in mandarin fish (Siniperca chuatsi) intestines.

2.5. Data Processing and Analysis of Results

The physicochemical properties and structural characteristics of CPT1B in mandarin
fish were predicted using online analytical tools (Table S2). Amino acid sequences of
CPT1 from other fish species were retrieved from the NCBI database, and protein similar-
ity percentages were calculated with MEGA 11.0 software in conjunction with the BLAST
function of NCBI. Multiple sequence alignments of CPT1 proteins were performed using
the ClustalW algorithm within the DNAMAN package. A phylogenetic tree was then
constructed in MEGA 11.0 employing the neighbor-joining (NJ) method under the JTT+G
model [26], with confidence levels assessed through 1000 bootstrap replicates. Further-
more, comparative genomic analyses were conducted to examine the structural organi-
zation of cpt1b genes across different vertebrates. Protein sequences were subsequently
submitted to the SWISS-MODEL server for three-dimensional structural prediction, and
the resulting PDB files were processed with PyMOL (version: 3.1.6.1) software to generate
3D protein structure models.

2.6. Tissue Distribution Levels of cpt1b in Mandarin Fish

The mRNA expression level of cpt1b in different tissues was quantified using quantita-
tive real-time PCR (qPCR). cDNA from each tissue was used as the template, and detection
was performed using the SYBR Green I method, with B-actin as the internal reference. Spe-
cific primers were designed using the online website Primer3Plus. Gene-specific primers
were synthesized by Sangon Biotechnology Co. (Beijing, China) (Table S1). There were
three biological replicates per group (n = 3). Each 10 pL reaction system was prepared in
a 96-well plate following the protocol of the ChamQ Universal SYBR qPCR Master Mix
(Novozymes, Nanjing, China). The amplification program was set as follows: 98 °C for
3 min, followed by 39 cycles of 95 °C for 10 s and 60 °C for 30 s for annealing and exten-
sion. Relative expression levels across tissues were calculated using the 27#4CT method.

2.7. Intestinal Enzyme Activity

Homogenize the intestines in frozen physiological saline, centrifuge, and collect
the supernatant for analysis of lipase (LPS), amylase (AMS), trypsin (TRY), superoxide
dismutase (SOD), and catalase (CAT) activities. Three replicates were performed for
each indicator. Commercially available kits (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China) were used for analysis, with the testing procedures strictly adhering to
the manufacturer’s instructions.
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2.8. Statistical Analysis

Enzyme activity data were analyzed using one-way ANOVA in SPSS (version:
R26.0.0.0), with Tukey’s HSD Test and Duncan’s Test applied to assess significant differ-
ences. JPCR data underwent two-way ANOVA followed by Duncan’s multiple range test.
Results are presented as mean =+ standard deviation (mean £ SD). Differences were consid-
ered significant at p < 0.05. Graphs were generated using GraphPad Prism 10 (GraphPad
Software, San Diego, CA, USA) for graphical representation.

3. Results
3.1. Molecular Cloning and Characterization of CPT1B

Analysis of the amino acid sequence of mandarin fish CPT1B revealed that the open
reading frame (ORF) spans 2364 bp. Its physicochemical properties, predicted using the
ExPASy ProtParam tool, indicate that mandarin fish CPT1B is a relatively stable protein
with partial hydrophilicity, expected to encode 787 amino acids. The predicted molec-
ular weight of CPT1B is 89.44 kDa, the instability index is 39.30 (I < 40), and its pre-
dicted theoretical isoelectric point is 8.81 (PI > 7), indicating that it is a stable alkaline pro-
tein. TMHMM--transmembrane prediction server analysis revealed two transmembrane
domains in the amino acid sequence of the mandarin fish CPT1B protein, located in the re-
gions 64-84 and 104-126, with no signal peptides present, with no signal peptide present.
Prediction of phosphorylation sites using NetPhos 3.0 revealed thirty-eight serine phos-
phorylation sites, twenty-one threonine phosphorylation sites, and sixteen tyrosine phos-
phorylation sites (Figure 2).

NetNGlyc-1.0 prediction of N-glycosylation sites identified two potential sites in
the mandarin fishCPT1B amino acid sequence, located at positions 312 (NTTR) and
367 (NDTS). CDD analysis revealed the presence of a single N-terminal structural domain
in mandarin fishCPT1B, while PROSITE prediction indicated two putative lipoylcarnitine-
binding regions within the amino acid sequence, spanning residues 171-186 and 449-476.
Subcellular localization analysis performed with Euk-MpLoc 2.0 indicated that mandarin
fish CPT1B is predominantly associated with microsomes and mitochondria. Prediction
of the protein’s secondary structure using SOPMA showed that mandarin fish CPT1B con-
sists of a-helices (46.00%), extended strands (10.93%), and irregular coiled coils (43.07%).
The tertiary structure of mandarin fish CPT1B, modeled by SWISS-MODEL (Figure 3).

3.2. CPT Phylogenetic Analysis

The amino acid sequence of CPT1B was subjected to homology analysis using BLAST
in NCBI to identify species with the highest sequence similarity to mandarin fishCPT1B. A
phylogenetic tree was subsequently constructed with MEGA 11.0 employing the neighbor-
joining (NJ) method. The results revealed that the tree was divided into two principal
clades: one comprising teleosts, in which CPT1 from Atlantic salmon (Salmo salar), lake
whitefish (Coregonus clupeaformis), grass carp, zebrafish, crucian carp (Carassius auratus),
and common carp clustered together, forming a lineage that was evolutionarily distant
from fishes of other families. The second clade included amphibians, birds, mammals, and
reptiles. Moreover, it is evident that the mandarin fish CPT1B shares a close phylogenetic
relationship with the largemouth blackbass (Micropterus salmoides) (Figure 4).
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Figure 2. Nucleotide sequence encoding CPT1B in mandarin fish (Siniperca chuatsi) and the deduced

amino acid sequence. Positions of the nucleotide and amino acid (left number), two lipoylcarnitine-

binding sites (green solid box), putative serine phosphorylation sites (blue solid boxes), tyrosine

phosphorylation sites (orange solid boxes), and threonine phosphorylation sites (yellow solid boxes).

*: Terminator codon.

3.3. Construction and Structural Analysis of the Linkage Map of the cptlb Gene in Vertebrates

Through collinearity analysis of teleosts (mandarin fish, largemouth blackbass, ze-

brafish (Danio rerio), European perch (Perca fluviatilis), grass carp (Ctenopharyngodon idella),
amphibians (common frog (Rana temporaria), common toad (Bufo bufo), avians (rock pi-

geon (Columba livia), gyrfalcon (Falco rusticolus), mammals (human (Homo sapiens), Nor-

way rat (Rattus norvegicus)), and reptiles (Eastern Brownsnake (Pseudonaja textilis), rickly

gecko (Heteronotia binoei), we observed that cpt1b, shank3/3a, arsa, mapk8ip2, and chkb con-

sistently appeared across all vertebrate species examined. Despite variations in gene order

among different clades, the “collinearity association” of these five genes remained intact,

demonstrating high structural conservation. Furthermore, we found that sephs1, bend7, and

prpfl8 were consistently present in teleosts but absent in other vertebrate species, indicating

group-specific evolutionary divergence (Figure 5).
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Figure 3. Tertiary structure prediction of CPT1B protein in mandarin fish. The cartoon shows CPT1B
embedded in the mitochondrial outer membrane (gray dotted planes): N- and C-terminal transmem-

brane helices (orange/red) form the membrane anchor, while the catalytic core (blue) extends into
the cytosol.
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Figure 4. Phylogenetic tree based on the amino acid sequence of CPT1B in mandarin fish and in
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Figure 5. cpt1 gene synteny comparisons in different vertebrate genomes. The colorful blocks indicate
intergenic regions; the solid and dotted lines indicate regions without genes. The different gradient
blocks on the left represent different classes.

Analysis of the cpt1b gene structure in vertebrates revealed that the number of cod-
ing sequences (CDS) remained consistent across the examined species, with only minor
variations in length. The coding regions of this gene exhibited high conservation across
species, whereas non-coding regions, such as introns, showed significant species-specific
differences in length. This resulted in substantial variations in total sequence length among
different species, highlighting the evolutionary plasticity of non-coding regions (Figure 6).
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Figure 6. The exon-intron structure of cpt1b. The yellow box and violet lines represented CDS and
upstream/downstream, respectively. CDS: coding sequences; kb: kilobase pairs. The different gra-
dient blocks on the left represent different classes.

3.4. Comparison of CPT Protein Sequences

The results of amino acid sequence comparison between mandarin fish CPT1B and
CPT proteins from other species are presented in Figure 7. The analysis revealed that
CPT1B is highly conserved among vertebrates, exhibiting two homologous lipoylcarnitine-
binding domains. Homology assessment demonstrated that mandarin fish CPT1B shares
strong similarity with largemouth blackbass (95.30%). Moreover, CPT1 exhibits over 60%
homology with mammals, amphibians, reptiles, birds, and other teleosts, underscoring the
high degree of evolutionary conservation of this protein across diverse taxa.

3.5. Tissue-Specific Distribution of cptlb Gene Expression in Mandarin Fish

To investigate the expression of the cptlb gene in various tissues of mandarin fish,
qPCR was employed to detect expression levels in the intestine, liver, and brain tissues,
with results shown in Figure 8. The cpt1b gene was expressed in all tissues but at varying
levels. The addition of TB to feed induced a response in cpt1b gene expression in the intes-

29 https://doi.org/10.3390/cimb48030305


https://doi.org/10.3390/cimb48030305

Curr. Issues Mol. Biol. 2026, 48, 305

10 of 18

Sc-CPTIB

Sc-CPT1B
Sa-CPT1X1
Le-CPT1X1
Sa-CPT1
0a-CPT1
P£-CPT1
Ms-CPT1
Xg-CPT1X1
Sm-CPT1
Hh-CPT1
Ma-CPT1
Ci-CPT1
Ca-CPT1
Ss—CPT1X1
Cc-CPT1
Dr-CPT1
Cc-CPT1
Rt-CPT1
Bb-CPT1
Fr-CPT1
Cl-CPT1
Hs—-CPT1
Bt-CPT1
Mm-CPT1
Rn—-CPT1X1
Pt-CPT1X1
Hb-CPT1X2

Sc-CPTIB

tine and liver, while no significant difference was observed in brain tissue. Concurrently,

the results indicate that adding different concentrations of triacylglycerol significantly in-

fluenced the expression levels of the cpt1b gene in various tissues of the mandarin fish.

Among these, only the T1 concentration showed a significant enhancing effect on liver ex-

pression. The intestine exhibited greater sensitivity to the fatty acid oxidation metabolism

of TB at the T1 concentration, with a more pronounced enhancing effect compared to T2.
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Figure 7. Alignment of CPT1B amino acid sequence of mandarin fish with that of different species.
Solid green boxes indicate conserved lipoylcholine binding site (the species and their serial numbers
are listed in Supplementary Table S4). White text on a red background: Strict identity; Red text on
a white background: High similarity; Blue frame: Block of similarity; Black text on a white black-
ground: No similarity.

3.6. Analysis of Intestinal Enzyme Activity in Mandarin Fish

The effects of TB on the intestinal health of mandarin fish were further investigated
by measuring the activities of digestive enzymes (AMS, TRY, LPS) and antioxidant en-
zymes (CAT, T-SOD). Results indicated that TB positively regulated digestive enzyme and
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antioxidant enzyme activities in mandarin fish, with effects varying by additional concen-
tration. The T2 concentration significantly enhanced AMS, LPS, CAT, and T-SOD activ-
ities, while the T1 concentration most notably increased TRY activity. Adding different
concentrations (T1, T2) of TB significantly influenced both AMS and T-SOD in mandarin
fish, with the differences in enzyme activity becoming more pronounced as the added con-

centration increased. Adding TB at T1 concentration significantly affected TRY activity,

while T2 concentration showed no significant difference. Conversely, for LPS activity, TB

at T2 concentration had a significant effect, whereas T1 concentration showed no signifi-

cant difference. Both T1 and T2 concentrations affected CAT activity, but no significant

difference was observed between them (Figure 9).

cptlb
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Figure 8. Tissue distribution levels of the cpt1b gene. Error bars represent the standard deviation (SD);

n=3biological replicates (n=3). *: significant difference (p <0.05); **: the difference is very significant.
(p <0.01); ***: the difference is extremely significant. (p <0.001); ns: no significant difference (p >0.05).
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Figure 9. Effects of different concentrations of TB in feed on intestinal AMS (A), TRY (B), LPS (C), CAT
(D), and T-SOD (E) levels in mandarin fish. Columns labeled with the same lowercase letter indicate no
significant difference (p > 0.05), while different lowercase letters indicate significant differences (p < 0.05).
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4. Discussion

CPT is a pivotal enzyme in animal fatty acid metabolism, comprising two isoforms—
CPT1 and CPT2 —situated on the outer and inner mitochondrial membranes, respectively.
Both isoforms are integral to the process of fatty acid 3-oxidation [27,28]. Two genes
encode for cptl, cptla and cptlh, enriched in the liver and the muscle, respectively [19],
among which CPT1B is the most abundant in the heart and skeletal muscle, the protein
encoded by this gene is a member of the carnitine/choline acyltransferase family, acting as
a rate-limiting enzyme in the 3-oxidation pathway of long-chain fatty acids within mus-
cle mitochondria, which plays a crucial role in transferring long-chain fatty acid from
CoA to carnitine for oxidation in the mitochondrion. This study first isolated the ORF
sequence encoding cpt1b from the intestine of the mandarin fish, spanning 2364 bp, con-
firming the presence of the mitochondrial carnitine palmitoyl transferase system. Multiple
sequence alignment and homology analysis of the CPT1B amino acid sequence from man-
darin fish with other teleosts (e.g., zebrafish, Atlantic salmon) revealed significant amino
acid sequence homology, indicating this gene is highly conserved throughout the evolu-
tionary history of teleost fishes. Its core biological functions (such as regulation of fatty acid
[-oxidation transport) may exhibit consistency across species.

Our research has found that cpt1b exhibits a conserved gene structure characterized by
the maintenance of exon and intron numbers, while intron lengths show significant varia-
tion. This indicates that cpt1b gene may have undergone distinct evolutionary trajectories
across different species. Furthermore, cpt1b genes across different taxonomic groups ex-
hibit chromosomal collinearity (i.e., conserved patterns of adjacent gene arrangement up-
stream and downstream), corroborating the stability of its exon—intron framework. It has
been confirmed that even when gene order is not perfectly aligned, chkb, arsa, and shank3a
are consistently found in the vicinity of cpt1b across many studied species, providing strong
support for their shared origin [18]. The findings of this study are highly consistent with
previously reported evolutionary patterns of the vertebrate cpt1b gene, indicating that this
structural pattern is universal across vertebrate lineages. This further highlights the high
conservation of the core functional region of the cpt1b gene and the evolutionary plasticity
of its non-coding regions (exons).

Protein post-translational modifications are highly diverse, with glycosylation and
phosphorylation serving as key regulatory mechanisms for protein function. Glycosyla-
tion enhances the recognition specificity of proteins, not only providing targeting signals
for protein sorting and transport but also optimizing biological functions by stabilizing
protein conformation [29]. This study identified two N-glycosylation sites in the man-
darin fish CPT1B protein. It is hypothesized that this modification may safeguard the
physiological function of CPT1B through a dual mechanism: first, by mediating its tar-
geted transport to mitochondria, and second, by stabilizing the protein’s own structure,
ultimately ensuring the efficient role of CPT1B in fatty acid oxidation for energy supply.
Furthermore, we found that the mandarin fish CPT1B protein contains abundant phos-
phorylation sites, including 38 serine sites, 21 threonine sites, and 16 tyrosine sites. These
three types of sites achieve functional synergy through their distinct structural characteris-
tics: phosphorylation of serine can allosterically modulate proteins and activate enzymatic
activity. Threonine and serine are common phosphorylation sites, as the hydroxyl groups
at their structural termini are highly reactive and can bind to phosphate groups, participat-
ing in various physiological and biochemical reactions. Tyrosine phosphorylation can also
induce protein allostery and activate protein activity. Moreover, it facilitates protein bind-
ing, promoting interactions between the bound protein and other proteins to form complex
multi-protein complexes, thereby further enhancing protein phosphorylation [30]. In sum-
mary, the abundant phosphorylation sites in the mandarin fish CPT1B protein suggest that
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it may achieve multifunctional regulation through combinatorial phosphorylation at dif-
ferent sites (i.e., selective phosphorylation combinations at specific sites). This enables both
activation of its own enzymatic activity and mediation of specific protein—protein interac-
tions, ultimately fine-tuning the rate of fatty acid transmembrane transport. Consequently,
CPT1B can flexibly respond to dynamic changes in the body’s energy demands. In addi-
tion, we conducted phylogenetic analyses to elucidate the evolutionary relationships of
cptl across vertebrates. The results revealed that the cptl gene segregates into two prin-
cipal clades: one comprising teleosts and the other encompassing mammals, reptiles, am-
phibians, and birds. Within the teleost lineage, further subdivision into two closely related
branches was observed, while scleractinians likewise formed two adjacent sub-branches,
a pattern consistent with findings on the cpt1b gene in swamp eel (Monopterus albus) [31].
These results indicate that the cpt1b gene is highly conserved within teleosts and likely
performs comparable functions across this group.

As a key rate-limiting enzyme in the fatty acid (3-oxidation pathway, the core func-
tion of CPT is to mediate the entry of long-chain fatty acids into mitochondria for oxida-
tive breakdown, thereby participating in the regulation of whole-body lipid homeostasis
in fish. Most studies have confirmed that its upregulation can reduce body fat by acceler-
ating lipolytic metabolism [32,33]. Existing research has shown that when exogenous fatty
acid intake increases or the body’s demand for fatty acids rises, the expression of the cpt1
gene is significantly enhanced to meet the energy supply needs of fatty acid oxidation [34].
This study found that the addition of different concentrations of TB to the feed signifi-
cantly upregulates the expression of the cpt1b gene in the intestine and liver of mandarin
fish, with the intestine being more sensitive to TB concentration—a phenomenon closely
related to the intestine being the primary site for nutrient digestion and absorption, where
its morphological structure and digestive enzyme activity are easily regulated by external
nutritional factors. In the present study, normalization was applied to the qPCR results,
whereas in our previous work, relative expression levels were reported directly, and the
primers employed differed between the two studies. Despite these methodological dis-
crepancies, both investigations consistently observed upregulation of the target gene in
the treatment groups relative to the control group, with significant differences detected in
both the T1 and T2 groups, this suggests that the intestine may be a key target for TB’s
regulatory effects.

Digestive enzyme activity is a critical indicator reflecting intestinal development, di-
gestive capacity, and feed utilization efficiency [35], and feed additives can influence nu-
trient absorption efficiency in fish by modulating the structure of digestive organs and
digestive enzyme activity. Previous studies have confirmed that TB can significantly in-
crease the activity of intestinal lipase, amylase, and trypsin in fish, while also increasing
villus length and improving the thickness of the muscular layer, thereby expanding the
intestinal absorptive surface area [36,37]. This aligns with the regulatory effects of TB on
intestinal function in mandarin fish observed in our previous study [17]. Our findings
also further confirm that TB enhances the activity of digestive enzymes and antioxidant
enzymes. Notably, the activation of digestive enzymes such as intestinal lipase not only
improves nutrient absorption but also directly mediates the hydrolysis of TB in the in-
testine to produce butyrate. As an important short-chain fatty acid derived from intesti-
nal microbial metabolism, butyrate has been shown to activate the AMPK energy-sensing
pathway by modulating the intracellular AMP/ATP ratio [38]. AMPK, a core regulator of
cellular energy metabolism, exerts dual regulatory effects on lipid metabolism upon activa-
tion: on one hand, AMPK phosphorylates acetyl-CoA carboxylase (ACC) [39,40], leading
to reduced ACC activity [40] and thereby inhibiting fatty acid synthesis; on the other hand,
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activated AMPK promotes the transcription of the cptlb gene [41,42], enhancing the effi-
ciency of long-chain fatty acid entry into mitochondria for oxidative breakdown.

Based on the above experimental findings, this study proposes a testable molecular
mechanism by which TB regulates lipid metabolism in mandarin fish. Specifically, TB is
hydrolyzed by intestinal digestive enzymes to release butyrate, which activates the AMPK
pathway in both the intestine and liver. This activation suppresses fatty acid synthesis
while upregulating cpt1b expression to enhance fatty acid oxidation for energy produc-
tion. Concurrently, TB improves intestinal morphology and digestive enzyme activity,
thereby promoting the absorption of dietary fatty acids and providing sufficient substrates
for oxidation—a synergistic effect of “increased substrate supply coupled with activated
catabolic pathways”. In addition, TB may also support intestinal health by enhancing an-
tioxidant enzyme activity and attenuating intestinal inflammatory responses, thereby es-
tablishing a stable intestinal microenvironment conducive to nutrient absorption and lipid
metabolism regulation. This hypothesis provides a theoretical framework for understand-
ing the nutritional regulatory mechanism of TB, although the specific molecular details
warrant further experimental validation.

