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The objective of this study was to investigate the effects of dietary supplementation of Dendrobium 
nobile Lindl. (DNL) on production performance, immune function, and caecal microbiota of Chishui 
black-bone hens. A total of one hundred and eighty 600-day-old Chishui black-bone hens were 
randomly allocated to two experimental groups, with six replicates of 15 chickens per group. The 
control group was fed a basal diet, and the experimental group was supplemented with 2100 mg/kg 
DNL in the basal diet. The results demonstrated that compared with the control group, the addition 
of 2100 mg/kg DNL to the diet significantly (P < 0.05) increased the average egg production rate of 
Chishui black-bone hens from 38.97 to 44.95%. Interferon-gamma (IFN-γ) levels were significantly 
lower in the experimental group than in the control group, whereas serum immunoglobulin A (IgA) 
levels were significantly higher (P < 0.05). However, adding DNL exerted no significant effect on egg 
quality. Asp, Ser, Gly, Leu, Phe, His, Pro, TAA, EAA, and NEAA levels in the eggs of the experimental 
group were significantly higher (P < 0.05) than in those in the control group. Additionally, the EAA/TAA 
in the control and experimental groups were 40.38% and 40.76%, respectively, and the EAA/NEAA 
was 76.62% and 74.72%, both of which were higher than the 40% and 60% thresholds specified in the 
WHO/HAO ideal protein guidelines. The results also indicated that eggs in the experimental group 
had significantly higher contents of palmitic acid (C16:0), stearic acid (C18:0), palmitic acid (C16:1), 
oleic acid (C18:ln9c), behenolic acid (C22:0), palmitic acid (C16:), oleic acid (C18:ln9c), saturated 
fatty acids (SFA), and monounsaturated fatty acids (MUFA) (P < 0.05). In contrast, the contents 
of hexadecenoic acid (C15:0), heptadecanoic acid (C17:0), α-linolenic acid (C18:3n3), arachidonic 
acid (C20:0), C10 heptadecanoic acid (C17:1), linoleic acid (C18:2n6c), α-linolenic acid (C18:3n3), 
eicosapentaenoic acid (C20:2), Docosapentaenoic Acid (DPA), polyunsaturated fatty acid (PUFA), and 
n-6PUFA were significantly reduced (P < 0.05). Moreover, when 2100 mg/kg DNL was added to the 
diet of Chishui black-bone hens, the composition of the intestinal flora was altered. Specifically, the 
relative abundances of Bacteroides, Lactobacillus, Subdoligranulum, and Parabacteroides increased, 
whereas those of Desulfovibrio, Lachnoclostridium, Ruminococcaceae, Fournierella, Faecalibacterium, 
and Oribacterium decreased. In conclusion, adding 2100 mg/kg DNL to the feed can increase serum 
IgA and reduce IFN-γ content in Chishui black-bone hens during the late laying period. Furthermore, 
it can enhance the laying rate and types of amino acids in eggs, as well as the ratio of ideal proteins. 
Simultaneously, it improved the caecal microbial community of Chishui black-bone hens and increased 
the relative abundance of beneficial bacteria.
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Abbreviations
DNL	� Dendrobium nobile Lindl
DM	� Dry matter
EM	� Metabolic energy
CP	� Crude protein
TP	� Total phosphorus
AP	� Available Phosphorus
Lys	� Lysine
Met	� Methionine
Cys	� Cysteine
ADFI	� Average Daily Feed Intake
FCR	� Feed Conversion Ratio
TP	� Total Protein
IgA	� Immunoglobulin A
IgM	� Immunoglobulin M
IFN-γ	� Interferon-gamma
ALB	� Albumin
IL-12	� Interleukin-12
SOD	� Superoxide dismutase
BUN	� Blood urea nitrogen
AST	� Aspartate Aminotransferase
T- AOC	� Total antioxidant capacit
ALT	� Alanine Aminotransferase
CRE	� Creatinine
TAA	� The total amino acid
EAA	� Essential amino acid
NEAA	� Nonessential amino acid
SFA	� Saturated fatty acid
MUFA	� Monounsaturated fatty acids
PUFA	� Polyunsaturated fatty acids
DPA	� Docosapentaenoic acid

Dendrobium nobile Lindl. (DNL) is a perennial epiphytic herb belonging to the family Orchidaceae. It is one of 
the main Dendrobium species recorded in the Chinese pharmacopoeia and has ornamental and medicinal value. 
There are approximately 1500 species of Dendrobium worldwide, with 74 species and two varieties in China. 
Among these species, more than 50 are of medicinal value1. The use of medicinal Dendrobium can be traced back 
1500 years in China, as recorded in Shen Nong Ben Cao Jing2,3. Clinical treatment in Chinese medicine considers 
Dendrobium to be beneficial to the stomach and intestine4. Dozens of macromolecular compounds have been 
identified in plants of the genus Dendrobium, mainly polysaccharides, amino acids, terpenoids, alkaloids, 
polyphenols, and flavonoids5,6. These compounds play various important roles. In contrast to other natural 
feed additives which typically contain only one or a few active compounds, DNL contains various, abundant 
macromolecular compounds. These substances offer distinct advantages for animal production. Dendrobium 
polysaccharides boost immune cell proliferation, thereby enhancing immune regulation. This property makes it 
a potential candidate for cancer prevention and treatment as it can inhibit the proliferation of tumour cells and 
scavenge free radicals to achieve anti-ageing effects [7; 8]. In a rat model of polycystic ovarian syndrome induced 
through letrozole, DNL polysaccharides have been shown to exert protective effects on the ovaries9. Further, 
alkaloids isolated from Dendrobium exhibit neuroprotective, anti-inflammatory, and antitumor activities10. 
Polyphenols regulate clearance of reactive oxygen species (ROS) either directly or by enhancing glutathione 
peroxidase activity, thereby regulating the expression of inflammatory genes in macrophages and lung epithelial 
cells11. As the organism ages, inflammation occurs12. Intestinal inflammation may reduce egg production in 
chickens by disrupting yolk precursor production associated with liver inflammation13. However, some studies 
have found that in mice, phenols and polysaccharides of Dendrobium can alleviate intestinal inflammation14,15. 
Flavonoids can be used to prevent cardiovascular disease and provide liver protection, while many also exhibit 
antibacterial, anti-free radical, and antioxidant properties16. Flavonoids have the same effect as phytoestrogens17. 
The use of flavonoids can significantly improve animal production performance, increase resistance to disease, 
and improve immune function18–20. For example, total flavonoids Rhizoma Drynaria (TFRD) attenuates the 
effects of aflatoxin B1 on breast muscle meat quality and improves meat quality in male broilers21. Dendrobium 
polysaccharides can increase the diversity of beneficial microorganisms in the gut and reduce the abundance 
of harmful bacterial groups by increasing the production, transportation, and utilisation of short-chain fatty 
acids (SCFAs) in the intestine22,23. Recent studies revealed the dietary effects of Dendrobium leaves on chicken 
meat quality, fatty acid composition, and volatile compound profiles24. Supplementation of the diets with 
appropriate dosages of Dendrobium leaves may enhance the growth performance, antioxidant capacity, immune 
response, and intestinal health by promoting intestinal integrity and modulating the caecal microbiota of broiler 
chickens25. Based on the various beneficial effects observed in related studies on different aspects of Dendrobium 
species and their compounds, we hypothesised that DNL may exert similar positive effects.

