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Abstract  
This study aimed to determine the effects of the addition of wood vinegar (WV) to drinking water 

on the production performance, intestinal histomorphology, and immune response of broiler chickens. 

In total, 432 one-day-old chicks were allocated to six groups (T1–T6), with six replicates of 12 chicks 

each (72 chicks per treatment group), and raised for 35 days. Group T1 (0.0% WV) served as a negative 

control, group T2 (0.02% oxytetracycline) as a positive control, and groups T3 to T6 as experimental 

groups that received WV in their drinking water at 0.1%, 0.2%, 0.5%, and 1.0%, respectively. Data were 

analysed using a general linear model, and the significance of differences between the treatment groups 

was determined using Duncan’s multiple range test. The results demonstrated that the addition of WV 

to drinking water enhanced the feed conversion ratio, cumulative weight gain, and final body weight, 

while the abdominal fat yield was significantly decreased in the WV treatment groups. Compared to the 

negative control and antibiotic-treated groups, WV improved the ileum and jejunum villus height, as well 

as increasing plasma immunoglobulin A and M concentrations and the expression of the insulin-like 

growth factor-1 and growth hormone receptor genes in all the treated groups. Collectively, these results 

demonstrate that WV is a suitable replacement for antibiotics in broiler production, with no adverse 

effects on growth performance.  

 

Keywords: chickens, gene expression, growth metrics, immunoglobulin, organic acid 

#Corresponding author: tcloh@upm.edu.my 

 

Introduction 
Antibiotic growth promoters are used in the poultry industry to prevent diseases, increase feed 

conversion efficiency, improve gut health, and promote growth (Mehdi et al., 2018; Aminullah et al., 

2025). However, antibiotic-resistant microorganisms can negatively affect human health (Azizi et 

al.,2024a) and consequently, most nations worldwide, including those of the European Union, have 
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prohibited the addition of antibiotics to animal diets. The development of antibiotic-free diets for livestock 

is therefore imperative, and a concerted effort has been made to explore substitutes for antibiotics as 

growth promoters for livestock (Khan et al., 2014). Non-antibiotic alternatives include prebiotics, 

probiotics, symbiotics, postbiotics, paraprobiotics, metabolites, and organic acids (Loh et al., 2014; 

Bagal et al., 2016; Danladi et al., 2022). In chickens, organic acids can serve as replacements for 

antibiotics, and, in the interest of animal health and consumer safety, the European Union has 

encouraged the widespread adoption of organic acids and related salts as supplements for inclusion in 

livestock feed (Archana et al., 2019). This regulatory endorsement reflects the scientific confidence in 

the safety and efficacy of organic acids for ensuring animal health and increasing production efficiency. 

Earlier findings suggest that dietary organic acids can enhance performance, improve gut function, 

inhibit the proliferation of pathogenic bacteria, and improve digestibility and mineral assimilation 

(Archana et al., 2019).  

Wood vinegar (WV) is also known as pyroligneous acid (Gama et al., 2024), and is a residue 

generated during the production of charcoal. It is typically obtained by burning and distilling wood under 

airless conditions. Wood vinegar is acidic, with a pH typically ranging from 2.5 to 3.7, and its colour 

varies from yellowish brown to dark or reddish brown, depending on the source material and production 

conditions (Gama et al., 2024). Plant materials that can be used to produce WV include bamboo, 

mangosteen, eucalyptus, broad-leaf trees, and coconut shells (Diógenes et al., 2019). Wood vinegar 

contains about 200 distinct organic acids and various minerals and microelements that can stimulate 

animal physiological processes (Kim, 1996). Its primary constituents include organic acids, phenols, 

furans, ketones, pyrans, alcohols, methanol, and aldehydes (Araújo et al., 2017; Pimenta et al., 2018; 

Suresh et al., 2019). Often referred to as a natural organic acid, WV creates an acidic environment in 

the gastrointestinal tract, which can modulate the composition of the intestinal microbiota (Sasaki et al., 

1999). Wood vinegar is predominantly recognised as a safe additive in the food industry, and is valued 

for its distinctive smoky aroma. Additionally, it serves as a natural preservative that enhances the shelf 

life of products such as sausages, meats, and fish (Achmadi et al., 2013; Montazeri et al., 2013). 

Furthermore, Gama et al. (2024) described WV as a naturally derived chemical compound whose safety 

and functional properties have been acknowledged by several internationally recognised regulatory 

authorities. These include the Chemical Abstracts Service (CAS 8030-97-5), the Flavour and Extract 

Manufacturers Association (FEMA 2967), the European Inventory of Existing Commercial Chemical 

Substances (EINECS 232-450-0), Harmonised Commodity Description and Coding (HS 2915.50.5000), 

and the Food and Drug Administration (FDA-21-CFR compliance 172.515).  

With its rich composition of bioactive compounds and inherent preservative properties, WV has 

attracted considerable scientific interest globally, particularly over the past two decades. It has found 

diverse applications across multiple fields, including animal production, veterinary medicine, the food 

industry, and agriculture, and has been used as a source of antioxidants, insect repellents, and 

antimicrobial agents (Gama et al., 2024). In animal nutrition, WV has been reported to increase feed 

utilisation efficiency and improve the intestinal morphology of broiler chickens by increasing crypt depth 

(CD) and villus height (VH) (Samanya & Yamauchi, 2001). It has also been found to enhance the growth 

and nutrient absorption of weaner pigs (Choi et al., 2009), and improve growth and decrease the 

proportion of harmful gut bacteria in pigs (Yan et al., 2012). Although WV contains a diverse range of 

bioactive compounds, it is the synergistic interaction among these constituents that distinguishes it from 

other organic acids. In the context of this study, organic acids and phenolic compounds played a 

predominant role. Wood vinegar is particularly rich in phenolic compounds such as guaiacol and 

syringol, which possess well-documented antioxidant properties. These phenolics are believed to 

enhance growth performance by mitigating oxidative stress and improving nutrient absorption in 

animals. Their antioxidant activity may also contribute to improved carcass traits by supporting muscle 

development and modulating fat deposition (Blavi et al., 2021). Furthermore, WV contains organic acids, 

including acetic, formic, propionic, butyric, lactic, and valeric acid, which can exert beneficial effects on 

gut health. These acids reduce the pH of the gastrointestinal tract, thereby inhibiting the proliferation of 

pathogenic bacteria and supporting the growth of beneficial gut microbiota. A healthier gut environment 

is associated with increased VH and reduced CD, resulting in a higher VH:CD ratio, an important 

indicator for enhanced nutrient absorption and improved growth performance (Khan & Iqbal, 2015).  

Despite the promising benefits of WV, its effects on growth performance, carcass 

characteristics, immune status, gene expression related to growth, and histomorphology of the small 

intestine in broiler chickens remains inadequately explored. Understanding these variables is crucial as 
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they directly relate to the overall health and productivity of poultry, which are vital for sustainable 

livestock production. Given the potential of WV to enhance poultry production, this study aims to 

evaluate the effects of WV supplementation in drinking water on growth performance, carcass yield, 

immune status, intestinal histomorphology, and hepatic growth-related gene expression in broiler 

chickens. By elucidating these relationships, this research seeks to contribute valuable insights into the 

potential of WV as a viable alternative to antibiotics in poultry production, enhancing production 

performance and promoting both animal welfare and public health. 