5. Conclusions

The addition of TB to feed can regulate the expression of the lipid metabolism-related
gene cpt1b in mandarin fish, improving the activity of intestinal digestive enzymes and an-
tioxidant enzymes and thereby maintaining intestinal health. Cloning and bioinformatics
analyses of the coding region of the cpt1b gene indicate that this gene is highly conserved
in vertebrates and possesses a relatively stable gene structure. This study provides theo-
retical foundations for further investigating the specific regulatory effects of TB as a feed
additive on the cpt1b gene and its interactions with digestive functions.
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Abstract

Blackground /Objectives: Tributyrin (TB), a stable derivative of butyric acid, has been
widely used in animal feeds for its health-promoting effects. This study evaluated the
efficacy of dietary TB serving as a functional feed additive in enhancing intestinal health
of mandarin fish (Siniperca chuatsi), with a focus on elucidating the associated molecular
mechanisms. Methods: A total of 300 juvenile mandarin fish (200.0 & 5.2 g) were randomly
assigned to one of three dietary groups: a control group (0 mg/kg TB), a low-dose TB group
(TB1, 500 mg/kg), or a high-dose TB group (TB2, 1000 mg/kg). The one-month feeding
trial was conducted under strictly controlled conditions, with water quality maintained
within optimal range. Fish were fed their respective diets twice daily to apparent satiety.
Results: Results showed that TB supplementation significantly increased villus height in
the mid- and hindgut, with the TB2 group showing the most pronounced improvement.
Furthermore, transcriptome analysis revealed that TB altered the expression of genes
involved in energy metabolism, fatty acid oxidation, and steroid biosynthesis pathways.
Notably, TB supplementation up-regulated key genes such as gls2b (energy metabolism)
and cpt1b (fatty acid oxidation), and modulated especially modulated steroid biosynthesis
through genes sqlea and dhcr24h. Co-expression network analysis further identified hub
genes associated with energy metabolism (etfb), immune regulation (il20ra, foxp1b), and
cell cycle regulation (cdc20, ccnbl). Conclusions: These findings elucidate the mechanism
of action of TB as a functional feed additive, providing a theoretical foundation for its
application in aquaculture to enhance intestinal health.

Keywords: transcriptome analysis; dietary tributyrin; feeding intensity; steroid biosynthesis;
Siniperca chuatsi

1. Introduction

Studieson animal domestication have been conducted for several years [1]. The domes-
tication of fish with high commercial value can reduce production costs and promote the
development of aquaculture. To date, several fish species, including some carnivorous fish,
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have been successfully domesticated [2,3]. Given that many behavioral traits in fish have a
genetic basis, they can respond to artificial selection during domestication. Furthermore,
different rearing conditions can lead to growth differences [2]. A major constraint in the
culture of the mandarin fish (Siniperca chuatsi), an economically significant species in China,
is its strong feeding preference for live prey and consequent poor acceptance of formulated
diets [4,5]. This feeding habit necessitates the use of live bait, which increases production
costs and elevates the risk of disease transmission, thereby limiting the sustainable de-
velopment of mandarin fish farming. In recent years, considerable research efforts have
been directed toward inducing dietary adaptation. For instance, dietary inclusion of 2%
soy lecithin has been shown to enhance the growth performance of juvenile mandarin
fish [6]. Similarly, supplementation of culture water with Bacillus cereus (10 PFU/mL)
improved feed intake, growth, and survival under pellet feed conditions, likely mediated
by stimulating innate immunity and remodeling the gut flora [7]. Despite this progress,
the unique carnivorous nature of mandarin fish means that artificial compounded feeds
often suffer from inherent deficiencies of poor palatability and low nutrient absorption.
Therefore, screening for useful additives is necessary to improve the utilization of artificial
diets for this species.

Tributyrin (TB), an organic acid ester, is a stable compound composed of three
molecules of butyrate and one molecule of glycerol. Its widespread application in an-
imal feeds stems from its efficacy in promoting health and enhancing growth metrics [8-10].
TB presented significant advantages as a feed additive due to its mild fatty odor, which im-
proves palatability, and its high stability during processing and storage [11,12]. It is suitable
for both monogastric and polygastric species. Upon ingestion, pancreatic lipase hydrolyzes
TB in the intestinal lumen, liberating butyric acid and glycerol [12,13]. This targeted release
allows more butyrate molecules to exert their functions in the intestine, making TB an effec-
tive vehicle for butyrate delivery. TB supplementation improves productivity and health in
farm animals by enhancing nutrient absorption and protein digestibility, achieved through
its positive impacts on intestinal mucosal structure, barrier integrity, and key physiological
processes such as antioxidant defense, inflammatory regulation, and mitochondrial effi-
ciency. Studies have demonstrated the efficacy of TB in promoting growth and preserving
intestinal morphology in terrestrial farm animals, including piglets [14,15], small-tailed
goats [16], and broilers [17]. In contrast, research on TB in aquatic species remains limited.
Existing studies suggest that TB supplementation preserves intestinal health by improving
villus integrity, increasing digestive enzyme activities, elevating antioxidant capacity, and
suppressing inflammatory responses [18]. For example, in grass carp fed high-soybean
meal diets, TB enhanced growth performance and attenuated pro-inflammatory responses
by improving intestinal morphology, structural integrity, and microbial composition [19].
However, the application of TB in mandarin fish has been scarcely explored. We speculate
that butyrate derived from TB may serve as a direct energy source for the intestinal epithe-
lial cells, thereby promoting villus development, increasing the absorptive surface area,
and ultimately improving intestinal health.

Transcriptome profiling is a powerful tool for the global assessment of gene expression,
enabling the delineation of biological regulatory networks and their operative mechanisms.
It generates comprehensive datasets that facilitate comparative analysis of transcriptional
differences across various biological conditions, thereby elucidating gene networks associ-
ated with specific traits of interest [20]. In aquaculture research, transcriptomic approaches
have become a pivotal method for investigating the genetic underpinnings of key physiolog-
ical processes such as growth, development, and metabolic functions [21,22]. In the present
study, alongside histological analysis, we employed transcriptome sequencing to perform
an in-depth analysis of the intestinal tract of mandarin fish fed with TB-supplemented
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diets. Our objectives were to elucidate TB-mediated regulatory network of intestinal gene
expression, delineate its modulatory effects on gut health and physiological function, and
establish a scientific foundation for understanding TB’s mechanism of action in fish.

2. Material and Methods
2.1. Ethical Approval

All experimental procedures were approved by the Animal Experimentation Ethics
Committee of Hebei Agricultural University (Approval No. 2023036). All procedures
strictly adhered to the standards outlined in the Chinese Laboratory Animal Welfare
Guidelines (GB/T 35892-2018 [23]).

2.2. Experimental Procedures

A total of 300 uniform-sized juvenile mandarin fish (average body weight of
200.0 £ 5.2 g) were selected from a single cohort sourced from Chizhou, Anhui Province for
a one-month feeding trial. The fish were randomly allocated to three experimental groups
based on dietary TB supplementation levels: a control group (0 mg/kg TB), a low-dose
TB group (500 mg/kg TB), and a high-dose TB group (1000 mg/kg TB), with 100 fish
per group (n = 100). The fish were reared in separate tanks and fed following a satiety
feeding protocol. They were fed twice daily (08:00 and 16:00) until satiety was reached.
Detailed information on the formulation and nutritional composition of the mandarin fish
diets is provided in Table 1. Water quality parameters were maintained within optimal
ranges throughout the trial: temperature, 27 &+ 2.0 °C; pH, 7.0 £ 0.5; ammonia nitrogen,
<0.15 &+ 0.05 mg/L; and dissolved oxygen >5.0 £ 0.5 mg/L.

Table 1. Nutritional composition of the experimental diets for mandarin fish.

Item Content (%)
Crude protein >50%
Crude fat >9%
Crude fiber <5%
Coarse ash <12%
Lysine >3%
Calcium >1.8%
Total phosphorus >1.8%
Moisture <12%

The experimental period concluded with intestinal tissue sampling, which was per-
formed 12 h after the final feeding. Five fish were randomly sampled from each tank (n = 5)
for intestinal dissection. The intestines were dissected and divided into three anatomically
distinct regions (foregut, midgut, and hindgut). Segments from each region were then
processed for different analyses. Samples for histological analysis were fixed in Bouin’s
solution at 4 °C, while samples for transcriptomic sequencing were snap-frozen in liquid
nitrogen and stored at —80 °C.

2.3. Histological Analysis

For histological observation, tissue specimens were dehydrated through a graded
ethanol series, cleared in xylene, and embedded in paraffin. Sections (5 pm) were prepared
from the embedded blocks and stained with hematoxylin and eosin (H&E). The muscular
thickness (MT) and villus height (VH) of the foregut, midgut, and hindgut were measured
from the captured images using Image] software (version 1.52a).
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2.4. RNA Extraction, cDONA Library Construction, and RNA-Seq

Total RNA was extracted from samples (five biological replicates per group) using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instruc-
tions. RNA quality was assessed using an Agilent 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, CA, USA). Sequencing libraries were constructed from qualified RNA samples
through mRNA enrichment with Oligo (dT) beads, fragmentation, and cDNA synthe-
sis using an Invitrogen kit with random primers. The libraries were prepared through
end-repair, poly (A)-tailing, adapter ligation, size selection (200-300 bp) via agarose gel
electrophoresis, and PCR amplification. The final libraries were sequenced on an Illumina
HiSeq 4000 platform.

2.5. Screening of DEGs

Gene expression levels were normalized using the FPKM metric [24]. Differentially
expressed genes (DEGs) were identified from the five replicates using the DESeq2 package
(version 1.20.0) [25], which employs a negative binomial generalized linear model to
account for read count variability. The thresholds for DEG screening were set at |log,
fold changel > 1 and p-adj < 0.05. To functionally characterize the identified DEGs,
enrichment analyses of Gene Ontology (GO) terms and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways were performed. Significantly enriched terms were detected
by comparing the DEG set against the genomic background using a hypergeometric test.

2.6. Co-Expression Network Construction and Module Identification

A weighted gene co-expression network analysis (WGCNA) was performed using the
WGCNA R package (version 1.47) to identify co-expressed gene modules [26]. The optimal
soft-thresholding power for network [27] construction was determined to be 30, achieving
a scale-free topology fit index (R?) of 0.85. Co-expression networks were subsequently
generated with parameters minModuleSize = 30 and mergeCutHeight = 0.25. Module
eigengene-based correlation coefficients were calculated to identify biologically relevant
modules. Intramodular connectivity (functional soft connectivity) was computed for each
gene, and genes ranking in the top 1% or 5% for connectivity within their respective
modules were designated as hub genes. The resulting network was visualized using
Cytoscape software package (v3.3.0).

2.7. Construction and Analysis of Bayesian Networks

A gene regulatory network (GRN) was constructed using the CBNplot R package
(version 1.2.1), with genes from Weighted Gene Co-Expression Network Analysis (WGCNA)
modules that correlated with TB supplementation. Genes significantly associated with
TB supplementation (FDR < 0.05), identified based on a previously reported Bayesian
model [28,29], were used to build the Bayesian network.

2.8. Confirmation of RNA-Seq Data by gRT-PCR

To validate the RNA-seq data, eight selected DEGs were analyzed by quantitative
real-time PCR (qRT-PCR). Total RNA was isolated from the intestines of mandarin fish in
C, TB1 andTB2 groups. Gene-specific primers were designed and synthesized by Sangon
Biotech (Shanghai, China; Table S1). First-strand cDNA was synthesized from total RNA
using the Hiscript III Reverse Transcriptase kit (Vazyme, Nanjing, China) according to the
manufacturer’s protocol. qPCR reactions were performed in a 10 uL volume containing
5.0 uL of 2x ChamQ Universal SYBR qPCR Master Mix (Vazyme), 1 uL of cDNA template,
0.5 pL of each forward and reverse primer (10 uM; Table 1), and 3 pL of nuclease-free
water. The thermal cycling conditions were as follows: initial denaturation at 95 °C for 30 s;
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40 cycles of 95 °C for 5 s and 60 °C for 30 s; followed by a melting curve analysis of 95 °C
for 15 s, 60 °C for 1 min, and 95 °C for 15 s [30]. Each sample was run in three technical
replicates, and -actin was used as the reference gene for normalization. The relative
expression of target genes was calculated using the 2~#4Ct method [31].

2.9. Statistical Analysis

The significance of intergroup differences for all measured parameters was determined
by one-way analysis of variance (ANOVA) using SPSS (v26; IBM Corp., Armonk, NY, USA).
When ANOVA indicated a significant effect, Tukey’s HSD test was applied for post hoc
comparisons. Differences were considered statistically significant at p < 0.05.

3. Results
3.1. Histological Comparison

Histological analysis revealed significant variations in intestinal villus height (VH) and
muscular thickness (MT) across different gut segments and dietary treatments (Figure S1).
In the foregut, no significant differences in VH were observed among the groups. However,
the MT in the control group (C) was significantly greater than that in both the TB1 and TB2
groups. In the midgut, VH was significantly increased in both the TB1 and TB2 groups
compared to the C group, with no significant difference between the two treatment groups.
Regarding MT, no significant difference was found between the C and TB1 groups, but
both exhibited greater thickness than the TB2 group. In the hindgut, VH exhibited a dose-
dependent increase, with the TB2 group showing the highest value, followed by TB1, and
then the C group. Conversely, MT was significantly greater in both TB1 and TB2 groups
compared to the C group, with no significant difference between the two treatment groups
(Figure S2).

3.2. Intestinal RNA-Seq Analysis

To investigate molecular-level alterations induced by TB supplementation, we con-
ducted transcriptomic analysis on the intestinal tract of mandarin fish fed diets containing
0, 500, or 1000 mg/kg TB. The raw sequencing data from all 15 samples have been de-
posited in the NCBI database. Sequencing generated 668,511,348 raw reads, from which
658,845,572 high-quality clean reads were obtained after quality control. All key quality
metrics, including Q20 (97.84-98.35%), Q30 (93.89-95.39%), and GC content (46.34-47.38%),
fell within acceptable ranges, confirming the data’s suitability for subsequent analyses.

Differential expression analysis identified 121 DEGs between TB1 and C, 164 between
TB2 and C, and 144 between TB2 and TB1 (Figure 1A). A Venn diagram illustrated the
overlap among these comparisons, showing 25 DEGs common to both TB1 vs. C and
TB2 vs. C, 23 shared between TB1 vs. C and TB2 vs. TB1, and 45 overlapping between
TB2 vs. C and TB2 vs. TB1 (Figure 1B).

The functional characterization of the DEGs was performed through Gene Ontology
(GO) enrichment analysis across the three standard categories: biological process (BP),
cellular component (CC), and molecular function (MF). The ten most significantly enriched
GO terms for each comparison are displayed in Figure 2A—C. In the TB1 vs. C comparison,
the most significantly enriched GO terms were primarily associated with the plasma mem-
brane and its intrinsic and integral components. For TB2 vs. C, DEGs were mainly enriched
in the extracellular region, catalytic activity acting on proteins, and transferase activity.
The TB2 vs. TB1 comparison showed significant enrichment in metabolic and biosynthetic
processes, including organic hydroxy compound metabolism, alcohol biosynthesis, and
cellular modified amino acid metabolism.
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down-regulated DEGs are in cyan. (B) Venn diagram depicting the overlap of DEG sets across
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KEGG pathway enrichment analysis was also performed, with scatter plots visualizing
the ten most significantly enriched pathways for each comparison (Figure 2D-F). The most
significantly enriched pathways in the TB1 vs. C comparison were Steroid hormone biosyn-
thesis, Phagosome, and Primary bile acid biosynthesis. For TB2 vs. C, enrichment was
observed in 80 pathways, notably including Oocyte meiosis, Progesterone-mediated oocyte
maturation, Fatty acid degradation, and Cell cycle. The TB2 vs. TB1 comparison revealed
primary enrichment in Steroid biosynthesis, Glycine, serine and threonine metabolism,
Arginine and proline metabolism, and Pyrimidine metabolism pathways. These results
indicate that TB supplementation substantially influences steroid and lipid biosynthesis, as
well as broader metabolic processes, in the intestinal tissues of mandarin fish.

3.3. WGCNA and Bayesian Analysis

WGCNA identified two functional modules that exhibited significant correlations with
TB supplementation. The expression profile of the MEturquoise module was significantly
correlated with the TB1 group, while the MEmagenta module was strongly associated with
the TB2 group (Figure S3). Hub gene analysis within each module revealed three primary
hub genes in the MEturquoise module (foxp1b, il20ra, and etfb; containing 30 genes in total)
and three in the MEmagenta module (cdc20, ccnbl, and espll1; Figure 3A,B). Subsequently, a
set of thirty pivotal genes from the MEturquoise and MEmagenta modules was used to
construct a Bayesian network model of differentially expressed genes (DEGs) using the
CBNplot R package (https:/ /github.com /noriakis/CBNplot, accessed on 20 November
2024) (Figure 3C,D). Within the MEturquoise module, the Bayesian model identified rnf44,
Ipar2a, foxp1b, and pcmtd1 as key regulatory genes. Similarly, top2a, kif11, cdc20, and kif14
were identified as key genes within the MEmagenta module.
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Figure 3. Co-expression network of 30 genes in MEturquosie (A) and MEmagenta (B). Representation
of key genes predicted by Bayesian network analysis in the MEturquoise (C) and MEmagenta (D)
modules. Key genes are marked by solid circles. The color gradient of the edges (blue to red) indicates
the strength of the inferred interactions.
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3.4. qRT-PCR Validation of Gene Expression

The expression levels of eight selected genes (raverl, kif13, kpna2, cpt1b, cdc20, ccnbl,
nek2, and csf1rb) were validated by qRT-PCR and compared with the RNA-Seq results
(FPKM values). As illustrated in Figure 4, the expression patterns (up- or down-regulation)
of all eight genes determined by qRT-PCR were consistent with the trends observed in the
transcriptome data. The close agreement between the two methods confirms the reliability
of our transcriptomic analysis.
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Figure 4. Confirmation of RNA-Seq results through qRT-PCR quantification of eight randomly
selected DEGs.

4. Discussion

The intestinal tract is critical to fish physiology, performing essential functions in diges-
tion and nutrient absorption. Villus height and muscular thickness are key morphological
parameters indicative of its functional integrity and health status [32,33]. Segment-specific
responses in these parameters are vital for mandarin fish to adapt to artificial feed. Previous
research indicates that intestinal villus shortening, often associated with inflammatory
conditions [34], reduces absorption efficiency by lessening digesta-epithelium contact [35],
potentially explaining mandarin fish’s poor artificial feed. Additionally, the shortening of
midgut and hindgut villus in the control group was more pronounced than that reported
in a previous study [36]. In the present study, TB modulated mandarin fish intestinal
morphology under artificial feeding, increasing midgut and hindgut villus height and
altering muscular thickness across segments such as lower foregut muscular thickness
in TB groups. These effects align with findings in grass carp [7] and yellow catfish [37],
indicating TB’s cross-species role in enhancing intestinal morphology to facilitate nutrient
absorption and its potential to improve artificial feed utilization in mandarin fish. Yet, TB
inhibited foregut muscular thickness in mandarin fish, likely due to the foregut’s role in
physical digestion where TB may adjust smooth muscle contraction to align with midgut
and hindgut absorption. Additionally, midgut/hindgut villus shortening in the control
group was more pronounced than that in a previous study [38], possibly attributable to
variations in feed composition, genetics, or aquaculture conditions.