Egg production efficiency is an important economic characteristic in the global poultry industry which 
depends on the number of ovulated or atretic follicles and the potential of the oviduct to convert fertilized 
egg into hard-shelled eggs26. In the later stages of egg production, hens experience oxidative stress, disease, 
and low levels of reproductive hormones, resulting in a reduction in the number of follicles and slow follicular 
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development, which in turn leads to reduced egg production and quality27. Amino acids and fatty acids are 
important indicators of egg quality. The composition and structure of various amino acids in eggs are very 
similar to those in human proteins and are easily absorbed and utilised by the body, making eggs an important 
source of high-quality proteins for human intake. Amino acids in food play an essential role in maintaining 
normal physiological, biochemical, and immune functions as well as growth, development, metabolism, and 
other vital activities28. The fatty acid content of eggs is closely associated with human health. Addition of plant 
additives to hen feed can alter the composition and content of amino and fatty acids in eggs, which can positively 
impact human dietary health29. The diet supplemented with 6 g of cottonseed protein hydrolysate (CPH) per 
kilogram can significantly enhance the production performance, carcass characteristics, intestinal microbial 
health, antioxidant capacity, and immunity of broiler chickens30. In addition, the United States, the European 
Union, and China have explicitly banned the use of antibiotics in feed, and considering the growing trend of 
such bans, there is an urgent need to identify and develop alternatives to antibiotics31,32.

Medical research has shown that Dendrobium can exert antioxidant effects, enhance cellular immunity, 
promote follicle development, and regulate the intestinal flora; however, there are no studies on the use of 
Dendrobium as an additive in animal husbandry. Therefore, we hypothesised that adding Dendrobium to chicken 
diets may enhance antioxidant capacity, strengthen immunity, and improve production performance, and we 
evaluated the feasibility and reliability of Dendrobium as a feed additive based on the test results. By providing 
an alternative to traditional feed additives, DNL may help reduce reliance on antibiotics and improve the 
sustainability and safety of animal production. This is an advantage over existing natural feed additives, which 
may have limitations in terms of cost, availability, and effectiveness.

Materials and methods
Ethics statement
This study was approved by the Animal Care and Use committee of Guizhou University (Approval number: 
EAE-GZU-2022-T144). All methods were carried out in accordance with the ARRIVE guidelines ​(​​​h​t​t​p​s​:​/​/​a​r​r​i​v​e​
g​u​i​d​e​l​i​n​e​s​.​o​r​g​/​​​​​) and were performed following the relevant guidelines and regulations.

Experiment material
DNL (in powdered form) was purchased from DNL Industrial Development Co., Ltd. (Chishui City, Zunyi, 
Guizhou province, China). The dendrobine content was determined by gas chromatography with methanol as 
the extractant and naphthalene as the internal standard. The gas chromatograph (7820 A VL) was purchased 
from Agilent Technologies, Inc. (Beijing, China). Dendrobium polysaccharides were determined using the 
onionone-sulphuric acid method and the control was glucose33. The content of dendrobine was 0.41%, that 
of Dendrobium polysaccharides was 9.47%, and that of total flavonoids ranged from 0.03 to 0.05% per gram in 
DNL.

Animals
The feeding experiments were conducted at Guizhou Zhuxiang Chicken Breeding Co., Ltd. (Zunyi, Guizhou, 
China). A total of 180 healthy, 600-day-old, Chishui black-boned hens weighing 2.12 ± 0.03  kg were used. 
Chickens were considered healthy as per the following criteria: they had smooth feathers and vivid, alert eyes, 
with no damage or abnormal colouration in their plumage; they were highly active and vigilant, displaying 
normal feeding and drinking behaviours, as well as stable walking; the rectal temperature was within the normal 
range, respiration was even and regular, appetite was normal, and faeces exhibited a normal appearance34. The 
chickens were randomly assigned to two groups with six replicates per group and 15 chickens per replicate. 
Animals had free access to feed and water during the rearing period. In the chicken house, the temperature was 
strictly maintained at 25–30 °C using thermostatic heaters and fans. Humidity was kept between 60% and 65% 
using dehumidifiers and humidifiers, as necessary. Chickens were exposed to 16 h of light and 8 h of dark per 
day using energy-efficient light-emitting diodes. In addition, each hen was housed in an individual cage (with 
a space of approximately 0.18 square metres). The experiment included a 15-day pre-feeding period followed 
by 90 days of normal feeding. The pre-feeding phase was implemented to help the chickens acclimate to the 
new environment and stabilize their physiological conditions. Ninety days of normal feeding was chosen to 
ensure sufficient time for observing long-term effects and changes. The control group was fed a basal diet, and 
the experimental group was fed a basal diet supplemented with 2100 mg/kg DNL powder. The DNL dosage was 
determined based on the 2020 edition of the Pharmacopoeia of the People’s Republic of China and previous 
research by our team. The amount added was calculated based on the weight of the chickens and their feed 
intake, and then incorporated into the chicken diet. The daily DNL consumption per chicken was calculated 
using the following Eq. (1):

	 Y = (X / 1000) × 2100� (1)

where Y is the amount of DNL per chicken per day obtained from feed, and X is the amount of feed consumed 
per chicken per day (in mg).

The nutritional requirements of the chickens were obtained from the NRC 1994 (1994, Nutrient Requirement 
of Poultry, America). Nutrients in the diets were tested using the AOAC method (1990, Association of Official 
Analytical Chemists, America). The feed formulation and nutrient levels are shown in Table 1, and the major 
components of DNL are shown in Table 2.
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Determination of main components in Dendrobium nobile Lindl
Determination of dendrobine content
Determination of Dendrobine Content by Gas Chromatography (General Chap.  0521). The stems of 
Dendrobium nobile were dried in an oven, pulverised using a grinder, and passed through a 60-mesh sieve. 
The resulting powder was stored in a dry beaker until further use. Approximately 0.25 g of the prepared powder 
(passed through a No. 3 sieve) was carefully transferred into a round-bottom flask. A 25 mL methanol solution 
containing 10.05% formic acid was added, and the total weight was recorded (denoted as M₁). The mixture was 
heated under reflux for 3 h. After cooling to ambient temperature, the flask was reweighed (M₂), and the lost 
solvent mass (M₁ - M₂) was replenished with the methanol-formic acid solution to restore the original weight. 
The mixture was thoroughly shaken and filtered through neutral filter paper. A 2 mL aliquot of the filtrate 
was pipetted into a 5 mL volumetric flask. Subsequently, 1 mL of an internal standard solution was accurately 
added, and the volume was adjusted to the mark with methanol. The solution was homogenised, and 1 µL was 
injected into a gas chromatograph for analysis. Dendrobine content was quantified based on peak area ratios and 
calculated on a dry weight basis.

