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Supplemental effects of different production methods of pine 
needle additives on growth performance, intestinal environment, 
meat quality and serum of broiler chickens

Yi-Qiang Chang1, Seung-Kyu Moon1, Yan-Qing Wang1, Liu-Ming Xie1,2,  
Hang-sul Cho1, and Soo-Ki Kim1,*

Objective: Pine needles are rich in many nutrients and exhibit antibacterial and antioxidant 
biological activities; however, the effects of different production methods of pine needle 
additives on the growth performance and intestinal flora of broiler chickens are not known.
Methods: Normal diets were supplemented with pine needle fermentation juice (PNF), 
pine needle soaking juice (PNS), or pine needle powder (PNP), and the associated effects 
on growth performance, relative organ weights, intestinal development, intestinal histological 
morphology, intestinal flora, meat quality, and serum indicators in broiler chickens were 
observed.
Results: The results showed that PNF, PNS, and PNP all significantly improved feed utilisation 
and promoted the growth and development of broilers. All three additives also significantly 
improved the structure of the intestinal flora, specifically increasing the diversity of bacteria; 
increasing the abundance of beneficial bacteria, such as Faecalibacterium, Rikenella, and 
Blautia; and decreasing the abundance of harmful bacteria, such as Staphylococcus. The 
antioxidant properties of pine needles were also found to intensify lipid metabolic reactions 
in the blood, thus leading to lower triglycerides and total cholesterol. Meanwhile, high 
doses of PNF reduced jejunum and ileum weights and also increased meat yellowness. 
Lastly, none of PNF, PNS, or PNP had an effect on relative organ weights or intestinal 
histological morphology.
Conclusion: The addition of pine needles to the diet of broiler chickens can effectively 
promote their growth performance as well as improve their intestinal flora and serum 
status without side effects; in particular, the dose of 0.2% of either PNF and PNS is expected 
to have the capacity to replace growth-promoting antibiotics as diet additives.
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Pine Needle

INTRODUCTION

In recent years, the misuse of antibiotics has jeopardised public health and safety. Antibiotics 
are mainly used in agriculture as growth promoters and disease preventive agents in animals, 
and such use has been banned in some countries of the European Union (EU), as this usage 
leads to increased drug resistance over time that gradually weakens the efficacy of the 
drugs, while also leading to an increased risk of transmission of zoonotic diseases due to 
increased antimicrobial resistance in humans as a result of downstream exposure [1]. The 
current alternatives to antibiotics for such use in farm animals mainly comprise antimi-
crobial vaccines, immunomodulators, phages and their lysosomes, antimicrobial peptides, 
inhibitors of targeted pathogenicity (bacterial population sensing, biofilms, and virulence), 
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and feed enzymes. However, all of these treatments can have 
side effects, including intestinal damage and inhibition of 
beneficial bacteria in the intestine. Therefore, there is an urgent 
need for the development of safe, low-toxicity, and effective 
alternatives to antibiotics that are derived from natural sub-
stances [2].
  Plants contain a variety of natural components, and their 
varying natural compositions can contribute to increased 
biodiversity and thus help control the growth of microor-
ganisms such as bacteria and molds [3]. They are even more 
widely used in the field of animal feed and additives. Essential 
oils can further promote the production of digestive secre-
tions and nutrient absorption in the intestinal tract of swine 
and poultry, thus reducing pathogenic stress in the intestine 
[4]. Feeding a mixture of barley and wheat extracts has been 
shown to increase lipase activity in older broiler chickens by 
38% to 46% on a basal basis [5]. Another study showed that 
the addition of extracts from essential oils of sage, thyme, 
cinnamon and cayenne promote feed digestibility among 
broilers without any toxicological effects [6]. 
  Pine needles are rich in nutrients such as proteins, min-
erals, and vitamins, and they possess  anti-inflammatory 
[7], antioxidant, anti-mutagenic, and anti-tumor [8], and 
antimicrobial properties [9]; these properties have led to 
their widespread use as feed additives. For example, the feed 
addition of pine needle extract as a supplement has been 
shown to significantly improve the intestinal flora of chickens 
[10]. The addition of low doses of pine needle extract has 
also been shown to lead to heavier yolk weights in laying 
hens [11].
  Fermentation is a commonly used method to increase the 
shelf life of food and improve its flavor, and the bacteria in-
volved in fermentation activities produce bioactive peptides 
that remove non-nutrients and provide health benefits [12]. 
Molasses is rich in carbohydrates and fats, minerals, and 
other substances; can be used as silage; and can be added to 
fermented plants to increase the content of internal lactic 
acid bacteria and reduce the content of organic acids and 
ammonia [13]. Food-based plant powders are often used in 
food manufacturing, as powder processing minimises nutrient 
loss and facilitates handling for easier absorption by the body 
[14]. Many of the previous studies have focused primarily 
on the effects of pine needle powder and pine needle extracts 
on the growth performance of broilers, while fewer studies 
have examined or compared the effects of different types of 
pine needle additives on broilers. Therefore, the present ex-
periment investigated the effects of three pine needle feed 
additives made using different production methods. In par-
ticular, fermented pine needle (pine needle ferment, PNF), 
soaked pine needle (pine needle soak, PNS), and powdered 
pine needle (pine needle powder, PNP) were analysed in 
terms of their effects on growth performance, relative organ 

weights, intestinal development, intestinal tissue morphology, 
intestinal microflora, meat quality, and serum of broilers. 
Adverse reactions and their side effects were also monitored.

MATERIALS AND METHODS

The current study was conducted in accordance with the 
ARRIVE (https://arriveguidelines.org) guideline report. 

Ethical statement
All animal care procedures were approved by the Institutional 
Animal Care and Use Committee of Konkuk University 
(Accreditation number: KUB23004). The experiment was 
conducted on an individual broiler farm in Chungju, South 
Korea, which is where all rearing conditions were carried 
out according to the experimental guidelines, and the appro-
priate breeding licence was obtained.

Experimental design and husbandry
To begin, 630 one-day-old male Ross 308 broiler chicks (with 
an initial weight of 45 g±0.5) were reared continuously for 5 
weeks. The chicks were divided into seven groups: i) basal 
diet (negative control; NC); ii) basal diet + 0.02% Enradin 
antibiotic products containing enramycin provided by Woo-
gene B&G (Seoul, Korea) (positive control; PC); iii) basal diet 
+ 0.2% pine needle fermentation juice (PNF) (T1); iv) basal 
diet + 0.4% PNF (T2); v) basal diet + 0.2% pine needle soaking 
juice (PNS) (T3); vi) basal diet + 0.4% PNS (T4); and vii) basal 
diet + 0.3% pine needle powder (PNP) (T5). Each treatment 
group had six replicates, where each replicate group housed 
15 chicks with similar initial body weights (BW). The provi-
sion of basal rations was divided into two phases, pre-feeding 
and post-feeding, while the composition and calculated 
chemical composition of corn and soybean meal-based basal 
rations were formulated according to the 2017 Korean Poultry 
Feeding Standards and are listed in Table 1 [15].
  All chicks were housed on a concrete floor covered with 5 
cm of bran; they had access to an unlimited supply of food 
and water throughout the feeding cycle, as described in the 
previous feeding program. The relative humidity was set at 
60% to 65%, and 24 hours of continuous light was provided. 
The temperature of the chicken house was initially controlled 
at 33°C before being decreased by two degrees per week until 
the end of the feeding period.