As gene expression regulates complex physiological processes, we employed transcrip-
tome sequencing was to analyze the molecular effects of TB-supplemented artificial feed on
intestine of mandarin fish, aiming to elucidate the TB’s mechanism of action. Key pathways
exhibited significant enrichment of DEGs, including Steroid hormone biosynthesis, Cell
cycle, and Fatty acid metabolism. In the TB1 vs. C group, gls2b within the D-amino acid
metabolism pathway was significantly upregulated. Although the function of this gene in
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mandarin fish has not been directly validated, human gls2 can catalyze the conversion of
glutamine to glutamate, thereby participating in energy metabolism and oxidative stress
regulation [39]. Given that intestinal epithelial cells in mandarin fish rely on glutamate for
energy supply and require it to maintain redox balance [40], it is likely that the mandarin
fish gls2b gene exhibits functional conservation. By upregulating this gene, TB may supply
energy for the proliferation and repair of intestinal epithelial cells and boost the intestinal
antioxidant capacity. This finding is consistent with the morphological observation of
increased midgut villus height in the TB1 group, offering molecular-level evidence for
TB’s role in enhancing intestinal morphology. In the TB2 and C comparison, the ccnbl,
cdc20, and plk1 genes within the cell cycle pathway were significantly upregulated. Ccnb1
facilitates the G2/M phase transition of the cell cycle [41], while plk1 is a critical regulator of
the cell cycle in vertebrates [42]. The upregulation of these genes correlates with the highest
hindgut villus height observed in the TB2 group. This suggests that TB promotes intestinal
cell proliferation in mandarin fish by activating cell cycle-related genes, consistent with
studies in other fish showing the involvement of cell cycle genes in intestinal development
regulation [43]. Meanwhile, the cpt1b and gcdha genes within the fatty acid metabolism
pathway were also significantly upregulated. Although short-chain fatty acids derived
from TB hydrolysis do not require cpt1b for transport, and cpt1b is predominantly expressed
in muscle tissues in fish [44], its upregulation in mandarin fish intestine suggests that TB
may enhance mitochondrial function to boost metabolic activity, thereby providing energy
for proliferating intestinal cells. Given the limited research on the gcdha gene in fish, its
potential auxiliary role in intestinal fatty acid metabolism can only be inferred from reports
of its homologous genes participating in fatty acid 3-oxidation [45]. Further experimental
validation is required to determine its specific function. In the TB2 vs. TB1 comparison,
sqlea, msmol, and dhcr24h within the steroid synthesis pathway were significantly upreg-
ulated. Previous studies have shown that under stress conditions, such as exposure to
trivalent chromium in coral trout [46] and low-temperature treatment in grass carp [47],
the steroid synthesis pathway is activated to enhance lipid metabolism. The TB-induced
activation of this pathway in the present study appears consistent with this core mechanism,
suggesting that high-concentration TB may promote the conversion of lipids from artificial
feed into cholesterol. Notably, the activation of this pathway was concentration-dependent,
potentially representing a unique molecular regulatory strategy employed by mandarin
fish to adapt to artificial feed. Furthermore, this finding may explain the superior gut health
observed in the TB2 group—likely achieved through the synergistic action of multiple
pathways, including cell proliferation, energy metabolism, and steroid synthesis, thereby
comprehensively regulating intestinal function.

While previous research has established that TB supplementation enhances intestinal
health in fish, the complex co-expression networks modulated by TB remain relatively
unexplored. Unsurprisingly, our WGCNA of mandarin fish transcriptome data revealed
that two modules, designated turquoise and magenta, showed a strong correlation with
TB supplementation. Genes within both modules were enriched in energy metabolism,
immune regulation, and cell cycle pathways, indicating these biological processes play
pivotal roles in mediating responses to TB-containing diets. Several central hub genes were
identified in both modules. In the turquoise module, for example, i[20ra was identified as a
hub gene. In mammals, IL-20RA signaling can disrupt the epithelial barrier by reducing
filaggrin expression [48]. Although its function in fish requires validation, this suggests a
potential conserved role in modulating mucosal integrity. Foxp1b is a transcription factor
associated with Treg cell differentiation and suppression of excessive inflammation in
mammals [49]. Foxp1b is likely to play a similar role in fish, promoting Treg-like cells to
suppress intestinal inflammation and aid in tissue repair. Electron transport flavoprotein
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subunit (3 (Etfb) is essential for mitochondrial fatty acid oxidation, which provides energy
for cellular processes [50]. In the magenta module, three mitosis-related hub genes were
identified. cdc20 and ccnbl were significantly enriched in the cell cycle pathway. The need
for rapid renewal of the fish intestine may be associated with the high expression of cdc20
and ccnbl, and TB may promote rapid repair after intestinal injury by accelerating the
cell cycle.

While this study provides valuable insights into the transcriptomic response to TB
supplementation, several limitations should be acknowledged. The observed gene ex-
pression patterns, although significant, represent associations rather than definitive causal
relationships. Additionally, the potential role of gut microbiota as a confounding factor
cannot be overlooked, as TB-derived butyrate might mediate its effects through micro-
biome interactions. Furthermore, the restriction of our analysis to intestinal tissue limits
the generalizability of these findings to other metabolic organs. These considerations high-
light the importance of future research incorporating mechanistic approaches, microbiome
assessment, and multi-tissue analyses to fully understand TB’s physiological effects.

5. Conclusions

RNA sequencing demonstrated that dietary TB supplementation upregulates genes
involved in energy metabolism (gls2b) and fatty acid oxidation (cpt1b), thereby enhancing
intestinal function through increased energy production and reduced oxidative stress.
Furthermore, TB modulated steroid biosynthesis genes (sqlea, msmol, dhcr24h) in a dose-
dependent manner, a process that promotes the conversion of lipids to cholesterol. Co-
expression network analysis identified hub genes involved in energy metabolism (etfb),
immune regulation (i120ra, foxp1b), and cell cycle control (cdc20, ccnbl, plk1), highlighting the
multi-pathway role of TB in maintaining intestinal homeostasis. Morphological assessment
confirmed a significant increase in intestinal villus height, with the TB1 group displaying
improved midgut villus architecture and the TB2 group achieving the highest villus height
in the hindgut. Collectively, these findings elucidate the mechanistic actions of TB as a
functional feed additive and indicate its potential applications in aquaculture to enhance
growth efficiency and feed conversion rates in fish.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/genes16121395/s1, Table S1. Specific primers for eight verified genes
used for qRT-PCR; Figure S1. Effects of different concentrations of TB on the morphology of foregut
(A,D,G), midgut (B,E,H) and hindgut (C,EI) in groups C, TB1 and TB2. Images were captured by
light microscopy after H&E staining (magnification x 4). MT, Intestinal muscular thickness; VH,
Intestinal villus height; scale bar = 200 um; Figure S2. Intestinal muscle thickness (MT), and intestinal
villus height (VL) were studied for all intestinal sections. (A-C) Height of intestinal villi in the
foregut, midgut, and hindgut. (D-F) Intestinal muscle thickness of anterior, middle, and posterior.
All data are shown as the mean =+ standard deviation. Significant differences (p < 0.05) between
groups, as determined by one-way ANOVA, are indicated by different superscript letters; Figure S3.
Relationships between modules and TB treatment. The color scale on the right shows module-trait
correlation coefficients from —1 (blue) to 1 (red), indicating low to high correlations. All raw data
generated in this study have been deposited in the NCBI SRA database (PRJNA1348964).
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Effects of Different Culture Medium and Matrix
on Rooting in Ilex dabieshanensis

FANG Yupeng, WANG Shide
(Garden Department, Chizhou Vocational and Technical College, Chizhou 247000, China)

Abstract: Taking young stem segments of axillary buds of llex dabieshanensis as explant materials, the effects of differ-
ent mediums and substrates on rooting and survival rate of llex dabieshanensis were studied. The research results show that
the optimal culture medium for rooting was 1/2 MS. The best ratio of growth regulator for rooting was MS+NAA 0.3 mg- L'+
IBA 0.2 mg-L", the rooting rate was 95%. The best transplanting substrate is a matrix with a volume ratio of vermiculite, per-
lite, and peat soil of 2:1:2, and the survival rate of plantlets can reach 85% if controlling environmental conditions.

Key words: llex dabieshanensis; culture medium; matrix; rooting
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M (0.2 mg- L) AOTE- AR, 007 BRI 3 2 IBA AR Ko B 0l 3 w5, S Bl e Uk, A F) T A=
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(Ilex dabieshanensis)

~ o

MS +6-BA1.0mg * L™ + NAAO.3mg * L™'
100% ; MS + 6-BA1.0mg » L.™' + IBAO. 3mg * L™

4.6; 1/2MS + NAAO.3mg * L' +IBAO. 2mg * L' 95% .
(V) : (V) : (V) =2: 1: 2
85% -

1S 688 .\ : 1001 —2443(2019) 02 -0141 -05

( llex dabieshanensis K. Yao & M. B. Deng) ( Aquifoliaceae)
( 1lex) 150 ~470m

g 2013 .
1
1.1
5 o 2017 5
1.2
1.2.1 30min
o 15% 20s
5 0.1% 8min 3~5
S ( ) 0.5~1.0cm 1~2
1.2.2 Ly(3%) 9
o WPM.B, MS NAA
12018-11-16
(KJ2017A729) ; “ ” (2017jxtd03) .
(1987—) : : (1972—)
E-mail: dqp0317@ 163. com.
J. ( ) 2019 42(2):141 - 145.
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0.0.3 0.5mg+L""
3
1.2.3
6-BA IBA
0.3mg*L™" 0.5mgeL",
2 o
1.2.4 3 ~4cm

6-BA

30d

10

0.5.1.0

:6-BA

) 2019
1.5mg L',
(23 +£3)C 2000Lx 16h/d
MS
0.5mg* L' 1.0mg+L™" IBA
30d.
4

(1) 1/2MS + NAAO. Img * L™" + IBA1.Omg * L™"; (2) 1/2MS + NAAO. Img * L ™" + IBAO. Smg = L™"; (3) 1/
2MS + NAAO.Smg * L' +IBA1.Omg * L™"; (4) 1/2MS + NAAO. 5mg * L ™" + IBAO. Smg » L',

40d
1.2.5
1.3
Excel
2
2.1
15d
( NAA
6-BA
o 1

o

BA1.Omg * L™' + NAAO.3mg * L™'

1

o

4cm

SPSS18.0

25d
6-BA

100% -

25d
o 1
)
NAA
6-BA
WPM
MS +6-

Table 1 Effects of culture mediums and growth regulators on axillary bud induction rates of Ilex dabieshanensis

/(mg+ L")

Growth regulator

/% /em

Treatment Basal culture medium Induction rate New growth length
NAA 6-BA
1 MS 0 0.5 90 1.5
2 MS 0.3 1.0 100 2.2
3 MS 0.5 1.5 85 2.0
4 Bs 0 1.0 75 2.1
5 Bs 0.3 1.5 85 1.8
6 Bs 0.5 0.5 95 1.4
7 WPM 0 1.5 60 1.4
8 WPM 0.3 0.5 85 1.5
9 WPM 0.5 1.0 75 1.9
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2.2
2
30d Table 2 Effects of growth regulators on bud
proliferation coefficient of Ilex dabieshanensis
. /(mg+ L")
Growth regulator
2 Treatment Proliferation coefficient
6-BA IBA
IBA 6-BA MS
6-BA 1 0.5 0.3 2.1£0.1b
IBA 0 Smg 2 0.5 0.5 1.3+0.1¢
o IL7! . 6-BA 1. 3 1.0 0.3 4.6 £0.1a
Omg * L'\ IBA 0.3mg * L™ 4 1.0 0.5 1.7 £0. 1c
o . * (p<
MS +6-BAl. Omg * L™' 0.05)
+IBAO 3mg oLt Notes: The multiplication coefficient is average value = standard
23 deviation. The significant difference( p <0.05) was expressed in different
) lower letters
3 ~4cem
o 15d
;25d o 3 NAA 1BA
. NAA 0.1mg « L™' IBA 0.5mg L'
; NAA
0.3mg+L' NAA 0.2mg+L™" IBA 95% 6.8
2.6cm o
1/2MS + NAAO.3mg * ™' +IBAO.2mg « L'
3
Table 3 Effects of different growth regulators on shoots rooting of Ilex dabieshanensis
/(mg+L7")
Growth regulator (%) ) /( cm) /( cm)
Treatment Rooting rate Rooting number Maximum root length Average root number
NAA IBA
1 0.1 0.2 70 5.9£0.1b 2.1+0.1b 1.6 £0.1¢
2 0.1 0.5 60 3.3+0.1c 1.0 £0.1¢ 0.7 £0.1d
3 0.3 0.2 95 6.8 +£0.2a 3.0+0.3a 2.6 £0.1a
4 0.3 0.5 80 6.0+0.1b 2.8 £0.1a 2.0+0.2b
2.4
4cm N
(V) : (V) : (V) 2:1:2 25d
85% -
3
56
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78
MS.B,.WPM
. WPM ; MS
WPM B, o
R MS WPM
B 13
5
14
15
o NAA ; 6-BA
. MS +6-BA1.0mg * L™ + NAAO.
3mg e+ L~ o
! o 5
16 17
o 6-BA
IBA  30d 3.6
1/2MS o '
- IBA IBA IAA IBA
® NAA IAA R
NAA o NAA IBA
MS 6-BA1.0mg * L™ + NAAO.3mg » L' o
MS +6-BA1.0mg * L.™' +IBAO.3mg * L.~ o 1/2MS +
NAAO.3mg * L.™' +IBAO.2mg * L' 95% o (V) :
(V) : (V) =2:1:2 85% o
1 ( ) 2017 41(6):181 —186.
2 J. 2012 40(10) :12 -18.
3 J. 2012( 1) : 110 - 112.
4 J . 2007 34(5):32 -33.
5 J. .2014( 16) : 48 —49.
6 J. 2013 40(3) : 18 -20.
7 J. 2006 20(3):17 -22.
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Rapid Propagation Technique of Ilex Dabieshanensis in Vitro

FANG Yu-peng  DAI Qi—pei
(1. Garden Department Chizhou Vocational and Technical College Chizhou 247000 China)

Abstract: In order to establish a rapid propagation system of Ilex dabieshanensis tender stem segments with axillary
buds of llex dabieshanensis are used as explants for tissue culture and the optimum medium for initiation culture

subcultures proliferation and rooting culture are screened. The results show that the optimal medium for axillary bud
induction is MS +6-BA1.0mg * L.~ + NAAO.3mg * ™' and its induction rate is as high as 100% . The optimal
proliferation medium is MS +6-BA1.0mg * L ™' + IBAO. 3mg * L™" which proliferation coefficient can arrive 4. 6.
The best rooting medium is 1/2MS + NAAO. 3mg * L.™' + IBAO.2mg * L.™' with rooting rate as high as 95% . The
plantlets with acclimatization are transplanted to mixed matrix with Vermiculite( V) :Perlite( V) :Peat soil( V) =2 :

1:2. The plantlets are successfully acclimatized and planted with a survival rate of 85% under ideal environmental.

Key words: llex dabieshanensis; primary culture; proliferation coefficient; rooting medium

( 1 )
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e LA 2 b 35 R0 S B IR B % e e
I 25550 9 18
BEARERY G UE
(. SNEBREFHRFR, M S% 237158;2. AR AR LK F L H &F 210095)

M E. A TERZELLHA Dendrobium huoshanense sefiAfe F 2, i@ s+ E LR ST m AT, ZAELLGHERRE
FEHGER.TAHRE LA FRR ., RELREB SRR AR BE AT KRN IHE B EFRRARS T Y F
KB T OB RO IHBE A FEDME Sclerotium rolfsii Sacc. ¥ EE T KT KB Athelia rolfsii ; %855 0 3% B A R T8
RILH B AF T8 Colletotrichum cameliae, BIEFME T 12 7557 G B R AR AR T NI E 2R, LI 25% kv vz
B B &35 ] 2000 47 (37 V0 2K Bk P IRAL K 5k A 3000 45 (8000 LAk A Sk 2000 4R 3T 6 48 JA 9k R T T L2 A K ad H ] R
FHF 37 V0 KB T SR AR KA 3000 457 .80 %6 L% & Uik 2000 A&k xF FR AR R A LA Kehdr Rl R K4, BELXT

ELGHBERRABMNELET ARG EANGHARIAETRE, AL BLRBAEFLEAFHEIREFPREEGHRETHES

Kk,
KB ELBA OB R;:; ZAR; 2B 5 MHA LA
HhE 42 E:S435. 672 XERFRIRED : A

1 f8HE (Dendrobium Sw. )FEY) H B C A2
i 1500 Fh, Ky 22 B (Orchidacea) F¥) HRY 5 — K
& RE A WA RUE Y KRAA 76 B, £
A T2 0 LR DX, R 2 #R 2 E W 2 5t 19 25 H A
P BLAT R BT AR D RECY L e P RO L
WX A = Aoa w8 o B R A
(Dendrobium officinale) . i & 4 f§ ( Dendrobium
moniliforme) . 8 LI A it ( Dendrobium huoshanense
C. Z. Tang et S. J. Cheng). ZEILIAfEHAL T
DR Ll DAY R L B AR OK AR il R e B L
AR 25 BRI CHBE AN B R AT BR A 2R 53
PARZY IR R B B LA b RS 2 2
WA BT H Ny T AR 2 B s, 21
e i i T HARSE A R KSR BT AT T
TR A7 PRIV B A W R 9 3 F B2 L A e
Kok 1B BRI TS A5 D7 TR A — s B9 DA%, KA
R FE Xk A AR 2 3 0 v EA SO

PTAESR , th 2R T bR 1L A AR 5 SR B
B AEE T LA AR AR A R AR A
RIS DR P i A . BT, BE A 8 L A fRHEH s
KRB A B B 20T DLSE RN

XERS:1009—9735(2024)05—0024—09

TR AR O A — R R 5 1 R A
T 25 5 A R 1 R AT T ELE 2 R R
A1 b T E AN IR XA b T I A A R L B A T
B2 i A R Y & AR AR AR BE I 306
A1 R AR AR BT R B A AN, AR TEXTRE L
SR LA SRR b 1) T R A 5 O R AT S b R I
A 1 b R R BUAIER « 28 TR Ll AR R 7R
Hh i A DL 38 SRR LA AR U IR e R B
AR e LA RHE 7 0y 28908 00 32 3 0
XA E 30 %0 LA, e E R B0 7 BB T L Y b A
FE P RAERE LA R SR e ™

R OCT2 LA R BIFE 32 2 v e B0 2
LRG3 HT 5 T XA SRR L R o s AR R B
X B B2 AT A S AR S 8 A X R B A AR R
i[5 S 7 SN IR A % 61 (Botrytis cinerea)™ " ; F [H 5%
5 TR U Y 5 X B A AR 1 28 9 S i 25 R 5 /N

s HEA:2023—12—21

EL£WM A ZRAHURT BB S5 H (KJ2018A0776),

YEEE N LR Q991 =) B LN N W+ PR, B 58
J7 1] AEIE B s VEAS B (1968—) s 40 s BN BN 3OS T SE 7 1)
A2 I (1989 —) , B L BN G N BT A BIFSE 7 1) - A9
R,
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RERFELBR 2N LRARERRE S & EZAIE LA ik 25

1% (Sclerotium rolfsii Sacc. Y LS e A 4 o 4k
Bz A fik 25 0 e 0 e LS E b AT A] Bk A
(Lasiodiplodia theobromae (Pat. ) Griffon& Maubl)
MG A E N 2 s JH W (Colletotrichum
demativm )™ U 2R R ZE Mg o S Wk B A ke
Sue e B OBE O O RS E R O B TR R OB
(Myrothecium roridum )™ s 18 ¥ 5% Xt 8k Bz A7 s
BRIELI I3 i S A A JEL T T i 8 — A 55 e A 7
JE# (Colletotrichum gloeosporioides)™* 3 g 11147
bR I AP S Y 2 i H IR D AH SCHR B . A WF ST R
LU AR AIEL « P 2R R By 42 24 79 F) sk 46
FHERZR X PR 35 114 H [R132 W7 B 2 £ Bl s 2 Ak
AR
1 MR57EE
1.1 RE iR &R R

4R 14 A — 5t U AR v Ia) e A T i
o, H AR AR AT LU DT vk . BT &
P AT FH (] 8 2R 1 27 0 BORE O 1, T A 4
BADF BB 0.5%.

2018 4F 6 H T8 I 2 KF-WL & 2 1L ikl
el DX 22 U] 55 A A R RS A 7S 2 MR R 2
ot oo b R B 1 2 B R AR AR 10 AR bR 0
T fe aRAe rhoy [ SE 3G 28 3 By . 2018 4F 10 H T4
LLVBEL L o R L PR A R Ay R A B R B o JEL
AL R 30 4% R, B B T AR B 4R AR A IR SE g
EONE.
L2 RRENSH

P 48 9 R 48 Ik 25 AR AL ) TR A%, TCTRK gk 4
U 1 TR R T 10 s, & T 754 &
Mt rpEEUE 30 s, B TR K TR 30 s, B A% L
FERK B IR AR F 9 T oK o0 8 w2 AR JTEIT
Fo R B PDA B R Bk (N S /w2 R, &
T 27 CHEIR B B AR AN B IR . B SR 3 d A AN
T30 2 Pk R 22 %% $E 208 1Y PDA By 3% 3 F 4lifb
P

BAEIR R s TE K ik 4 0, ORI
23 1 em® Ffdsg Fab py g, SR JE A 100 TR
WHRTHEE 15 s, BT 7154 LB YL 30 s, 5 &
TIRK B 30 s, PO BT DR 4R 17K 57
B filsg FLAL BHE A PDA B3R 3L (N S/ EZO .,
RIGERS 2 27 CHHIRMBIIIE AN FR. #5985 d
J ZENGRTE PR T A IR WU R B SO
SHFIE,

1.3 mRABEF

XF 4 5 2l A A5 2 09 9% TR TE AR 4 B #E PDA 5
OMA G R #7450 B35S, PDA M5 7E 26 “CHE
BRI FRAA R R L B 98 7 dL X R L T B
A BERHE, BB MR 2. OMA #:Fh
J& S fE 26 ClHEEBRE AN 14 d )5 LW
AR A5 2 6, 8 ZE I BRI S o 7 A 45 4
MRS RN SR R B 1T 0 2 B 45 2
L4 BB BRI

I e G 32k DO 5% 43 5 45 1) ) o i o 4 7 B0
PEDE , T4 7225 R RIS TRl . fEERR Y
B LA it SRR AR AR R A R IR L R
TARAMREAE 11 om ZE AT A HDHARR . By B Atk
JEIRBI A FPE T Mk HS-Sr 78 PDA #5355 58 b1 35
3~5 d Ja » SR B 11 2 A 0 £ B ) 28 LA R
ZEFLH 5 em Ab KB DRI R B L R R R HRECEL
R 5 mm FIBEDE, B A B 22 09— W 7E 05 1Ak, A
TR 5 25 R 3 AL R E 1 A R
YERXT IR, BERhJa e T N TR =469 (L//D
=12h//12h,26 °C,90 % RH) , WEL K 1E I 15 K
Ji BUR S w5 A 79 S A B 2k . 558 — IR A e gl
Je B TE TEA TS L, IR S A0UBE T ISR B 22 Fn it 7
BFHIE TR E 5 E .