This analysis employed a DB-1 capillary column with a 100% dimethylpolysiloxane stationary phase (30 m 
length × 0.25 mm internal diameter, 0.25 μm film thickness). A standard calibration curve was constructed by 
plotting the peak area ratios of dendrobine reference solutions at varying concentrations. Aliquots of dendrobine 
reference solution (0.1, 0.2, 0.4, 0.8, 1.6, and 2.0 mL) were transferred into separate 5 mL volumetric flasks. To 
each flask, 1 mL of internal standard solution was added, followed by dilution to the mark with methanol. After 
homogenisation, the calibration curve was generated by regressing concentration (y-axis) against the peak area 
ratio (x-axis). The linear regression equation was determined as y = 0.8026 × c – 0.2078 (R² = 0.999), confirming 
excellent linearity. A 2 mL aliquot of dendrobine reference solution was precisely pipetted into a 5 mL volumetric 
flask. After the addition of 1 mL of naphthalene internal standard solution, the mixture was diluted to volume 
with methanol and analysed by gas chromatography. The correction factor (f) was calculated using the following 
formula (2):

	
f = As/cs

Ar/mr
� (2)

In the formula, (As) represents the peak area of the internal standard substance; (Ar) represents the peak area of 
the reference substance; (cs) represents the concentration of the internal standard substance; and (mr) represents 
the concentration of the reference substance.

The content of the sample was calculated based on the peak areas of the Dendrobium nobile Lindl. solution 
and the internal standard, as well as their respective concentrations, using the following formula (3):

Ingredients Content (g/100 g)

Cellulose 72.41 ± 2.21

Dendrobine 0.41 ± 0.01

Dendrobium polysaccharide 9.47 ± 0.16

Crude protein 1.62 ± 0.04

Crude fat 2.12 ± 0.12

Table 2.  Composition and content of the main components in DNL. The polysaccharide of Dendrobium was 
determined by onion-sulfuric acid method with glucose as the control.

 

Ingredients Content (%) Nutrient levels2 Content (%)

Corn 61.5 DM 92.88

Soybean meal 26.19 ME/(kcal/kg)3 2.93

Soybean oil 1.05 CP 15.99

Limestone 7.86 Ca 3.38

Fishmeal 0.1 TP 0.48

NaCl 0.3 AP 0.19

Premix1 3 Lys 0.86

Total 100 Met 0.42

Met + Cys 0.71

Table 1.  Composition and nutrient levels of the basal diets (DM basis). 1 3.0% Premix applied during the egg 
production period: Cu = 10.2 mg, Fe = 60 mg, Mn = 81 mg, Zn = 81 mg, Se = 0.36 mg, VE = 25.5 IU, VA = 9900 
IU, VD3 = 4005 IU, VK3 = 2.55 mg, VB3 = 36 mg, VB5 = 10.5 mg, VK3 = 2.55 mg, VB1 = 2.1 mg, VB2 = 6 mg, 
VB6 = 4.05 mg, VB12 = 0.024 mg, VH = 0.27 mg, choline chloride = 360 mg, water = 10%, methionine = 4.0%. 2 
Nutrient level is the measured value, and 3ME (metabolic energy) is the calculated value.
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Cx = f

Ax

As/cs
� (3)

In the formula, (Ax) denotes the peak area of the Dendrobium nobile solution; (As) denotes the peak area of the 
internal standard substance; (cs) denotes the concentration of the internal standard substance; and (Cx) denotes 
the concentration of the Dendrobium nobile Lindl. solution.

Determination of polysaccharide content in Dendrobium
Using an electronic balance (accurate to 0.0001  g), weigh out 1  g of anhydrous glucose reference standard. 
Transfer the anhydrous glucose reference standard into a previously tared crucible. Place the crucible containing 
the reference standard in an oven at 105 °C and dry to constant weight. Precisely weigh 0.033 g of the dried 
reference standard and slowly transfer it into a 100 mL volumetric flask. Add 80 mL of distilled water and shake 
well to ensure complete dissolution of the reference standard. Dilute to the 100 mL mark with distilled water and 
mix thoroughly. Prepare six 10 mL centrifuge tubes. Using a pipette, transfer 0.1 mL, 0.2 mL, 0.4 mL, 0.8 mL, 1.6 
mL, and 2.0 mL of the reference standard solution into separate 10 mL centrifuge tubes. Add distilled water to 
each tube to reach the 2.0 mL mark and mix well. Place all centrifuge tubes in an ice-water bath. Slowly add 0.2% 
anthrone-sulfuric acid solution to the 10 mL mark, mix thoroughly, and allow to cool. After cooling, place the 
tubes in a water bath and maintain the temperature for 10 min. Remove the tubes and immediately place them 
in an ice-water bath for an additional 10 min. Use distilled water as a blank. Measure the absorbance at 582 nm 
using ultraviolet-visible spectrophotometry (General Chap. 0401). Plot the standard curve with absorbance on 
the y-axis and concentration on the x-axis. The standard curve equation is y = 0.0631 × c − 0.0018 (R² = 0.9866).

Dendrobium nobile Lindl. was pulverised using a high-speed grinder and passed through a 40-mesh sieve. 
Precisely weigh 0.25 g of the sieved Dendrobium nobile Lindl. powder and transfer it slowly into a 1,000 mL 
round-bottom flask. Add 150 mL of 80% ethanol to the flask, then place the flask in a 90 °C water bath for reflux 
heating for 1 h. Filter the mixture while hot using neutral filter paper. Wash the residue with 10 mL of hot 80% 
ethanol, repeating this step three times. Transfer the residue and filter paper back into the flask, add 150 mL of 
distilled water, and heat under reflux in a 100 °C boiling water bath for 1 h. Filter the mixture while hot using 
neutral filter paper and collect the filtrate in a beaker. Wash the residue and flask with 10 mL of hot distilled water 
four times. Combine the filtrate and washings, and allow the mixture to cool to room temperature. Transfer the 
cooled filtrate and washings into a 250 mL volumetric flask, dilute to the mark with distilled water, and mix 
thoroughly. Using a pipette, accurately transfer 1 mL of the diluted solution into a dry 10 mL test tube with a 
rubber stopper. Following the method described for preparing the standard curve, starting from the addition of 
water to 2.0 mL, measure the absorbance according to General Chap. 0521. Determine the weight of anhydrous 
glucose (mg) in the test solution from the standard curve and calculate accordingly. The content of Dendrobium 
polysaccharides, calculated as anhydrous glucose (C6H12O6), is expressed on a dried basis.

Sample collection and index determination
Production performance
At 6.30 am each day, the feed remaining in the trough was collected in a special feed recycling bucket using a fine 
brush and weighed on an electronic balance. The amount of feed remaining each day was recorded, and the daily 
feed intake was calculated from the amount fed and the amount remaining. The stock was counted, eggs were 
collected at 7 pm each day, and the total egg weight of each replicate was measured on an electronic balance. The 
date, number of eggs laid, egg weight, and feed consumption were recorded daily in the production logbook. 
[ADFI (g/d) = cumulative feed intake/ (number of hens × number of days)], average egg weight (AEW = total 
daily egg mass/laying number), laying rate [LR (%) = (laying number/layer number) × 100], and feed conversion 
ratio [FCR = total feed intake/total egg weight] of the laying hens.