Preparations of feed additives
Three kinds of feed additives of pine needle were prepared 
by Celltec Co. Ltd. (Chungju, South Korea). 
  i) Pine needle fermentation juice: 700 g of PNS and 350 g 
of molasses were mixed with water to 5 L. Lactobacillus plan-
tarum (L. plantarum) SK4315 and Saccharomyces cerevisiae 
(S. cerevisiae) SK3587 (6 to 7 logCFU/mL) were then inocu-

https://arriveguidelines.org
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lated and fermented as solid state for 72 hours at 30°C. The 
prepared solution was then mixed 1:1 with soybean meal 
and dried in a drying oven at 50°C to obtain the finished 
product.
  ii) Pine needle soaking juice: Pine needle soaking juice 
was produced by Pinebio Co. Ltd. (Bongwha, Korea). The 
juice was soaked by sugar at a ratio of 1:1 without the addi-
tion of water for one year at room temperature. Pine needle 
juice of 0.7 L and water of 4.3 L were mixed, after which soy-
bean meal was added and mixed to 10 kg to obtain the finished 
product.
  iii) Pine needle powder: Natural fine needles were chopped 
and dried with a dryer for 1 day at 50°C. Next, they were di-
rectly ground into powder with a blender. Then, 700 g of the 
pine needle powder and 9.3 kg of soybean meal were mixed 
to 10 kg to obtain the finished product.

Growth performance
All broilers were weighed weekly by group and recorded 
separately. Records were kept of the body weight (BW) of 
the broilers in each treatment group during the three rear-
ing stages: (0 to 7 day), (0 to 21 day), and (0 to 35 day). Body 
weight gain (BWG) was measured as the change in the 
weight of the pullets from the time they were housed to the 
time they were released. Average daily gain (ADG) is the 
BWG divided by the number of days. Feed intake (FI) is 
the weight of the remaining ration for the day minus the 
weight of the feed offered on the previous day. Feed con-
version ratio (FCR) is FI divided by ADG. All indicators 
were measured on the premise that the number of deaths 
was recorded on a daily basis.

Organ sampling and weight
At the end of rearing, one broiler per replicate that had a 
weight close to the average weight of the group was selected 
for sample collection. Specific samples collected included 
liver, spleen, Fabricius bursa, breast, leg (single right side), 
small intestine (duodenum, jejunum, and ileum) and cecum, 
and blood. Blood collection was performed first; anticoag-
ulated blood collection tubes were prepared and labeled 
sequentially before blood collection. Immediately after 
death by carbon dioxide asphyxiation, blood was collected 
by cardiac puncture, and 10 mL of fresh blood was drawn 
into BD Vacutainer K2E (ethylenediaminetetraacetic acid) 
blood tubes and immediately stored at 4°C for preservation. 
Using a serum centrifuge, the serum was separated by cen-
trifugation at 1,500 rpm for 10 minutes (HA-1000-3; Hanil 
Science Medical, Daejeon, Korea). Breast, thigh (single right 
side), liver, spleen, bursa, and small intestine and cecum sam-
ples were all stored at 4°C immediately after dissection.
  The collected livers, spleens, Fabricius bursa, breasts and 
whole leg meat (right side) were weighed as a whole after 
having excess fat removed using an electronic balance (EL4002; 
Mettler Toledo, Zürich, Switzerland). Results were expressed 
as the weight ratio of chicken meat per 100 g of live BW.

Internal morphology of intestine
The small intestine and cecum are used to analyse intestinal 
characteristics. The small intestine is divided into three sec-
tions: i) duodenum: from the gizzard to the beginning of the 
mesentery; ii) jejunum: from the farthest insertion point of 
the mesentery to 5 cm before the Meckel's diverticulum; and 
iii) ileum: from 5 cm after the Meckel's diverticulum to the 
ileocecal junction. Samples of the small intestine and cecum 
were collected and measured in terms of weight and length. 
The results were expressed as the weight ratio of chicken meat 
per 100 g of live BW.
  After fasting for 12 hours prior to dissection, intact jejunum 
and ileum midsections of 5 cm in length were collected with 

Table 1. Ingredients and compositions of the experimental diets

Item Starter  
(1 to 21 d)

Grower  
(21 to 35 d)

Ingredient (%)
Corn 50.75 53.511
Wheat 5.00 5.000
SBM (IMP) 34.09 31.331
Tallow 4.99 6.117
L-methionine, 98% 0.32 0.247
Lysine-Syn, 24% 0.96 0.244
L-threonine, 98% 0.13 0.027
Limestone 1.59 1.535
MDCP 1.29 1.156
Choline Cl, 50% 0.10 0.071
Salt 0.28 0.280
Vitamin premix1) 0.15 0.150
Mineral premix2) 0.15 0.150
Phytase 0.02 0.020
NaHCO3 0.16 0.161

Chemical composition calculated
CP (%) 21.00 19.00
Crude fiber (%) 2.88 2.96
Ca (%) 0.90 0.85
Available phosphorus (%) 0.35 0.32
Total Lys (%) 1.37 1.10
Total TSAA (%) 0.99 0.87
Total Thr (%) 0.90 0.74
AMEn (kcal/kg) 3,050 3,146

SBM, soybean meal; IMP, inosine monophosphate; MDCP, monodicalci-
um phosphate; CP, crude protein; TSAA, total sulfur amino acids; AMEn, 
apparent metabolic energy.
1) Vitamin premix provides the following (per kg of diet): Vitamin A, 5,500 
IU; Vitamin D3, 1,100 IU; vitamin E, 10 IU; riboflavin, 4.4 mg; vitamin B12, 12 
mg; nicotinic acid, 44 mg; menadione, 1.1 mg; biotin, 0.11mg; thiamine, 
2.2 mg; ethoxyquin, 125 mg. 
2) Mineral premix provides the following (per kg of diet): Mn, 120 mg; Zn, 
100 mg; Fe, 60 mg; Cu, 10 mg; Se, 0.17 mg; I, 0.46 mg; Ca, min: 150 mg, 
max: 180 mg.
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three replicates for each treatment group. The center portion 
of the jejunum and ileum was then cut at about 3 cm, and 
the intestinal surface and contents were rinsed with phos-
phate buffer solution of pH 7.2. The samples were immersed 
in a 1% formalin solution, then in a 5% formalin solution, 
and finally in a 10% formalin solution. Next, the processed 
samples were placed in Falcon sample tubes and stored in 
ice at 4°C before being transported to the laboratory. The 
next sample processing step was sectioning, and the sections 
were stained with standard hematoxylin-eosin (H&E) stain. 
Villus height (VH) and crypt depth (CD) were determined 
using a microscope (BX43; Olympus, Tokyo, Japan) and cor-
responding software (DIXI Science; Daejeon, Korea). VH is 
measured as the depth from the tip of the villus to the villus-
crypt junction, while CD is measured from that junction to 
the base of the crypt, and VH:CD is the ratio of the two, 
both of which are expressed in µm. In total, five section 
lengths were measured, and the average value was taken.