BEJEIR BEFR 43 B Al Ak A5 30 A AR ek R Bk HS-Ce
15 OMA B3 58 FRE35E 14 d )5, R AT g hnms 25 42
Pl A T4, 1 00 FH 4l v /K v B 78 7, i o 6 1
W2 /DR 1X10° Ay /mL B2 TR 1521 K £
SR ZEM R 96 B VR R TG T AR LS i A 3R
il , B4R 48 h, RRAUE LA MR 4 2L Lt
R AT gl RS 3 A, IR 1 A HmEE K %
W, MR CE TN T AR =46 (L//D=12h//
12h,26 “C,90 % RH) . i & J BUR SRR 1 743 85
alifl, 55— o B AL IE A B TR R B R AR L
B IATIEAR RS .
1.5 JRRA ZARFINT A HH

Ay ESIR B BEMRTE PDA 55350 F 3 5~7 d.
B ERN R 225 T 1.5 mL BE0A, R A A
R, A A SR F TS DA N — B R 40 DNA
PEHUREE . F 4] DNA i CTAB-SDS J7 ik ##
B, RBUS B DNA RAE T —20 “CUKF TR .

AR PP B SR H W R BT
ITS.LSU.EFl-a, 5| ¥n# 1,
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T % 10 %

®1 REHERABNSIYER

B AR EIE7EEN EIE e~ J¥51(5'—3" (CE N
s ITS 1 Forward TCCGTAGGTGAACCTGCGG 19
ITS4 Reverse TCCTCCGCTTATTGATATGC 20
LsU NL1 Forward GCATATCAATAAGCGGAG 18
NLA4 Reverse GGTCCGTGTTTCAAGACGG 19
EFLa EF1-983F Forward ~ GCYCCYGGHCAYCGTGAYTTYAT 23
EF1-2218R Reverse  ATGACACCRACRGCRACRGTYTG 23

PCR W AT S M TaKaRa Tag™ HS Perfect
Mix B4 f# [ U6 B3 45 Chttps://www. takarabiomed.
com. cn/Downl.oad/R300S. pdf), PCR F=#¥H 1%
AR SRUIE B BRI L VR ASEI , JF F AXYGEN B2l £k ik
& e DNA R Be, 97 3 AH 0 19 rDNA |1 1TS,
LSU #l EFl-a FP8f 460 T 8044 L He = Rt
P JM109 Hf1, PCR BHEAG I 5 3% R 50 SR} A= 1 23 W

MR, S5 RAE GenBank F AT FEH XTI T #%
IS, FFH DNAMAN JE47 H X o047, i 8 R 4
AR Ao I AT 1 2 A o K
1.6 JARAFIEHNHik
1.6.1 25k

X2 B PR R EE S BT KR 2,

x2 BRAFEBRIREREFST R

P25 e BE (ppm) K

Fungicide concentration Manufacturer
25 Y6 MW TR TR P 42 7F 77 pyraclostrobin 2576 SC 0. 002 LA T AT R 2 )
37 Yo Ak FH B K Bk difenoconazole 37 % WG 0.003 AR RA YR BRAF
80% & 7: 2 FLM ethylicin 80% EC 0. 002 TrE R A A A R BR S 7
40 % H B 777 chlorothalonil 40% SC 0. 0005 PR AR FIRHEOT KA BRA F
100 J748F/ 5o 55 i JE 55 1 T ¥ M4y 77 Pythiumoligandrum 1 million 0. 006 i R A B 7
spores/g WP
84T F % 2 /K5 ningnanmycin 80 AS 0. 002 TS A YR A PR 2 )
1526 BB PR ) triadimefon 1576 WP 0. 0008 U DA AR AR A R 23 ]
80 %6 HA LA B R K 43Ik 7 thiophanate-methyl 80% WG 0. 001 I AR IR AE PRk A R 7
100 K FZKFLF Osthole 1% EW 0. 002 HBHp T A A 25
6204 T 8 2 AL IEMEH 7 kasugamycin 670 WP 0. 001 LG i AR 2R A PR 7]
0. 3% T FA&EMTFW eugenol 0. 3% SL 0. 001 T At (5 24 M AT BR A )
30 %0 MEFE R 7K hymexazol 30% AS 0. 0015 PO 2R B A FR 2

1.6.2 ML

1M 12 A [a] B 24 550 T T K # e A9 E
J5 S E AN 9 cm 1Y PDA B3 MLEHFIA 1 mL 24
W 200 R Bl R 2 W B B AR L T . AR PR I % FT
IR R A PR 2210 — TR U T 45 AN [
25 1) PDA 35 5% ML s, FH JC TR 7K Ak 36 B 28,
HEE 3L HE T 26 CIEE R JRAH N BIEE R 3%,
F 4R LR 15 97 72 h, BN IR R B5 97 120 h,
S 28 SO T T AR, 5 0T IRZE R AT LA
R = O HR B 9% B4R — b FRZH BV BAD) / W IR
WA AR —WPFEAR) X100%,
1.7 #HEXH

IRIG B R SPSS 21. 0 B bR 25,

M Duncan’s & 2205 3047 22 5 REVERG R
2 HBRE5HH
2.1 ZAmEWRAELAER

T AT R L 22 S e A K B AR 6 4y
S F A A AT S 2R R B R LA R 2R
F8 A A R T SIAAT A RS I R 2 ) T
R R R A 1) T B TR, R A T ]
BR EAT B R G AR R O 2R A 2
A AR ZRAZ IR B, AR TR AL B8 L J7 - AR 28 Ty
O TR S BUK BRI BRE . Ao 37 2530
JAR it A I A ARz R ER N 1~
2 mm W H @RISR, VPR IR, &
o e 9] TR ) 25 R A PR B S R AR R 2R L A
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%

71 fih i 27

EIESSE N A R RN R RS E T N
R % 2B M R R 35 25 % . B8 1L AT ikl Bl X Py
P KR IE 29 %, Rl AR AN Rl /S e Ol 2 AR 2 B¢
T 6l P I A R e ek B 3200,

30 3 X A LB T R L B A R A 3
iR A R B i AF E IR 9 R A= L A LD B R AR
M AR 12 %6 i O AR A S b 0 % 16 %0, 2
AT Y LR R b R A0 R R e e 5 iR B 3600, A
iR IR RN N DS oW N BN ) B S EA W 4 NI
PRI R ™ B, VB8 SR N D sl Bl AL %

B 1 B%mBEER

2 FedEs E E Rk
2.2 RRAMEFER
28R IR 7E PDA R5383E BRqFR 3~4 d )5,

WEERT LUK B L R 7 S BRI B 22 1 (28 200K L ik
SRR m R AR B3R 7~8 d S TSI G IX 0
HEER 10 KIF w2 N TRE @ b5 w2 T 16 %
W EAZIEARIL LRI | J8 1 A R 2 T s
ol ERTRIL,

AlAK 4 dETERL A2 42K 10 d YRR B B C. B ZIEA
B 3 A. rolfsii FE7S4SE (B #%k HS-Sr)

BRI R R B AE PDA 85 95 56 E L B V% 1 1 SF
I, AT 22 308 AR 2R, 1, T e MR
BNGAM ;25 CRIEHEFFMET 5 dAERKESR
14 mm/d; 70 2E 18 3% W1, JC bR S, Ot i, B AR JE
PP IR BT AT UL 1 B 2 AN IhIE T, K/ (15, 7T~
18.4) umX (4, 0~5.7) pum, JEIHE M T KM@,
i A AR 2 ] W B, 4 B8, P AR Bl . S
R K
2.3 JARHEBIARMEET

Wl 5 FroR 8 R R R LA
fRHERN R AR HS-Sr 18 22 J5 AN TR N L 8 B
BEN 90 % IREBEE N 26 °C, MELAT S, 4 d
PRI IR K O D Kt w22, 7 d it H B
T EBAL I AR B BUOK BOIRRE B, 12 d R R

4 C.cameliae TEFSHEME, (B HS-Ce)

-58-



28 5279 5F

% 40 %

MERN 1~2 2K GBI EAZ, 20 d J5 . gk
FOZEBIIR L 3 2505 22, 105 TR0 H B s 408 €0 T
1%, TG B /KA B A XoF R A TG ATE AT i bR & A o R Al
R TN, P DA 500 1 s X6 1) s i B by i A
SRR - Im1 2 20T A FRAT AR 5 473 1H & 5 ) %
FRAEAR—E . SRIENGE bR HS-Co F B W 2543 Fh ik
PEFTHER , K e R H ) & etk — 3K
2.4 REASTAEDFER

FE LI A R 1 28 00 9 I T T PR HS-Sr 9 rDNA-
ITS F5) Ky 790 bp, LSU JFE 5 K K 618 bp.
EF1-a ¥ %] K B & 1088 bp. f BLAST # {4 1£
NCBI A5 AH 3 16 L Ath 5 JE TR L X &5 5 2% B TR i

B 5

HS-Sr i) rDNA-ITS J¥ 41 5 GenBank 1% 5% %54
MNS872304. 1 B A. rolfsii FHEA 100 % BUAHLL1E
LSU J¥51 5 GenBank H % 55y MT225781. 1 1)
A. rolfsii BEA 99. 84 % WA BIYE , EFl-a 751 5
GenBank H& 558 MW322687. 1 f A, rolfsii
HA 100% MAHRIE: . @it RGEEEW P&, &
AR ERIRIRE 5 A, rolfsii [R1TRPE B s, 18
FREE B il AL T R G K WA IA]— 2 S (B 6. K] 7,
Kl 8) . 4568 LA R 25 90 s Jt TR S AR AIE A M
ITS.LSU.EF1-a J78 43 45 5 8 22 LA 8 45 9
IR0 E ST/ METE S, rol fsii Sace. WA MRS
BT KE A. rolfsii,

Btk HS Sr B3Rt L E

9 MK 992816.1 Athelia epiphylla SFC20180314-01
100| 'LC516623.1 Athelia termitophila TUFC:34079

9
67 MH 860532.1 Athelia neuhoffii CBS 463.72

98'KY025594.1 Athelia neuhoffii CBS 107194

58 EOM677699.1 Athelia decipiens RAS547
100 KY025593.1 Arhelia decipiens CBS 103869

72 MH 860510.1 Athelia arachnoidea CBS 418.72
KY025592.1 Athelia arachnoidea CBS 105.18
41 OL437000.1 Athelia acrospora DK16 360
100 KP814376.1 Athelia acrospora UC2022960

MT305996.1 Athelia epiphylla KHL 13899
MT305997.1 Athelia fibulata E.Bendiksen 573/07

EU118605.1 Athelia pyriformis Hjm 18581
100~ HS-Sr

100

|MN872304.1 Athelia rolfsii Kale078
|MH201278.1 Athelia bombacina HXSAB

_
0.05

100 MH201277.1 Athelia bombacina XLAB

B 6 ETF DNA-ITS FHHMEEH, HSSr MRESZXZER
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29

hid
Nt
‘:é(:
5

s

0.0030 A. rolfsii AY635773.1
0.0000

97

A. rolfsii MT225781.1

0.0048 0.0000

0.0357

A. rolfsii MW090132.1
0.0042

A, rolfsii MN078808.1
0.0000

0.0513

is MK860114.1

7 BEFISURFIMERHK HSStHRZLZEN

00 OA. rolfsii KU937340.1
01

100

0.0178

A rolfsii KU937341.1
0.0000

0.0574

A. rolfsii MT846496.1
0.0036

A, rolfsii MW322688.1
009

0.0007A. rolfsii MN702794.1
0

00 /g?m]fsii MN702791.1
0.0000

0.0819

Tulostoma grandisporum KU843919.1

B8 ETEFl-aFIIMEEK HSSrHREZRER

B LA Ak S o s I T AR HS-Ce R 23 301l 977
4 ITS, ACT.GAPDH, CAL,CHS-1,TUB2 #1 GS
I 6 MIEEFFH], [, A Gen Bank T2
ZEGMREMATN FEHF S, 6 R FY E R
HiZE, L C. boninense (B %5 CBS 123755 fE K
SN EBEAG A EALRS RS R F W AT R,

B BIBIERRER S C. cameliae TR TR
WL BRI, T RGE R B W MR —4r 3 (B 9) .
HIBAS 25 B 5200 [ A B AR AR L. 2557
LU bt I 95 973 J TR B S R AIE 5 LA B rDNA-TTS ¥
GGG S B B2 LA Rk JE R 9 R R A CL

cameliae
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2.5 ARREBAMNHARELZEKNG A
WFse s it 2 3 Al 0, 76X 4860 I B 0 2
PRSP 24 791 9 R 56 v & B, 25 O it I IR B TS 2000
TR 37 Vo ARk R FR B K SOk 7] 3000 A8 L8060 &
02 FLIM 2000 15 VR A4 ] 2 2438 5] 100 0, I AL
RAhf. 8% T s & /K5 2000 A5 100 7 fi+/
S T R P T IE A R A AT R 43 R 73, 9%

72.5%% AR . HUS I 4096 B i
PR 500 57 15% = 4 R AT IR AE B A 800 £ I
80 %% F HE G B R /K M HORE 7] 1000 57 1 Y IR T 2%
AKFLF 2000 £59 L 6 %0 5 75 B R Al AEAS 7] 1000 £
W0, 3% T FAF M AT R 1000 5, 30 %0 W85 R

JKFA 1500 A5 AN RO 22 (B 10)

0.0002

C. nupharicola CBS469.96

Ogolletomchum camelliae CBS125502

71

0.0045

0.0400

0.0006

0.0004 0.0017

—— C. fructioola CBS125395

C. slamense ICMP18574

0.006g—— C. salsolae ICMP19051
46| 0-0009

00
C. tropicale CBS124949

C. musae CBS116870

0.0035

0.002

75 CBS. fif 22 BB A4E ) %8 I p 0> (Culture collection of theCentraalbureau voor Schimmelcultures) ;
ICMP ., [# RAE ¥ A 8 9 5 P (International Collection of Microorganisms from Plants)
9 ETFZEERIMEREKR HSCc MRZZER

x3 LR2MREAN(BER) ELERNMNEER

C. xanthorrhoeae CBS127831

CBS123755

HE3 25 7]
Fungicide

25 0 kM I B i 22 17 7). pyraclostrobin 25% SC

37 Yo A<k FH IR K 43 Bk ST difenoconazole 37 % WG
80% L7 FLiH ethylicin 80%6 EC

8% T i A 2 /K ningnanmycin 8% AS

100 J3 7 /78 55 e i B 18 I 2 PE 8 F Pythiumoligandrum 1
million spores/g WP

40 %0 BT B T77 chlorothalonil 40% SC

15 % =R ER T A7) triadimefon 15% WP

80 4 F L7 1 2 7K 430k thiophanate-methyl 80% WG
1AIERT 2 KFLA Osthole 170 EW

6 % TR B R R 7] kasugamycin 6% WP

0. 3% T 1 B I WG eugenol 0. 3% SL
3020 FE R K5 hymexazol 30% AS

TE B K AL BT IR CK

e (ppm) W& H AR/ mm MER/ %

concentration Average colony diameter Inhibitory ratio
0. 002 540.0 100.0 a
0. 003 540.0 100.0 a
0. 002 540.0 100.0 a
0. 0005 2340.2 73.9b
0. 006 2440.3 72.5 b
0. 006 3740.8 53.6 ¢
0. 0008 5440. 2 29.0d
0. 001 61+1.2 18.8 e
0. 002 6240. 2 17.4 f
0. 001 6610. 6 11.6 g
0. 001 6840.8 8.7¢g
0. 0015 7340. 2 1.4 h

74 —

VE TR 00 EAR PR AR 2E . RIS 5 A P RERIR 2 Duncan’s B & 22 AR TE P<C0. 05 K-F-22 57 3% .
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27 i i 31

=

B 10 12 FEHI E R E L £ KN

I 4 AT, FEXF BIE I R DA 1 5 Al 24
G PR I8 & B L 80 U0 L R LM 2000 f59 .37 %0
FETE R 7K A3 BIORE R 3000 4% 4 4 741 2 249 35 5|
100 % I HICR BT, 100 T3 #6017/ 7 55 i 165 25 7 ]
R0, 3% T F &M T E R 1000 5. 25 %
M A 18 BT iR 2000 A% YA B0 41 2R 43 51 S 87.9%

84. 8% .81. 8 %0 , MRS R A by . HAR 4350 R 806 H
FEWR T R K23 HOREF 1000 157 L 8 %0 T 7 B K K5
2000 fiW .40 %6 A B TE B TE ] 500 f5 .30 Y0 M8 R
JKF 1500 59K .6 /0 & B B R AT IR AER 7] 1000 A5
1 Y0 R FZ K FLFF 2000 A5 L 15 96 = B m] WM A
I 800 fE i, M AR B 2= (K 1D,

R4 L2MRERVER) BLERKPMHIER

HER 25 e BE (ppm) W HA/mm /%

Fungicide concentration Average colony diameter Inhibitory ratio
80% L 2 FLi ethylicin 80% EC 0. 002 540.0 100. 0
37 Yo AR K FH BR R K 43R difenoconazole 37% WG 0.003 540.0 100. 0
100 J7 4 F /%5 5 iE )85 % B Pythiumoligandrum 1 million 0. 006 940, 6 7.9
spores/g WP
0. 3% T F&MATHEHRG eugenol 0. 3% SL 0. 001 10+0. 4 84. 8
25 Yo MH M s B P B 7R pyraclostrobin 25% SC 0. 002 1140. 8 81.8
80 % F BLRR T R /K 23 Bk 7] thiophanate-methyl 80% WG 0. 001 16+0. 2 66.7
8% T i 5 Z /K3 ningnanmycin 8% AS 0. 002 2140. 8 51.5
40 % E F TEEIF 7 chlorothalonil 40% SC 0. 0005 224-0. 0 48.5
30 %38 R K F] hymexazol 30% AS 0.0015 27£1.2 33.3
6% % B Z 1B E# ] kasugamycin 6% WP 0. 001 3340.0 15. 2
1% K% KL Osthole 1% EW 0. 002 3540. 8 9.1
15 % = A AT J 3 5 triadimefon 15% WP 0. 0008 36+0. 2 6.1
TR KA FENT B CK 38 —

TE  TRVE Y AR P2 AR 22 . [ 9NEEE 5 A W) 58187 28 Duncan’s B2 22 G 5078 P<<0. 05 K2R B % .