Serum biochemical indices
At the end of the feeding experiment, a total of 24 chickens (12 randomly selected from each group) were 
used for subsequent analysis. When collecting blood samples, measures are taken to reduce stress. First, allow 
the laying hens to acclimatise to the sampling environment in advance. Then, the personnel should approach 
the hens gently and slowly, seize them with care, and utilise the manual lateral recumbency restraint method. 
Next, perform rapid blood collection from the wing vein. After blood collection, promptly press the wound 
for haemostasis and disinfect it. Blood samples (5 mL) were collected from the subwing vein of each chicken 
using a common non-anticoagulant tube and immediately placed in an ice pack. Blood was centrifuged for 
15 min at 3000 r/min in a centrifuge (Heraeus Multifuge XIR; Thermo, Germany). The serum was collected and 
dispensed into sterile centrifuge tubes. The samples were stored in an airtight refrigerator at -20 ℃. The levels of 
immunoglobulin A (IgA; H108-1-1), immunoglobulin M (IgM; H109-1-1), interferon-gamma (IFN-γ; H025-1-
1), and interleukin-12 (IL-12; H010-1-1) in the serum were determined using enzyme-linked immunosorbent 
assays (Nanjing Jianxeng Bioengineering Institute). Total protein (A045-3-2), total antioxidant capacity (A015-
1-2), albumin (A028-1-1), creatinine (C011-2-1), urea nitrogen (C013-1-1), and superoxide dismutase (A001-
3-1) in serum were determined using colourimetric kits (Nanjing Jienjian Institute of Bioengineering). The kits 
were used according to the manufacturer’s instructions. The above indices were measured using a PowerWave XS 
full-wavelength microplate reader (Bio-tek Instruments Inc., USA) according to the manufacturer’s instructions.

Egg quality index
Three eggs were collected from each replicate, and 18 eggs were randomly collected from each group for a total 
of 36 eggs per treatment group. Egg quality was measured within 24 h in accordance with Chinese standard 
NY/T 823–2004 (2004, Performance Ferms and Measurement for Poultry, China). An egg quality tester (model 
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EA-01, Orka, Israel) was used to determine the weight, yolk colour, albumen height, and Haugh unit of each egg. 
An eggshell strength tester (model EFA-01, Orka) was used to measure the strength of the eggshells in N/m2, 
and the yolk weight was measured using an electric balance (model BSA224S, Sartorius Scientific Instruments 
Co., Ltd., Beijing, China) accurate to 0.01 g. The eggshell thickness and lateral and longitudinal diameters of the 
three eggshell zones (apical, equatorial, and basal) were measured using a digital Vernier calliper (model MNT-
150T; Shanghai Minet Industrial Co., Ltd.) accurate to 0.01 mm. Eggshell thickness was calculated as the average 
thickness of the three eggshell zones. The egg shape index was calculated as lateral or longitudinal diameter.

Detection of amino acids and fatty acids in eggs
Three eggs were collected per replicate, from each group of 18 eggs; the eggs were broken, egg white and yolk 
were mixed, weighed, and placed in a freeze dryer. Water content was calculated after 72 h, and the trituration 
sample was passed through a 1 mm sieve and stored at -80 °C until analysis of amino acid and fatty acid content. 
Amino acids in whole eggs were analysed according to the National Standard for Food Safety GB/T5009.124-
2016 (2016, National Food Safety Standard. Determination of Amino Acids in Food, China). The fatty acids in 
whole eggs were analysed according to GB5009.168-2016 (2016, National Food Safety Standard. Determination 
of Fatty Acids in Food, China). The specific assay was consistent with that described previously29.

Sequencing of the caecal microorganisms and analyses
By day 90 of the trial, six hens per group were selected, and the hens were subjected to electrical stunning at 
approximately 70 volts. Subsequently, they were humanely euthanized by cervical dislocation. The hens were then 
dissected by severing the jugular vein with a scalpel and allowing bleeding for 3 to 5 min to collect the contents of 
the cecum. When sampling the cecal contents of chickens, measures are taken to prevent contamination. These 
include isolating the chickens in advance, strictly disinfecting the sampling instruments and the environment, 
disinfecting the chicken bodies during sampling, carefully separating the ceca and collecting the contents, 
preventing cross - contamination, properly storing and transporting the samples, and promptly cleaning the 
sampling instruments and the environment. Microbial community sequencing and diversity analyses were 
performed by Shanghai Magi Biomedical Technology Co., Ltd. First, DNA was extracted from the samples using 
a QIAamPFast DNA Stool Mini Kit (QIAGEN, Germany). Genomic DNA was detected by electrophoresis on a 
1% agarose gel. The SYBR Safe staining method was used to identify DNA, and the reagents were purchased from 
Thermo Fisher Scientific (USA). Qualified sample DNA was PCR-amplified, and three replicates were performed 
per sample. PCR products of each sample were mixed and analysed using 2% agarose gel electrophoresis. PCR 
products were recovered by gel excision using an AxyPrep DNA Gel Recovery Kit (AXYGEN) and eluted 
with Tris HCl. TransGen AP221-02: TransStart FastPfu DNA polymerase was used for the PCR assay on an 
ABI GeneAmp® (Model 9700). PCR products were quantified using a QuantiFluor™-ST Blue Fluorescence 
Quantification System (Promega, USA). After completing the above steps, library construction and Illumina 
MiSeq sequencing were performed. Paired-end reads were first spliced according to the overlap. At the same 
time, the sequence quality was controlled, reads were filtered, and the samples were distinguished by operational 
taxonomic unit (out) clustering analysis and species taxonomy analysis.

Statistical analysis.
Excel 2010 (Microsoft, Redmond, WA, USA) was used to record and process experimental data. SPSS (version 

22.0; SPSS software for Windows; SPSS Inc., Chicago, IL, USA) was used to analyse the data. Specifically, an 
independent samples t-test was used for all comparisons. The results are presented as means and standard errors.

OTU analysis of caecal microorganisms was performed using the Uparse software platform (version 7.0.1090; 
http://drive5.com/uparse/). Caecal microorganisms were clustered using the USearch 7-UPARSE algorithm. 
OTU sequence similarity was 0.97. The species classification database silva138/16s_bacteria (classification 
confidence: 0.7, QIIME 1.9.1) was used to generate each taxonomic water abundance table. R software (version 
3.3.1) was used to create a Venn map, dilution curve, community heatmap, and principal component analysis 
(PCA) map. Bacterial and archaeal 16 S rRNA sequences were obtained from the Silva database (Release138 
http://www.arb-silva.de), functional genes were obtained from GenBank (Release7.3 ​h​t​t​p​:​/​/​f​u​n​g​e​n​e​.​c​m​e​.​m​s​u​.​e​d​
u​/​​​​​)​, and PICRUSt function predictions were performed using the EggNOG and KEGG databases35.

Results and discussion
Production performance
The results are presented in Table 3. Compared with the control group, the average laying rate of the experimental 
group supplemented with 2100  mg/kg DNL was significantly increased (P < 0.05), although no significant 
differences (P > 0.05) were observed in the average daily feed intake, feed-to-egg ratio, or average egg weight.

Serum biochemical indices
IFN-γ levels were significantly lower (P < 0.05) in the experimental group than in the control group, but serum 
IgA levels were significantly higher (P < 0.05). However, dietary supplementation did not significantly affect the 
serum levels of TP, IgM, ALB, IL-12, SOD, BUN, T-AOC, or CRE. (Table 4).

