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ABSTRACT

	Aims: This study aimed to evaluate the effects of chicory root powder (CRP), Lactobacillus acidophilus (LB), and their combination (CRP+LB) on growth performance, nutrient utilisation, health status, antioxidant profile, and caecal microflora of broiler chickens, to assess their potential as natural alternatives to antibiotic growth promoters.
Study design:  A Completely Randomised Design (CRD) was applied with five dietary treatment groups.
Place and Duration of Study: The experiment was conducted using 250-day-old Ven Cobb broiler chicks at the at the Livestock Farm Complex, College of Veterinary Sciences and Animal Husbandry, Selesih, Aizawl, Mizoram. The trial was carried out during the early summer months of May, 2016 to April, 2017.
Methodology: A total of 250 chicks were randomly allocated to five dietary treatments: a basal control diet, an antibiotic-supplemented diet, CRP, LB, and CRP+LB. Growth performance parameters (body weight, feed intake, feed conversion ratio), nutrient digestibility, haematological and biochemical indices, antioxidant enzyme activities, and caecal microbial counts were measured. Haematological parameters included haemoglobin and packed cell volume, while biochemical analysis covered hepatic enzymes, triglycerides, and HDL levels. Antioxidant status was assessed through superoxide dismutase, catalase, and malondialdehyde levels. Caecal microflora were quantified for Lactobacillus and Bifidobacterium species.
Results: CRP supplementation significantly increased final body weight (1,903 g vs. 1,675 g in control) and improved FCR (1.68 vs. 1.71). CRP also showed the highest crude protein digestibility (81.39% vs. 77.61%), though overall treatment differences were not significant (p>0.05). Mortality was lowest in the CRP group (2%). Haemoglobin and packed cell volume values increased in CRP and CRP+LB groups. Serum biochemistry showed lower hepatic enzymes and triglycerides and higher HDL levels in supplemented groups. Antioxidant activity improved markedly in the CRP+LB group, which had reduced malondialdehyde levels. Caecal microflora showed increased Lactobacillus and Bifidobacterium counts across all supplemented groups.
Conclusion: Chicory root powder and Lactobacillus acidophilus, either singly or in combination, improved growth performance, nutrient utilisation, antioxidant status, and gut microbial balance in broilers. These findings support their potential as natural and effective alternatives to conventional antibiotic growth promoters in poultry production.
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1. INTRODUCTION

Broiler farming is one of the most dynamic agricultural sectors, providing affordable protein and income opportunities worldwide. Among poultry species, broiler chickens form the backbone of the industry, with annual growth rates of 16.81% of which the total meat production of the country is occupied by poultry which is 51.16% (DAHD, 2023-24). However, the industry faces challenges due to high feed costs, which account for 70–80% of production expenses, and health problems arising from intensive rearing practices (El-Fateh et al., 2024). Antibiotic growth promoters (AGPs) were historically used to improve growth, feed efficiency, and disease resistance, but their routine use has raised concerns about antimicrobial resistance and drug residues in poultry products, leading to restrictions in many regions (Lin et al., 2013; Kogut, 2019). This shift has stimulated the search for natural alternatives that can maintain productivity while safeguarding animal and public health.
Prebiotics and probiotics are among the most widely explored alternatives. Chicory (Cichorium intybus) root powder is rich in inulin, a fermentable fructo-oligosaccharide that selectively stimulates beneficial gut bacteria, enhances gut morphology, and improves nutrient absorption (Roberfroid, 2007; Liu et al., 2011). It also contains bioactive compounds with hepatoprotective, antioxidant, and lipid-lowering effects (Khodadadi et al., 2016). Probiotics such as Lactobacillus spp. support gut health by producing lactic acid, competing with pathogens, and modulating immune function (Kalavathy et al., 2003; Shehata et al., 2022). Synbiotic combinations of prebiotics and probiotics may further improve growth performance and microbial balance (Collins and Gibson, 1999; Mookiah et al., 2014).

Although individual effects of chicory and Lactobacillus have been studied, limited information is available on their combined supplementation in broilers under Indian farming conditions. Keeping the statement in mind the study aimed to evaluate the effects of chicory root powder (CRP), Lactobacillus acidophilus (LB), and their combination (CRP+LB) on growth performance, nutrient utilisation, health status, and caecal microflora of broiler chickens, as potential natural alternatives to antibiotic growth promoters.