3 Wit

A5 T8 3 PRI 7S 2 R Ll B LA e 4R e
FNBAEIG B AT AR o FERF 3K 2 oo B T 36 1 D T
BT o3 B AL R 25 27 L% L il ik 22 56 X 97 43 A
B B 1L B LA R I ) D T O R A 2
HHEEGFTIE C. cameliae 5|28 1L A1t E 25 9%
MR R B R ST H/MEE S, rol fsit Sace. WEMER
IRBRTE A rol fsii 2 PR JE e A ik LY )R

HUAGHE . IR U E A TR IME T R
R BEHR A P 57 48 /M R R AE— 0 32 [ 35
P B B ARG - n] BE R R O L Ak s i X
AR B L X/NIRBE L 115 B /TR B — E i
S XRS5 2L SR P

BEXIER LA 8 2R R JER BB IR  ASBIFE I
B 7 12 Bh A A 20 B LA A 2R R g T
BT BRRCR IR 25 R 7R 25 D0 Mk W s 1 15 B 77
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T % 10 %

B 11 12 WEFIXEARE LA KR

7 2000 A7 L 37 V6 A Tk FH 3R 7K 23 HORLFR) 3000 1
W80 20 L 2R FLM 2000 A5V 241 %6F 11 45 i i ot 7T 22
MR IR B 100 %6, 37 Vo AR Tk FH R4 7K 43 HBORE 57
3000 f5 .80 6 LR FRFLIH 2000 A5 R J5 A i s J5
PR 22 A i ROR KB 10096, A S g 5 SR m /R
()77 962 LA R 2R B ) i e 245 751 L {EL I ]
Tl IR B A dg AT i — B ORI . [l 7
AR T R v g P TR AS B VR BT . R e
PEATRHERTR XA B P R . A
WFFE AR LA R P 2550 A e R At T 3R SRR,
B LA b o i ax @R AL TR BN OB TR LA
IRHERT B

Sk
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( ) 2014 4 11 11
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( . 237158)
L ] [ Dendrobium dabieshanense (C. Z. Tang et S. J. Cheng)] ,
, , ; 1/
2MS + 10g/L +IBA 0. 1mg/L + 8g/L+ 30g/L, pH5. 6;
1/2MS + 5g/L+1IBA 0. 2mg/L + 8g/L+ 30g/L. pH5. 6,
L ] [ Dendrobium dabieshanense (C. Z. Tang et S. J. Cheng)]; ;
L 1 Q813 1"2 L 1A [ 1 1673-1409 (2014) 11-0035-04
[ Dendrobium dabieshanense (C. Z. Tang et S. J. Cheng) ] o
) ) . 18~28C, 16~30°C )
12~16C, . o s N N s N
o , ( » , “
» “ (2]
: 5% : :
) (2] o
1
L1
. MS . . . . o
L2
L 21 RRBSMARS R EF 506 % vm X i
NN . s ( ), 70%
40s . 01% 3min, 4~5 .
o 48h 1, 40d .
L 22 REAKRFEMNRTHF NG R
( ) 2, 4-D. TAA, NAA, IBA ;
0. Img/L, 40d , o
L 23 FARAREALENREF SN 0iXE
( ) MS, 1/4MS, 1/2MS ,
40d s o
124 2, 4-D, IBA, IAA., NAA st A 853 vm X
4 3 ¢ DY, 1 2. 3cm . 18
[ 1 2013-12-03
L ] ( ) ( [2011] 5 ).
L ] (1968-),

—64-
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, 3, 40d N o

1

NAA/(mg/L) IBA/(mg/L) 2,4-D/(mg/L) IAA/(mg/L)

1 1/4MS 0.0 0.0 0.0 0.0
2 1/4MS 0.2 0.3 0.2 0.3
3 1/4MS 0.1 0.1 0.1 0.1
4 1/2MS 0.0 0.0 0.0 0.0
5 1/2MS 0.2 0.3 0.2 0.3
6 1/2MS 0.1 0.1 0.1 0.1
7 MS 0.0 0.0 0.0 0.0
8 MS 0.2 0.3 0.2 0.3
9 MS 0.1 0.1 0.1 0.1
L25 REFHEANETEALLE
. 5. 10, 15. 20g/L
. ; 6. 8. 10, 12g/L
, ; pH,
(1] pH5 4, 5.6, 5.8, 7. 0 , pH.
L26 XEVARMETAFALE
1/2MS + 8g/L+ 30g/L, pHS5. 6 , [3]
. 3. 5. log/L ,
2
2.1
s ( N N N ), ,
. . 25d \ ; 20d .
; 35d f
; 26d . /%
) o 40d , 40 10 25. 00aA
40 39 97.50bAB
. 40 21 52.50cBC
’ , 40 4 10. 00cC
’ 0 C 2. 0. 09
2 ) 0. 01 2~4
, 3
(2, 4-D. IAA, NAA, /%
IBA) i 40d i IBA 40 34 85. 00aA
2,4—D 40 26 65.00bB
: O Img/L IBA NAA 40 15 37.50¢C
’ IAA 40 11 27.50dD
85%, 2, 4-D , 65% C  3),

~65-



11 11 .37 .
23
s s 40d ,
1/2MS 4
; 90% , 7%
o MS , MS 40 16 40.00C
40% , « 41, 1/4MS 40 21 52.50B
, 1/2MS 1/2MS 40 36 90. 00A
2.4 IBA., 2, 4D, IAA, NAA
IBA., 2, 4-D. TAA. NAA 5, 5 , 3
. 100% ; 2 . 70%; 9 . 20%.,
s 2 s 12. 52 6 s 7.38 8 s
225 ; 5 , o 18cm; 9 , 1. 62 cm,
, , IBA 0. 2mg/L
5
/ / /% /em /
1 40 26 65. 00 2.48 6.25
2 40 28 70.00 3.32 12.52
3 40 40 100. 00 2.54 7.15
4 40 17 42.50 4.26 5.23
5 40 20 50. 00 5. 18 4.27
6 40 25 62. 50 2.27 7.38
7 40 12 30. 00 2.07 3.51
8 40 14 35.00 1.62 2.25
9 40 8 20. 00 1.51 2.42
3
25
, 1/2MS ; 0. lmg/LIBA
. R 10g/L 8g/L 30g/L
pHS5. 6 o ,
. 1/2MS + 10g/L. +1BAO. Img/L + 8g/L+ 30g/L,
pHS. 65
26
2.4 IBA 0 2mg/L ; 1/2MS + 8g/L+ 30g/L.
pHS. 6 , 3. 5., 10g/L ,
; 5g/L .
, . 1/2MS + 5g/L+1IBAO. 2mg/L + 8g/L+

30g/L, pHS5. 6,

3

95 % , ,

-066-

: 1/2MS +
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10g/L +1IBAO. 1mg/L + 8g/L+ 30g/L, pHS5. 6; . 1/2MS

+ 5g/L+1IBAO. 2mg/L + 8g/L+ 30g/L, pHS5. 6,
[ i
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are also many problems. In order to effectively solve problems of the forest park in the
development process, the lack of special resources and other issues, tourism activities
proposed to implement sustainable development of forest parks measures accordingly
were put forward.

Key words: ecotourism; sustainable development; Weishui National Forest Park

Homology Modeling and Analysis of Tertiary Structure of Domestic Goose’s Cytochrome b

Protein

CHENG Yan-rong (

Department of Life and Environmental Science s Huangshan College s Huangshan , >

Anhui 245041 ,China

WANG Ji-wen (

College of Animal Science and Technology Sichuan Agricultural University , >
Ya’an,Sichuan 625014 ,China

Abstract:In order to study the functions of mitochondrial cytochrome b(Cyt b ) of do-
mestic goose in the electron transport chain,the Cyt b gene of 15 breed of Chinese goose
(Anser cygnoides Linn) and 2 breed of domestic European goose ( Anser anser Linn)
were sequenced. The amino acid sequences were deduced. The tertiary structure of Cyt b
was predicted using homology modeling. The results showed that the model contains 8
big transmembrane o« helices, 4 shorter helices,2 smaller 3-sheets, the 8 big helices are
linked together to end with 4 long loops and 3 variable regions. Electrostatic potential on
the surface of Cyt b protein is much higher than in the interior, there were 2 cavities in
its molecular surface, one big and the other a bit smaller. 2 domains were obtained by
blast search in NCBI, named CytB N, CytB C respectively, 4 active sites, the binding
sites of bLL,bH,Qi,Qo,were located in predicting structure of Cyt b preliminarily.

Key words: Domestic goose(Anser domestica) ; cytochrome b; homologous modeling; ter-

tiary structure;active site

Research on the Explants Selection and Tissue Culture Technology of Caulis Dendrobe from
Dabie Mountain
REN Qi-chuang  (Architecture Department s Liu’ an Vocational and Technical College ,Liu’ ansAnhui 237158,China)
Abstract; Choosing the dendrobe [ Dendrobium dabieshanense (C. Z. Tang et S. ].
Cheng) | from Dabie Mountain as the experimental material, the effect on the adventi
tious bud differentiation and rooting of plantlet in test tube of different explants,differ-
ent medium contains different match of various auxin, various major elements and con-
tents of some microelements by the above different media were studied. The results indt
cated that the seed was more suitable explant of Dabie Mountain dendrobe,and the sec-
ondly suitable explant was the stem;the suitable medium for adventitious bud prolifera-
tion was 1/2MS potato juice 10g/LL. + IBA 0. 1mg/L + agar 8g/L. + sugar 30g/L,
pHSb5. 6;the suitable medium for rooting of plantlet in test tube was 1/2MS —+ banana
juice 5g/L+1BA 0. 1mg/l. +agar 8g/1.+sugar 30g/L,pHS5. 6.
Key words: Dabie Mountain dendrobe[ Dendrobium dabieshanense (C. Z. Tang et S.].
Cheng) ];explants;tissue culture
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Components Analysis of Pineapple-flavored Cigarette Capsule by GC-MS

Zhang Chen, Dang Ya, Xue Lianhai

Abstract: A qualitative analysis method established for pineapple flavored cigarette capsule by GC-MS.
Chromatographic conditions: chromatographic column, Rtx5ms, 0.25pm, 0.25mm X 60m; Column box
temperature, 70°C maintained 1 min, then, at a rate of 5°C/min to 200°C, and then at 20°C /min to
300°C, keep for 23min; carrier gas velocity 35cm/s, split ratio 80:1; injector temperature 300°C ; injec-
tion volume, 0.2pul. Mass spectrum conditions: ionization source EI, ionization source temperature
280°C ; interface temperature 280°C ; mass to charge range 35-600. The results show that the method is
simple and feasible.
Key words: cigarette capsule; cigarette with capsule; pineapple fragrance; GC-MS; qualitative analysis
TSR . A
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237158)
18S rDNA ITS ITS
( Sanghuangporus vaninii) ;  JSH PDA ; JsH
5~35<C 28 C;pH 4-~10
pH 7 o
; Lo(3%) Js4
20 gL' 100 gL™' pH 8 30 C;

45 C.,

:8567.379 tA :1004-1524(2021) 12223441

Identification and growth characteristics of Sanghuang in Jinzhai County

CHENG Andong WANG Benqin"

( Luan Vocational Technical College Luan 237158 China)

Abstract: In this study researchers conducted a research on the strains of Sanghuang planted by Yongfu Plantation
Cooperation of Jinzhai Country in Dabie Mountain Area and identified the strain as Sanghuang vaninit by cloning and
sequencing the ITS region of its 18S rDNA gene using modern molecular biology techniques. Screening of the basal
medium for JSH showed that PDA medium was the most suitable for the growth of JSH. The growth characteristics of
JSH strain were determined and the results showed that the mycelium could grow in the temperature range of 5 — 35
°C  and the optimum growth temperature was 28 °C. The mycelium could grow in the pH range of 4 — 10 while the
pH value of 7 was the optimal for the growth of mycelium. By taking the mycelium growth as an indicator to screen
the carbon and nitrogen sources it was found that the medium had the fastest and dense mycelium growth when glu—
cose was used as the carbon source. Thus glucose was considered the most suitable carbon source. When potato
juice was used as the nitrogen source of the medium despite of the slightly slower growth rate than peptone and corn
flour the colony growth was the most luxuriant with the earliest appearance of yellow-brown corkdike ring. Thus

potato juice was considered the most suitable nitrogen source for its growth. On the basis of glucose as carbon source

120204245

: ( KJ2019A1062)

(1991—) o E-mail: 441683477@ qq. com
E-mail: 870772098 @ qq. com
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and potato extract as nitrogen source Ly(3*) orthogonal test showed that the optimal growth conditions of JSH strain

were glucose 20 g*L ™" and potato 100 g*L™" pH 8 and culture temperature 30 °C. The mycelium lethal temperature

was 45 C.

Key words: Sanghuang; species identification; medium; growth conditions
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( Hymenochaetales) ( Hymenochaeta—
ceae) Phellinus-Inonotus ~ Fomitiporia
20 Phellinus
Fuhifomes

P. baumii P. linteus

“ ” Phellinus baumii
P. baumii-P. linteus
Phellinus
Inonotus ~ *77
L. linteus~ 1. baumii~ 1. vaninii- I. lonicerinus
L. lonicericola~ 1. sanghuang. I. tenuicontextus-~ I.

weigelae 1. weirianus 9
8

o

12-13

ITS ( Sang-
huangporus vaninii) o
( Populus davidiana) o

P 2020

( Basidiomycota) ( Agarico—

mycetes) ( Hymenochaetales)
( Hymenochaetaceae ) ( Sanghuang-

porus)

14 -15
1960 1993
16
17
6
10
Js4
1
1.1
Js4
1.2 .
( PDA)

-75-



* 2236 ¢

33 12

200 g 20 g 15
g 1 000 mL. pH o
75%
1/3
26 C o
o 1/3
4 C o
1.3
28 C
PDA
1.4 rDNA-TS
PDA
7 d 1.5 mL
o 900 L
2% CTAB 90 uL.  10% SDS.
60 C 1h EP
12 000 x g 10 min,
EP 700 pL
12 000 x g 10 mino 550 pL
EP 550 pL . 12000 x g
10 min. 450 L 900 L
-20 C 30 min 12 000 x g
10 min, 800 mL 75%
12 000 x g 5 min. o
37 C 10 min., 20 pL 1 uL
RNase 37 C 1 h,
-20 C o
PCR 94 C 5 min 94 °C
30s 55 C 30s 72 C 40 s 32
;72 °C 5 min. PCR 1%
AXYGEN
DNA T
JM109 PCR
o GenBank
DNAMan
MEGA 6.0 o
JS4 ITS GenBank

ITS
1.5
PDA 1200 ¢ ( ) 20 ¢
15 ¢ 3 ¢ KH,PO, 1 000 mL pH
o 20 g 20 g
1 ¢ KH,PO, 15 ¢ 1 000 mL.
20 ¢ 10 g 2g
1 ¢ KH,PO, 15 ¢ 1000 mL. . 3
o 5 mm
3
28 C 24 h
3
5 o =
(mm) - (mm) / (d)
1.6 JSH
1.6.1
PDA
5 mm
5~40 C 5%C 24 h
1C o 3
1.6.2 pH
5mol+L™" HCl  NaOH
PDA pH 3.4.5.6.7 8.9.10.11.
12 5 mm
pH
28 C
24 h o
pH 3 o
1.6.3
PDA
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o PDA o 3 o
o 1.9
N N N N SPSS 21.0
o 5 mm
2
28 C
24 h o 2.1 JS4 .
3 o
1.7 JSH NG
1
~-pH
. L, (3% .
1 2 Js4
6 o
1.8 o
28 C 7d 5
mm 3 mL ;
10 min
PDA ;
28 C o
40 ~60 °C 5<C 1
! I 2.2 JSH rDNATS

Table 1 Orthogonal test factors and levels of optimum con—

ditions for growth of strain JSH JS4 rDNA-TS 462 bp

Factor ’ BLAST
Level 0/°C pH GenBank

Glucose/( g*L ") Potato/( g*L ') DNAJTS
1 10 100 26 6
2 20 200 28 7 JS4  DNAATS GenBank
3 30 300 30 8 HQB845055.1  Sanghuangporus vaninii 100%
1 Js4

Fig.1 Growth environment and morphological characteristics of fruiting body of JSH

-77-



+ 2238 - 33 12

A (3d);B (10d);C (15d);D E i F

G
A Colonies at the beginning of growth(3 d) ; B Colonies in the prime of growth( 10 d) ; C Colonies in the middle and late stages of growth
(15 d) ; D Hyphae at the beginning of growth; E Hyphae in the prime of growth; F Hyphae in the middle and late stages of growth; G Ma-—
ture hyphae.

2 Js4 PDA

Fig.2 Micromorphological observation of colonies and hyphae of JS4 on PDA medium

o 5~35<C 40 °C
Sanghuangporus vaninii 3 o 5~
3 28 C
o INE rDNATS ; 28 C
San— 35 C
ghuangporus vaninit o o
2.3 JsS14 3 28 C INE o
2.4.2 pH ]S4
JsS4 03 28 C PDA 7d

3.7 .10 .15.20 d pH 4~10 4 o

4 2 o 4 NG pH 3.11.12 o pH 7

PDA o pH 7
JS4 o
PDA 2.4.3 Js4
PDA
IS4
PDA Js4 7d 5 7
2.4 Js4 N .
2.4.1 Js4 JS4 o
PDA 7d 2.4.4 JS4
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REZFFLH Inonotus lonicericola(JN642573.1)

67 REFFLH Inonotus lonicericola(JQ860308.1)

80| /KB FEE Sanghuangporus ligneus(KR073081.1)
HEESEFLE Phellinus linteus(AF534073.1)
721 w4847 7L 8 Inonotus baumiitJN462566.1)

#3528 Sanghuangporus vittexicola(MT906621.1)

61 IRX FE| Sanghuangporus zonatus(NR166366.1)
98! KX 41 7L # Inonotus zonatus(JQ860305.1)

85| =W & ¥ Sanghuangporus alpinus(NR158887.1)
= WL FLE Inonotus alpinus(JQ860309.1)

99

39

99 KILBEEFLE Inonotus lonicerinus(JN642575.1)

85(| Inonotus tenuicontextus(NR119969.1)
69 ¢85 H 1 4T FLTH /nonotus weigelae(JQ860315.1)

99| JS-1
%W | Sanghuangporus vaninii(HQ845055.1)

W R E Sanghuangporus sanghuang(KT693275.1)
98 2 FL & Inonotus linteus(HM584806.1)
¥ Inonotus sanghuang(JQ860316.1)

SERALTFLE Inonotus tenuissimus(KC456241.1)

HF 18 £F 7L & Inonotus rheades(AF237731.2)

$#%t £ 7L & Inonotus circinatus(AF237728.1)

67
97

BET R T FLE Inonotus radiatus(AF237732. 1)

0.0100

3 rDNA-TS

INE

Fig.3 Phylogenetic tree of JS- strain was constructed based on rtDNA-TS sequence

PDA 2.5 Js4
7 d 6
6
7 .
; JsH
(D) > (C) > (B) > (A)
6 JsH
5 A.B.C o A2B1C3D3 20 goL™'
15d 100 geL™" pH 8 30 Co
5 E.F.G 2.6 JsH
. . . Js4 41 ~44 C
. PDA o
6 43 C 3d
JSH . 44 C

-79-

pH



2240 -

33 12

A PDA

B ; C

A Potato composite medium; B Wood fungus standard medium; C  Corn flour composite medium

4

Fig.4 Growth conditions on different basal medium

2 Js4

Table 2 JS- growth in 3 kinds of solid medium

3

Medium Mycelium growth rate/ Surface morphology of mycelial Mycelial growth
(mmed ") vigor
6.89 +0.09 a
Wood fungus standard medium Primordia protruding moderate. Thick
Large range of newly grown white mycelia
6.32+0.07 b
Corn flour composite medium Primordia protruding the minimum Thin
Small range of newly grown white mycelia
D
PbA 6.14+0.12 b

Potato composite medium

Primordia protruding high
Large range of newly grown white mycelia

Thick and lush

+

+ °

Duncan’s P <0.05

° °

The growth rate of mycelia are x +s. Data marked without the same letters in the same column indicate significant difference at P <0. 05 level by

Duncan’s new multiple range test. The same as below.

3 Jsd

Table 3 JSH growth conditions at different temperatures

3 Continued Table 3

0/C
Mycelium growth Mycelial growth
rate/( mmed ') vigor

5 0.71 £0.05 i Thin

10 1.22+0.2 h Thin

15 1.82+0.2 g Thin

20 3.86 £0.06 e Thick

25 4.12+0.09 d Thick

0/°C

Mycelium growth Mycelial growth

rate/( mmed ") vigor
26 4.97 £0.02 ¢ Thick and lush
27 5.53+0.07 b Thick and lush
28 6.14 +£0.02 a Thick and lush
29 6.09 £0.12 a Thick and lush
30 5.81£0.12 ¢ Thick
35 2.42 £0.05 f Thin
40 - Death
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4 Js4 pH
Table 4 JSH growth conditions at different pH value
pH
Mycelium growth rate/ Mycelial growth
(mmed~!) vigor
3 - Death
4 3.26 £0.18 e Thin
5 5.42+0.21d Thick
6 6.04 £0.06 b Thick and lush
7 6.12+0.02 a Thick and lush
8 5.93+0.12 ¢ Thick and lush
9 3.31+0.09 e Thick
10 1.71 £0.02 Thin
11 - Death
12 - Death
5 Js4

Table 5 Effects of different carbon sources on the growth of

mycelia of JSH

Carbon Mycelium growth Mycelial growth

sources rate/( mmed ") vigor
6.12£0.12 a

Glucose Thick and lushn
5.91£0.02 a

Sucrose Thick and lush
5.88 £0. 06 ab

Galactose Thick and lush
5.53+£0.18 b

Soluble starch Thick and lushk
5.51+£0.06 b

Maltose Thick and lushk

Mannose 3.51+£0.03 ¢ Thin

2.82£0.05d

Fiber B suger Thin

A (74d);B (74d);cC (7d);D

6 JS4

Table 6 Effects of different nitrogen sources on the growth

of mycelia of JSH

Nitrogen Mycelium growth Mycelial growth
sources rate/( mmed ") vigor
Peptone 6.81 £0.08 a Thick
6.32+£0.02 b
Corn flour juice Thin
6.12£0.06 b
Potato juice Thick and lush
Beef extract 5.15+0. 14 ¢ Thick
Sodium nitrate 5.03+0.11 ¢ Thin
Yeast extract  4.13 £0.26 d Thin
45 °C.46 C 45 C
JS4 o
( Sanghuangporus sanghuang) ( Sang-
huangporus vaninii)
3
(7d);E (15d);F (15d);G (15d) -

A Peptone( 7 d) ; B Corn flour juice(7 d) ; C Potato juice(7 d) ; D Beef extract(7 d) ; E Peptone( 15 d) ; F Com flour juice( 15 d) ; G Potato

Jjuice( 15 d) .