Intestinal microbiota
Polymerase chain reaction conditions, DNA extraction, bio-
informatics, and next generation sequencing sequencing 
analysis were carried out following a previously described 
method [16]. In short, a PowerSoil DNA isolation kit (Mobio 
Laboratories, Inc., Carlsbad, CA, USA) was first used for 
the isolation of genomic DNA. Next, the V3-V4 region of 
the bacterial 16S rRNA gene was amplified by 341F and 
785R primers. Sequencing was then performed using the 
Illumina Miseq platform through the commercial service 
of Macrogen (Seoul, Korea). To compare alpha diversity, 
operational taxonomic units, Chao1, Shannon, and Gini-
Simpson indexes were checked. For beta diversity analysis, 
principal coordinate analysis (PCoA) and weighted UniFrac 
distance matrix-based unweighted pair-group mean average 
(UPGMA) analysis were used.

Analysis of meat quality 
To determine the quality of chicken meat, the collected sam-
ples of chicken breasts were analysed. The pH value was 
measured by inserting the measuring needle of a pH meter 
(Hanna Instruments, Nusfalau, Romania) to a depth of 1 cm 
inside the chicken breasts and calculating the value from the 
displayed value; this was measured three times for each sample, 
recorded sequentially. Cooking loss: samples were placed in 
polyethylene bags and heated in a water bath (C-WBE; Chang 
Shin Co., Seoul, Korea) at 75 degrees Celsius for 30 minutes, 
then left to cool at room temperature for 10 minutes; the dif-
ference in weights before and after the heating was compared 
to calculate the amount of loss.

  * Cooking loss (%)  
    = (Sample weight before cooking  

      – Sample weight after cooking)  
      / (Sample weight before cooking) × 100

  Regarding the display of the colorimetric values of the 
meat, a colorimeter (Chromameter, CR210, Minolta, Japan) 
was used to measure the surface of the samples, and the L* 
value for lightness, a* value for redness, and b* value for yellow-
ness were used. For standard color, a chromaticity calibration 
plate was used that had an L* value of 97.69, an a* value of 
–0.43, and a b* value of +1.98.

Blood profiles
The chemical compositions of the blood samples taken from 
broilers in this experiment were analysed using an auto-
mated dry chemical analyser for veterinary use (CHEM7000i, 
Tokyo, Japan) at the Biological Center of Konkuk University 
Research Facility (Seoul, Korea). This analysis measured 
gamma-glutamyl transpeptidase, glutamic oxaloacetic 
transaminase, glutamic pyruvate transaminase, glucose, 
blood urea nitrogen, creatine, triglycerides (TG), total pro-
tein, albumin, uric acid), total cholesterol (TCHO), and 
high-density lipoprotein (HDLC).

Statistical analysis 
Data were examined as a completely randomised design using 
SAS 9.4's PROC mixed process (SAS Institute, Cary, NC, 
USA). Growth performance parameters are used as experi-
mental units for each pen of chickens. The results are expressed 
as mean and standard error of mean (SEM). Statistical sig-
nificance is considered to be extremely significant if p<0.01, 
significant if p<0.05, and to have a trend towards statistical 
significance if 0.05<p<0.1. a-d Mean within a column within 
a main effect are significantly different.

RESULTS

Growth performance
Table 2 shows the effects of the addition of PNF, PNS, and 
PNP on growth performance in broiler chickens. As can be 
seen in the Table, at 0-35 days, the BW of all treatment groups 
were higher than that of the NC group (p<0.05). BWG and 
ADG were also higher in the treatment groups than they 
were in the NC group at mid to late rearing, and this was 
shown to be a dose-dependent relationship (p<0.05). On the 
other hand, the FI values of the T3 and T5 treatment groups 
were slightly lower than the NC group at the beginning of 
the feeding period, but the changes in FI were positively cor-
related with the results of the FCR. At the middle and end of 
the feeding period, both FI and FCR of the treatment groups 
were lower than those of the NC group (p<0.05). The addi-
tion of PNP showed most low tendency of FCR compared to 
other treatments with no significance. 
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Relative organ weights
Figure 1 shows the effect of the addition of PNF, PNS, and 
PNP on the relative organ weights of broiler chickens. None 
of the treatment groups containing showed any significant 
difference (p>0.05) in any of the following five analysed in-
dexes.

Intestinal development
Figure 2 shows the effects of the addition of PNF, PNS, and 
PNP on intestinal development in broiler chickens. PNF, 
PNS, and PNP had no significant effect on ileum or jejunum 
lengths (p>0.05). Meanwhile, PNS and PNP treatments had 
no significant effect on the relative weights of jejunum, ileum, 

Table 2. Effect of the addition of PNF, PNS, and PNP on growth performance

Item
Treatment1)

SEM2) p-value
NC PC T1 T2 T3 T4 T5

BW (g/bird)
Day 7 (initial weight) 155.95 154.56 156.99 157.79 158.33 160.97 161.08 3.00 0.683
Day 21 820.07 861.36 864.99 842.89 848.15 853.03 873.64 13.30 0.1415
Day 35 1,786.03b 1,961.5a 2,033.69a 1,981.55a 1,930.59ab 1,950.72a 1,945.6a 35.01 0.0012

BWG (g/bird)
Grower phase 780.73 822.04 825.65 803.55 808.82 813.71 834.29 13.30 0.1414
Finisher phase 965.96b 1,100.13ab 1,166.71a 1,138.66a 1,082.45ab 1,097.69ab 1,071.96ab 32.29 0.0043
Total phase 1,746.68b 1,922.17a 1,994.36a 1,942.21a 1,891.26ab 1,911.4a 1,906.25a 35.02 0.0012

ADG (g/d/bird)
Grower phase 37.18 39.14 39.32 38.27 38.51 38.75 39.73 0.63 0.1413
Finisher phase 69.0b 78.58ab 83.48a 81.34a 77.32ab 78.41ab 76.57ab 2.31 0.0043
Total phase 49.9b 54.92a 56.98a 55.49a 54.03ab 54.61a 54.47a 35.02 0.0012

