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ABSTRACT 

Aim and Objective: The study aimed to evaluate the immunomodulatory effects of Nilavembu Kudineer 

Choornam (NKC) on humoral, cell-mediated, and nonspecific immunity in unsexed backyard chickens. 

Materials and Methods: Seventy-two unsexed backyard chickens were randomly assigned to six groups 

(n=12 per group): control, vaccine control (Newcastle disease oral pellet vaccine), positive control 

(levamisole at 30 mg/kg), and three treatment groups receiving NKC decoction at 0.5, 1.0, and 2.0 

mL/kg. All groups, except the control, were vaccinated at the end of the 1st, 4th, and 8th weeks. 

Levamisole and NKC were administered via drinking water for five days prior to immunological 

assessments. Humoral immunity was assessed by immunizing the birds with sheep red blood cells at the 

end of the 11th and 12th weeks, followed by haemagglutination titre measurements at the end of the 13th 

and 16th weeks. Cell-mediated immunity was evaluated using a delayed hypersensitivity reaction to 

phytohemagglutinin-P at the 16th week. Nonspecific immunity was assessed via a carbon clearance test 

at the 16th week. Results: The haemagglutination titres at the 13th week ranged from 5.80 ± 0.49 to 6.60 

± 0.60, and at the 16th week, from 4.50 ± 0.27 to 5.05 ± 0.20. The highest titres were observed in the 

NKC 1.0 mL/kg group, followed by the levamisole group. For cell-mediated immunity, the delayed 

hypersensitivity test showed significantly greater skin thickness (0.20 ± 0.01 to 0.34 ± 0.04 mm) in the 

treatment groups compared to the control. The carbon clearance test demonstrated enhanced phagocytic 

activity in all treatment groups (0.024 ± 0.001 to 0.013 ± 0.001) relative to controls. Conclusion: 

Administration of NKC at 1.0 mL/kg for five days before vaccination significantly enhanced humoral, 

cell-mediated, and nonspecific immune responses, comparable to levamisole. NKC shows potential as a 

natural immunomodulator in poultry, enhancing immune responses and offering a viable alternative to 

synthetic immunostimulants.   

Keywords: Humoral immunity, Cell mediated immunity, Phagocytic activity, Carbon Clearance Index. 

 
INTRODUCTION 

Backyard poultry rearing is a vital source of nutrition and income for rural communities, with chicken 

meat contributing significantly to protein intake [1]. However, challenges such as disease outbreaks, 

predator attacks, and limited awareness of scientific rearing practices hinder productivity. Among these, 

Newcastle disease (ND) is the most significant constraint due to its rapid spread and high mortality rates, 

posing a persistent threat to both backyard and commercial poultry [2]. While vaccination is a preventive 

measure, factors such as limited farmer awareness, vaccine availability, and cold chain maintenance 

reduce its effectiveness [3]. Enhancing immune function in birds could serve as an additional strategy to 

mitigate ND and other disease related losses. 

Herbal immunomodulators have been widely explored in traditional medicine systems for their ability to 

enhance immune responses. Nilavembu Kudineer Choornam (NKC), a polyherbal Siddha formulation 

containing Andrographis paniculata, Piper nigrum, Zingiber officinale, and other medicinal plants, has 

demonstrated antiviral and immunostimulatory effects in humans, particularly against viral infections 

like dengue and chikungunya [4,5]. The active compounds in these herbs influence immune cell 

activation, cytokine modulation, and antibody production, indicating their potential application in 

poultry immunomodulation [6]. However, limited research has been conducted on their efficacy in 

poultry, necessitating further evaluation. 

This study evaluates the immunomodulatory effects of NKC in Namakkal Chicken 1, a backyard poultry 

breed developed for enhanced egg production, focusing on its impact on humoral, cell-mediated, and 

nonspecific immunity. 
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MATERIALS AND METHODS  

Preparation of Nilavembu Kudineer Choornam (NKC) decoction 

The NKC powder used in the study was procured from Tamil Nadu 

Medicinal Plant Farms and Herbal Medicine Corporation Limited 

(TAMPCOL), Chennai, India and the composition is given in Table 1. 