5 Js4

Fig.5 Colony growth of JS- on different nitrogen source media
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7 Js4
Table 7 Result of orthogonal test for influence of different culture factors on growth of strain JS4
o (B) (C) (D) pil
Number Glucose/( g*L ") Potato/( g*L ") 0/C Mycelia growth rate/( mme+d ")
1 1 1 1 1 4. 81
2 1 2 2 2 5.27
3 1 3 3 3 5.61
4 2 1 3 2 6. 05
5 2 2 1 3 5. 47
6 2 3 2 1 4.43
7 3 1 2 3 5.17
8 3 2 3 1 5.09
9 3 3 1 2 4.59
K, 5.23 5.34 4.96 4.78 —
K, 5.32 5.28 4.96 5.30 —
K, 4.95 4. 88 5.58 5.42 —
R 0. 37 0.46 0.62 0. 64 —
6 9

Fig.6 Colony growth was designed in 9 groups of orthogonal experiment

Fig.7 Growth condition after treatment at different temperatures
1819

% ( Senghuangporus vaninii)

Js4
. 28 C pH 7
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20 d
20 g°L.! 100
gL' pH 8 30 C
30 C
28 C o
2 ( Phell-
inus linteus)
; 2 ( Phellinus mori)
: & ( Sanghuan—
gporue sanghuang)
30 C
30 C
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Application and Performance Evaluation of Nanocomposite
Membrane Materials in Oil-Water Separation of

Aquaculture Wastewater
JIANG Yunshan, WU Huajian, YU Bin, OUYANG Yinjuan, WANG lJingjing
( Department of Biology and Health , Chizhou Vocational and Technical College,
Chizhou Anhui 247100, China)

Abstract; Multi- channel structured nanocomposite membrane materials with different mass fractions of
silica is prepared by using polymer PVDF as the main raw material. The performance of the prepared
material in oil - water separation of aquaculture wastewater is evaluated through SEM morphology, oil
retention, oil droplet contact angle, and roughness testing. The results showed that an increase in the mass
fraction of silica first improved the SEM morphology and compatibility of the nanofiber membrane, but
exceeding 28% would lead to membrane drying and cracking; the nano film SO05 containing 28% silica
performed the best in oil- water separation, with the highest oil retention rate of 98% ; its high oil retention
rate is attributed to its hydrophilicity, oleophobicity, and optimized pore structure; and as the mass fraction
of silica increases, the contact angle of oil droplets first increases and then decreases. When the mass
fraction of silica in the membrane material is within the range of 12% to 20%, the contact angle of oil
droplets gradually increases. However, as the mass fraction of silica in the membrane material further
increases to 24% to 28%, the contact angle of oil droplets shows a decreasing trend, indicating that an
appropriate amount of silica improves the oil - water separation performance. The surface roughness of
nanofiber membranes increases with the increase of silica mass fraction, and moderate roughness is
beneficial for improving oil- water separation performance.

Key words : nanocomposite membrane materials; farming wastewater; water etching; oil water separation;

silicon dioxide
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Research on the Coupling and Coordination Evaluation of Local Cultural

and Tourism Industry Upgrading and Rural Revitalization

YUAN Xue-yong

( Anhui Liuan Vocational and Technical College Luan Anhui 237158)
Abstract: Taking District M as an example this paper delves into the synergistic progress of cultural tourism industry
upgrading and rural revitalization strategies between 2014 and 2023 using the coupling coordination evaluation method.
The results show that the coupling degree between cultural and tourism industry and rural revitalization shows a steady in—
crease trend The coordination level has ascended from near imbalance to good status exhibiting a favorable coupling
effect and the coupling stage needs to be transformed to a higher level. The core of coordinated cultural tourism and ru—
ral revitalization lies in promoting rural tourism strategies; To facilitate rural revitalization and cultural tourism growth
their coupling process involves rural cultural renewal agricultural industry characteristic agricultural products etc.
which require a certain amount of time for adaptation. The cultural tourism and rural revitalization systems have underg—
one a coupling and adjustment phase and require some period of development and adjustment to achieve complementary
development.

Key words: Cultural and tourism industry; Rural revitalization; Coupling coordination; Evaluate
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Serotype Identification, Virulence Gene and Drug Resistance Detection of
Salmonella in Local Chicken Breeds in Southern Anhui from 2019 to 2021

WU Pingping', HE Shaojun’
(1. Department of Biology and Health , Chizhou Vocational and Technical College , Chizhou 247000 , China ;
2. School of Animal Science , Anhui University of Science and Technology , Fengyang 223100 , China)

Abstract: To analyze the distribution, virulence genes, and drug resistance of Salmonella in local chicken breeds ( Huainan Ma
Huang chicken, Huaibei Ma chicken, Huogiu chicken, and Wuhua chicken) in Southern Anhui, 456 samples of liver tissues,
cloacal swabs, and dead embryos from suspected Salmonella-infected and deceased chickens were collected from local chicken farms
in the region from 2019 to 2021. Salmonella identification was conducted using bacterial isolation and culture, morphological
observation, biochemical tests, and PCR detection of the specific invA gene. The Kauffmann-White method, PCR, and K-B paper
method were employed to determine the serotypes, virulence genes, drug resistance genes, and drug resistance of the isolated strains.
The results showed that a total of 127 Salmonella strains were isolated, belonging to 13 serotypes. The predominant serotypes were
Salmonella pullorum, avian Salmonella typhi and Salmonella enteritis, accounting for 26. 0% , 20.5% , and 17.3% of the isolated
strains, respectively. Among the 127 Salmonella strains, the detection rates of four virulence genes (spvA, spvB, spvC, and spvR)
ranged from 7. 1% to 74.8% , and the detection rates of four virulence island genes ( SPI-1, SPI-2, SPI-3, and SPI-5) ranged from
38.6% to 81. 1% . The resistance rates of the 127 Salmonella strains to eight drugs, including amoxicillin, ampicillin, and
sulfamethoxazole, ranged from 56.7% to 99.2% . The main pattern of resistance was resistance to 10 (12.6% ), 9 (15.0% ), and
8 (20.5% ) drugs. The detection rates of drug resistance genes sull, sul2, sul3, tet(A), tet(M), and tet(R) ranged from 32.3%

to 89.8% . The analysis indicated a certain correlation between prevalent serotypes, virulence genes, and drug resistance genes in
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local chicken breeds. The results indicate that Salmonella isolated from four local chicken breeds in Southern Anhui exhibit various

serotypes, carry multiple virulence genes, display severe drug resistance, and harbor numerous drug resistance genes.

Key words : Southern Anhuil ; local chicken breed ; Salmonella ; serotype ;

drug resistance ; drug resistance gene
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SR F U0 T TR 5 B A R SR IR SS BE 3Rk, F
37 CHHEAMFERNREFR 12 ~18 h, &8 22 Ye o 5 fd
FH 8 SIUBE WS 53 B AR (R T A 22 R AIE

1.2.2 dmEA b #eBRVD TR AR 1 5 i At
Ui BARAE X o B TR AREA T A AR S
1.2.3 478 PCR %5¢ ZMSHCER[7 1 #H0E R
VIR IR SF X B inod SERSEE 519, 5190 7 51
F1:5'-ACAGTGCTCGTTTACGACCTGAAT-3', F2.5'-
AGACGACTGGTACTGATCGATAAT-3", H ) 5 A Fr
BER/NH 241 bp, 5140 H IR A KT R B0 A PR
FIG L, DASRIU 43 2 AR L R 241 DNA AR,
FH invA SRR S 51131 T PCR %55€ . 21 PCR ™
Yy DR G BT B ARAE B 4 W BHPERY PCR 7™
YIHEAT DS, 36 BRI A6 R 56 PR IR0 A R kA7 3
B A2 K5I 7 25 5 5 GenBank H &SRS %
PRIEAT RIS L, DLV > 97 % 547 240 0 Fh &
Yeptt

1.2.4 HMMENEE SHSHCH[9] A
B Kauffmann-White 7772 , XTI R 23 25 V01 B Rk E
Frafife g it s (S1 ~ S127) ¥ BEVD ] i s 1M ¥
TR R U A R A T I AL

1.2.5 ZpEs HEREE D BEEEN SRS
FSCHR[10-11 ], B TRIINAE IR 003 A5 B 2 v B
YPTTE spoR sprA spB spuC F spoD HFP 85 S 3 A
K514y, SPI-1 SPI-2 \SPI-3 SPI-4 F SPI-5 T.fh#
FHIGFERRGINT 4, K PCR J7 Xt B B9V 1 T
PR AT ) 3 R AR ) 5 S PR HEA 70 52, 5 SPSS
20. 0 {4 Bivariate DIHEXT 23 25 V01T HR ) ML Y 5
Pl B3 ) BRI RN ) B B R HEA T AR DGR 43 AT
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42 W 5% i XX 60 %:

1.2.6 25y S MESEHE I IRK b2 0 2x
( National Committee for Clinical Laboratory Stand-
ards,NCCLS)2020 4FHfEf2 HARifE K-B 4R 5472y
T, 42 8 56 [ i PR R S22 9 28 B M 10 2% ( Clinical
and Laboratory Standards Institute , CLSI) 7 i85 1fE
W73 B TR RAT 8 vl PR UL 4T TR 24 W) AR T 244
JHTt 245 ( Resistance, R) | #{U&% ( Sensitive, S) B¢, H1 4/
(Intermediary , 1) F/R8 , G840 M Hiid 25 M85 2
1.2.7 AT Z5FERKN SRS %30k 13-14 ],
B AT IS 2536 2 FF [ aac(3) -Iv .aac(6") -
Ib] G 2536 K 3 M (sull  sul2 (sul3) , B-PN ik
e 25 56 ] 3 Ff (tem .cmy shw) , VU PR 28 20 24 5
3Fh[tet (A) ctet (M) et (R) ], Wi R S i 25 %
3 Bl gyr(A) \gyr(B) qur(S) ], WL BEEIH 25 5%
1 # [ flo(R) ], Z RSN 25 3L 1 Fh (mer-1) | 3
7 KPR 16 MG AL, SR PCR J5 kXt 43 B
BIVD T TR Y 16 FhAS [ i 25 2L P9 A 0 |, A1
SPSS 20. 0 #f4 Bivariate DJREXT 4325 (V> 1] TR 4 ML
TH AL S5 A 24 R DR A T A OGP 3 A

2 #R

2.1 MR EMEE WA E o E AR, SE
DT TR 7 B A AR AR VD T R 5 B B R 2k
KSR AP SR (TR T, 15 SS HEFRIE [ H LAY Y
HELE RO B T . 0 B T R OE o 22 e T
Ay WABE LSS, R DL 74 S I3 | JC = Y B 1 S AT
W o BRIV 1D B T bR 1 15 R R M O 25 2 R
CIAASEIN TR 2252 T ) w0l i V0 17T 61 435 37 e v A

TEAS SRR A — 5,

2.2 AIEAARSEE VT TR AR A iR AR AR 2
RN, BRI E R SPRES T TR
AR BB N 98.0% ~99.9% , B 452 Vb T]
W, 25T 127 MR B BRI AL S DT TR
2.3 i PCR % XTGR9 127 PREEMITD
PTBE bR, 3 — 2 ¥E1T PCR 47 48 55 8, 45 B R,
127 BRr B BRI 3G 2958 241 bp 1Y H 1Y 5%
(1) o T REas B W7, 127 Bk 40 B T bk 8 ) ) 4%
5 GenBank HE SRV T 2% WA imA FEH
B EIRE IR T 97.9% . R4 PCR 4 14 F il
JPE5AE 127 BRI B TR S 2 VDT TR

1 STEEMAK PCREE
Fig. 1 PCR identification of the isolated strains
M:DL-2 000 DNA AHXS 73 Brlipnif; 125 IXTHE; 2 ~ 9. 4y BTtk
M:DL-2 000 DNA Marker; 1:Blank control; 2-9 ;Isolated strains

2.4 HYNTE MG RYEE XA 127 #RVD Tk
FFM s R e S50 R 127 BRVDT TR 208 13 Fil
Mg, Horp XS VTR & €00 1] T A 48
VI TR TRATUD T TR L 34 L8 7Y, 0 1) o 40 5 P A
i) 26. 0% .20. 5% F 17. 3% ; 38 33 53 A1, 13 Ff il 5
R AT 4 FORFEH T S A (£ 1),

1 TFEMHSMGED THNLEDSHHR (n=127)

Table 1 Distribution of Salmonella serotypes in different local chicken breeds (n=127)
L7554 o
] Number of strains [E 95834 B (%)
S - Total number p .
erotype e A AL s A of smains OPOOn
Huainan Ma Huang chicken ~ Huaibei Ma chicken ~ Huogqiu chicken Wuhua chicken
F Y —_
X‘%‘EH;F'_J(/HIEI 12 3 8 10 33 26.0
S. pullorum
P
%xoljfl'ﬂ“ 9 2 4 7 22 17.3
S. enteritis
BUZEDITH
11 2 4 9 26 20.5
Avian S. typhi
Foo| /—%e,[w EE
533”7:‘//!1121' 5 | . 3 g 6.3
Avian S. paratyphoid
ERGE SN
?ﬁ'h%,{/' J,[El 2 1 1 1 5 3.9
S. typhimurium
s s
ALY T T ) 0 0 3 5 39

S. cholerae
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iR -
] Number of strains PR K HH (%)
S Total number P X
Serotype R HEACHES EE, A of straing Froportion
Huainan Ma Huang chicken =~ Huaibei Ma chicken =~ Huogiu chicken Wuhua chicken
FRAEARYD T T T
S. Dublin ! 2 0 2 3 39
I P
ﬁﬁ‘i;?’ﬂ(/l Id 1 0 0 2 3 2.4
S. stanley
(il
0 2 2 0 4 3.1
S. London
i B b ]
PRI T | 0 0 1 2 1.6
S. delby
) YRS
! ﬁ%':(/l JE‘ 1 0 1 2 4 3.1
S. bovis morbificans
BRI
2 0 1 2 5 3.9
S. Reesen
B AR T Y0 T
2 0 1 0 3 2.4
S. aberdeen
Al 0 1 1 0 2 1.6

Not detected

2.5 YN SFEFMEE S GEERFEN  RAH PCR - AT 38.6% ~81. 1% , AT S RIRIEE F1 15 3 A
TR A B R AR R B ) SRR RN EE ) B SR BRI (R 2)  FHSCHE T A SR R e pe b X
WAL, SRR, 127 KRV TTHE T spod spoB sppC  HBJ7 SRR SRAT U0 30 1M 375 250 4 B85 B M 110 75 g it
1 spoR PUFREE Sy PR R R T 7. 1% ~74.8% PRIFN 3 ) B BRI AR 22 | 4 B Y 127 RV TR 1 I
SPI-1 SPI-2 SPI-3 F1 SPI-5 PUFpag Jy S JE Mk b3 Y S5 8 J SERRIEE ) B SE PR AE AR G (3R 3)

R2 NBEEKNBHERNSNEERR

Table 2 Detection of virulence genes and virulence island genes in isolated strains

RS AL BIHREL Ak (%) RS EE N B Ak (%)
Virulence gene Number of strains Proportion Virulence island gene Number of strains Proportion
sprA 95 74.8 SPI-1 103 81.1
spvB 86 67.7 SPI-2 102 80.3
spvC 46 36.2 SPI-3 92 72.4
spvD 0 0 SpPI4 0 0
spvR 9 7.1 SPI-5 49 38.6

*3 HBEEMLFRSSHNERMSNSEERNBEXMES N
Table 3 Correlation analysis between serotype and virulence genes, virulence island genes in isolated strains

- 3 9 5 B
I 775 754 Virulence gene Virulence island gene
Serotype
sprA spvB spvC spvR SPI-1 SPI-2 SPI-3 SPI-5
o i v
XS PRI TR 30 29 17 2 33 33 30 21
S. pullorum
RV
ﬁiuu/lj@ 19 20 12 1 20 20 19 11
S. enteritis
eV T
&l FITIH 26 24 12 2 26 25 25 12
Avian S. typhi
W FE VT
BRI IEV 5 3 5 2 1 4 3 3 2

Avian S. paratyphoid
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44 it 5% & X 60 1
gk
L 1A #1143
75 7 Virulence gene Virulence island gene
Serotype
spvA spvB spoC spuR SPI-1 SPI-2 SPI-3 SPI-5
SRGE. VAN
ﬁh% © l? 2 2 1 1 3 3 2 1
S. typhimurium
TR TR
%i@ HLYDT TR 4 2 0 1 4 4 2 0
S. cholerae
FORABRID T 0
S. Dublin 3 2 1 0 3 3 3 1
AV
HHAA T 2 1 1 0 2 2 2 1
S. stanley
T T
S, London 1 0 0 0 1 1 1 0
PRI TR
1 1 0
S. delby 0 0 0 0 0
) I TRE
. IRAEBTTE 1 1 0 0 1 2 1 0
S. bovis morbificans
22y P T
EHBIIH 2 1 0 1 2 2 2 0
S. Reesen
] YT
BTTET{/ [T 2 ’ 0 0 » » 5 0
S. aberdeen
RA
0 0 0 0 1 1 0 0
Not detected
PE¥ i
95 86 46 9 103 102 92 49
Total

2.6 ZHBHAE:  SEHLINEE 4 PR R HbIX 4 Fil
iy RS A B Y 127 AR VDT B B B P AR | 4
RVGPRRIAR e — FF S e S 8 Bl 25 1 T 2 % F
56.7% ~99.2% N kARBENL KMEmERMEZ R R
58 ML HAN THET. 1% ~33.1% , 45R%E

B IZHIX 4 By SRS B 1 127 #RVD T TR A7
FERFIRREE TR 250, R S RTAL, M 4 FthJy S
XSS 127 BRUDT TR 22 TN 250 , Horp i 10
(12.6% ) 9(15.0% ) .8(20.5% ) Rz ¥ 1 7 B3 T Bk
2 O3 B 127 BRUDT TR 2 /01 5 Fhehd

x4 SEERMEERN(n=127)
Table 4 Detection of drug resistance in isolated strains(n=127)

TiE$ 245 7 e

TS 245 T ok

Eit7] 2553 % ) 254 2553 ( % )
T Number of drug- . €N Number of drug- .
Antibiotic . K Drug resistance rate Antibiotic K K Drug resistance rate
resistant strains resistant strains
i B P % iz ] 4 g g
PP 123 96.9 A 12 88.2
Amoxicillin Sulfamethoxine
FEP A e PP AR
AR 126 99.2 Tl — 7 LA 118 92.9
Ampicillin Sulfamethoxine
PRLHUS it P s bk
9 7.1 121 95.3
Ceftiofur Sulfaoxazoline
2 e P b B
KRB 7 56.7 ST 21 16.5
Gentamicin Enrofloxacin
o e SR T
B 79 62.2 ARDE 20 15.7
Neomycin Ciprofloxacin
INEES TR
SR 32 25.2 ARLE 19 15.0
Spectinomycin Ofloxacin
gﬁ%ﬁ 42 33.1 gﬁﬂi‘% 26 20.5
Doxycycline Polymyxin
LER 77 60. 6 AEEE 39 30.7
Oxytetracycline Florfenicol
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R5 DEEKZEML LD
Table 5 Detection of multiple drug resistance in isolated strains

Tt 2 R 4 Tt 2 41 B 5 it (%)
Number of drug resistance types Number of drug-resistant strains Proportion
16 5 3.9
15 6 4.7
14 7 5.5
13 9 7.1
12 10 7.9
11 9 7.1
10 16 12.6
9 19 15.0
8 26 20.5
7 12 9.4
6 8 6.3
2.7 MRS ZYFEFKI R PCR ik 43 # flo(R) smer-1.aac(3) -Iv il aac (6")-1b 3 10 Fifi

PR 0 24 i TR B 4 A 1 DL, 25 SR ANk 6 B,
127 BRYD TR sull | sul2  sul3 tet (A) | tet (M) FlI
tet(R) I 6 B 24 3k I B A Y R A T 32.3% ~
89.8% ; tem . cmy . shv,gyr (A) . gyr(B) . qur(S).