FI (g/d/bird)
Grower phase 69.01a 50.26b 62.43ab 61.78ab 57.83b 60.72ab 56.22b 2.09 0.0014
Finisher phase 197.06a 144.23b 150.42b 149.34b 147.39b 146.87b 142.57b 2.56 < 0.0001
Total phase 120.23a 91.45b 97.63b 96.8b 93.66b 95.18b 90.76b 1.56 < 0.0001

FCR (each bird)
Grower phase 1.87 1.44 1.59 1.62 1.5 1.57 1.42 0.06 < 0.0001
Finisher phase 2.87a 1.84b 1.8b 1.85b 1.91b 1.88b 1.88b 0.07 < 0.0001
Total phase 2.41a 1.67b 1.72b 1.75b 1.74b 1.75b 1.67b 0.05 < 0.0001

PNF, pine needle fermentation juice; PNS, pine needle soaking juice; PNP, pine needle powder; BW, body weight; BWG, body weight gain; ADG, average daily 
gain; FI, feed intake; FCR, feed conversion ratio.
1) NC, negative control; PC, positive control; T1, 0.2% PNF; T2, 0.4% PNF; T3, 0.2% PNS; T4, 0.4% PNS; T5, 0.3% PNP.
2) SEM, standard error of mean. 
a,b Mean within a row within a main effect are significantly different (p < 0.05).

Figure 1. Effect of the addition of PNF, PNS, and PNP on relative organ weights. NC, negative control; PC, positive control; T1, 0.2% pine needle 
fermentation juice (PNF); T2, 0.4% PNF; T3, 0.2% pine needle soaking juice (PNS); T4, 0.4% PNS; T5, 0.3% pine needle powder (PNP). ROW, ratio of 
organ weights.
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or cecum (p>0.05). However, a high dose of PNF treatment 
significantly decreased the relative weights of jejunum and 
ileum (p<0.05).

Histotypic morphology of jejunum and ileum
Figures 3 and 4 show the effect of the addition of PNF, PNS, 
and PNP on the intestinal histological morphology of broiler 
chickens. The length of villi and depth of crypts in the jejunum 
and ileum of broilers was unchanged among PNF, PNS, and 
PNP (p>0.05). 

Intestinal microflora
Figure 5 shows the alpha-diversity indices (Observed species, 
Good's Coverage, ASVs, Chao1, Shannon, and Gini-Simpson) 
for the gut microbiota of broilers ingesting PNF, PNS, and 
PNP. In the T3 group, the Shannon and Simpson indices 
were significantly stronger than in the NC group, while in 

the T1 group, the Shannon index is stronger than in the NC 
group (p<0.05). Regarding beta diversity (Figures 5g and 
5h), the PCoA plots with weighted Unifrac distances clearly 
showed that the microbial colonies formed confidence zones 
between groups, and the confidence triangles of the bacterial 
communities in the T3 treatment group area deviated signif-
icantly from those of the NC group. Meanwhile, PD_whole_
tree (UPGMA) showed comparable species homology between 
the other treatment groups and the NC group.
  To determine the changes in the gut flora after PNF, PNS, 
and PNP interventions, the microbiological components 
were analysed. The microflora in the cecum of broiler chickens 
at the phylum level mainly consisted of Bacteroidetes (66.91%) 
and Firmicutes (27.91%). Two superior species, Firmicutes 
and Bacteroidetes, accounted for ~90% of the total microor-
ganisms in relative abundance. Meanwhile, PNF, PNS, and 
PNP may reduce the abundance of some Actinobacteria and 

Figure 2. Effects of the addition of PNF, PNS, and PNP on intestinal development. NC, negative control; PC, positive control; T1, 0.2% pine needle 
fermentation juice (PNF); T2, 0.4% PNF; T3, 0.2% pine needle soaking juice (PNS); T4, 0.4% PNS; T5, 0.3% pine needle powder (PNP). (a) RLW, ratio 
of intestinal length to body weight; (b) RWW, ratio of intestinal weight to body weight. a,b Means with different letters are significantly different 
(p<0.05).
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Lentisphaerae, which contrasts with the findings of the NC 
group (p<0.05) (Figures 6a-6c).
  Figure 6d depicts the classification components of the gut 
flora at the genus level. Bacteroides (11.24%) and Mediterra-
neibacter (8.29%) stood out from the rest of the microflora, 
and these two bacteria accounted for the largest percentage. 
Four dominant bacterial families were chosen to analyse the 
variations in the gut microbiota compositions in various 
samples (Figures 6e-6h). The relative abundance of the ben-
eficial bacteria, Rikenella in group T4, Blautia in group T5, 
and Faecalibacterium in groups T2 and T3, was significantly 
increased compared to the corresponding abundance in the 
NC group. As for harmful bacteria Staphylococcus, it was 
significantly lower in all but the T4 group compared to the 
NC group.

Meat quality
Table 3 presents the effect of the addition of PNF, PNS, and 
PNP on the meat quality of broiler chickens. Compared to 
the NC group, none of the PNS or PNP interventions had 
significant effects on meat quality indexes in broilers (p>0.05), 
but the high dose of PNF increased the yellowness of the 
meat (p<0.05).

Serum indicators
Figure 7 shows the effect of feed additions of PNF, PNS, and 
PNP on serum indices of broiler chickens. Low doses of PNF, 
PNS, and 0.3% PNP reduced TG levels compared to the NC 
group, while high doses of PNF and low doses of PNS and 
PNP reduced TCHO levels (p<0.05).

DISCUSSION

The results of the study showed that PNF, PNS, and PNP all 
promoted growth performance in broilers, with PNF having 
the best effects, while PNP and PNS also had desirable effects 
and can thus be recommended as well. The fermentation of 
the pine needle mixture using L. plantarum and S. cerevisiae 
in this experiment has previously been shown to have good 
antimicrobial activity and antioxidant activity, part of the 
reason for this is that mixed fermentation of L. plantarum 
and S. cerevisiae better reduces ANFs in pine needles and 
increases the concentration of probiotics, enzymes and 
metabolites [17]. Moreover, using Bacillus subtilis with anti-
microbial and antioxidant properties has been shown to 
improve the expression of antioxidant enzyme genes in 
broiler chickens and significantly improve their growth 
performance [18]. The addition red pine bark extracts im-