2. material and methods

The study was conducted at the Livestock Farm Complex, College of Veterinary Sciences and Animal Husbandry, Selesih, Aizawl, Mizoram. The trial was carried out during the early summer months of May, 2016 to April, 2017, when the ambient temperature ranged from 19°C to 25°C. The experimental period lasted for 1 year. The experiment was approved by the Institutional Animal Ethics Committee (IAEC) at College of Veterinary Sciences and Animal Husbandry, Mizoram, India, Reference No. CVSC/CAU/IAEC/19-20/P-6.

A total of 250-day-old Ven Cobb broiler chicks of uniform weight were procured from a single hatchery and randomly allotted to five treatment groups (50 birds each), with five replicates of 10 birds following a Completely Randomised Design (CRD) (Table 1). Birds were reared under deep litter conditions with rice husk bedding, provided ad libitum clean water and experimental diets, and managed under standard commercial practices. Vaccinations for Newcastle and infectious bursal diseases were given as per schedule (Table 2).
Table 1. Experimental birds and design
	Group
	Treatment Description
	Number of Birds
	Replicates
	Birds per Replicate

	CON (Control)
	Basal diet without any supplementation
	50
	5
	10

	AB (Antibiotic Growth Promoter)
	Basal diet + Bacitracin methylene disalicylate (0.5 g/kg feed)
	50
	5
	10

	CRP (Chicory Root Powder)
	Basal diet + Chicory root powder (10 g/kg feed)
	50
	5
	10

	LB (Lactobacillus spp.)
	Basal diet + Avian-specific Lactobacillus spp. (10⁶ CFU/g feed)
	50
	5
	10

	CRP+LB (Combination)
	Basal diet + Chicory root powder (10 g/kg feed) + Lactobacillus spp. (10⁶ CFU/g feed)
	50
	5
	10



Table 2. Vaccination schedule for broiler birds
	Day of Age
	Vaccine
	Route

	7th day
	New Castle Disease (NDV)
	Intra nasal / Intra ocular

	14th day
	Infectious Bursal Disease (IBD)
	Drinking Water

	21st day
	New Castle Disease (NDV) – Booster
	Drinking Water



The basal diet, formulated to meet BIS (2007) nutrient requirements (Table 3), was prepared using maize, soybean meal, fish meal, rice bran oil, vitamin premix, mineral mixture, and salt. Proximate composition (DM, CP, EE, CF, TA, NFE, Ca, and P) was analysed per AOAC 
(2000) (Table 4). All diets met BIS standards, differing only in feed additive supplementation—antibiotic, chicory root powder, probiotics, or their combination.

Table 3. Experimental Diets (as per BIS Standards 2007)
	Sl. No.
	Nutrient Characteristics
	Pre-Starter
	Starter
	Finisher
	Method of Test (Reference Clause)

	1
	Days of Feeding (Days)
	1-7
	8-21
	22-42
	

	2
	Moisture (%)
	11.0
	11.0
	11.0
	IS 7874 (Part 1) / IS 14830

	3
	Crude Protein (N × 6.25), % by mass (Min)
	23.0
	22.0
	20.0
	IS 7874 (Part 1) / IS 14825

	4
	Ether Extract (% by mass, Min)
	3.0
	3.5
	4.0
	IS 7874 (Part 1)

	5
	Crude Fibre (% by mass, Min)
	5.0
	5.0
	5.0
	IS 7874 (Part 1) / IS 10226 (Part 1)

	6
	Acid Insoluble Ash (% by mass, Min)
	2.5
	2.5
	2.5
	IS 7874 (Part 1) / IS 14826

	7
	Salt (as NaCl, % by mass, Min)
	0.5
	0.5
	0.5
	IS 7874 (Part 2)



Table 4. Ingredients composition (% DM basis) in Pre-starter, Starter and Finisher feed of experimental broiler birds
	Ingredients
	Pre-starter
	Starter
	Finisher