NIRRT 4. 7% ~29.9% , AL BT
SEIL IR e FE Hb DX b Ty RO A TP AN UL 7 7R 4y
BRI O 25 LR R IR £ B 127 #RTD
IV I3 R S T 25 3 AR AR AR e (R 7))

*6 DEHEKAZEEFEEN
Table 6 Detection of drug resistance genes in isolated strains

[NESE-SE SRR Hi b (%) i 25 B A L3 Hitb (% )
Drug resistance gene Number of strains Proportion Drug resistance gene Number of strains Proportion
tem 23 18. 1 ayr(A) 21 16.5
cmy 6 4.7 2r(B) 19 15.0
shv 24 18.9 qur(S) 21 16.5
sull 107 84.3 tet(A) 42 33.1
sul2 112 88.2 tet( M) 41 32.3
sul3 114 89. 8 tet(R) 72 56.7
aac(3) -l 32 25.2 flo(R) 31 24. 4
aac(6’)-Ib 38 29.9 mer-1 12 9.4

R7 SBEEKRNBEESWMAERMEXESH

Table 7 Correlation analysis between serotypes and drug resistance genes of isolated strains

. i 25 5L A
1ML 775 54 Drug resistance gene
Serotype
tem cmy shv  sull sul2 sul3  aac(3)-lv  aac(6')-Ib gyr(A) gyr(B) qur(S) tet(A) tet(M) tet(R) flo(R) mer-1
S EET TR T
ST 14 3 13 33 33 33 15 18 11 10 11 19 19 24 16 5
S. pullorum
KU TH
BRI 4 1 5 2 2 2 9 8 4 4 5 10 10 19 7 2
S. enteritis
U SE V1
BORRDIIE o) 6 26 26 26 7 10 6 5 5 12 11 2 8 4
Avian S. typhi
G 2E VD P
BRIGELSIE 5 o 1 1 0 0 0 1 1 2 0 1

Avian S. paratyphoid
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46 W 58 18 X 60 %
LAk
N ifi$ 245 H [N
g% Drug resistance gene
Serotype

tem cmy shv  sull sul2 suld  aac(3)-Iv

aac(6')-Ib gyr(A) gyr(B) qur(S) tet(A) tet(M) tet(R) flo(R) mer-1

RAHTEV T T

] 0 0 0 3 4 4 0 0 0 0 0 0 0 0 0 0
S. typhimurium
) ]
AR 0 0 0 4 4 4 0 0 0 0 0 0 0 0 0 0
S. cholerae
P
ﬁﬁmﬂ‘(’/n[ﬁ 0 0 0 3 2 3 0 1 0 0 0 0 0 2 0 0
S. Dublin
AT TR
AR T T 0 0 0 2 2 2 0 0 0 0 0 0 0 0 0 0
S. stanley
OBl P
eI 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0
S. London
A B
BT 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0
S. delby
; I EE
; frﬁﬂ:(/ﬂ.lﬂ 0 0 1 4 4 0 0 0 0 0 0 0 1 0 0
S. bovis morbificans
o e
ERUTTH 0 0 0 3 4 4 0 0 0 0 0 0 0 1 0 0
S. Reesen
. PR
lrfjfElT(/ﬂlEl 0 0 0 2 2 2 0 0 0 0 0 0 0 1 0 0
S. aberdeen
At 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
Not detected
et
23 6 24 107 112 114 32 38 21 19 21 42 41 72 31 12
Total
3 Wi PG o3 B ARG 127 BRYDT T TR Y IR Y 25 0 4 2R
JTE

T TR R & 3R P 8 W UL L e 3 T
AR D TR 2 — TR AT LA 3 22 ol i A SR AN [R]
REYESR (XY MGANRGSE) | AT LLS RS | i e A
O B MR S — R B B SRAE B, 7™ I ) LS B
FErzt 0 ENTEZ TR, XY MRS S K &
ST TG E 2 0E B & RADUR TP i 2
T R R, U TR e & KR
AR AT LE i 2 Mg AR AT L B, R UL L R
Jr XK A ELAL R, 0 HOE MO T AL 7%
FEEBR PP T T E AL TR B R 2 AT A
R R 22— AR 45 R R, 2019—
2021 4E T2 BUAR ot g b DX 3 5oty Aol 3G (9 T R
X ESLRRXG 78 B XS I T AR R ) FR 56 7 o) B 3R A%
127 RRUDT TR, BT IZ L X 4 T b J7 ot Ff XS R op 0>
FTRBRAT B B, Al BEh T R IH I 8 JR 0 P
Xt ML 75 e R AR VD 1] R A B 4 TR 22, S B
T3 RS FR D TR RAT P, DRI, W0 T
T3 b RS T TR B B4 gL, BRI, XS IR
UITHEBEA ZFCR R A S 5, BTV T3 ¥ A
RCHYPE AT IR, ELAS [R] o X iy 75 2 Ay P o A7
FE—E 2 5212 AR A g 3 X 4 ol )5

R, = BE T 13 APy A, =g DS R
W EFEDT TR AN 2P T 3 A3l s B0
fihE, S ErmE my ! o
FEARAFAE 22 5%, 1] BE 55 SR A b DX A 32X 1 o Ao
(Hb 5 b R A ALY ) A O, B AN W) L DX V0 T B
FTRAT IS Y 2B
AHOCHIEFERI VD 1) T B 1 55 RAE AR T B0k il
Jefhrh ) FEAAREEE B BRI R 5,
Hh 3571 5 (Pathogenicity island , SPI) #&[H FH 5 5
PFEVDT TR T 32 20 B i AR i, B ) 2 3=
SR T Wi, i M BRI, 28 BTk, 5 ) 5
PRI FIRE 7 5 B R AT DU S50 4 00 11 B ) B0 7, v
IR R B 7 SR R R O B R AT e A W AE
Fow e AR SR WoR B R 127 BRIPT]
BB RE R sprd spuB spoC I spoR DU A 35 17 3k
R AT 7. 1% ~74.8% ,SPI-1 SPI-2 SPI-3 Al
SPI-5 DY #h 5 77 & 5 Ky R A F 38.6% ~
81. 1% , A M\ 122 HL X 4 F b o5 s b X v 4 25 1)
127 #RUPT T4 Z Ay R fnag ) i B, &
SIATURT TR IS R 8 ) B R R ) B B AR AR
FASEHE, XU T2 ARAR ) 254038 M 7 X
VI TS 2R aE Sy LR N EE ) B 2R IR, BAEH B )
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FH RN EE 7 I B D FE RS W VD 1) TR 40 5 A Ak P Ak
FETE o AR VDT TR B9 55 ) ik RURN 57 ) B S AP
PLEE 5 R A, 75 2 — 20T

SCHRARAE SR, A ] 3t X B A [) % 39 3 b i A7
PYPTTE C &xF 2R IR b b E R AR
)RR B A I 245 1, ELAR A VD T T bR = AR T B £
251, YD1 B A 25 1) A 2 ARk ) A
RIS S5 AL IR 127 BRVD TR X ] 5 PG Ak | 22 P AR
e frie — P A0 E A5 8 B 2 ) T 25 2R AE 56. 7%
DL, DATH 10,9 F1 8 24y 3, vl WA DA 3% Hh X
4 Fh 7 i Bl R AR B Y 127 RRVD T 2
i HENZEm 2P, REE ST FHp%
B SO R R R YD T TR X PR 25
HH B B (AT 25 1, U B A [R) b DX R 5 3 v 43 5 1Y)
X GVD T B A 24 P 8 8 1A B A3 3l 1 ) R, 7
ZEREM, A B AR, W 2 1
Az, WRGTRE, VD TR (A T 24 1 ) A AR 3k  F
FEUPT T T Z5BL ], X ek 20 Lt 25 4 7= 2 A pd 4
NGl B mE A XSS ARG 45 R 5
7N, MNIE T ML X1 4 b o Pt vh 2 B 1 127 Ak
YOI T HERT Z2Fhi 245 2L P, B2 2 U0 1) Bl (R i 25k
¥ AT 24 55 PR A AR AH DG, UEIA 23 25 V0 T TR 1Y
Tif 251 ] R 5 44y A TR 25 3L A oG, B850 IR
T N WS35y B VD 1) B T 24 PR 5 H 4 2
T 2453 R, VDT R i 25 2 DR A 1 P AL B o A I f
Tt — T
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MEENEERERE. RE
IEZ i =gl )i By

R, Imm, STE%
LN IR AR SR, 2Bt 2470005
2. BEW M EMX EHR, ZHES 242099;
3 MM T B BT S e, ZE0BM 247000)

[$EE | AFR B AR5 T K49 P 2823 5 A K a . AR A it BAL AL 89 %R, IRIRHE 60 % 39 ik
FAHL5.4920. 1) ke 9 F A 3U BUSAETL, ENEL4KF. SUHNFARER FRERF A I
A RA B AR, A 12 B4 F K Be B ), £ RS AR AR An 0.0, 5% A= 1% T k. R 1% A F
A EADNEL 0.5% P4 BEftBALREELZF(P>0.05). 0.5% PHBMAMENREADE EHRTRBMAE
FAE 4.34% F2 10, 43% (P < 0. 05),42 0. 5% Fo 1% F 255204 & oAzt FRLA R 3 4% 11. 89% F= 6. 61% (P << 0. 05),
Ly aAnrt, 0. 5% Fo 1% P 25 a0 4 F G IRALE AR F IR EF 9. 93% F2 9. 09% (P << 0.05), 42 0. 5% F= 1% & 255540
W R A RK R EAK 12, 40% A2 11.95% (P < 0.05). 0.5% A= 1% b 2562030 F do i Wb = B3R E . S A A
(T-A0C ). &P kL B AL B ( GSH-Px ) Fo A2 AL S ALER (SOD ) F MR F F TATRA(P < 0.05), {2 iF 2 B B o
BB (MDA ) IR E B E K TR (P < 0.05). %3k : #EABEE R 12 B, BART R 0.5% ~ 1% P 25T
ERH R, RGN BIE AR, B RR AR AR E A R AMEEE ., X R NFN R EFa8 T, BRFERY

o 25 i R e K A 0. 5%,
[ R8I ] P& 95 ARBe;
[ B4 25 15826

SWE IR 7 — B R R R R, AN
Je R T AR AL R b T i B e HE R
RAHEME, T4 (2019 ) HiE , 456 52 3 P
HABRG, S 4R TH AR b 4
S0 H R, B v sh W AR KPR RE R SR
Yy or ZANE IR E R B BT Hbr . i 57
FBOR VPR B RS R G IT R AR A DR i
s A ) R EY) APLRR A A R A
(TEAKF-,2015 )0 (HH THUA R B W86 4% 1k A 45
BHRES I, B, W58 FPEAl IR0 R R v B

FEGIE : 202 14F BE S sl A AR s dRTE (g
HARH20211104%5, KJ2021A1418) ; ZHE SR FEE
HTEUNEANVIFUHESE (gxgnfx2021204) 5 20204F 8%
B =R ARBHEMIRE A E (BEERF 202011004,
KJ2020A1007 )

MR WAL
[ X#kFRIREG | A

[ XEHE 11004-3314(2022)10-0113-04

o 32 B B2 ZAG EAL, 0K i T R R
WAL AT LA P S 4 sh Y 0 18 e, B e
Wy I A AR AN R AL RE e 5 55,2019 ). K
e AR AL ST, R R s- N
BRI . AT AR AL L s— HIER e
PR BRI s — i T3 2 I IR, T 5 o K Bl 2
B 4 RO BT Ry (B W55, 2017 )o 75 3 Ol A=
PR RFRLT NI, SR A B, R A e AR
F AHAR AR ( Tatara %,2008 ), 7124
FEAb R R AT D h 25 2R RO — il 2 A
SR A KR R X BRI R B, AT
T B YRR B, ] I X PR 5 Gl T R I
e, 2 1 S8 R 2 A e A v e A A R U, AR
BIFFEAIF 7 Hh 24 3 0 1 5 2R R PR BE L P BRI A AL
PERE YR
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1 MR5R*® MEZHTC i 2 22 B (P > 0.05). 0.5% 24 i 2 1)

1.1 ool A K 60 k720 i &
HON(15.49+0.14 ) kg B F 50 M3 4H, 4 5
NEE,BAER 4355 3HAMFEREEK F
TE F KRN G AR A B, 7 12 JE

FFRRE ], 7E 2R A H P58 0.0.5%
1% Rz, e TF iR M 12 J8 45 i e e
1d, % A3k ) 3 AT AR, g 56 30 Al ) 1) R

FHE
x 1 MINEHFEERES REFRKTE o/ke
JEAH s EHIRKF aE
ESP/S 394 HHLA) 92.5
H Tk 280 TR 90.0
354 35 A AR 15.5
SRt 100 bichii=inn 3.0
SR 75 5 0.85
kb)) 50 Tk 0.50
PR 6.8
A 10
Tih 2
Fk 7.3
BEIR S 4.9
avixi) 5
BUR(EYES 15

1.2 wiF AR oA TR 12 A 450, &

A TR H 8 A AR A S R v 4.34%
10.43% (P < 0.05), 1H 0.5% F1 1% 24 i 4]
HBFEE b R 2 W 3 P IK 11.89% 1 6.61% (P
< 0.05 ),

F= 2 PAHERMAKFEIREE KRNI

5 %4 L qu% EP;Z”@ e Pl

Y H kg 15.68 15.34 15.46 0.14  0.49

K /kg 32.46" 33.87" 32.82" 0.60  0.04
FE/ (gd)  199.76"  220.59"  206.67" 866  0.03
KR (kg/d) 1.48 1.44 1.43 0.02  0.16
RLHHE L 7.41° 6.53" 6.92" 036 0.02

22 PHENBEFNRRGH e BRI A,
HHE I 0.5% ~ 1% "2 X = g AR 8 i
R MR 5 R B 25 45 min [ pH .
FOKIAA AL, a Fl b {H) #5200 JC 35 2 5
(P>0.05), S5XIHAMLL,0.5% Fl 1% rh 2
ZH 80 2F (R R JULTED AR B 4R = 9.93% 10 9.09% (P
< 0.05),1H 0.5% F1 1% 238 200 F 1 2% & it
e B FEFRAR 12.40% F111.95% (P < 0.05 ),

=3 FHERMAKEINAEARRAEE

0.5% 1% o
B s briEiR PHE

JE 1A E kg 27.58 27.76 27.84 0.13 0.25

TiH X A

ANEE R 1 SRR AR E R AR AR E, R
J SR KR AL, 43 25 1003 5, >R FH S i a0 0 s
I3 A= A F8 B AT ST T G 1 o

1.3 s BEF K LARFRES RS, o
JB R, S % W 2012) 1977 200 E W2 1 B
S RE RO A E L v TR AR ) B TR R 4 Bk (i
7 VR IR LT AR, pH 28 8 B2k L K 45 2k A
),

1.4 s R EHE L SPSS BN R
J7 22 MR B SR A Turkey LT 2 E LK, P
< 0.05 FoRgl ) 22 5 w3

2 HR55%

21 wHBEAHMFAKREEGYw HE2T]
L, H ORI A 5] 7K S 1 v 24 3 X W 05 0 12 )8
W REEILEZEZM(P > 0.05),1% 12
EAHBFERREMHES 0.5% 12 i H Xt

A A kg 18.94 19.03 18.99 0.05 0.76

4 R kg 18.05 17.89 18.12 0.12 0.19

JIE R 5 fem 0.36 0.33 0.34 0.02 0.45

IRALEAYem®  21.34" 23.46" 23.28" 1.18 0.04

PHosmin 6.36 6.40 6.37 0.02 0.32

&K% 2678 23.46" 23.58" 1.88 0.03

FIKTI1% 24.65 25.13 24.84 0.24 0.31
ESREN

L 40.86 41.09 41.13 0.15 0.22

a 16.15 15.63 15.87 0.26 0.48

b 5.87 6.02 6.05 0.10 0.53

2.3 WS A F AR R AT

W HER 4 RN, HOR T 2 i U i K T X R
M3 SR HEE R R A B Ml E A
(CAT VG PER 2 L 22 5% (P > 0.05). 0.5%
F 1% v 24 i 20 ) =6 103 H i =l R R L BB
1 (T-A0C ) 43 e H IR 3k 4 Ak Py it ( GSH-Px )
FHE A AL W AL B ( SOD ) T M i 3 i T X IR 4
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Fz 4 PHERMKEIRFELEE K RIME L IRRHR I

TWH xR 0.5% " 24k 1% 25 it Pi
MEA/ (L 40.03 39.15 41.38 20.11 0.26
HEEA (gl 24.12 24.67 24.29 12.18 0.49
S LT 7 /mmol 3.18° 147" 1.26" 1.31 0.03
H-7th = /mmol 1.35" 187" 1.95" 0.90 0.04
JRZR (mg/l) 278.65 259.87 261.23 133.57 0.38
CAT/ (U/mL) 2.15 2.28 2.21 111 0.52
T-AOC/ (U/ml.) 3.87" 6.72" 713" 3.29 0.02
GSH-Px/ (U/ml.) 187.65" 318.76" 323.48" 151.96 0.04
SOD/ (U/mL) 26.87" 49.82" 51.33" 24.09 0.03
MDA/ (nmol/mL) 7.65° 3.37 3.46" 3.13 0.04

(P < 0.05 ), {Hifi 7 4 AH R B AP ( MDA ) ¥
R E T4 (P < 0.05),
3 it

PR o 25 A I B 2R A H AR, IR 7RI
AN 50 1 11 T A Sh ) e o T R RS E A A
TR I SR AR KSR ], (H A4S 4 TR A H AR
BRI FEA L M LB, BRI IR
IR B HR 2 R R S 12 I R R
S, 0.5% 24 i 20 I =F i R R RS o B3R
FXF IR, 1% 5 Wanapat 25( 2009 ) 4218 (19 4 K45
Fres AR

AR5 A RE W 2 v 24 1) 32 R LAy
Ut FRATB B, B0 A b 24 i DR R T
A AR AR, TR, A 2 A B DR i Y i
PET, FF R AR — e gl 7= 4 e s HA R
HAN, BT B2y gl Kl &, b 2y n TR
Y HECE 5 H AR RS, P55 5 YL (n) 85 9% J5 TR 9% A
AR ok, O RAE(2019 ) A, 2
ARG T = B 0L A o, BRI AR 4 5 i, e
RE RN AT 4R Rl M R A R, ARG
BRI, FEB o IR AR IR AR B FR R E B 25 5 1
2l i A1 IR LT FRO e, 2R AR R IR . 274
(2019 ) HHRIE T FSAUAY &5 5, 1R i % B2 AL
TR 7K G FOREL R 1 0T o S S A, AL 2 A
FI . R, b 2 AR S ik R R B Y
B2 AR, 3% 0] [ 5% & R A i R R A
RAFr e st VE - .

M5 A= AL 48 bR 78, 0.5% Fl 1% v 24 i 21 1)

AT Hh = ER AR ST T A R
Ay il 0 4 A W I T T P A v T X R
AL 1t 775 EL T A P T o P N A PR AR H o R
W R R HR E BE] rh 2 s TR AR ARG, B
555 (2017 ) KB, v 245 n] i3 BEAE T A AL BT
PEBERARN MR EE . LRSS ALERI], vh 24 v] 2
W E DU A PERE  HE T AR LA R 47, A
7S G 8 ISP (E R B B N N TG RE2T RS QT RER €9
g5, UL EE A&, e, T — il R
PEAG b 24 i v i T 1 20 SR B o3 R AR A B
S

4 g

eI GE W Wh R 12 FA O H MR R B
0.5% ~ 1% "2 ] 8 DR AR, i i LA R
IR A o 3 3 7 B O =l | R e M= W Y G R
Z ISR F R E M H &, RISy
HEAIMIKF-H 0.5%

S Xk

[ #FRF,F55, 2M0% 4. BE TIRAL LB E MAEmX
RAe E R AP RBIE [ FF EEFR,2019,9: 9 ~ 13.
[2] &3k . SAR B AR e A B 45 5 F IR A A IRIR B
B LA g A4 R B A E ) # e D). WS4, Rk X
5,2012.
Bl FF 5, F R4, @A, 5 P ERSAB AR QAN
K5 B ()], FFHER,2019,4 1 94 ~ 99.
[4] 2 AT IREL, 5 L ARP BiE A F AR EAER AT
He [J]. AAAFR,2019,1 : 1 ~ 5.
[5] BWekh, o, R4S . KA A MBS 4 EBH AR R 2
J )], K= SR %4 ,2019,1 1 49 ~ 54.
[6] EARF . AR AT BRI []]. FHEE
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#3,2015,1: 12 ~ 19. allicin improve performance and gastrointestinal tract development
[7] &3k, ka4 T d, 5 . KFEXZHIERA ApoE—/— of piglets reared in artificial sow [J]. Ann Agric Environ Med, 2008,
BB BRI AR AT R A R vw (]]. P B Bh kAR AL 2 & ,2017,2 15 : 63 ~ 69.

140 ~ 144. [10] Wanapat M, Polyorach S, Boonnop K, et al. Effects of treating
[8] WU, WRIEvE  Zededh 5 P 255 R B T B A M A e rice straw with urea or urea and calcium hydroxide upon intake,
RABAFRIHvm (] RAFHAFRE IFA,2017,12 : 2141 ~ 2146. digestibility, rumen fermentation and milk yield of dairy cows [J].

[9] Tatara M R, Sliwa E, Dudek K, ef al. Aged garlic extract and Livest Sci,2009,125 : 238 ~ 243.