Figure 3. Histological morphology of the intestine viewed under a microscope. NC, negative control; PC, positive control; T1, 0.2% pine needle fer-
mentation juice (PNF); T2, 0.4% PNF; T3,0.2% pine needle soaking juice (PNS); T4, 0.4% PNS; T5, 0.3% pine needle powder (PNP). Black: villus 
height; Blue: crypt depth. Observations were made using a microscope ×40. Original scale bar = 200 μm.
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proved the growth performance of broilers, and the higher 
dose showed better outcomes than the lower dose [19]. 
Pine needles contain essential oils, terpenes, and polyphenols, 
which promote the absorption and utilization of nutrients 
in the digestive tract, and the unique aroma of pine needles 
improves the flavour of the feed and enhances appetite 
[20]. Previous studies have reported that proanthocyanidin 
and shikimic acid in pine needles can control and regulate 
the expression of cellular pro-inflammatory factors and 
improve the body's immune response [21,22]. 
  In the present work, PNF, PNS, and PNP did not show 
any differences in liver, spleen, and bursa. The liver is the 
largest paraglandular gland in the avian digestive system, 
and it plays an important role in lipid synthesis as well as in 

the storage and conversion of metabolites [23]. Pine needle 
extract has mitogenic activity, which promotes the expression 
of PCNA (proliferating cell nuclear antigen) and Ki-67 pro-
teins, thus resulting in hepatocyte proliferation, in addition 
to the anti-oxidative stress properties of pine needles, which 
have the potential to influence and promote liver regenera-
tion [24]. Spleen weight is associated with proliferation and 
apoptosis of immune cells, and an immune response is trig-
gered when a large amount of antigen enters; Pine needles 
also have immune-boosting properties, however, it is tenta-
tively unclear whether the reduction in the weight of the 
spleen in mice is related to the pine needle distillate [25]. 
However, red pine bark has been shown to increase the 
weight of the bursa and spleen, modulate the immune re-

Figure 4. Effect of the addition of PNF, PNS, and PNP on intestinal histological morphology. NC, negative control; PC, positive control; T1, 0.2% 
pine needle fermentation juice (PNF); T2, 0.4% PNF; T3, 0.2% pine needle soaking juice (PNS); T4, 0.4% PNS; T5, 0.3% pine needle powder (PNP). 
(a) Jejunum intestinal histomorphology; (b) Ileum intestinal histomorphology. VH, villus height; CD, crypt depth; VH:CD, villus height: crypt depth. 
a-d Means with different letters are significantly different (p<0.05).
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sponse, and inhibit pathogen proliferation, as well as reduce 
host tissue damage [19]. The carcass weights in this study 
did not change, which is consistent with previous findings 
[26].
  The small intestine stage absorbs most of the nutrients 
that enter the body, and the degree of intestinal development 
affects the efficiency of nutrient absorption during the growth 
and development stages of the organism [27]. The results in-
dicated that the interventions of PNS and PNP had no effect 
on intestinal growth and development, while high doses of 

PNF resulted in lower intestinal weights. Pine needles con-
tain cellulose and lignin compounds, the combination of 
which affects the absorptive capacity of the intestines; this is 
relevant in birds, because they regulate the length and weight 
of their gastrointestinal tract by judging the fiber content of 
their food [28].
  Previous research has shown that VH and CD are related 
to the digestive capacity of the intestine, elevated villus height 
increases the area of intestinal nutrient absorption, and in-
creased VH:CD ratio improves intestinal morphology, thus 

Figure 5. Effect of the addition of PNF, PNS, and PNP on the diversity of intestinal flora. NC, negative control; PC, positive control; T1, 0.2% pine 
needle fermentation juice (PNF); T2, 0.4% PNF; T3, 0.2% pine needle soaking juice (PNS); T4, 0.4% PNS; T5, 0.3% pine needle powder (PNP). (a-f) 
Alpha diversity index of cecum microorganisms. (g and h) Phylogenetic tree of the cecum microbiota and principal coordinate analysis based on 
Bray-Curtis distance, where the confidence interval is 95%. * p<0.05. 
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Figure 6. Effect of the addition of PNF, PNS, and PNP on the abundance of intestinal flora at the phylum and genus levels. NC, negative control; 
PC, positive control; T1, 0.2% pine needle fermentation juice (PNF); T2, 0.4% PNF; T3, 0.2% pine needle soaking juice (PNS); T4, 0.4% PNS; T5, 0.3% 
pine needle powder (PNP). (a-c) Relative abundances of the gut microbiota at the phylum level. (d-h) Relative abundances of the gut microbiota at 
the genus level. a-c Means with different letters are significantly different (p<0.05; n = 3).

Table 3. Effect of PNF, PNS, and PNP on meat quality

Item
Treatment1)

SEM2) p-value
NC PC T1 T2 T3 T4 T5

pH 5.79 5.83 5.75 5.67 5.77 5.81 5.76 0.06 0.614
Cooking loss 15.85 16.31 19.80 19.97 18.37 19.36 19.12 1.43 0.2538
L* 61.39 60.43 61.57 62.45 60.88 60.41 61.52 0.53 0.0973
a* 1.91abc 1.56abc 1.34c 2.17ab 1.54bc 2.3a 1.37c 0.18 0.0002
b* 2.7b 2.56b 3.32ab 3.81a 3.06ab 2.87b 3.26ab 0.21 0.0008

PNF, pine needle fermentation juice; PNS, pine needle soaking juice; PNP, pine needle powder; L*, lightness; a*, red greenness; b*, yellow blueness.
1) NC, negative control; PC, positive control; T1, 0.2% PNF; T2, 0.4% PNF; T3, 0.2% PNS; T4, 0.4% PNS; T5, 0.3% PNP.
2) SEM, standard error of mean. 
a-c Mean within a row within a main effect are significantly different (p < 0.05).

contributing to stress resistance and intestinal barrier func-
tion in animals [29]. The results indicate that PNF, PNS, and 

PNP did not affect the histological morphology of the intes-
tine. In conjunction with the results of previous studies, 
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these findings indicate that, although feeding fibrous diets 
improves the internal environment of the intestine, it has little 

effect on the histological morphology of the intestine [30]. 
  The intestinal microbiota profoundly influences intestinal 