Egg quality
The results are presented in Table 5. No significant differences between the two groups were observed in egg 
quality indices, such as egg weight, yolk colour, eggshell thickness, egg shape index, protein height, Haugh unit, 
and eggshell strength.
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Amino acids in eggs
As shown in Table  6, Asp, Ser, Gly, Leu, Phe, His, Pro, TAA, EAA, and NEAA contents in the eggs of the 
experimental group were significantly higher (P < 0.05) than those in eggs of the control group. In addition, the 
EAA/TAA in the control and experimental groups was 40.38% and 40.76%, respectively, and the EAA/NEAA 

Items
Dietary 
treatment2 SEM-value3

CON Treatment

Egg weight (g) 57.13 55.81 1.328

Egg white height (mm) 4.36 4.25 0.316

Egg yolk weight (g) 16.95 17.41 0.573

Shell thickness (mm) 0.27 0.38 0.078

Egg shape index 1.33 1.31 0.032

Yolk colour 6 5.83 0.575

Haugh unit (hu) 62.43 62.73 3.299

Eggshell strength (kg/cm²) 44.82 41.33 5.522

Table 5.  Effect of adding DNL to the feed dietary on the egg quality of Chishui black-bone hen1. Note: 1 data 
were the mean of 18 replicates per treatment. 2 dietary treatments: CON, the control group, fed with the basal 
diet; treatment, the trial group, fed with the basal diet supplemented with 2100 mg/kg DNL. 3 sem = standard 
error of the mean.

 

Items
Dietary 
treatment2 SEM-value3

CON Treatment

TP (mg/mL) 44.45 42.22 2.413

IgA (mg/gprot) 1.20b 1.23a 0.002

IgM (mg/gprot) 12.19 11.79 1.3

IFN-γ (mg/gprot) 1.74a 1.71b 0.005

ALB (g/L) 21.41 24.11 3.711

IL-12 (g/L) 1.96 1.96 0.004

SOD (U/mL) 130.26 121.74 12.85

BUN (mmol/L) 53.84 55.76 6.848

AST (U/gprot) 14.1 14.38 1.92

T-AOC (U/mL) 6.27 7.23 0.706

ALT (U/gprot) 30.1 36.41 3.51

CRE (µmol/L) 31.27 32.12 1.594

Table 4.  Effect of DNL on the serum biochemical indicesof Chishui black-bone hens1. 1Data were the mean of 
6 replicates per treatment. 2 Dietary treatments: CON, the control group, fed with the basal diet; Treatment, the 
trial group, fed with the basal diet supplemented with 2100 mg/kg DNL. 3 SEM = Standard error of the mean. 
a − b Values in the same row not sharing a common superscript mean a significant difference (P < 0.05).

 

Items
Dietary 
treatment1 SEM-value2

CON Treatment

ADFI/g 92.5 93.69 1.151

FCR 5 4.49 0.368

Average egg weight (g) 54.13 53.28 0.442

Average egg production rate (%) 38.97b 44.95a 0.019

Table 3.  Effect of adding DNL to the dietary ration on the egg production performance of Chishui black-bone 
hens. Data were the mean of 90 replicates per treatment. 1 Dietary treatments: CON, the control group, fed 
with the basal diet; Treatment, the trial group, fed with the basal diet supplemented with 2100 mg/kg DNL. 
2 SEM = Standard error of the mean.a − b Values in the same row not sharing a common superscript mean a 
significant difference (P < 0.05).
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was 76.62% and 74.72%, respectively, and both ratios exceeded the 40% and 60% standards of the WHO/HAO 
protein guidelines.

1 Data were the mean of 3 replicates per treatment. 2 Dietary treatments: CON, the control group, fed 
with the basal diet; Treatment, the trial group, fed with the basal diet supplemented with 2100 mg/kg DNL. 
3 SEM = Standard error of the mean. a − b Values in the same row not sharing a common superscript mean a 
significant difference (P < 0.05).

Fatty acids in eggs
As shown in Table 7, the palmitic acid (C16:0), stearic acid (C18:0), palmitic acid (C16:1), oleic acid (C18:ln9c), 
behenic acid (C22:0), palmitic acid (C16:) oleic acid (C18:ln9c), saturated fatty acid (SFA), and monounsaturated 
fatty acid (MUFA) contents were significantly higher in eggs of the experimental group (P < 0.05) than in the 
control group. The eggs in the experimental group contained hexadecenoic acid (C15:0), heptadecanoic acid 
(C17:0), α-linolenic acid (C18:3n3), arachidonic acid (C20:0), c10-heptadecanoic acid (C17: l), linoleic acid 
(C18:2n6c), α-linolenic acid (C18:3n3), and the eicosapentaenoic acid (C20:2), DPA, PUFA, and n-6PUFA 
contents were significantly lower (P < 0.05) compared with the control group.

Caecum flora analysis
OTU statistics and alpha diversity analysis
Twelve caecal content samples from the two groups were subjected to 16 S rRNA sequencing and the number 
of reads per sample was determined. The sequencing depth is shown in Table S1. As shown in Table  8, the 
number of effective sequences in both groups was high, ranging from 32,298 to 35,033. No significant differences 
(P > 0.05) were observed in sequence numbers between the control and experimental groups. The sequence 
similarity was greater than 97%. The coverage value of the generated OTUs was greater than 99.7%, indicating 
sufficient sequencing depth. There were no significant differences in Shannon, Simpson, and Chaol indices 
between the control and experimental groups (P > 0.05). The abundance-based coverage estimator (ACE) index 
of the experimental group was significantly higher than that of the control group (P < 0.05). According to the 
dilution curve (Fig. 1, the Shannon diversity index curve of caecal content gradually flattened with an increase 
in the number of reads. The results showed that sequencing covered the information of all samples in the two 
groups, the amount of sequencing data was reasonable, the sequencing depth adhered to the requirements, and 
the sequence information of the caecal flora in the samples was accurately reflected.

Venn diagram and PCA analysis of caecal flora
As shown in Fig. 2A, there were 906 OTUs in the caecal microbiota of the control group. Among them, 101 
OTUs were unique. The experimental group had 942 OTUs. Of these, 137 OTUs were unique, and 805 OTUs 
were shared by the two groups. The total numbers of OTUs and unique OTUs were higher in the experimental 
group than in the control group. As shown in Fig. 2B, the PCA analysis revealed that the PC1 of the appendix 

Items
Dietary 
treatment2 SEM-value3

CON Treatment

Asp 4.43b 4.81a 0.111

Thr 2.27 2.4 0.049

Ser 3.32b 3.60a 0.089

Glu 5.33 6.24 0.311

Gly 1.48b 1.60a 0.029

Ala 2.43b 2.68a 0.067

Val 2.93 3.08 0.062

Met 1.37 1.52 0.073

Ile 2.33 2.45 0.058

Leu 3.81b 4.10a 0.083

Tyr 1.99 2.09 0.042

Phe 2.85b 3.17a 0.075

His 1.04b 1.13a 0.032

Lys 3.28 3.43 0.072

Arg 2.93 3.08 0.065

Pro 1.65b 1.76a 0.036

TAA 43.44b 47.13a 1.112

EAA 18.85b 20.15a 0.438

NEAA 24.59b 26.98a 0.706

EAA/TAA(%) 43.38 42.76 0.308

EAA/NEAA(%) 76.62 74.72 0.945

Table 6.  DNL to the dietary on amino acids in eggs of Chishui black-bone hens1 (%).
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control and Test III groups was 17.45% and the PC2 was 13.24%. Samples from the control and test groups did 
not cross-cluster at the OTU level, indicating low species similarity and diversity among the treatment groups. 
This indicates that the bacterial community in this experiment was significantly altered by the addition of 
Dendrobium chrysogenum to the diet.