The decoction was prepared by boiling 12.5 g of NKC powder in 250 

mL of water and concentrating it to 60 mL. The decoction was filtered 

and administered to the birds in drinking water during morning hours 

as a breakfast regimen. The daily requirement was calculated and 

freshly prepared on the day of administration. 

Experimental birds and management 

Seventy-two-day-old, unsexed backyard chicks (Namakkal Chicken 

1) were obtained from the Poultry Farm Complex, Veterinary College 

and Research Institute, Namakkal. The birds were weighed, wing 

banded, and divided into six groups (n=12 per group). They were 

reared in a deep litter system under standard and uniform management 

conditions. The birds were fed desi chick mash (0–8 weeks) and 

grower mash (8–16 weeks), both free of mycotoxins, with ad libitum 

access to feed and drinking water. The experimental design and 

protocol was approved by the Institutional Animal Ethics Committee 

of VCRI, Namakkal. 

Experimental design 

Group Treatment 

T1 Control 

T2 Vaccine control (Oral pellet vaccine) 

T3 Positive control - Levamisole @ 30 mg/kg in drinking water 

for 5 days 

T4 NKC decoction @ 0.5 mL/kg in drinking water for 5 days 

T5 NKC decoction @ 1.0 mL/kg in drinking water for 5 days 

T6 NKC decoction @ 2.0 mL/kg in drinking water for 5 days 

 

All birds, except the control group, were vaccinated with an oral pellet 

vaccine (D58 strain) against Newcastle disease virus at the end of the 

1st, 4th, and 8th weeks of age. 

Immunological Assessments 

Humoral immunity against Sheep Red Blood Cells (SRBC) 

Birds in all groups, except the control, were inoculated with 0.1 mL of 

1% SRBC via the brachial vein at the 11th week, followed by a 

booster dose at the 12th week. The control group received 0.1 mL of 

phosphate-buffered saline (PBS). Levamisole and NKC decoction 

were administered for five days before the primary SRBC injection. 

Blood was collected from the brachial vein at the end of the 13th and 

16th weeks, and the haemagglutinin antibody (HA) titer against SRBC 

was estimated [7]. The HA titer was expressed as log₂ of the reciprocal 

of the last dilution showing macroscopic agglutination. 

Cell-Mediated Immunity (CMI) by PHA-P skin test 

CMI was assessed at the end of the 16th week in six birds per group [8]. 

Levamisole and NKC decoction were administered for five days 

before the test. A total of 100 µg of phytohaemagglutinin-P (PHA-P) 

in 0.1 mL of PBS was injected intradermally into the interdigital space 

between the 2nd and 3rd toes of the right foot. The left foot received 0.1 

mL of PBS as a control. Skin thickness was measured before and 24 h 

post-injection using a digital micrometer (Mitutoyo, Japan), and the 

web index was calculated as: 

Web Index (mm) = (Post PHA-P – Pre PHA-P) – (Post PBS – Pre 

PBS) 

Nonspecific immunity by carbon clearance test 

Nonspecific immunity was assessed by evaluating phagocytic ability 

at the 16th week in six birds per group by carbon clearance test [8]. 

Birds were pretreated with levamisole and NKC decoction for five 

days before testing. A total of 1.0 mL/kg of sterile black Indian ink 

was injected into the wing vein, and blood samples were collected 

from the opposite wing before (0 min) and at 3 and 15 minutes post-

injection. Blood samples (100 µL) were mixed with 2 mL of 10% 

sodium carbonate solution and centrifuged at 50 x g for 4 minutes. 

The relative carbon particle concentration in the supernatant was 

measured using a UV-Vis spectrophotometer at 650 nm, and the 

carbon clearance index (K) was calculated as: 

K = (log OD1 − log OD2) / (t2 – t1) 

Where, OD1 and OD2 represent optical densities at 3 minutes (t1) and 

15 minutes (t2), respectively. 