Figure 7. Effect of the addition of PNF, PNS, and PNP on serum. NC, negative control; PC, positive control; T1, 0.2% pine needle fermentation juice 
(PNF); T2, 0.4% PNF; T3, 0.2% pine needle soaking juice (PNS); T4, 0.4% PNS; T5, 0.3% pine needle powder (PNP). (a) Glutamate oxaloacetate 
transaminase (GOT). (b) Gamma-glutamyl transpeptidase (GGT). (c) Glutamate pyruvate transaminase (GPT). (d) Glucose (GLU). (e) Blood urea 
nitrogen (BUN). (f) Creatine (CRE). (g) Triglycerides (TG). (h) Total protein (TP). (i) Total cholesterol (TCHO). (j) Albumin (ALB). (k) Uric acid (UA), (l) 
High density lipoprotein (HDLC). * p<0.05. ** p<0.01.
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homeostasis, not only affecting intestinal metabolites but 
also regulating intestinal immune homeostasis [31]. The 
study of alpha and beta indices were analysed herein, with 
the results showing that PNF, PNS, and PNP increased the 
homology and diversity of microorganisms in the cecum, 
with low doses of PNS being the most effective. At the phy-
lum level, Bacteroidetes and Firmicutes were above 90%. 
Afterwards, PNF, PNS, and PNP reduced the abundance of 
Actinobacteria and Lentisphaerae. Mycobacterium tuberculo-
sis of the genus Actinobacteria is a strong pathogen that can 
cause infection in chickens [32]. Lentisphaerae are predomi-
nantly found in marine environments, but they also survive 
in feces and are often difficult to isolate in culture, so their 
main physiological and ecological properties are tentatively 
unknown [33]. Moreover, 0.4% PNS significantly increased 
the abundance of Rikenella. Some reports suggest that Rikenella 
may be a target or biomarker for certain diseases, such as di-
abetes and obesity, and that the core function is to control 
butyric acid synthesis in the body and to promote metabo-
lism; prior studies have also shown that the addition of a 
pine needle additive to cattle feed transiently increased the 
amount of Rikenella in the rumen microflora [34]. Herein, 
PNP increased the abundance of Blautia, high doses of PNF 
and low doses of PNS increased the abundance of Faecali-
bacterium, and all pine needle additives except for high 
doses of PNS decreased the abundance of Staphylococcus. 
Rikenella, Blautia and Faecalibacterium are typically recog-
nised as beneficial bacteria [35,36]. Pine needles are able to 
inhibit the growth of Staphylococcus, and studies have shown 
that the mangiferic acid contained in pine needles inhibits 
the growth of Staphylococcus aureus [37]. Therefore, it is sug-
gested that the intervention of PNF, PNS, and PNP changes 
the structure of the intestinal flora, increases its diversity, 
promotes the growth of beneficial bacteria in the intestinal 
tract, and inhibits the growth of harmful bacteria. In partic-
ular, PNS showed more effective microflora.
  Altogether, this study showed that supplementation with 
PNF, PNS, and PNP led to reduced oxidative damage. a* stands 
for redness and b* for meat colour, which is yellow, whereas 
high and low values of a* and b* describe the process of the 
deterioration of meat colour over time and reflect the con-
centration of myoglobin in the meat and their redox status 
[38]. Myoglobin degradation is accelerated with increasing 
temperature and time; the concentration of pine needles also 
affects redox reactions [38]. However, curcumin in pine 
needles causes pigmentation and an increase in yellowness 
values [39]. This explains the increase in the yellowness value 
in this study.
  The determination of blood composition through labo-
ratory testing is an important procedure that assists in the 
diagnosis of various poultry diseases and disorders. Cholesterol 
and triglycerides are important markers of lipid metabolism 

[20]. Moreover, there are certain phenolic compounds 
present in pine needles, such as terpenoid, which hinders 
fat and cholesterol biosynthesis, enhances in vivo utilisation 
by inhibiting lipids and oxidation, inhibits fat absorption 
and increases fat excretion through micelle formation and 
blockage in the small intestine, and plays an inhibitory role 
in the reabsorption of bile acids, thus affecting lipid me-
tabolism in vivo [29]. Pine needles cause a reduction of 
synthetic enzymes in the blood, inhibit oxidative free radi-
cals, and enhance lipid peroxidation, ultimately resulting 
in lower TG and TCHO levels [40]. PNF, PNS, and PNP all 
improved serum status in broilers, which is consistent with 
previous findings [40].
  In conclusion, the results showed that PNF, PNS, and 
PNP enhanced the dietary utilisation of broilers while in-
creasing growth performance with improved gut flora and 
serum status, with effects comparable to the effect of antibiotic 
treatment. Among the tested additives, the addition of PNF 
and PNS with 0.2% content was more prominent. More im-
portantly, PNF, PNS, and PNP have no toxic side effects, so 
they can safely be used as natural feed growth promoters.

CONFLICT OF INTEREST

We certify that there is no conflict of interest with any financial 
organization regarding the material discussed in the manu-
script.

FUNDING

The authors received no financial support for this article. 

AVAILABILITY OF DATA AND 
MATERIALS

The datasets analyzed during the current study are available 
in the NCBI (National Center for Biotechnology Information) 
repository (https://www.ncbi.nlm.nih.gov/). Submission 
Numbers No. SUB13913931, Accession Numbers No. PRJNA 
1029779. The data analyzed during the current study are 
available from the corresponding author on reasonable request.

REFERENCES

1.	Casewell M, Friis C, Marco E, McMullin P, Phillips I. The 
European ban on growth-promoting antibiotics and emerging 
consequences for human and animal health. J Antimicrob 
Chemother 2003;52:159-61. https://doi.org/10.1093/jac/dkg 
313

2.	Cheng G, Hao H, Xie S, et al. Antibiotic alternatives: the sub
stitution of antibiotics in animal husbandry? Front Microbiol 
2014;5:217. https://doi.org/10.3389/fmicb.2014.00217

https://www.ncbi.nlm.nih.gov/
https://doi.org/10.1093/jac/dkg313
https://doi.org/10.1093/jac/dkg313
https://doi.org/10.3389/fmicb.2014.00217


www.animbiosci.org  1275

Chang et al (2024) Anim Biosci 37:1263-1276

3.	Negi PS. Plant extracts for the control of bacterial growth: 
efficacy, stability and safety issues for food application. Int J 
Food Microbiol 2012;156:7-17. https://doi.org/10.1016/j. 
ijfoodmicro.2012.03.006

4.	Zeng Z, Zhang S, Wang H, Piao X. Essential oil and aromatic 
plants as feed additives in non-ruminant nutrition: a review. 
J Anim Sci Biotechnol 2015;6:7. https://doi.org/10.1186/ 
s40104-015-0004-5

5.	Jamroz D, Wiliczkiewicz A, Wertelecki T, Orda J, Skorupinska 
J. Use of active substances of plant origin in chicken diets 
based on maize and locally grown cereals. Br Poult Sci 2005; 
46:485-93. https://doi.org/10.1080/00071660500191056

6.	Hernández F, Madrid J, García V, Orengo J, Megías MD. 
Influence of two plant extracts on broilers performance, 
digestibility, and digestive organ size. Poult Sci 2004;83:169-
74. https://doi.org/10.1093/ps/83.2.169

7.	Yen GC, Duh PD, Huang DW, Hsu CL, Fu TYC. Protective 
effect of pine (Pinus morrisonicola Hay.) needle on LDL 
oxidation and its anti-inflammatory action by modulation 
of iNOS and COX-2 expression in LPS-stimulated RAW 
264.7 macrophages. Food Chem Toxicol 2008;46:175-85. 
https://doi.org/10.1016/j.fct.2007.07.012