Effects of chinese medicine residue on growth performance, meat quality and
antioxidant of Hu sheep

WU Pingping', JIANG LIli*, JIANG Meilian’

(1.Chizhou Vocational and Technical College, Chizhou, Anhui Province247000, China;
2.Xuancheng Xuanzhou District Animal Husbandry Bureau, Xuancheng, Anhui Province 242099, China;
3.Chizhou animal disease prevention and control center, Chizhou, Anhui Province 247000, China)

[Abstract] The purpose of this study was to evaluate the effects of adding different levels of Chinese herb residues in diets
with the control group on growth performance, meat quality and antioxidant performance of Hu sheep. Sixty Hu sheep with an
average weaning body weight of (15.49 £ 0.14) kg were divided into 3 groups with 20 sheep in each group and 5 replicates in each
group and 4 sheep per replicate. Hu sheep in the three groups were fed a total mixed diet consisting mainly of corn, silage corn and
soybean meal. During the 12—week feeding experiment, the total mixed diet was supplemented with 0, 0.5% and 1% herb residues,
respectively. Results : There were no significant differences in final weight and daily gain between 1% Chinese herb residue group
and 0.5% herb residue group and control group (P > 0.05) . Compared with the control group, the final weight and daily gain of
Hu sheep in 0.5% Chinese herb residue group were significantly increased by 4.34% and 10.43% (P << 0.05), but the feed weight
in 0.5% and 1% herb residue groups was significantly decreased by 11.89% and 6.61% (P << 0.05) . Compared with the control
group, eye muscle area of sheep in 0.5% and 1% Chinese herb residue groups was significantly increased by 9.93% and 9.09%
(P < 0.05), but cooking loss of sheep in 0.5% and 1% herb residue groups was significantly decreased by 12.40% and 11.95%
(P < 0.05) . The serum triglyceride concentration, total antioxidant power (T-AOC), glutathione peroxidase (GSH-Px) and
superoxide dismutase (SOD) activities in 0.5% and 1% Chinese medicine residue groups were significantly higher than those in
control group (P << 0.05), but the serum cholesterol and malondialdehyde (MDA ) concentrations were significantly lower than
those in control group (P << 0.05) . Conclusion : From weaning to feeding 12 weeks, adding 0.5% to 1% Chinese herb residues in
diets can improve feed efficiency, increase eye muscle area, decrease cooking loss and improve serum antioxidant enzyme activity
of Hu sheep. Considering the final weight and daily gain of Hu sheep, the optimal supplemental level of herb residue was 0.5%.

[Key words| Chinese medicine residue ; Hu sheep ; growth performance ; meat quality ; antioxidation
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th B 25 (R R N 57 3+ B Bg 7S
A K MEBE BTYREE AN A fn R s M A9 A 38

R & IXHE WFIFE KREE

G B FH R FI, 28 I 247000)

i E.REEARTPES R mA T TS A KA, R A AR SR e, EI800 R4 B )it
b AN H AN, BEI0OANEE, AANAFHE20 R, BAEEEE A E AR, KB 1~34 5 5 E Lk
PARA05%. 1.0%. 1.5% 6 FEHRMA, RBBSw, LRIT, RPB2M3AE B FHANELEE T
ML (P<0.05); XKIE240F0 34028 094 EIL M B E K T BA (P<0.01), KIEAFEE M L JmE | L EDI
£ (OPG) HMEFRT AR (P<0.01); K230 F X ek R M B ER TR (P<0.01); K
Te A A I E R B EAKR T AT (P<0.05), RIE2A A3 EL G A S FEFBRIEY B 535 T B
(P<0.05); X362 203538 B NURE KR & F B FAKT P40 (P<0.05); X362 404 3 403538 B LT by /) B 34K T 2
MR (P<0.05); RIZA 358 649 B ILRE ) B2 48 3 B K T 248 (P<0.05), AFR AR, feiwd a8 B AR P Rm
EFPEGRA A TH AR EL AR, BFERERASR, BIRRE; RERMEH1.0%,

KER: FEAHRMmA,; FA; ARMEE; R ASR

FESES: $831 XEAARIRAE . A NEHS: 1002-2813 (2022) 09-0056—04

Doi: 10.13557/j.cnki.issn1002-2813.2022.09.013

Effect of Chinese herbal medicine feed additives on

growth performance, disease resistance and meat quality of Wannan grass chickens

WU Jun WU Ping—ping XU Er-xue ZHU Hong-bing

Abstract: The experiment was to explore the effect of Chinese herbal medicine additives on growth performance and
disease resistance and meat quality of Wannan grass chickens. 800 healthy Wannan grass chickens were selected and
randomly divided into four groups, with ten replicates in each group and 20 chickens in each replicate. The grass chickens
in control group were fed with basal diets, and 0.5%, 1.0% and 1.5% of Chinese herbal medicine additives were added to
the basal diets in experimental group 1~3, sequentially. The test period was 8 w. The results showed that the average daily
gain of chickens in experimental group 2 and group 3 was significantly higher than that in control group (P<0.05), and the
feed to gain ratio in experimental group 2 and group 3 was significantly lower than that in control group (P<0.01). The
morbidity and number of OPG in experimental group were extremely lower than those in control group (P<0.01). The
mortality of chickens in group 2 and group 3 was extremely lower than that in control group (P<0.01). The diarrhea rate in
experimental group was significantly lower than that in control group (P<0.05). Evisceration rate and leg muscle rate of
chickens in experimental group 2 and group 3 were significantly higher than those in control group (P<0.05). The drip loss
rate of breast muscle in experimental group 2 was significantly lower than that in control group (P<0.05). The shear force
of breast muscle in experimental group 2 and group 3 was significantly lower than that in control group (P<0.05). The
cholesterol content of breast muscle in experimental group was significantly lower than that in control group (P<0.05). The
experiment indicates that adding appropriate amount of Chinese herbal medicine additives to the diet of Wannan grass
chickens can effectively improve the growth performance, slaughter performance and meat quality, and reduce the
incidence of disease. The optimal addition amount of Chinese herbal medicine additive is 1.0%.

Key words: Chinese herbal medicine additive; grass chicken; growth performance; disease resistance; meat quality
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TEESE . HAT, P2 e AL e v R AT
EPTRAsY . . WG, BT, ARG
A PR BRI D o AR ITAE H AR R DA ) 551
2 A HR B2 TR DR e R S B AR K RE L PO T A
ST, AR ARG SRR ) N RIS

1 MRE5FAE®

L1 REArE

AT BT FH 1 v 24 11 0] Ay 17 i VA 2 ORI B gk
ORI IR B & Rl IR, AskE . 9
WO, HUERE . PSS HUEESE 10 RURPERZGALE, IR
W EE ORISR R TR 1 2 1 A G ) e R

HOEIRIMCEEHOE B AL st Rk Sh = R R A 0]
9K 1k R0 E AL AR R R A IR ) . BEZGIR N
FIFEANF] A9 -5 556 H RS SITR A 5 R g
1.2 Rt

PEE 800 S FEA SRS HAY , BEALY M Aadl, FAH
10MNES, BAERE 20 K,

%o} HELZHL R A MR RE At HORR, X 1~3 2143 0 ZE L Ak
R I0.5% . 1.0% . 1.5% B2, iR5
8 wo FLAl H MUl S TR,

A AR BARRR AT R

Wi H 1~28 Hi% 29~56 H %
JEURLE % %

oK 62.25 62.87
X 28.80 27.60
1y 2.20 1.50
%1 2.50 4.00
lEREs 1.30 1.38
ek 0.75 0.50
by 0.85 0.80
ik 0.35 0.35
TR 1.00 1.00
&t 100.00 100.00
EIRKF

RURRE/(MI/kg) 11.85 12.02
HEE/% 20.03 19.15
HLZF4E/% 2.65 2.66
HHHEN % 2.97 2.90
#E/% 1.10 1.03
A% 0.50 0.45
AR/ % 0.45 0.41
R % 1.06 0.92

VE: LR EET w HRRME: VA 11 000 1U, VD, 32801U, VE 251U,
VK, 2mg, VB, 1.5mg, VB, 0.05mg. HE0.6 mg. L35 mg. iZ
215 mg, Fe 100 mg, Cu20mg, Mn 80 mg, Zn 60 mg, Se 0.20 mg.
10.40 mg,
2B FRNCPE A,

57 BERFC

NO.09 2022 WikHIFs¢ FEED RESEARCH

1.3 g

RIEFAS A HCREYOK, BHITHEEPA, (RIER
BT, $REOSL H R SRR T %
L4 MESBPR T
1.4.1 ARt

FREUCELAS 1 HiS . 28 HiIR . 56 HIRMUIAE, iR&H
REE, HEFHYHEE, PHYHREELEEL

P H I E=CRE - &)/ IR R AL (1)
FHH R E=ECR A AR R 2)
FIER="T¥H KRB R ¥ HEH (3)

1.4.2 Yo SI48RR

WSS BRIRGS, IO RELNR . IS . JET-5F
TE0L; SAHEINEE (OPG) BAGI A Al I e R /K i
TRERFE I TAC R, SR v IR RO T4
1.4.3 Bk

RIS 56 d, FHZHEE 20 HEWE B SE, Kl

g AR BHEER. MLEZRLE,
J&FR =B RE/EE > 100% (4)
R =2 i T X 100% (5)

Ao BRI IR E L RN B ER; 2
B R R AL . E . R UE . BTHGE .
HLEE . R E R

W N R =N N /A B < 100% (6)
JLER = BRI FE /4 v I B 100% (7)
FRAILER =R E /42 i 8 100% (8)

1.4.4 PSR

R4 56 d, GAEEI2 ARG, RiL, JBE, 58
LR AILBEA T IR 50 BT o HEAS JE 52 15 min, i DSH-
2F pH i1l € XS A pHAEL, Minolta Chroma Meter [| 1 1EAR
R £ FEEASCI) S A o BB AL B ) A BE R A 3 em x
2cmx1cm, FRE (W), 4 CHRAF24 h, i HIELE L
FeE B MR EHE (W), MEREKMRER,

TRKIRG R =(W,- W)/ W, x100% 9)

LML, BT SRR AR s S, B
UG 4 T, k24 b, BURBVLARE, IR TilE
1h, HEEETHEANNLA IR, BRI, PRFF
500 E, 80 C/RBEIREE AR 70 T, BUbRAE, #
B A EE N R RERR S LT A S T 1) DTS
1.5 e FY A A, Al 1.27 em BLAR )[BT BURE 28 4 LT 4
J7 R YT RARE R, C—LM3 2 s AL PRy T 284S < BT 1)
71, A AR 3 K

R Z IREHRZ L R WL RSG5 &5 R AHEL
G SRR ML LR 1 i SR RO
PRI R IUILETR s 27 Kim S0 7 A I R LAR
Eif =
1.5 HdEgeit 500

>R H Excel 2020 Z A0 R ARSI A BE Ze -7
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SPSS 20.0 #AFFEAT LK 3 J7 25347, Duncan's {5 BE{ 740
B HE 0 2 A, 25 R DL I E AR R IR R R
P<0.05F£RZERRZE, P<0.01 #IREFREE .
2 GR5HH
2.1 HRLZGTR NG e e A KRR R (WL 2)

th 20, RS 2 4HFN 3 ZH ARG A SF- 2 H R
BT AT (P<0.05) 5 5058 2 41 3 20 R0 )k} L Y
W EAC T A IR (P<0.01) . BRI, B3 H R a3
0.1%~1.5% (1) F 28 n] B il 25 XS i AR PR RE

F2 32 A R S 2 K A 60

WiH WIHg Ki/g R SRR HRRR B
[(@H-d] (@A d)]
FHEZH  35.00  973.03 16.75° 42.34 2.534
RIE141 34.00  991.30 17.09" 42.51 249"
241 35.00 1027.37 17.72° 42.60 2.40°
R 341 35.00 1020.46 17.60°* 42.48 2.41°
SEM 022 537 0.14 0.26 0.06
PiE 0273 0.083 0.043 0.519 0.004

VE: SR RRANE TR R ERRE (P0.05), KETFRAR
REERBRE (P00, FRHFAREFRRERERFLE
(P>0.05); #3534 510,

2.2 HEZGTRIGRIRT R AGHTE J g (WAL 3)
B3 3 TN, IRIRZH RIS ) R ER . OPG B3k i

FART R (P<0.01); 5050 2 400 3 ZH ARSI SR

PN R EACT AR (P<0.01); R 1 ZH XS [R5 58 2K

WEARTRHRAL (P<0.05) 5 IRIRLH NG KB VS R 1) i 2%

T XTI (P<0.05). PRI, 7RG HARHTERI0.5% /Y

2N IR R o B SR S BT T .

£33 W EH R AR b E A ) 0 Wk

iH RWGEI% R I%  WETERI%  OPGI(AMg)
HHEZH 5.23" 2,73 3.56" 261.00*
R4 3.63" 1,718 2.19° 166.00°
R 224 2.39¢ 1.03% 1.27¢ 95.00°
R34 2.20¢ 0.97% 1.45° 93.00°
SEM 0.62 0.21 0.18 4.82
PfE 0.001 0.006 0.012 0.003

2.3 H R 2 R IR N B R R XS B 52 R RE I 5 )
(W#4)

B4 T, R 2 ZHFN 3 ZH ARG Y 4 v e R R L
I EE T AR (P<0.05), B, 7E500E H R
IM0.1%~1.5% W B2 INFRe] LA =03 5 JE A ERE
2.4 TR NGRS A B s (WA S)

HH S W, R 2 ZH XS R LIE K PR R AT
XHHEZH (P<0.05), (36 2 4R 3 20539 fa ILBS U 134 i
FARTHIHRAL (P<0.05), TRIRAH S0 B LA [ i 75 = 3

WEARTRHRAL (P<0.05) P, a0 253
AFLASGEAUABEE , T A
R4 P EGRAR T A B WAL Yol RA5: %

. 4 . . .

HiH JEFERI% ,% Wallz/% BELE/% MENER/%
WE2R1%

X el 84.69 63.62° 12.54 9.77° 2.48

RE 140 84.80 64.20° 12.73 10.35® 2.37

RE241  85.01 65.38" 12.80 11.28° 2.30
R34l 84.95 65.27° 12.77 10.94° 2.32
SEM 3.17 2.94 1.03 0.83 0.19
PfE 0.824 0.041 0.130 0.036 0.173

A5 PR B R R g g AL W S T 6 R
R U

TiH payiiccl " oul 34l SEM Pff
pH{H 5.80 5.77 573 576 0.67 0.106
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An Exploration on the Optimization Path of Rural Vitalization Talents Training

in Agriculture—related Vocational Colleges
XU Xin' ,PENG Chang-an*,ZHANG Qi*, WANG Guang-feng’

(1. School of City Construction, Lu”an Vocational and Technical College,.Lu”’an Anhui 237158, China;
2. School of Food and Biological Engineering, Wuhu Institute of Technology, Wuhu Anhui 241003, China;
3. School of Pharmacy, Heze University, Heze Shandong 274015, China;

4. Cooperation and Development Department, Heze University, Heze Shandong 274015, China)

Abstract: The optimization of the rural revitalization talent training path is the primary task for agri-
cultural vocational colleges. The cultivation of high-quality, innovative, technical, and skilled talents re-
quired for rural revitalization is the eternal theme and mission of these institutions. Such talents play a key
role in addressing the shortage of rural talents and promoting rural revitalization. Currently, some agricul-
tural vocational colleges are still facing challenges in the training of rural revitalization talents,including is-
sues related to the education about “agriculture, rural areas, and farmers,” the layout of majors,and the
supply of talents. These institutions need to establish an “ideological and political” education framework.,
optimize major layouts,and reshape the training mode for high— quality technical and skilled talents for ru-
ral revitalization. This is essential to overcome the bottlenecks in rural revitalization talent training and

provides a reference for the cultivation path of rural revitalization talents in agricultural vocational educa-

tion.
Key words: higher vocational colleges;talent training;rural revitalization;optimization path
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Reform and Practice of Labor Education Mode of “One Lesson, One Place, Ability and
Labor Coupling” based on the Concept of Skill Improvement
FANG Yu-peng, DAI Qi-pei, XU Hong-wu
(Department of Architecture and Landscape Architecture, Chizhou Vocational

and Technical College, Chizhou Anhui 247000, China)

Abstract: Labor education is an important part of the fundamental task of building morality and cultivating people. Promoting la-
bor education is an important content of Ideological and political education in Colleges and universities. In order to thoroughly imple-
ment the labor education in Colleges and universities and give full play to the main position of professional labor education in the
process of building morality and cultivating people, this paper analyzes the current situation of labor education in higher vocational col-
leges, puts forward the theoretical path for the problems existing in labor education in higher vocational colleges, and discusses the re-
form and practice of labor education mode based on the concept of improving the skills in combination with the actual situation of agri-
culture and forestry majors in higher vocational colleges. Focusing on the development of professional labor education, this paper sys-
tematically introduces the teaching mode and practical effect of " one lesson, one place, ability and labor coupling" labor education, in
order to continuously summarize experience from practice and provide practical reference value and inspiration for cultivating students in
Higher Vocational Colleges to love and advocate labor.

Key words: skills; One Lesson One Place; ability and labor coupling;labor education ; practice
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Research on the Current Situation and Countermeasures
of the Integrated Development of “Agriculture, Culture
and Tourism” Industry in Lu’an City
WANG Bengin'?, WANG Yunhe', WANG Jiaxiang"?, YANG Jingsong®,
TU Fulei*, FU Tian*, BI Yi*, WANG Yaowu*’, CUI Liming”
(1. Lu’an Vocational and Technical College, Lu’an 237158, China;
2. Lu’ an Green Development Research Association, Lu’an 237100, China;
3. Lu’an Municipal Bureau of Agriculture and Rural Af fairs, Lu’an 237100, China;
4. Lu’an Municipal Bureau of Culture and Tourism, Lu’an 237100, China;
5.Lu’an CPPCC, Lu’an 237100, China)
Abstract: This paper summarizes the development effect of “agricultural cultural tourism” industry in Lu’an City. The problems

‘

existing in the development of the “agricultural cultural tourism” industry are analyzed. The paper puts forward seven
countermeasures and suggestions to promote the integrated development of “agricultural cultural tourism” industry: strengthening
the city” s “agricultural cultural tourism” integrated development overall plan; increasing capital investment and improving

‘

infrastructure conditions and service levels; creating characteristic “agricultural cultural tourism” experiencing projects to shape

‘

the brand and highlight; building diverse “agricultural cultural tourism” economic formats based on resource endowments;
carefully publicizing and planning to do a good job in project marketing and promotion activities; introducing and cultivating
“agricultural cultural tourism” talents to build a suitable talent team; establishing and improving the integrated development
mechanism of “agriculture, culture and tourism”.

Key words: LLu’an City; “agricultural cultural tourism” industry; integrated development; countermeasures
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Research on the Current Situation and Countermeasures
of Agricultural Industry Revitalization and

Beautiful Rural Construction in Luan
WANG Yunhe', XIA Ping”, WANG Benqin'**,
WANG Jiaxiang'®, YANG Jingsong’
(1. Luan Vocational Technical College, Luan 237158, China;
2. Anhui Agricultural University ,Hefei 230036 China;
3. Luan City Green Development Research Association, Luan 237100, China;
4. Luan Municipal Bureau of Agriculture and Rural A f fairs, Luan 237100, China)
Abstract; This paper summarizes the achievements in the development of agricultural industry and the beautiful rural construction
in Luan. The problems existing in the development of agricultural industry and the beautiful rural construction are analyzed. Six
countermeasures and suggestions for industrial revitalization and beautiful rural construction are put forward; strengthening policy
guidance and improving related system and mechanism construction; increasing capital investment to realize the modernization of
rural infrastructure; cultivating and introducing talents to play the supporting role of talents and science and technology;
supporting key projects to play a leading role; building an industrial chain to promote the integrated development of primary,
secondary and tertiary industries in rural areas; promoting overall planning and implement the construction of beautiful rural areas
in the whole region.

Key words: industrial revitalization; beautiful countryside; status quo; countermeasures
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Goals, Values, and Paths of Red Culture Empowering Ideolog-
ical and Political Education in Colleges and Universities

LI Zi-fang, FENG Shu

(Lu’ an Vocational Technical College, Lu’an 237000, China)

Abstract: Red culture is an important medium for promoting the innovative development and efficiency improvement of ideological and
political education in colleges and universities. Empowering ideological and political education in colleges and universities with red cul-
ture means enhancing college students’ identification with the mainstream ideology, strengthening their determination to support the
Communist Party of China, and consolidating their confidence in the country’s path choice through red culture education. Red culture
can provide historical evidence, cognitive resources and emotional motivation for improving the persuasiveness, appeal and work effi-
ciency of ideological and political education in colleges and universities. When constructing the path system of red culture empowering
ideological and political education in colleges and universities, attention should be paid to arming college students’ minds and souls
with red theories, arousing their emotional resonance through red resources, strengthening their ideals and beliefs with red history, and
shaping their political convictions with red spirits.

Keywords: red culture; colleges and universities; ideological and political education
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