 

Materials and methods  
The study protocol was approved by the Institutional Animal Care and Use Committee of the 

Universiti Putra Malaysia (reference: UPM/IACUC/AUP-R050/2022), and the research was conducted 

in accordance with the Guide for the Care and Use of Agricultural Animals in Research and Teaching. 

We obtained 432 one-day-old Cobb 500 chicks from FFM Farms Sdn Bhd, Sungai Buloh, 

Selangor, Malaysia. They were randomly allocated to six treatments (T1–T6), each consisting of six 

replicate pens containing 12 chicks per pen. The chicks were raised in an enclosed facility at a controlled 

temperature of 33 ± 1 °C on day 1, which was gradually decreased to approximately 25 ± 1 °C by day 

15, with a relative humidity of 60%–70%. The T1 group (0.0% WV) served as a negative control, the T2 

group (0.02% oxytetracycline) as a positive control, and groups T3 to T6 received WV in their drinking 

water at 0.1%, 0.2%, 0.5%, and 1.0%, respectively. Wood vinegar was administered twice daily, at 07:00 

and 16:00, in the birds' drinking water. Fresh solutions were prepared before each administration and 

these solutions were provided ad libitum. The WV utilised in this study was derived from bamboo, and 

was chemically composed of acetic acid (1.5%), phenol (0.5%), propionic acid (0.0015%), furfural 

(0.003%), methanol (0.9%), and amino acids (0.019%). On days seven and 21, the chicks were 

vaccinated against infectious bronchitis and Newcastle disease via eye drops, and on day 14 they were 

vaccinated against infectious bursal disease, also through ocular administration. Feed and water were 

provided to the chickens ad libitum. The starter diet was offered for the first 14 days of life, followed by 

the grower diet from day 15 to 28, and the finisher diet from day 29 to 35, as indicated in Table 1. 

The body weights and feed intakes of the chicks were measured weekly. These data were used 

to calculate the cumulative body weight gain (CWG) and feed conversion ratio (FCR). Six chickens 

randomly selected from each treatment group at the end of the starter and finisher phases were 

slaughtered. Samples of the small intestine (duodenum, jejunum, and ileum), blood, and liver were 

collected for subsequent analyses. An additional six birds per treatment group were randomly selected 

and slaughtered at the end of the finisher phase for carcass evaluation. Dressing percentage was 

determined as the ratio of the carcass weight to the slaughter weight. The weights of the internal organs, 

including the heart, intestine, liver, and spleen, as well as the abdominal fat, were recorded using a 

digital scale (Aarson, Digital Balance, Haryana, India) and expressed as a percentage of the slaughter 

weight. The weights of the drumsticks, thighs, shanks, wings, backs, and breast muscles were also 

measured.  

Blood samples were obtained from six chickens per treatment group after slaughter at the end 

of weeks two and five. The blood was collected into vacutainer tubes containing 

ethylenediaminetetraacetic acid as an anticoagulant. The samples were mixed by gently inverting the 

tubes and temporarily stored on ice before centrifugation. Plasma was separated by centrifugation at 

3500 × g for 15 minutes at 4 °C (Azizi et al., 2023). The plasma was collected in 1.5 mL tubes and stored 

at −80 °C until further analysis. The concentrations of immunoglobulin A (IgA), immunoglobulin G (IgG), 

and immunoglobulin M (IgM) in the plasma samples were determined. The duodenum, jejunum, and 

ileum samples were analysed to assess the VH and CD. A portion of liver tissue was excised 

immediately after slaughter, placed in 1.5 mL tubes, snap-frozen in liquid nitrogen, and subsequently 

stored at −80 °C for gene expression analyses. 

Six chickens were selected from individual treatment groups at the end of the starter phase 

(week two) and finisher phase (week five) and slaughtered. The small intestines (duodenum, jejunum, 

and ileum) were collected for histomorphological analysis, as described in a previous report (Choe et 

al., 2012). Sections (5–6 cm in length) were excised from the duodenum (from the middle portion of the 

duodenal loop), the jejunum (from midway between the end of the duodenal loop and Meckel’s 

diverticulum), and the ileum (from midway between Meckel’s diverticulum and the ileocaecal junction), 

and were carefully washed with phosphate buffered saline and fixed in 10% neutral buffered formalin. 
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Subsequently, the sections were dehydrated with a tissue processing machine (Leica ASP 3000, Tokyo, 

Japan) and embedded in paraffin wax (Leica EG 1160, Tokyo, Japan). Sections of 4 µm were cut and 

fixed on slides, and heated at 58 °C to dry. The slides were later stained with haematoxylin and eosin 

and then mounted and examined under a light microscope. Villus height was determined as the distance 

from the villus tip to the villus-crypt junction, while CD was defined as the depth of the invagination 

between two adjacent villi, and was determined using an image analyser. 

 

Table 1 Ingredients and nutritional composition of broiler chicken diets 

 Starter (day 1–14) Grower (day 15–28) Finisher (day 29–35) 

    

Ingredients (%): 

Maize  54.00 58.36 57.20 

Soybean meal 36.50 29.80 27.10 

Wheat pollard 3.77 7.10 6.27 

Palm oil 0.70 0.70 2.83 

L-lysine 0.27 0.34 0.31 

Dicalcium phosphate  3.30 1.90 1.70 

Salt  0.35 0.35 0.35 

Toxin binder 0.10 0.10 0.10 

Mineral mix1 0.15 0.15 0.15 

Choline chloride  0.10 0.10 0.10 

Vitamin mix2 0.15 0.15 0.15 

DL-methionine  0.36 0.35 0.33 

Antioxidant  0.10 0.10 0.10 

Threonine  0.15 0.16 0.12 

Calcium carbonate  - 0.30 0.28 

L-arginine - 0.04 0.05 

Palm kernel cake - - 2.86 

Total 100.00 100.00 100.00 

Calculated nutritional composition: 

Metabolisable energy (MJ/kg)  12.15 12.35 12.81 

Protein (g/kg) 210.80 190.50 180.30 

Fat (g/kg) 29.90 31.10 53.70 

Fibre (g/kg) 42.00 40.90 42.30 

Calcium (g/kg) 11.50 8.10 7.40 

Total phosphate (g/kg) 10.50 7.90 8.00 

Available phosphate (g/kg) 6.00 4.10 3.70 
    

1Mineral mix (per kg of diet): Zn: 80 g, Fe: 80 g, Na: 1.5 g, I: 1 g, Cu: 15 g, Mn: 100 g, K: 4 g, Se: 0.2 g, Co: 
0.25 g. 2Vitamin mix (per kg of diet): B2: 22 g, E: 90 g, B1: 7 g, A: 35 MIU, K3: 6 g, B12: 0.070 g, D3: 9 MIU, B6: 
12 g, nicotinic acid: 120 g, biotin: 300 mg, B9: 3 g, pantothenic acid: 35 g, phytase: 25000 FT. 