Statistical analysis  

The experiment followed a completely randomized design [9]. Data 

were analyzed using one-way ANOVA in SPSS® 20.0 software. Post-

hoc analysis was performed using Duncan’s significance difference 

test. 

RESULTS 

Humoral immunity against Sheep Red Blood Cell (SRBC) 

The mean hemagglutination (HA) titre against SRBC at the end of the 

13th and 16th weeks is presented in Table 2. At the 13th week, the mean 

HA titre ranged between 5.80 ± 0.49 and 6.60 ± 0.60. The highest HA 

titre was observed in the group pretreated with NKC at 1.0 mL/kg 

(T5) and in the levamisole-treated group (T3), with significant 

differences (p<0.05) compared to the control group (T1). No 

significant differences were noted among the treatment groups (T2 - 

T6). 

At the 16th week, the mean HA titre ranged from 4.50 ± 0.27 to 5.05 ± 

0.20, with the highest value in T5. However, compared to the 13th 

week, a slight decline in HA titre was observed in all groups. The 

control group (T1) injected with PBS did not show any HA titre 

against SRBC antigen at both time points. 

Cell-mediated immunity by PHA-P skin test 

Cell-mediated immunity was assessed using the phytohemagglutinin-

P (PHA-P) skin test, with the mean skin thickness values presented in 

Table 3. The skin thickness response at the 16th week ranged from 

0.20 ± 0.01 to 0.34 ± 0.04 mm. The highest PHA-P response was 

observed in the T5 group (1.0 mL/kg NKC), followed by the positive 

control (T3). All treatment groups (T2 - T6) exhibited significantly 

higher (p<0.05) responses than the control group (T1). 

Non-specific immunity by carbon clearance test 

The mean carbon clearance index measured at the 16th week ranged 

from 0.024 ± 0.001 to 0.013 ± 0.001 (Table 3). The highest carbon 

clearance index was observed in T5 and T6, which received 1.0 and 

2.0 mL/kg NKC, respectively, and these values were numerically 

superior to the levamisole-treated group (T3). The T4 group (lower 

NKC dose) did not show significant differences from the control (T1) 

or vaccine control (T2). 

DISCUSSION 

Humoral immunity  

SRBC immunization studies indicate that the primary antibody 

response peaks at 5-7 days post-immunization, with a subsequent 
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rapid decline in antibody titre two weeks later [10]. The present study 

aligns with this trend, showing higher HA titres at the 13th week, 

followed by a decline at the 16th week. However, the observed titres 

remained relatively high, likely due to the booster SRBC dose and 

NKC's immunostimulatory effects. Previous studies have reported a 

peak anti-SRBC antibody titre of 5.7 in probiotic-treated groups, 

followed by a decline to 2.0 and 1.5 over the subsequent two weeks 
[11]. 

 

 

Table 1: Composition of Nilavembu Kudineer Choornam 

S. No. Ingredients Percentage 

1 Zingiber officinale (rhizome) 11.1% 

2 Piper nigrum (dried fruit) 11.1% 

3 Cyperus rotundus (root) 11.1% 

4 Mollugo cerviana (plant) 11.1% 

5 Andrographis paniculata (plant) 11.1% 

6 Trichosanthes cucumerina (plant) 11.1% 

7 Vetiveria zizanioides (root) 11.1% 

8 Plectranthus vettiveroides (root) 11.1% 

9 Santalum album (wood) 11.1% 

 

Table 2: Effect of supplementation of Nilavembu Kudineer Chooranam decoction on HA titer (Log2) against SRBC antigen in backyard 

chicken 

Treatment groups 
HA titer (Log2)  

13th Week 16th Week 

T1 - Control 0.00c ± 0.00 0.00b ± 0.00 

T2 - Vaccine control 5.85ab ± 0.30 4.50a ± 0.27 

T3 - Positive control (Levamisole @ 

30mg/kg)  
6.20a ± 0.57 4.80a ± 0.22 

T4 - NKC @ 0.5ml/kg 5.80ab ± 0.49 5.00a ± 0.39 

T5 -  NKC @ 1.0ml/kg 6.60a ± 0.60 5.05a ± 0.20 

T6 - NKC @ 2.0ml/kg 5.80ab ± 0.51 4.70a- ± 0.27 

Each value in the table is mean of ten observations. 