Analysis of caecal flora species
In total, 55 phyla and 798 genera were identified. Figure 3 presents the relative abundance of community species 
at the phylum level of caecal microbes in the samples. Compared with the control group, Bacteroidetes increased 
by 10.12%, Firmicutes decreased by 8.36%, and Desulfobacterota decreased by 1.68% in the test group. In addition, 
Fusobacteria decreased by 1.14% and Actinobacteria increased by 0.97% compared with the control group. The 
abundance of other phyla also increased in the experimental group compared to that in the control group.

Figure 3 (B, D) presents information on the microbial species in the caecal samples that were more than 1% 
abundant at the genus level. Compared with the control group, the abundances of Bacteroides, unclassified_f_
Rikenellaceae, unclassified_o_Bacteroides, Lactobacillus, norank_f_noranko_Clostridia, UCG-014, 
Christensenellaceae_R-7_group, Subdoligranulum, norank_f_Prevotellaceae, UCG-005, and Parabacteroides 
increased in the experimental group. The abundances of Ruminococcustorques_group, unclassified_f_
Lachnospiraceae, Desulfovibrio, Lachnoclostridium, Ruminococcaceae, Fournierella, Faecalibacterium, and 
Oribacterium decreased in the experimental group.

Items Dietary treatment2 SEM-value3

CON Treatment

Saturated fatty acids(SFA)

C14:0 0.456 0.477 0.0119

C15:0 0.051a 0.045b 0.0005

C16:0 26.576b 27.172a 0.0409

C17:0 0.143a 0.131b 0.0009

C18:0 7.308b 7.599a 0.0933

C20:0 0.031 0.028 0.0031

C21:0 0.02 0.02 0.002

C22:0 0.068b 0.086a 0.0008

C24:0 0.019 0.014 0.0043

Monounsaturated fatty acids (MUFA)

C14:l 0.123 0.133 0.0064

C16:l 4.124b 4.343a 0.0717

C17:l 0.108a 0.102b 0.0007

C18:ln9t 0.17 0.159 0.0201

C18:ln9c 45.582b 46.304a 0.1313

C20:ln9 0.013 0.014 0.0009

C22:ln9 0.015 0.015 0.001

Polyunsaturated fatty acids(PUFA)

C18:2n6c 13.273a 11.653b 0.057

C18:3n6 0.059 0.062 0.0022

C18:3n3 0.310a 0.257b 0.0036

C20:2 0.124a 0.105b 0.0013

C20:3n6 0.12 0.12 0.0011

C20:4n6 0.941 0.939 0.0135

DPA 0.064 0.05 0.0011

C22:6n3 0.114 0.156 0.0419

SFA 34.662b 35.567a 0.1201

MUFA 50.135b 51.070a 0.0633

PUFA 15.031a 13.349b 0.0824

n-3PUFA: 0.488 0.464 0.043

n-6PUFA 14.420a 12.781b 0.0494

Table 7.  Effects of adding DNL to the feed dietary on the fatty acid content in eggs of Chishui black-bone 
hens1 (%). 1 Data were the mean of 3 replicates per treatment. 2 Dietary treatments: CON, the control group, 
fed with the basal diet; Treatment, the trial group, fed with the basal diet supplemented with 2100 mg/kg DNL 
diet. 3 SEM = Standard error of the mean. a − b Values in the same row not sharing a common superscript mean 
a significant difference (P < 0.05).
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Fig. 1.  Dilution curve. CON. control group; T. Treatment; The indexe reflecting the community richness.

 

Items Dietary treatment2 SEM-value4

CON Treatment

OTUs 926 954

Coverage (%) 99.7 99.7

Valid sequences3 32510.33 32,298 1871.2

Shannon index 4.49 4.59 0.106

Simpson index 0.03 0.03 0.008

Ace index 678.58b 730.41a 27.713

Chao index 692.39 743.21 20.28

Table 8.  Alpha diversity indexes1. 1 Data were the mean of 6 replicates per treatment. 2 Dietary treatments: 
CON, the control group, fed with the basal diet; Treatment, the trial group, fed with the basal diet 
supplemented with 2100 mg/kg DNL diet. 3 Average number of effective sequences. 4 SEM = Standard error 
of the mean. a − b Values in the same row not sharing a common superscript mean a significant difference 
(P < 0.05).
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Analysis of the variability in the composition of caecal flora
Metastats analysis was performed to compare significant differences between the experimental group and the 
control group at both the phylum and genus levels. As shown in Fig. 4, at the phylum level, the abundances of 
Desulfobacterota, Synergistota, and WPS-2 in the control group were significantly higher (P < 0.05) than those in 
the experimental group. Spirochaetota was significantly higher (P < 0.05) in the experimental group than in the 
control group.

At the genus level Fig. 4 (B), Desulfovibrio, unclassified_f_Lachnospiraceae, Faecalibacterium, Colidextribacter, 
Negativibacillus, and Sellimonas were significantly (P < 0.05) more abundant in the control group than in the 
experimental group. In addition, norank_f_norank_o_Clostridia_vadinBB60_group, Christensenellaceae_R-7_
group, unclassified_f_Rikenellaceae, and Enterococcus were significantly (P < 0.05) more abundant in the 
experimental group than in the control group.

COG functional analysis of caecum flora
COG functional annotation of OTUs was performed using PICRUSt to obtain the annotation information of 
OTUs at the COG functional level (Fig. 5 (A), control group; Fig. 5 (B), experimental group). The results showed 
that the COG functional compositions of the two groups were similar and that the enriched functions mainly 
included carbohydrate transport and metabolism, transcription, amino acid transport and metabolism, and 
unknown functions.