 

Plasma immunoglobulin concentrations (IgA, IgG, and IgM) were evaluated using enzyme-

linked immunosorbent assay kits according to the manufacturer's instructions (QAYEE-BIO, Shanghai, 

China). Briefly, 50 µL standards and appropriately diluted plasma samples (in duplicate) were dispensed 

into microplate wells. Each well received 50 µL of horseradish peroxidase (HRP), followed by gentle 

mixing and incubation at 37 °C for 60 minutes. After incubation, the contents were discarded, and the 

wells were washed five times with washing buffer. Subsequently, 50 µL each of chromogen solution A 

and B was added to the wells, and the plate was incubated in the dark at 37 °C for 10 minutes. The 

reaction was terminated by adding 50 µL of stop solution to each well, and the absorbance was 

immediately measured at 450 nm using a microplate reader (BioTekTM ELx800 Winooski, Vermont, 
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USA). A blank containing only the standard solution (without sample or HRP) was measured, and its 

absorbance was subtracted from the absorbance of the sample and standard. Plasma concentrations 

of IgM, IgA, and IgG were calculated from their respective standard curves. 

The RNA was extracted from the liver tissue samples using a Total RNA extraction kit (ELK 

Biotechnology, Wuhan, China) following the manufacturer’s instructions. Frozen liver samples 

(approximated 20 mg in weight) were mixed with 300 µL RNA extraction lysate buffer, homogenised, 

and centrifuged at 12000 rpm for 5 minutes to collect the supernatant. An equal volume of 70% (v/v) 

ethanol was then added to the supernatant. The RNA collection and purification process was conducted 

using an R column, with RNA deproteinised buffer RRPB, DNase I, washing buffer RWB, and finally, 

RNase-free water to elute the RNA. The purity and concentration (260/280 nm ratio absorbance) of the 

extracted RNA was measured using a Nanodrop 2000 spectrophotometer (Thermo Scientific 

Wilmington DE, USA). The RNA was reverse transcribed into cDNA using an EntiLink™ 1st Strand cDNA 

Synthesis kit. The real-time polymerase chain reaction (PCR) was performed on a CFX96 PCR 

instrument (Bio-Rad Laboratories, Hercules, CA, USA). Each 20 μL reaction volume included 10 μL of 

EnTurboTM SYBR Green PCR SuperMix (ELK Biotechnology, Wihan, China), 0.4 μL each of the reverse 

and forward primers (4 µM), 1 μL of template cDNA, and 8.2 μL of nuclease-free water. Glyceraldehyde-

3-phosphate dehydrogenase (GAPDH) was used as a reference gene. The specific primers for the 

amplification of the target genes are presented in Table 2.  

 

Table 2 Primer sequences used for the real-time polymerase chain reaction  

Gene Primer sequence 5’–3’ Product size (bp) Reference 
    

IGF-1 
F: CACCTAAATCTGCACGCT 

140 Del Vesco et al. 2013 
R: CTTGTGGATGGCATGATCT 

GHR 
F: AACACAGATACCCAACAGCC 

145 Del Vesco et al. 2013 
R: AGAAGTCAGTGTTTGTCAGGG 

GAPDH 
F: CTGGCAAAGTCCAAGTGGTG 

312 Rasoli et al. 2014 
R: AGCACCACCCTTCAGATGAG 

    

IGF-I: insulin-like growth factor-1, GHR: growth hormone receptor, GAPDH: glyceraldehyde-3-phosphate 
dehydrogenase, F: forward, R: reverse, bp: base pairs 

 

The data were analysed using one-way analysis of variance with SAS statistical software 

(version 9.4; SAS Institute, Cary, NC, USA), as shown in the model below: 

 

𝑌𝑖𝑗𝑘 =  𝜇 +  𝑇𝑖𝑗 +  𝐸𝑖𝑗𝑘 

 

where 𝑌𝑖,𝑗,𝑘 is the dependent variable, 𝜇 is the general mean, 𝑇𝑖,𝑗 is the effect of WV, and 𝐸𝑖,𝑗,𝑘 is the 

experimental error. The mean values were compared using Duncan’s multiple-range test. A probability 

<0.05 was considered statistically significant.  

The quadratic and linear effects of the WV concentrations were evaluated using the orthogonal 

polynomial contrast mode. Furthermore, regression analysis was used to describe the responses of 

broiler chickens to inclusion levels of WV using a quadratic equation: 

 

y = 𝑎𝑥2  +  𝑏𝑥 −  𝑐 

 

where y is the response variable, a and b are the coefficients of the quadratic equation, c is the intercept, 

and x is the WV concentration (%).  

 

Results  
The growth performance of the chickens supplemented with WV is described in Table 3. Other 

than the cumulative feed intake (CFI), no other parameters were significantly affected during the starter 

phase. Notably, the CFI exhibited a linear (P <0.0001) increase up to T4, followed by a decline in T5 
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and T6. The quadratic relationship between the CFI and the levels of WV in the drinking water shows a 

coefficient of determination (R2) of 0.96, indicating a strong effect of WV on the CFI (Table 4). 

During the grower phase, the final body weight (FBW), CWG, CFI, and FCR significantly differed 

between the treatment groups. The FBW increased linearly (P <0.004) with higher levels of WV up to 

T5 and subsequently decreased with a further increase in WV inclusion, thereby exhibiting a quadratic 

trend. This trend line showed a good fit, with a high coefficient of determination (R2 = 0.71) (Table 4). 

The CWG followed a similar quadratic trend [y = 1227.32 (±3.50) + 133.52 (±21.38) x − 131.23 

(±20.26) x2; R2 = 0.78] (Table 4). Conversely, the CFI decreased linearly (P <0.001) with increasing WV 

supplementation, while the FCR exhibited a quadratic response (P <0.001).  

During the finisher phase, significant effects were again observed across all performance 

parameters. Birds in the WV-treated groups (T3, T4, and T5) had higher FBW and CWG values 

(P <0.05) compared to both the negative control (T1) and the antibiotic-treated group (T2), while the 

FCR was significantly improved in T5. Both the FBW and CWG exhibited linear (P <0.0001) and 

quadratic (P <0.0001) trends, whereas the CFI and FCR decreased linearly and quadratically 

(P <0.0001) in response to increasing inclusion levels of WV.  

In terms of overall growth performance, the birds in groups T3, T4, and T5 exhibited significantly 

higher FBW and CWG (P <0.05), while those in T4, T5, and T6 demonstrated an improved cumulative 

feed conversion ratio (CFCR) (P <0.05) compared to the control groups. Moreover, both linear and 

quadratic trends (P <0.001) were observed across all measured parameters, consistent with the patterns 

noted during the finisher phase. 

Wood vinegar supplementation had no significant effects on internal organ and carcass traits, 

except for on the abdominal fat and shank yields (Table 5). The abdominal fat yield was notably reduced 

in the WV-treated groups relative to the controls (T1 and T2). Furthermore, the percentage of abdominal 

fat exhibited a quadratic trend [y = 1.35 (±0.07) − 1.79 (±0.44) x + 1.35 (±0.41) x2; R2 = 0.67; P <0.0001] 

(Table 4) in response to increasing levels of WV.  