Overall means within a column with different superscripts (a, b, c) differ significantly (P< 0.05). 

 

Figure 1: Injection of PHA-P solution between 2nd and 3rd interdigital space on right foot web 
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Figure 2: Measurement of web thickness after 24 h of PHA-P injection 

 

Figure 3: Injection of Indian ink in the wing vein at the dose rate of 1ml/kg body weight 

Levamisole, used as the positive control, is known to enhance 

antibody responses to non-natural antigens [12]. The enhanced humoral 

immunity observed in the NKC-treated groups could be attributed to 

bioactive compounds such as polysaccharides, flavonoids, and 

phenols, which stimulate interferon synthesis. Individual NKC 

components like Andrographis paniculata, Zingiber officinale, and 

Cyperus rotundus have been reported to augment antibody responses 

against SRBC [13-15]. Furthermore, the combined effect of multiple 

immunostimulant herbs in NKC likely contributed to the observed 

increase in HA titres [16]. 

Cell- mediated immunity  

The PHA-P test is a reliable method for assessing T-cell-mediated 

immune responses. The significant increase in web thickness in NKC-

treated groups suggests enhanced cellular immunity. Similar 

improvements in PHA-P responses have been reported in birds 

supplemented with Artemisia annua, where increased lymphocyte 

proliferation was observed [17]. Levamisole, a known T-cell activator, 

also induced a strong response in the positive control group [18, 19]. 

Natural products are known to stimulate immune responses by 

directly enhancing lymphatic tissue activity and modifying gut 

microflora [20-22]. The immunomodulatory effect of NKC could be due 

to its influence on cytokine production and leukocyte activation. The 

observed improvement in T-cell response in the NKC-treated groups 

suggests a positive impact on adaptive immunity. 

Non- specific immunity  

The carbon clearance test evaluates the activity of mononuclear 

phagocyte system, reflecting innate and adaptive immune responses 
[23]. The significantly higher clearance index in T5 and T6 indicates 

enhanced phagocytic activity, likely due to NKC's bioactive 

compounds. NKC has been reported to contain several key 

phytochemicals, including alkaloids, carbohydrates, glycosides, 

flavonoids, phenols, tannins, and terpenoids. These compounds play a 

critical role in antioxidant defense, supporting the body's immune 

function and overall health [16]. Similar findings were reported in birds 

supplemented with flavonoid-rich extracts, where enhanced 

phagocytosis and reduced oxidative stress were observed [24].  

Phagocytic cells generate reactive oxygen species (ROS) during 

immune responses, and an imbalance between ROS production and 

antioxidant defenses can lead to oxidative stress [24]. The high 

phenolic and flavonoid content in NKC is likely responsible for 

reducing oxidative stress, thereby improving phagocytic function. 

Comparable improvements in phagocytic indices have been reported 

for fenugreek and Arachis hypogaea [25, 26]. The ability of NKC to 

enhance non-specific immunity may be attributed to the synergistic 

action of its herbal components.   
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CONCLUSION 

The present study demonstrated that NKC decoction at 1.0 mL/kg 

body weight effectively enhances both humoral and cell-mediated 

immunity in Namakkal Chicken-1. The highest HA titre against 

SRBC and PHA-P skin test response were observed in the NKC-

treated group, comparable to levamisole, indicating its potent 

immunostimulatory effects. Additionally, NKC significantly 

improved phagocytic activity, as evidenced by the carbon clearance 

index, suggesting an enhancement of nonspecific immunity. The 

immunomodulatory effects of NKC can be attributed to the 

synergistic action of its bioactive phytochemicals. These findings 

highlight NKC as a natural alternative to synthetic immunostimulants, 

with potential applications in poultry health management.  
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