Discussion
The number of ovulated or atretic follicles and egg-producing capacity of the oviduct are key to hen productivity. 
Oxidative stress, disease, and lower reproductive hormone levels can reduce follicle numbers and decelerate 
growth, thereby potentially decreasing egg production. Some studies have shown that dietary antioxidants, such 
as inulin, quercetin, and vitamin E improve egg production rates and increase serum IgA levels36,37. In this 
study, Dendrobium chrysogenum also improved egg production rate and serum IgA levels. Astaxanthin improves 
serum reproductive hormone levels, increases follicle numbers, reduces atresia, and boosts egg production38. 
Soybean flavonoids improve egg production performance and shell quality39, also indicating that flavonoids exert 
a positive effect on the egg production performance of laying hens. However, Dendrobium cinchona contains 
a variety of flavonoid compounds that are structurally similar to endogenous oestradiol and can bind to the 
oestrogen steroid receptor and exert varying degrees of oestrogen-like effects, resulting in increased oestrogen 
levels40. The increased egg production in this study may also be related to the estrogenic effects of the flavonoids 
and flavonoid substances in DNL supplementation with Comfrey polysaccharides which increases the relative 
abundance of certain bacterial families and boosts egg production41. The same results were found in this study, 
suggesting that Dendrobium polysaccharides may lead to increased egg production by altering the microbial 
community in the caecum, resulting in increased digestibility of nutrients. In contrast to the results of Yao et 
al.42, our results showed no significant effects on egg quality. This difference may be due to different chicken 
breeds, dosages of additives, or rearing environments used in the two studies. In poultry farming, egg quality 

Fig. 2.  Venn diagram and PCA analysis of cecum flora. Blue represents control group; red represents 
Treatment group; The X axis and the Y axis represent the two selected principal component axes, and the 
percentage indicates the interpretation value of the principal component on the sample composition difference; 
the scale of the X axis and the Y axis is the relative distance with no practical significance.
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stability is crucial for production management and market sales. The insignificant differences in egg quality 
indices between the experimental and control groups indicate that breeders do not need to be concerned about 
changes in egg quality that affect the selling price or market acceptance when DNL is added.

IgA is secreted by B lymphocytes, and their proliferation increases IgA levels43. Dendrobium stimulates 
the proliferation of B lymphocytes in vitro44, which may be related to the increased serum IgA levels in the 
experimental group of the present study. Interestingly, IgA can reduce expression of pro-inflammatory genes 
and oral administration of IgA can inhibit chemically induced colitis45,46. IFN-γ is an immunoreactive substance 
involved in the immunoinflammatory process of the glomerulus. The level of IFN-γ is significantly increased 
in the glomerulus of inflamed mice. However, Dendrobium polysaccharide can significantly reduce the level of 
IFN-γ cytokines in the serum of mice with nephritis47,48, indicating that Dendrobium can exert a therapeutic effect 
on nephritis in mice. In summary, an increase in IgA helps enhance mucosal immune defense, form and remove 
immune complexes, and regulate the balance of intestinal flora, thereby reducing the risk of inflammation. A 
reduction in IFN-γ can inhibit the activation and chemotaxis of inflammatory cells, reduce the secretion of 
inflammatory factors, and promote inflammation resolution. These two mechanisms work synergistically to 
balance the types of inflammatory responses and create favourable conditions for tissue repair. In this study, 
adding DNL to chicken diets significantly increased IgA content and decreased IFN-γ cytokine levels in chicken 
serum, showing that adding DNL to the diet had a positive effect on serum immune indices. These findings 
suggest that DNL supplementation can enhance poultry health by improving immune function and reducing 
inflammation, which may lead to better disease resistance and overall production performance in commercial 
poultry farming. Specifically, the increased IgA levels could help protect chickens against mucosal pathogens, 

Fig. 3.  Graph of relative abundance analysis of cecum flora species. Figure 3 (A) and (C), the abscissa is the 
grouping, the ordinate is the proportion of the species in the sample, the columns of different colours represent 
different species, and the length of the columns represents the size of the proportion of the species. Figure 3 (B) 
and (D), the abscissa is the sample name (or group name), and the ordinate is the species name. The change in 
the abundance of different species in the sample is displayed by the colour block colour gradient. The colour 
gradient is shown on the right-hand side of the figure.
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while the reduced IFN-γ levels may mitigate chronic inflammation, thereby improving growth efficiency and 
reducing mortality rates. However, the levels of TP, IgM, ALB, IL-12, SOD, BUN, T-AOC, and CRE did not 
differ significantly from those of the control group, indicating that under the experimental conditions of this 
study, DNL had an insignificant impact on these specific serum indicators. This suggests that while DNL has 
certain effects on the production performance, immune function, and intestinal flora of chickens, its influence 

Fig. 4.  Analysis of the variability in the composition of cecum flora. The X axis represents different groups, 
different colored bins represent different groups, and the Y axis represents the average relative abundance of a 
species in different groups.
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may be relatively specific and primarily concentrated in certain aspects, such as the regulation of IgA and 
IFN-γ and changes in the intestinal flora, with a relatively small impact on other physiological indicators. 
These non-significant results also help eliminate potential confounding factors, as significant changes in these 
indicators might have complicated the interpretation of the observed changes in production performance and 
immune function. The robustness of these indicators confirms that the observed improvements in production 
performance and immune function were primarily driven by DNL’s influence on specific physiological processes. 
Future studies should focus on evaluating the long-term effects of DNL supplementation under field conditions 
to validate its practical benefits for poultry health and productivity. This study provides crucial information for 
a more accurate understanding of the physiological effects of DNL in chickens, highlighting its targeted impact 
on specific aspects of health and performance.

Amino acids and their salts have various flavours. Glutamic acid is the main component of monosodium 
glutamate and is responsible for its umami taste49. Studies have shown that intestinal microbiota play an 

Fig. 5.  Functional analysis of cecum flora COG. Samples represents the sample or grouping, and Abundance 
represents the functional relative abundance.
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important role in amino acid synthesis and metabolism. In humans, 1–20% of plasma lysine, urinary lysine, 
and body protein lysine originate from gut microbes50. Firmicutes and Bacteroidetes vary substantially owing 
to dietary macromolecular content51. In the present study, adding DNL to the diet of Chisui black-bone hens 
increased Bacteroides abundance in the caecum and the amino acid content in eggs, with PICRUSt COG 
function analysis showing similar results, leading to our speculation that Dendrobium may increase the amino 
acid content of eggs by increasing the abundance of Bacteroides. This discovery has potential applications in the 
poultry farming industry for producing premium - quality, higher - priced eggs due to their enhanced nutrition 
and flavor, and in the food processing industry as raw materials for new functional foods like amino - acid - 
fortified egg - based products. For future research, it is essential to investigate the effect of DNL supplementation 
under different environmental and management conditions in poultry farms, including different climate zones, 
stocking densities, and feeding frequencies to find the optimal application scenario. Also, research could focus on 
the impact of different Dendrobium species and their extraction methods on the intestinal microbiota and amino 
acid content in eggs to identify the most effective Dendrobium - related ingredient for improving egg quality. 
Moreover, in - depth research on the molecular mechanisms underlying the relationship between Dendrobium, 
Bacteroides, and amino acid synthesis in hens, involving gene expression studies in the intestinal microbiota and 
the hen’s own metabolism - related genes, is needed to comprehensively understand this phenomenon.