Table 6 presents the effects of WV supplementation on the histomorphology of the small 

intestine (Figure 1) in broiler chickens. During the starter phase, the duodenal VH was not significantly 

influenced by WV supplementation. However, a quadratic (P <0.049) trend in jejunal VH was observed, 

reaching its peak at T4 and T5 before declining at higher inclusion levels. Duodenal CD exhibited no 

significant linear or quadratic effects, whereas ileal CD showed a linear reduction (P <0.020). The VH:CD 

ratios in the duodenum, jejunum, and ileum did not significantly differ between the treatment groups. 

During the finisher phase, duodenal VH remained unaffected (P >0.05) across all treatment 

groups. However, jejunal VH followed a quadratic trend (P <0.007), increasing with WV supplementation 

up to T4 (0.2% WV), before declining at higher doses. Conversely, ileal VH decreased linearly 

(P <0.0001) with incremental increases in WV supplementation up to T5, and thereafter increased to 

T6. No significant differences in the duodenal CD were observed between the treatments. Jejunal CD 

followed both linear and quadratic trends (P <0.009 and P <0.002, respectively) as WV levels increased. 

Similarly, ileal CD exhibited linear (P <0.029) and quadratic (P <0.003) trends. The VH:CD ratio in the 

duodenum followed a quadratic decline [y = 6.65 (±0.38) + 8.72 (±2.34) x − 7.76 (±2.22) x2; R2 <0.54] 

(Table 4) with increasing WV supplementation. The jejunal VH:CD ratio linearly (P <0.002) decreased 

with higher WV concentrations, while the ileal VH:CD ratio exhibited a linear and quadratic effect 

(P <0.004 and P <0.016, respectively) as WV inclusion levels increased. 
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Table 3 Effects of wood vinegar supplementation on the growth performance of broiler chickens (in grams, unless otherwise stated) 

Parameters  
Treatment groups 

SEM P-value 

1Contrast P-value 

T1 T2 T3 T4 T5 T6 Linear Quadratic 

 

Weeks 0–2 (Starter) 

IBW  39.94 39.53 40.53 39.56 40.31 39.11 0.15 0.062 0.103 0.181 

FBW  408.44 410.32 413.47 412.167 413.96 411.08 1.43 0.282 0.611 0.343 

CWG  368.50 370.79 372.94 372.61 373.65 371.97 1.44 0.379 0.501 0.419 

CFI  535.94b 539.71a 541.67a 542.64a 541.67a 527.99c 0.61 <0.0001 <0.0001 <0.0001 

FCR (g/g) 1.46 1.46 1.46 1.47 1.46 1.43 0.01 0.122 0.153 0.171 

Weeks 3–4 (Grower) 

FBW  1589.06c 1600.36b 1624.03ab 1625.05ab 1631.14a 1621.67ab 3.56 <0.0001 0.004 0.005 

CWG  1218.50b 1227.98ab 1249.86a 1251.39a 1255.82a 1230.77ab 3.79 0.007 0.271 0.001 

CFI  2201.16a 2170.35c 2190.70ab 2189.89ab 2180.25b 2168.96c 2.94 <0.0001 0.001 0.671 

FCR (g/g) 1.82a 1.78ab 1.76b 1.75b 1.74b 1.76b 0.01 <0.0001 0.003 0.001 

Week 5 (Finisher) 

FBW  2472.91d 2518.20c 2597.82a 2611.52a 2620.67a 2542.06b 4.28 <0.0001 <0.0001 <0.0001 

CWG  883.85c 917.83b 973.79a 986.47a 989.53a 920.39b 4.07 <0.0001 0.001 <0.0001 

CFI  1428.64b 1412.34b 1469.80a 1387.36c 1431.35b 1353.84d 3.41 <0.0001 <0.0001 <0.0001 

FCR (g/g) 1.63a 1.56b 1.52bc 1.42e 1.45d 1.48c 0.01 <0.0001 <0.0001 <0.0001 

Overall 

FBW  2472.91d 2518.20c 2597.82a 2611.52a 2620.67a 2542.06b 4.28 <0.0001 <0.0001 <0.0001 

CWG  2432.97d 2478.77c 2557.42a 2571.97a 2580.21a 2502.79b 4.28 <0.0001 <0.0001 <0.0001 

CFI  3629.79b 3582.69c 3660.50a 3577.24c 3611.61b 3522.80d 4.55 <0.0001 <0.0001 0.001 

FCR (g/g) 1.49a 1.45b 1.43b 1.41c 1.40c 1.41c 0.01 <0.0001 <0.0001 <0.0001 
           

Treatment groups: T1: negative control (0.0% wood vinegar), T2: positive control (0.02% oxytetracycline), T3–T6: 0.1%, 0.2%, 0.5%, and 1.0% wood vinegar, respectively, 
in drinking water. 1Contrast P-values: linear and quadratic responses to wood vinegar supplementation, determined using orthogonal polynomial contrasts. abc Different 
superscript letters in the same row indicate significant differences (P <0.05). The data are presented as the mean of six replicates for each treatment group. SEM: standard 
error of the mean, IBW: initial body weight, FBW: final body weight, CWG: cumulative weight gain, CFI: cumulative feed intake, FCR: feed conversion ratio. 
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Table 4 Regression analyses of growth performance, internal organ yields, and histomorphology of the small intestine of broiler chickens supplemented 
with 0.1%, 0.2%, 0.5%, and 1.0% wood vinegar in their drinking water 

 Regression equation P-value R2 

    

Starter phase 

CFI y = 537.41 (±0.58) + 30.71 (±3.56) x − 40.34 (±3.38) x2 <0.0001 0.96 

Grower phase 

FBW y = 1599.61 (±4.17) + 132.12 (±25.50) x − 111.46 (±24.16) x2 0.001 0.71 

CWG y = 1227.32 (±3.50) + 133.52 (±21.38) x − 131.23 (±20.26) x2 0.001 0.78 

FCR y = 1.80 (±0.01) − 0.25 (±0.04) x + 0.22 (±0.04) x2 0.0002 0.74 

Finisher phase  

FBW y = 2510.42 (±14.81) + 517.33 (±90.37) x − 491.00 (±85.63) x2 0.0003 0.74 

CWG y = 910.81 (±10.67) + 385.21 (±65.04) x − 379.54 (±61.62) x2 0.0002 0.76 

CFI y = 1433.55 (±13.88) + 7.46 (±103.23) x − 84.76 (±0.09) x2 0.0078 0.55 

FCR y = 1.58 (±0.02) − 0.61 (±0.13) x + 0.51 (±0.12) x2 0.0014 0.67 

Overall 

FBW y = 2510.42 (±14.81) + 517.33 (±90.37) x − 491.00 (±85.63) x2 0.0003 0.74 

CWG y = 2470.52 (±14.83) + 515.38 (±90.49) x − 488.67 (±85.74) x2 0.0003 0.73 

CFI y = 3632.34 (±13.43) − 41.63 (±81.94) x − 65.24 (±77.64) x2 0.0006 0.70 

CFCR y = 1.47 (±0.01) − 0.31 (±0.06) x + 0.25 (±0.06) x2 0.0005 0.72 

Internal organ yields 

Abdominal fat percentage y = 1.35 (±0.07) − 1.79 (±0.44) x + 1.35 (±0.41) x2 0.0013 0.67 