	Maize
	59.18
	61
	64.8

	Soyabean meal
	33.6
	30.71
	26.2

	Fish Meal
	3.8
	4.3
	3.5

	Rice bran oil
	0
	0.8
	2.21

	Dicalcium phosphate
	1.24
	0.90
	0.90

	Sodium Chloride
	0.3
	0.3
	0.3

	Limestone powder
	1.12
	1.25
	1.21

	Methionine
	0.27
	0.27
	0.27

	Lysine
	0.22
	0.11
	0.12

	Threonine
	0.045
	0.045
	0.045

	Mericoxy K
	0.05
	0.05
	0.05

	Alusil
	0.05
	0.05
	0.05

	Trace mineral mixture
	0.05
	0.05
	0.05

	Vitamin premix
	0.015
	0.015
	0.015

	Choline chloride
	0.05
	0.05
	0.05

	Selvit E
	0.01
	0.01
	0.01

	Total
	100
	100
	100


2.1. Probiotic Preparation
Thirty caecal samples were collected from slaughtered broiler birds in Aizawl for isolation of Lactobacillus spp. Samples were serially diluted and cultured on MRS agar. Colonies with distinct morphology were sub-cultured in MRS broth and identified through Gram staining and PCR-based methods. The isolates were confirmed as Gram-positive, rod-shaped Lactobacillus.
The cultures were preserved in MRS broth with 20% glycerol at –20°C. For supplementation, viable counts were adjusted to deliver 10⁶ CFU/g feed. 

2.2. Production Performance
Birds were weighed at day 1 and subsequently at weekly intervals until day 42 to monitor growth. Performance indices such as body weight gain (BWG), average daily gain (ADG), average daily feed intake (ADFI), feed conversion ratio (FCR), and European Production Efficiency Index (EPEI) were calculated. Mortality was recorded daily, and the livability percentage was determined at the end of the experiment.

2.2.1 Growth Performance
i. Body weight: Individual bird weights were recorded at day 0 and then weekly until day 42 by using a standard weighing scale.
ii. Body weight gain: Calculated as the difference in body weight between successive weeks. Weight gained by a bird (or mean of replicate) during the week.
BWG (t) = BWt – BWt-7
		Where: 
			BWt = mean body weight at the end of the week (g)
BWt-7 = mean body weight at the end of the week (g)

iii. Average daily gain (ADG): Weekly gain divided by 7 days. Mean daily weight gain over a period (g/day)


iv. Feed intake: The average feed intake of the experimental groups was taken and recorded every week.

v. Average daily feed intake (ADFI): Feed consumed per bird per day.


vi. Feed conversion ratio (FCR): Calculated as feed intake (g) per body weight gain (g). Feed eaten per unit of weight gain (g feed / g gain).


vii. Mortality and Livability: Mortality was recorded daily. Dead birds were necropsied to determine the cause of death. The livability percentage was calculated for each group.

Mortality percent:


Livalibility percent:


viii. European Production Efficiency Index (EPEI): Calculated based on growth, feed conversion, and mortality rates.


2.3. Nutrient digestibility
A metabolism trial was conducted from days 39 to 42. Twenty broilers (four per treatment) were randomly selected and housed individually in metabolic cages. After a one-day adaptation period, total excreta were collected for three consecutive days. Representative samples of feed and excreta were analysed for proximate composition following AOAC (2000) procedures. Apparent digestibility coefficients of dry matter, crude protein, ether extract, crude fibre, and ash were calculated.

2.4. Haematology and serum biochemistry
Blood samples were collected from six birds per treatment via wing vein puncture on days 28, 35, and 42. Samples in EDTA-coated tubes were used for haematological evaluation, including red blood cell count (RBC), haemoglobin (Hb), packed cell volume (PCV), mean corpuscular volume (MCV), and total leukocyte count (TLC), measured using an automated Haematology analyser. Samples in plain tubes were centrifuged to separate serum, which was analysed for biochemical parameters including serum glutamic-pyruvic transaminase (SGPT), serum glutamic-oxaloacetic transaminase (SGOT), cholesterol, triglycerides, high-density lipoprotein (HDL), and low-density lipoprotein (LDL). Antioxidant activity was determined by assessing superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA) levels using spectrophotometric methods.