Linoleic acid (C18:2n6c) is the predominant PUFA consumed in the human diet and serves as a precursor for 
the biosynthesis of gamma-linolenic and arachidonic acids. Insufficient intake of linoleic acid during infancy can 
result in cutaneous desquamation, growth retardation, altered plasma fatty acid profiles, and thrombocytopenia52. 
Furthermore, variations in food flavours primarily stem from differences in fatty acid composition among 
different foods, leading to disparities in their oxidation products. High-temperature oxidation of oleic acid, 
linoleic acid, linolenic acid, and arachidonic acid results in the formation of volatile carbonyl compounds such as 
ketones, aldehydes, and acids which enhance the palatability of food items53. SFAs have straight-chain structures 
and show strong intermolecular forces. Increased SFA content in eggs is associated with higher egg stability54. 
We recognise that an increase in the SFA content in eggs may raise concerns regarding human dietary health. 
Excessive intake of SFA is associated with an increased risk of some chronic diseases, such as cardiovascular 
diseases55. In the present study, although the SFA content in eggs was increased, the magnitude of the increase 
was relatively small. Based on egg production in this study and possible human consumption patterns, it is 
estimated that the impact of this increase in SFA content on the overall SFA intake in the human diet may be 
limited. Additionally, although the SFA content was increased, the content of some PUFAs in the eggs of the 
experimental group was decreased, with a significant decrease in n-6PUFA content. PUFAs play important roles 
in maintaining normal physiological functions in the human body. Particularly, the balance between n-3 and 
n–6-series PUFAs is crucial to human health56. Therefore, from the perspective of overall fatty acid composition, 
it is necessary to comprehensively consider the impact of various fatty acid changes on human dietary health. 
Future research should explore the long-term impact of changes in egg fatty acid composition on human health 
under different dietary patterns. Simultaneously, it is necessary to examine whether there are other methods for 
regulating egg fatty acid composition to meet the needs of human dietary health.

Bacteroides and Firmicutes in the gut can degrade dietary polysaccharides from fibres to acetic, propionic, 
and succinic acids57. Acetate, the precursor for liver synthesis of C16 and C18 fatty acids and their related 
glycerophosphatidins, promotes fatty acid metabolism in the liver58. The levels of palmitic acid (C16:0), stearic 
acid (C18:0), palmitic acid (C16:1), and oleic acid (C18:ln9c) were significantly higher in eggs of the experimental 
group than in eggs of the control group. C16:0 and C18:0 are saturated fatty acids whereas C16:1 and C18:ln9c 
are MUFAs. The increase in their relative content resulted in significantly higher levels of both saturated and 
MUFAs in the experimental group than in the control group. In addition, the relative content of n-6PUFA in 
the experimental group was significantly lower than that in the control group, and the content of n-3PUFA also 
decreased. Both n-6 and 3PUFA are essential for human nutrition. The balance between the intake of n-6 and 
3PUFA is fundamental for maintaining health59. Dendrobium reduces the synthesis of n-6PUFA in eggs, which 
is beneficial for human health.

Desulphurising Vibrio belongs to Proteobacteria and produces H2S, which is toxic and causes gastrointestinal 
disease60. Salmonella is an important zoonotic pathogen that causes infectious diseases61. Salmonella infection 
reduces poultry production and contaminates the human food chain62. Previously, Salmonella diseases were 
mainly treated with antibiotics; however, these can cause dysfunction of the beneficial gut microbiota and increase 
resistance63. Antibiotics can also be added to diet to improve the intestinal barrier. Biotics include probiotics, 
prebiotics, synbiotics, and antibiotics. Modulation of microbiota through such biotics can improve the intestinal 
barrier and prevent chronic diseases64. Probiotics produce organic acids that inhibit harmful microorganisms65. 
Studies have shown that adding Lactobacillus and Bacillus to chicken diets can inhibit Salmonella proliferation 
and that lactic acid bacteria can enhance immunity66.

DNL contains prebiotics, such as cellulose, polysaccharides, and alkaloids. Adding cellulose to the diet 
increases the faecal volume and promotes the growth of beneficial bacteria, thus reducing intestinal diseases67. 
In rats, dietary fibre can increase the abundance of microorganisms in the caecum, which is conducive to 
the growth of Lactobacillus68. High cellulose intake altered the intestinal microbial community in mice by 
increasing Lactobacillus and Clostridium69. Polysaccharides can be decomposed by intestinal microorganisms, 
thus providing nutrients and changing the floral structure70. Polysaccharides from Dendrobium officinum 
are degraded into SCFA by large-intestine microorganisms71. Moreover, a mixture of Dendrobium officinale 
and Panax quinaculinum can be used as a prebiotic preparation to increase the number of SCFA-producing 
bacteria and prevent intestinal flora imbalance72. Polysaccharides from Dendrobium huoshanense can change 
the intestinal state of mice and affect the intestinal flora73. In this study, DNL addition to the diet of chickens 
increased the abundance of Lactobacillus and Bacteroides and decreased the abundance of Desulfovibrio and 
Salmonella, which may be related to DNL containing abundant prebiotics such as cellulose, polysaccharides, 
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and alkaloids. The ACE index serves as a metric for estimating species richness within microbial communities. 
By comparing the ACE index between the experimental and control groups, we evaluated the effect of D. 
chrysogenum addition on the richness of the chicken gut microbiota. The ACE index reflects species richness, 
which is an important aspect of microbial diversity. The higher ACE index in the experimental group may 
imply higher species richness in the intestinal microbiota, which is a positive indication of an overall increase 
in diversity, although microbial diversity also encompasses other elements, such as evenness. Similar to the 
findings of a previous study74, our study demonstrated an increase in the ACE index, suggesting a comparable 
trend in changes in microbial diversity. This consistency further validates the potential influence of Dendrobium 
chrysogenum on the intestinal microbiota.

Consequently, the increased species richness of the gut microbiota can exert a significant impact on nutrient 
metabolism. A greater number of microbial species implies a broader range of metabolic functions and pathways, 
enabling more efficient breakdown and utilisation of nutrients in the feed. In the present study, the addition 
of Dendrobium chrysogenum to the feed may have modified the structure of the gut microbiota by increasing 
the number of certain microorganisms with specific nutrient metabolic functions, thereby facilitating nutrient 
absorption and utilisation. Likewise, the gut microbiota plays a crucial role in the development and regulation of 
the immune system. It interacts with the immune system in various ways, such as stimulating the development 
and differentiation of immune cells and regulating cytokine secretion. Diversity in the intestinal microbiota is 
essential for immune regulation, as it provides a more comprehensive set of immunostimulatory signals that 
help maintain the balance and stability of the immune system.

In this study, the increase in the ACE index in the experimental group suggests a positive effect on the 
immune function of the chickens. Higher species richness in the gut microbiota may lead to a more diverse 
immune-stimulating environment and enhance the ability of chickens to resist disease. This speculation is further 
supported by the results of our study, in which a significant increase in serum IgA levels in the experimental 
group indicated enhanced immune function, which may be related to changes in the gut microbiota.

Conclusions and applications
This study suggests that adding 2100 mg/kg of DNL to the feed may increase the content of serum IgA and 
reduce the levels of IFN-γ in Chishui black-bone chickens during the later laying period. Additionally, it appears 
to enhance the laying rate of hens, increase the types of amino acids in eggs, and improve the proportion of ideal 
proteins. Furthermore, the findings indicate that DNL supplementation could be beneficial in improving the 
caecal microbial community of Chishui black-bone chickens, potentially increasing the relative abundance of 
beneficial bacteria. Based on these observations, we propose that DNL could be considered as a functional feed 
additive to potentially prolong the peak laying period of ageing Chishui black-bone chickens. However, further 
research is needed to confirm these findings and explore the underlying mechanisms.

Data availability
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are available from the corresponding authors upon reasonable request.
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