CD, week 5 (µm) 

Duodenum  y = 163.33 (±2.39) − 96.69 (±14.63) x + 82.11 (13.86) x2 <0.0001 0.80 

Jejunum y = 172.22 (±11.23) − 232.05 (±68.50) x + 202.02 (±64.91) x2 0.0159 0.50 

VH:CD, week 2 

Duodenum  y = 6.65 (±0.38) + 8.72 (±2.34) x − 7.76 (±2.22) x2 0.0095 0.54 

Jejunum y = 6.14 (±0.63) + 11.89 (±3.87) x − 10.88 (±3.67) x2 0.0307 0.44 
    

Treatment groups: T1: negative control (0.0% wood vinegar), T2: positive control (0.02% oxytetracycline), T3–T6: 0.1%, 0.2%, 0.5%, and 1.0% wood vinegar, respectively, 
in drinking water. R2: coefficient of determination, CFI: cumulative feed intake, FBW: final body weight, CWG: cumulative weight gain, FCR: feed conversion ratio, CFCR: 
cumulative feed conversion ratio, CD: crypt depth, VH: villus height. 
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Table 5 Effects of wood vinegar supplementation on the carcass characteristics and internal organ yields of broiler chickens (in percentage, unless 
otherwise stated) 

Parameters 
Treatment 

SEM P-value 

1Contrast P-value 

T1 T2 T3 T4 T5 T6 Linear Quadratic 

           

Carcass weight (g) 1782.33 1828.67 1869.17 1853.50 1918.83 1858.50 13.64 0.393 0.080 0.115 

Carcass yield  75.89 76.23 76.98 77.05 76.89 75.69 0.27 0.648 0.854 0.078 

Breast meat  18.21 18.36 18.29 18.30 18.35 18.39 0.07 0.736 0.504 0.935 

Back  24.44 24.27 24.52 23.97 24.40 24.10 0.10 0.888 0.318 0.817 

Drumsticks  9.46 9.82 9.93 10.11 10.24 10.00 0.09 0.078 0.043 0.069 

Thighs  11.51 10.46 13.33 11.48 12.16 10.32 0.27 0.121 0.064 0.037 

Wings  7.55 7.51 7.89 7.70 7.80 7.75 0.06 0.671 0.576 0.445 

Shanks  3.70b 4.01a 3.84ab 3.63b 3.48c 3.83ab 0.01 0.028 0.806 0.231 

Abdominal fat  1.52a 1.36b 0.95c 1.04c 0.88c 0.89c 0.05 <0.0001 <0.0001 0.000 

Heart  0.55 0.60 0.50 0.60 0.48 0.49 0.01 0.229 0.307 0.399 

Intestine  3.91 3.89 3.96 3.80 3.57 3.51 0.08 0.463 0.118 0.794 

Liver  2.00 2.40 2.30 2.04 2.09 1.96 0.05 0.196 0.410 0.175 

Spleen  0.06 0.07 0.07 0.08 0.07 0.07 0.01 0.230 0.756 0.199 
           

Treatment groups: T1: negative control (0.0% wood vinegar), T2: positive control (0.02% oxytetracycline), T3–T6: 0.1%, 0.2%, 0.5%, and 1.0% wood vinegar, 
respectively, in drinking water. 1Contrast P-values: linear and quadratic responses to wood vinegar supplementation, determined using orthogonal polynomial 
contrasts. abc Different superscript letters in the same row indicate significant differences (P <0.05). The data are presented as the mean of six replicates for each 
treatment group. SEM: standard error of the mean. 
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Table 6 Effects of wood vinegar supplementation on the histomorphology of the small intestine of broiler chickens 

 Parameters 
Treatment groups 

SEM P-value 

1Contrast P-value 

T1 T2 T3 T4 T5 T6 Linear Quadratic 

 

VH, week 2 (µm) 

Duodenum  877.27 881.57 969.70 949.50 962.90 915.47 22.87 0.950 0.776 0.404 

Jejunum 530.63b 598.97ab 589.53ab 638.73a 617.80a 610.47a 10.98 0.050 0.035 0.049 

Ileum 584.17b 598.33b 720.93a 604.37b 599.57b 733.83a 17.50 0.010 0.045 0.264 

CD, week 2 (µm) 

Duodenum 153.37bc 226.13a 138.83c 159.73bc 188.47b 138.23c 8.81 0.003 0.639 0.214 

Jejunum 113.87 122.50 139.23 100.23 149.03 116.73 5.69 0.104 0.701 0.568 

Ileum 132.23b 136.23b 163.27a 149.57ab 86.23c 113.27bc 7.88 0.047 0.020 0.254 

VH:CD, week 2  

Duodenum 6.23 3.91 6.99 6.02 5.09 6.70 0.37 0.178 0.739 0.603 

Jejunum 4.98 4.90 4.31 6.36 4.19 5.35 0.25 0.274 0.760 0.821 

Ileum 4.55 4.74 4.12 4.04 7.36 6.95 0.45 0.112 0.059 0.392 

VH, week 5 (µm)  

Duodenum 936.92 952.90 1258.41 1232.24 1167.11 1144.73 45.63 0.203 0.362 0.105 

Jejunum 888.33c 975.73b 1035.80a 1126.80a 1009.63ab 1009.00ab 21.05 0.050 0.110 0.007 

Ileum 606.13c 664.83c 813.10ab 712.27b 736.63b 917.67a 27.70 0.010 <0.0001 0.421 

CD, week 5 (µm)  

Duodenum 168.33 156.87 145.97 149.67 137.07 148.37 3.62 0.222 0.105 0.145 

Jejunum 198.60a 164.50b 112.80c 136.30bc 118.93c 139.43b 7.83 0.002 0.009 0.002 

Ileum 195.20a 184.30a 118.13b 126.40b 135.67b 141.10b 7.93 0.003 0.029 0.003 

VH:CD, week 5  

Duodenum 5.69c 6.08b 8.64a 8.29ab 8.51a 7.74ab 0.43 0.051 0.136 0.041 

Jejunum 4.57d 5.95c 9.24a 8.32ab 8.48ab 7.34b 0.47 0.002 0.022 0.001 

Ileum  3.14c 3.58c 6.97a 5.76ab 5.42b 6.53ab 0.37 0.001 0.004 0.016 
           

Treatment groups: T1: negative control (0.0% wood vinegar), T2: positive control (0.02% oxytetracycline), T3–T6: 0.1%, 0.2%, 0.5%, and 1.0% wood vinegar, respectively, 
in drinking water. 1Contrast P-values: linear and quadratic responses to wood vinegar supplementation, determined using orthogonal polynomial contrasts. abcDifferent 
superscript letters in the same row indicate significant differences (P <0.05). The data are presented as the mean of six replicates for each treatment group. SEM: standard 
error of the mean, VH: villus height, CD: crypt depth. 
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Figure 1 Optical micrographs of haematoxylin and eosin-stained sections, visualising the villus height 

and crypt depth in different sections of the small intestine (a: duodenum, b: jejunum, c: ileum).  
 