8.	Kwak CS, Moon SC, Lee MS. Antioxidant, antimutagenic, 
and antitumor effects of pine needles (Pinus densiflora). 
Nutr Cancer 2006;56:162-71. https://doi.org/10.1207/s1532 
7914nc5602_7

9.	Zeng WC, He Q, Sun Q, Zhong K, Gao H. Antibacterial 
activity of water-soluble extract from pine needles of Cedrus 
deodara. Int J Food Microbiol 2012;153:78-84. https://doi. 
org/10.1016/j.ijfoodmicro.2011.10.019

10.	Rubens J, Kibilds J, Jansons M, et al. Application of baltic 
pine (Pinus sylvestris) needle extract as a gut microbiota-
modulating feed supplement for domestic chickens (Gallus 
gallus). Plants 2023;12:297. https://doi.org/10.3390/plants 
12020297

11.	Guo Y, Huang S, Zhao L, Zhang J, Ji C, Ma Q. Pine (Pinus 
massoniana Lamb.) needle extract supplementation improves 
performance, egg quality, serum parameters, and the gut 
microbiome in laying hens. Front Nutr 2022;9:810462. https:// 
doi.org/10.3389/fnut.2022.810462

12.	Şanlier N, Gökcen BB, Sezgin AC. Health benefits of fermented 
foods. Crit Rev Food Sci Nutr 2019;59:506-27. https://doi.org/ 
10.1080/10408398.2017.1383355

13.	Mordenti AL, Giaretta E, Campidonico L, Parazza P, Formigoni 
A. A review regarding the use of molasses in animal nutrition. 
Animals 2021;11:115. https://doi.org/10.3390/ani11010115

14.	Neacsu M, Vaughan N, Raikos V, et al. Phytochemical profile 
of commercially available food plant powders: their potential 
role in healthier food reformulations. Food Chem 2015;179: 
159-69. https://doi.org/10.1016/j.foodchem.2015.01.128

15.	Moon SG, Kothari D, Kim WL, et al. Feasibility of sodium 
long chain polyphosphate as a potential growth promoter 

in broilers. J Anim Sci Technol 2021;63:1286-300. https:// 
doi.org/10.5187/jast.2021.e110

16.	Niu KM, Khosravi S, Kothari D, et al. Effects of dietary multi-
strain probiotics supplementation in a low fishmeal diet on 
growth performance, nutrient utilization, proximate com
position, immune parameters, and gut microbiota of juvenile 
olive flounder (Paralichthys olivaceus). Fish Shellfish Immunol 
2019;93:258-68. https://doi.org/10.1016/j.fsi.2019.07.056

17.	Hwang YA, Lee WD, Kim J, et al. In vitro fermentation charac
teristics of pine needles (pinus densiflora) as feed additive. 
Fermentation 2023;9:415. https://doi.org/10.3390/fermentation 
9050415

18.	Bai K, Huang Q, Zhang J, He J, Zhang L, Wang T. Supplemental 
effects of probiotic Bacillus subtilis fmbJ on growth perfor
mance, antioxidant capacity, and meat quality of broiler 
chickens. Poult Sci 2017;96:74-82. https://doi.org/10.3382/ 
ps/pew246

19.	Park BS. Effect of dietary antibiotic replacement with Korean 
red pine bark extracts in broiler diets. J Life Sci 2010;20: 
1047-53. https://doi.org/10.5352/JLS.2010.20.7.1047

20.	Kothari D, Oh JS, Kim JH, Lee WD, Kim SK. Effect of dietary 
supplementation of fermented pine needle extract on pro
ductive performance, egg quality, and serum lipid parameters 
in laying hens. Animals (Basel) 2021;11:1475. https://doi. 
org/10.3390/ani11051475

21.	Wu QJ, Wang YQ, Qi YX. Influence of procyanidin supple
mentation on the immune responses of broilers challenged 
with lipopolysaccharide. Anim Sci J 2017;88:983-90. https:// 
doi.org/10.1111/asj.12729

22.	Li X, Mo K, Tian G, et al. Shikimic acid regulates the NF-
kappaB/MAPK signaling pathway and gut microbiota to 
ameliorate DSS-induced ulcerative colitis. J Agric Food 
Chem 2023;71:8906-14. https://doi.org/10.1021/acs.jafc. 
3c00283

23.	Alshamy Z, Richardson KC, Harash G, et al. Structure and 
age-dependent growth of the chicken liver together with 
liver fat quantification: a comparison between a dual-purpose 
and a broiler chicken line. PLoS One 2019;14:e0226903. https:// 
doi.org/10.1371/journal.pone.0226903

24.	Lee GS, Yang HG, Kim JH, Ahn YM, Han MD, Kim WJ. Pine 
(Pinus densiflora) needle extract could promote the expression 
of PCNA and Ki-67 after partial hepatectomy in rat. Acta 
Cir Bras 2019;34:e201900606. https://doi.org/10.1590/s0102- 
865020190060000006

25.	Chung YJ, Bae MW, Chung KS. Immunosuppressive effect 
of the intraperitonially injected pine needle distillate in mice. 
J Food Sci Nutr 2003;8:7-12. https://doi.org/10.3746/jfn.2003. 
8.1.007

26.	Khan IU, Shah AA, Sahibzada FA, et al. Carcass characteristics 
and serum biochemical profile of Japanese quail by the supple
mentation of pine needles and vitamin E powder. Biologia 
2019;74:993-1000. https://doi.org/10.2478/s11756-019- 

https://doi.org/10.1016/j.ijfoodmicro.2012.03.006
https://doi.org/10.1016/j.ijfoodmicro.2012.03.006
https://doi.org/10.1186/s40104-015-0004-5
https://doi.org/10.1186/s40104-015-0004-5
https://doi.org/10.1080/00071660500191056
https://doi.org/10.1093/ps/83.2.169
https://doi.org/10.1016/j.fct.2007.07.012
https://doi.org/10.1207/s15327914nc5602_7
https://doi.org/10.1207/s15327914nc5602_7
https://doi.org/10.1016/j.ijfoodmicro.2011.10.019
https://doi.org/10.1016/j.ijfoodmicro.2011.10.019
https://doi.org/10.3390/plants12020297
https://doi.org/10.3390/plants12020297
https://doi.org/10.3389/fnut.2022.810462
https://doi.org/10.3389/fnut.2022.810462
https://doi.org/10.1080/10408398.2017.1383355
https://doi.org/10.1080/10408398.2017.1383355
https://doi.org/10.3390/ani11010115
https://doi.org/10.1016/j.foodchem.2015.01.128
https://doi.org/10.5187/jast.2021.e110
https://doi.org/10.5187/jast.2021.e110
https://doi.org/10.1016/j.fsi.2019.07.056
https://doi.org/10.3390/fermentation9050415
https://doi.org/10.3390/fermentation9050415
https://doi.org/10.3382/ps/pew246
https://doi.org/10.3382/ps/pew246
https://doi.org/10.5352/JLS.2010.20.7.1047
https://doi.org/10.3390/ani11051475
https://doi.org/10.3390/ani11051475
https://doi.org/10.1111/asj.12729
https://doi.org/10.1111/asj.12729
https://doi.org/10.1021/acs.jafc.3c00283
https://doi.org/10.1021/acs.jafc.3c00283
https://doi.org/10.1371/journal.pone.0226903
https://doi.org/10.1371/journal.pone.0226903
https://doi.org/10.1590/s0102-865020190060000006
https://doi.org/10.1590/s0102-865020190060000006
https://doi.org/10.3746/jfn.2003.8.1.007
https://doi.org/10.3746/jfn.2003.8.1.007
https://doi.org/10.2478/s11756-019-00225-y