The effects of WV supplementation on the plasma IgA, IgG, and IgM levels are presented in 

Table 7. During the starter phase, IgA levels were significantly elevated in group T5, while the negative 

control group (T1) had the lowest levels. Additionally, the IgG level was substantially higher in all the 

WV treatment groups than in the antibiotic-treated group (T2) and the negative control group (T1). 

Group T3 had the highest IgM levels, in comparison with the other treatments. During the finisher phase, 

there were no statistically significant differences in IgG levels between the treatment groups. In contrast, 

WV supplementation significantly increased IgA and IgM levels, with group T3 exhibiting the highest 

IgA levels while group T1 had the lowest. Furthermore, IgM levels were significantly higher in the WV-

treated groups and in the antibiotic-treated group than in the negative control group (T1). Regression 

analysis revealed that there were quadratic decreases in IgA in both phases, whereas IgG increased 

linearly in the starter phase only. 

Figure 2 illustrates the effects of WV supplementation on growth hormone receptor (GHR) and 

insulin-like growth factor-1 (IGF-1) expression levels. Growth hormone receptor expression was 

significantly upregulated in group T5 compared to the controls (T1 and T2). Additionally, IGF-1 

expression was increased in group T5 as compared to group T1, while levels were similar among the 

other treatment groups. 

 

 
Figure 2 Effects of wood vinegar (WV) supplementation on the expression levels of growth hormone 

receptor (GHR) and insulin-like growth factor-1 (IGF-1) genes. Treatment groups: T1: negative control 

(0.0% WV), T2: positive control (0.02% oxytetracycline), T3–T6: 0.1%, 0.2%, 0.5%, and 1.0% WV, 

respectively, in drinking water. Different lower-case letters indicate significant differences between 

groups (P <0.05). The data reported are the mean values of six replicates for each treatment group. 
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Table 7 Effects of wood vinegar supplementation on immunoglobulin A (IgA), immunoglobulin G (IgG), and immunoglobulin M (IgM) plasma 
concentrations in broiler chickens (ng/mL) 

Parameters 
Treatments 

SEM P-value 

1Contrast P-value 

T1 T2 T3 T4 T5 T6 Linear Quadratic 

 

Starter phase 

IgA  76.55c 78.72b 78.67b 79.63ab 80.36a 79.57ab 0.28 0.003 <0.0001 0.005 

IgG  59.77b 61.29b 63.16a 62.81a 62.64a 63.88a 0.42 0.043 0.001 0.073 

IgM  18.24e 19.33d 21.49a 19.41c 18.74de 20.17b 0.19 <0.0001 0.086 0.006 

Finisher phase 

IgA  68.38d 73.38c 79.55a 76.35b 75.18b 75.47b 0.63 <0.0001 0.001 <0.0001 

IgG  80.53 80.32 80.87 81.32 81.86 82.13 0.38 0.890 0.190 0.994 

IgM  17.93b 18.31ab 18.94a 18.57ab 18.27ab 18.88a 0.11 0.032 0.095 0.398 
           

Treatment groups: T1: negative control (0.0% wood vinegar), T2: positive control (0.02% oxytetracycline), T3–T6: 0.1%, 0.2%, 0.5%, and 1.0% wood vinegar, respectively, 
in drinking water. 1Contrast P-values: linear and quadratic responses to wood vinegar supplementation, determined using orthogonal polynomial contrasts. abc Different 
superscript letters in the same row indicate significant differences (P <0.05). The data are presented as the mean of six replicates for each treatment group. SEM: standard 
error of the mean. 
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Discussion  
Previous research on the applications of WV has predominantly focused on its use as a 

pesticide in agriculture and forestry, as well as a disinfectant and antimicrobial agent in medical 

applications. However, recent findings have suggested its potential as a dietary supplement in animal 

feed. Toxicological assessments conducted using Sprague rats and mice have indicated that WV is 

safe for oral administration in animals (Chen et al., 2007). Consequently, WV may be considered a safe 

feed additive, serving as a viable alternative to antibiotics in animals (Wang et al., 2012). Tasharofi et 

al. (2017) observed that the inclusion of WV in broiler chicken diets resulted in improved growth 

performance. Similarly, Choi et al. (2009) reported that pigs supplemented with 0.1%, 0.2%, and 0.3% 

WV exhibited enhanced growth performance and improved nutrient digestibility. Hayajneh et al. (2018) 

suggested that the dietary inclusion of WV in broiler diets may improve immune function and enhance 

antioxidant status. In the current study, WV supplementation in drinking water had a beneficial impact 

on the growth performance of broiler chickens. One key reason for this improvement might be the acetic 

acid content of WV, which has been identified to reduce pH levels and alter the composition of the gut 

microbiome of chickens to favour aerobic, anaerobic, and coliform bacteria (Fouad et al., 2018), thereby 

increasing nutrient assimilation and utilisation (Rattanawut, 2014).  

In this study, it was observed that the supplementation of WV had no effect on the FBW, CWG, 

and FCR during the starter phase, indicating that early-stage growth was not markedly influenced by 

WV supplementation (Hanchai et al., 2021), However, the CFI was affected, with higher intake observed 

in the WV-treated groups (T3–T5) compared to the negative control and antibiotic-treated group, with 

the exception of the highest WV inclusion level (T6), where the CFI declined. The observed linear and 

quadratic trends suggest that moderate levels of WV may enhance early feed intake, whereas 

excessive supplementation could have detrimental effects. Consistent with this finding, Allahdo et al. 

(2018) reported lower feed intake in broilers supplemented with a higher level of vinegar during the 

early growth stage (1–10 days).  

During the grower phase (15–28 days), significant differences were observed in the FBW and 

CWG, with the 0.5% WV-treated group (T5) exhibiting the highest body weight and weight gain. This 

improvement may be attributed to the beneficial effects of WV as an acidifier, which supports gut health 

and microbiota balance and thereby optimises nutrient utilisation (Tasharofi et al., 2017). The 

enhancement of animal performance through dietary acidification may be facilitated by the structure of 

organic acids, which contain one proton and one anion. The proton contributes to feed acidification, 

whereas the anion plays a role in preventing microbial growth (Schutt, 2011). Research has also 

indicated that organic acids positively influence the gut microbiota, leading to enhanced growth 

performance in poultry (Abd El-Ghany, 2024). The observed linear and quadratic trends in the CFCR 

suggest that moderate levels of WV improved feed efficiency, while high concentrations may have 

adversely affected growth. Additionally, the positive effects on the growth performance-related 

parameters could be attributed to the improvement in small intestine histomorphology. Improvements 

in VH and CD can enhance the absorptive surface of the intestine and thereby facilitate nutrient 

absorption (Danladi et al., 2022). The CFI was higher in the negative control group than in the WV-

treated groups, possibly because of the high acetic acid content of the WV (Ahmed et al., 2017). Canibe 

et al. (2010) reported reduced feed intake in piglets fed diets containing high concentrations of acetic 

acid, suggesting that excessive levels may impair palatability. The positive effects of WV 

supplementation were more pronounced in the finisher (29–35 days) and overall (1–35 days) periods, 

with significant increases in both FBW and CWG in the WV-treated groups, compared to the controls. 

The CFI was also significantly affected, with birds in T3 and T5 having the highest feed intake. 

Nutritional needs primarily influence feed intake in chickens.  

The results of this study demonstrate that supplementary WV increases palatability and nutrient 

digestibility, thereby enhancing feed consumption and CWG. This finding aligns with the findings 

reported by Tasharofi et al. (2017). Furthermore, the CFCR was significantly improved in the WV-

treated groups (T4 and T5) compared to the controls. The enhanced CFCR observed in these groups 

indicates that organic acids may improve feed efficiency, potentially by promoting lipid metabolism and 

reducing fat deposition (Sabour et al., 2018). The improvement in growth performance observed in this 

study agrees with previous findings for broilers, quails, and pigs supplemented with WV and organic 

acids (Choi et al., 2009; Bagal et al., 2016; Diógenes et al., 2019). These beneficial effects may be 

attributed to the functional properties of organic compounds, including their ability to improve 

gastrointestinal function, enhance nutrient digestibility, and suppress pathogenic bacteria through 
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competitive exclusion (Khan & Iqbal, 2015). Another notable effect is the reduction in gastric pH, which 

enhances nutrient digestibility and slows the rate of gastric emptying (Rodjan et al., 2017). The physical 

condition of the chickens receiving WV was comparable to those administered antibiotics throughout 

the experiment. The results demonstrated that WV may be a suitable substitute for antibiotics 

Carcass yield is a crucial indicator of dietary efficiency and nutritional quality in poultry 

(Manyeula et al., 2019). Carcass yields and internal organ weights remained largely unaffected by WV 

supplementation in this study, with the exception of the abdominal fat and shank yield. Notably, the 

percentage of abdominal fat was significantly lower in the WV-treated groups than in the negative and 

positive control groups, suggesting that WV supplementation via the drinking water may help reduce 

fat accumulation in broiler chickens. This observation corresponds with earlier reports by Allahdo et al. 

(2018) and Agboola et al. (2015), who also noted reductions in abdominal fat when WV and organic 

acids were supplemented in broiler diets. Wood vinegar is rich in organic acids and bioactive 

compounds, including acetic acid and phenolic substances, which contribute to its acidic nature. These 

components have been associated with various health benefits, such as reducing lipid accumulation 

and enhancing metabolic processes (Cai et al., 2012). Agboola et al. (2015) demonstrated that 

supplementing broiler diets with organic acids and probiotics could effectively decrease both abdominal 

fat and serum cholesterol levels. The mechanisms underlying these effects are well established: 

reducing dietary fat absorption and fatty acid synthesis, while simultaneously enhancing β-oxidation, 

leads to decreased abdominal fat deposition by reducing the size and/or number of adipose cells in the 

abdominal region (Allahdo et al., 2018). Regulating lipid metabolism through dietary composition and 

feeding strategies, while further elucidating their influence on key metabolic enzymes, may contribute 

to the production of leaner meat (Allahdo et al., 2018). The reduction in abdominal fat observed in this 

study could be attributed to the presence of organic acids in WV, which enhance the β-oxidation of fatty 

acids, thereby increasing energy expenditure and limiting fat accumulation. Additionally, the acidic 

nature of WV may promote nutrient absorption, thereby improving feed efficiency and facilitating a more 

favourable protein-to-fat conversion ratio (Hernández et al., 2006). 

Villus height and CD are established indicators of intestinal health, as villi are important 

components for nutrient uptake in the intestine (Azizi et al., 2021). A greater VH correlates with 

improved growth performance, decreased gastrointestinal tract secretion, and increased small intestine 

absorption capacity (Awad et al., 2009). Fan et al. (1997) reported that increased epithelial cell turnover 

enhanced the VH:CD ratio and VH. Intestinal homeostasis relies on maintaining adequate food 

assimilation and lowering gut barrier dysfunction, and is dependent on the anatomy and function of the 

small intestine. Both nutrient absorption and digestion occur in the small intestine. A previous study 

reported that WV supplementation influenced the intestinal architecture in chickens (Jahantigh et al., 

2021).  
Jejunal and ileal VH were significantly influenced by WV supplementation during the starter 

phase (week 2) in this study, with the highest VH in the jejunum being recorded in treatment groups T4 

to T6. A linear increase in VH with an increase in the WV concentration could suggest that WV promotes 

intestinal development by enhancing nutrient digestion and absorption (Hachai et al., 2021). 

Furthermore, an increase in VH correlates with enhanced intestinal digestive and absorptive capacity, 

as it expands the absorptive surface area, promotes the expression of brush border enzymes, and 

improves nutrient transport mechanisms (Wang et al., 2020). Additionally, greater VH reflects the 

enhanced activation of the functional capacity of intestinal villi (Awad et al., 2009). This indicates that 

the functional activity of the villi was stimulated following WV administration. Conversely, the duodenal 

VH did not show significant variation between the treatment groups, indicating a more stable growth 

pattern regardless of WV supplementation. However, the duodenal and ileal CD were influenced by WV 

supplementation during this phase. Notably, the ileal CD in groups T3 and T6 were higher than in the 

control groups, reflecting an adaptive response to enhanced nutrient absorption, as deeper crypts are 

associated with increased turnover of enterocytes (Parker et al., 2017). The linear and quadratic effects 

indicate that as the WV concentration increased, both the ileal VH and CD were positively affected, 

indicating that higher WV levels may promote better gut health and nutrient utilisation. However, the 

VH:CD ratio did not differ between the treatment groups. 

In week 5, significant differences in VH were observed in both the jejunum and ileum, with 

groups T3 to T6 demonstrating higher VH than the control groups. The increase in VH in the WV-

supplemented groups indicates improved nutrient absorption, likely due to enhanced mucosal 

development. Notably, the jejunal VH exhibited a quadratic trend, suggesting a potential saturation point 
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beyond which additional WV supplementation may not yield further benefits. Similarly, the ileum 

exhibited notable improvements in both VH and CD in the higher WV-treated groups, supporting the 

notion that WV supplementation positively influenced gut morphology, ultimately enhancing growth 

performance (Hernández et al., 2006). Our findings revealed that both VH and CD were elevated in the 

WV-treated groups relative to the control groups, corroborating previous research by Allahdo et al. 

(2018), who noted similar effects when WV was added to the drinking water of broiler chickens. 