1276  www.animbiosci.org

Chang et al (2024) Anim Biosci 37:1263-1276

00225-y
27.	Yang HM, Wang W, Wang ZY, Wang J, Cao YJ, Chen YH. 

Comparative study of intestine length, weight and digestibility 
on different body weight chickens. Afr J Biotechnol 2013; 
12:5097-100. https://doi.org/10.5897/ajb11.4014

28.	Guo A, Cheng L, Al-Mamun M, Xiong C, Yang S. Effect of 
dietary pine needles powder supplementation on growth, 
organ weight and blood biochemical profiles in broilers. J 
Appl Anim Res 2017;46:518-22. https://doi.org/10.1080/09 
712119.2017.1351977

29.	Zhang B, Liu N, Hao M, Xie Y, Song P. Effects of substitution 
of soybean meal with rapeseed meal and glutamine supple
mentation on growth performance, intestinal morphology, 
and intestinal mucosa barrier of Qiandongnan Xiaoxiang 
Chicken. Anim Biosci 2022;35:1711-24. https://doi.org/10. 
5713/ab.21.0467

30.	Gungor E, Altop A, Erener G. Effect of raw and fermented 
grape pomace on the growth performance, antioxidant status, 
intestinal morphology, and selected bacterial species in broiler 
chicks. Animals (Basel) 2021;11:364. https://doi.org/10.3390/ 
ani11020364

31.	Xie L, Chen T, Qi X, et al. Exopolysaccharides from genistein-
stimulated Monascus purpureus ameliorate cyclophos
phamide-induced intestinal injury via PI3K/AKT-MAPKs/
NF-kappaB pathways and regulation of gut microbiota. J 
Agric Food Chem 2023;71:12986-3002. https://doi.org/10. 
1021/acs.jafc.3c03186

32.	Dhama K, Mahendran M, Tiwari R, et al. Tuberculosis in 
birds: insights into the Mycobacterium avium infections. 
Vet Med Int 2011;2011:712369. https://doi.org/10.4061/ 
2011/712369

33.	Zhang T, Zheng R, Liu R, Li R, Sun C. Cultivation and func
tional characterization of a deep-sea Lentisphaerae represen

tative reveals its unique physiology and ecology. Front Mar 
Sci 2022;9:848136. https://doi.org/10.3389/fmars.2022.848136

34.	Welch KD, Stonecipher CA, Gardner DR, Cook D, Pfister 
JA. Changes in the rumen bacterial microbiome of cattle 
exposed to ponderosa pine needles. J Anim Sci 2017;95: 
2314-22. https://doi.org/10.2527/jas2016.1228

35.	Liu X, Mao B, Gu J, et al. Blautia—a new functional genus 
with potential probiotic properties? Gut microbes 2021;13: 
e1875796. https://doi.org/10.1080/19490976.2021.1875796

36.	Miquel S, Martin R, Rossi O, et al. Faecalibacterium prausnitzii 
and human intestinal health. Curr Opin Microbiol 2013;16: 
255-61. https://doi.org/10.1016/j.mib.2013.06.003

37.	Bai J, Wu Y, Liu X, Zhong K, Huang Y, Gao H. antibacterial 
activity of shikimic acid from pine needles of Cedrus deodara 
against Staphylococcus aureus through damage to cell mem
brane. Int J Mol Sci 2015;16:27145-55. https://doi.org/10. 
3390/ijms161126015

38.	Luciano G, Monahan FJ, Vasta V, Biondi L, Lanza M, Priolo 
A. Dietary tannins improve lamb meat colour stability. Meat 
Sci 2009;81:120-5. https://doi.org/10.1016/j.meatsci.2008. 
07.006

39.	Rajput N, Ali S, Naeem M, Khan MA, Wang T. The effect of 
dietary supplementation with the natural carotenoids curcumin 
and lutein on pigmentation, oxidative stability and quality 
of meat from broiler chickens affected by a coccidiosis 
challenge. Br Poult Sci 2014;55:501-9. https://doi.org/10. 
1080/00071668.2014.925537

40.	Kim YJ. Effect of dietary mugwort (Artemisia vulgaris L.) 
and pine needle powder (Pinus densiflora) on growth per
formance, serum cholesterol levels, and meat quality in 
broilers. Afr J Biotechnol 2012;11:11866-73. https://doi.org/ 
10.5897/ajb11.3782

https://doi.org/10.2478/s11756-019-00225-y
https://doi.org/10.5897/ajb11.4014
https://doi.org/10.1080/09712119.2017.1351977
https://doi.org/10.1080/09712119.2017.1351977
https://doi.org/10.5713/ab.21.0467
https://doi.org/10.5713/ab.21.0467
https://doi.org/10.3390/ani11020364
https://doi.org/10.3390/ani11020364
https://doi.org/10.1021/acs.jafc.3c03186
https://doi.org/10.1021/acs.jafc.3c03186
https://doi.org/10.4061/2011/712369
https://doi.org/10.4061/2011/712369
https://doi.org/10.3389/fmars.2022.848136
https://doi.org/10.2527/jas2016.1228
https://doi.org/10.1080/19490976.2021.1875796
https://doi.org/10.1016/j.mib.2013.06.003
https://doi.org/10.3390/ijms161126015
https://doi.org/10.3390/ijms161126015
https://doi.org/10.1016/j.meatsci.2008.07.006
https://doi.org/10.1016/j.meatsci.2008.07.006
https://doi.org/10.1080/00071668.2014.925537
https://doi.org/10.1080/00071668.2014.925537
https://doi.org/10.5897/ajb11.3782
https://doi.org/10.5897/ajb11.3782

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONFLICT OF INTEREST
	FUNDING
	AVAILABILITY OF DATA AND MATERIALS
	REFERENCES