Likewise, Tasharofi et al. (2017) reported that the inclusion of vinegar made from waste dates enhanced 

intestinal morphology in broilers. Increased VH is positively correlated with enhanced absorptive 

capacity of the small intestine, contributing to a slower transit time, reduced intestinal moisture content, 

and improved FCR (Jahantigh et al., 2021). The improvement in VH and CD observed in this study 

could be attributed to the beneficial effects of the organic acids in the WV, which promote a healthier 

microbial balance in the intestine (Attia et al., 2013). Organic acids have been reported to enhance 

intestinal immunity, reduce inflammatory responses at the digestive mucosal surface, stimulate 

enzymatic secretions, and improve the digestion and absorption of essential nutrients (Khan & Iqbal, 

2015). Moreover, the VH:CD ratio in the duodenum, jejunum, and ileum was significantly influenced by 

WV supplementation in week 5, suggesting improved absorptive efficiency and overall gut health. The 

enhanced VH:CD ratio further supports the hypothesis that WV optimises intestinal architecture, leading 

to better nutrient absorption and growth performance (Sabour et al., 2018). Additionally, the observed 

linear and quadratic trends indicate that moderate WV supplementation enhances intestinal function, 

while excessive levels may exert diminishing effects. The overall improvements in intestinal morphology 

align with previous findings that organic acids, such as those present in WV, contribute to gut health by 

modulating microbial populations and enhancing nutrient digestibility (Khan & Iqbal, 2015).  

According to Bucław (2016), the production of immunoglobulins is attributed to B cells, a crucial 

constituent of the immune system. Although immunoglobulins are vital for immune system control and 

mucosal defence, environmental stresses can have an impact on them (Humam et al., 2019). Plasma 

levels of IgA, IgM, and IgG are established indicators of immunological status (Insoft et al., 1996). 

Immunoglobulin M regulates subsequent immunological responses, promotes IgG synthesis, and 

mediates the initial immune response to external antigens (Azizi et al., 2025). Immunoglobulin A, which 

is mostly secreted by mucosal membranes, is the most abundant immunoglobulin isotype synthesised 

in mammals (Macpherson et al., 2018). By protecting the mucous membranes, IgA helps to prevent 

pathogen invasion and colonisation (Danladi et al., 2022).  

The results of this study indicate that WV supplementation improves plasma concentrations of 

IgA, IgG, and IgM in broiler chickens, which is consistent with earlier findings by Chu et al. (2012), who 

reported similar positive effects of WV on gut health and immune status in pigs. Similarly, Kim et al. 

(2014) observed elevated IgA and IgM levels in broiler chickens supplemented with phenyllactic acid. 

Mustafa et al. (2021) also found that dietary organic acid supplementation improved the immune status 

of chickens. Although the precise mechanisms through which WV enhances immune status have not 

been fully elucidated, several studies have proposed plausible pathways. Attia et al. (2013) reported 

that WV may modulate pro-inflammatory cytokines, notably interleukin-6 and tumour necrosis factor-

alpha, which are integral to B-cell activation and the subsequent production of immunoglobulins, 

including IgG and IgM. This cytokine regulation may enhance systemic immune responses. Similarly, 

Hernández et al. (2006) noted that the polyphenols and flavonoids present in WV possess antioxidant 

properties that mitigate oxidative stress, thereby supporting immune cell functionality by promoting B-

cell proliferation and immunoglobulin synthesis. Additionally, the bioactive compounds in WV, such as 

organic acids, phenols, and polyphenols, are known to modulate the gut microbiota composition, 

enhancing the growth of beneficial bacteria while suppressing pathogenic species (Wang et al., 2022). 

These microbial shifts may enhance the production of immune system components. Furthermore, WV 

aids in regulating the intestinal pH, which inhibits pathogenic colonisation and preserves epithelial 

barrier integrity, thereby strengthening both mucosal and systemic immunity (Jahantigh et al., 2021). 

Our findings contribute valuable insights into the efficacy of WV in enhancing the immune system of 

broiler chickens. 

Wood vinegar supplementation upregulated the expression of IGF-1 and GHR genes in the 

livers of the broiler chickens in this study, as reflected by their improved growth performance. Growth 

hormone is a key regulator of the growth and body composition of chickens (Del Vesco et al., 2013). It 

is secreted by the pituitary gland, and the activation of growth hormone and GHR genes increases the 

hepatic synthesis of IGF-I. However, nutritional status can also influence the levels of IGF-1 and GHR 
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(Kareem et al., 2016). Numerous studies have shown that IGF-I is an indicator of the growth rate of 

chickens (Humam et al., 2019; Azizi et al., 2024b). 

In this study, WV supplementation upregulated the mRNA expression of IGF-1 and GHR in 

broiler chickens. This aligned with the prior findings of Danladi et al. (2022), who reported the increased 

expression of analogous genes in chickens, indicating a potential interaction between IGF-1 and the 

gut microbiota. Kozakova et al. (2016) reported that the presence of the gut microbiota was associated 

with elevated levels of IGF-1, when compared to microbiota-deficient mice, and demonstrated a direct 

connection between IGF-1 levels and skeletal growth, supporting the role of the gut microbiota in growth 

regulation. Humam et al. (2019) and Danladi et al. (2022) also documented increased levels of IGF-1 

in broilers, while Yan et al. (2016) observed elevated levels of IGF-1 in mice fed diets supplemented 

with short-chain fatty acids.  

The findings of this study demonstrate that chickens supplemented with WV exhibit enhanced 

growth performance, improved immune status, and upregulated levels of GHR and IGF-1, suggesting 

that IGF-1 can serve as a reliable biomarker for the growth performance of broiler chickens. Enhanced 

growth performance was correlated with a concomitant increase in IGF-1 expression following WV 

supplementation. This effect could be related to improved absorption and assimilation of nutrients, 

which may have led to the increased secretion of growth hormone from the pituitary gland, ultimately 

elevating IGF-1 production. Moreover, the bioactive compounds in WV could improve the physiological 

functions of livestock by increasing growth performance (Song et al., 2020) and enhancing animal well-

being, thereby improving production. Thus, WV supplementation may have upregulated the expression 

of IGF-1 and GHR in this study. To the best of our knowledge, the effects of WV on the expression of 

IGF-1 and GHR in broiler chickens have not been previously reported. The upregulation observed in 

this study may be attributed to improvements in intestinal morphology and nutrient absorption, 

reductions in oxidative and inflammatory stress, and the favourable modulation of the gut microbiota, 

all of which contribute to improved growth performance. 

 

Conclusions  
Wood vinegar is a liquid by-product rich in organic acids. It is derived from the production of 

charcoal in an oxygen-deprived environment and exhibits antimicrobial properties against harmful 

microorganisms, with the potential to enhance physiological functions and modulate the gut microbiota 

by maintaining a lower gastric pH. This study evaluated the effects of WV supplementation in drinking 

water on the growth performance, immune responses, and intestinal histomorphology of broiler 

chickens. Birds receiving WV, particularly those receiving 0.5% WV (group T5), exhibited significant 

improvements in CWG and FCR compared to both the negative and positive controls. Wood vinegar-

treated groups also had reduced abdominal fat yields, increased VH and VH:CD ratios, and higher 

plasma levels of IgA, IgG, and IgM, alongside upregulated expression of GHR and IGF-1. These 

findings suggest that WV can achieve growth-promoting effects similar to those of antibiotic growth 

promoters, positioning it as a promising natural alternative in poultry production. Further research is 

recommended to explore its long-term effects and efficacy under commercial production conditions. 
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