2.5. Caecal microbial counts
At day 42, six birds per treatment were humanely sacrificed by cervical dislocation. Caecal contents were aseptically collected, serially diluted in sterile saline, and cultured on selective agar media. Lactobacillus spp. were cultured on MRS agar under anaerobic incubation, Bifidobacterium on Briggs liver agar, E. coli on MacConkey agar, and Salmonella spp. on Salmonella–Shigella agar. Colony counts were expressed as log₁₀ colony-forming units (CFU) per gram of digesta.

2.6. Immune Response
Immune function was evaluated by measuring antibody titres against Newcastle disease virus (NDV). Blood samples from six birds per treatment were collected on days 21 and 35, and sera were analysed using the hemagglutination inhibition (HI) test. Results were expressed as log₂ values of the reciprocal of the highest dilution that inhibited agglutination.

2.7. Statistical Analysis
Data were analysed using one-way analysis of variance (ANOVA) in SPSS version 25.0 (IBM Corp., Armonk, NY). Tukey’s post hoc test was used to compare treatment means when significant differences were detected. Results were expressed as mean ± standard error, with significance accepted at p < 0.05. (Snedecor and Cochran, 1994) 

3. results and discussion 

The present experiment was conducted to evaluate the effects of dietary supplementation of chicory root powder (CRP), avian-specific Lactobacillus acidophilus (LB), and their combination (CRP+LB) on the performance, health, and gut environment of broiler chickens. From our experiment, we observed that the supplementation with CRP, either alone or in combination with LB, improved growth performance, nutrient digestibility, haematological indices, lipid metabolism, and antioxidant status compared with the control group. These findings support the growing evidence that prebiotics and probiotics are effective alternatives to antibiotic growth promoters (AGPs) in broiler production.

3.1. Production Performance

Broilers supplemented with chicory root powder (CRP) or the combined CRP + Lactobacillus diet demonstrated significantly higher body weight (BW) and average daily gain (ADG) compared with the control group from day 21 onwards (p < 0.05). At day 42, birds in the CRP group recorded the highest BW (1,903 g) and ADG (80.32 g/day), whereas the control group achieved only 1,675 g BW and 68.72 g/day ADG (Table 5). Birds in the Lactobacillus (LB) group also showed improvements but to a lesser extent than CRP and CRP+LB. From our experiment, we observed that broilers fed CRP recorded the highest final body weight (1,903 g) and average daily gain (80.32 g/day) compared with the control group, which had only 1,675 g BW and 68.72 g/day ADG. Supplementation with CRP+LB also improved growth performance, while LB alone produced intermediate effects. These results indicated that CRP was the most effective additive in promoting growth, likely due to its high inulin content, which stimulates beneficial gut microbes, improves nutrient absorption, and enhances intestinal morphology (Roberfroid, 2007; Kalmendal et al., 2011).

Similar improvements in growth performance with prebiotic supplementation have been reported by Liu (2008), who observed that inulin increased villus height and crypt depth in the small intestine, leading to greater absorptive capacity. In contrast, Panda et al. (2006) and Kalavathy et al. (2003) reported significant weight gain in broilers supplemented with Lactobacillus spp., demonstrating that probiotics alone can also enhance growth. 

Feed conversion ratio (FCR) was significantly improved in the supplemented groups, with CRP achieving the lowest value (1.68) compared with the control (1.77; p < 0.05) during the entire period of rearing (42 days). This is consistent with findings by Chen et al. (2022), who showed that synbiotic supplementation reduced FCR by promoting microbial fermentation and volatile fatty acid production, which provide additional energy to the host. The European Production Efficiency Index (EPEI) followed a similar trend, with CRP birds recording the highest index value (263.67), while the control group recorded the lowest (214.97; Table 5).

Mortality was reduced in supplemented groups, particularly in the CRP group, which recorded 2% mortality and 98% livability compared with the control, which showed 6% mortality (Table 6). The antibiotic group displayed intermediate values, while CRP+LB maintained high livability rates similar to CRP. This improvement may be attributed to enhanced gut health and microbial balance, which reduce the risk of enteric infections and subclinical disorders. Rehman et al. (2020) reported that probiotics improved gut integrity and reduced pathogen load, thereby lowering mortality rates in broilers. Our findings suggest that chicory root inulin provides similar protective effects through selective stimulation of beneficial gut microbes and suppression of harmful bacteria.
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	Day
	Group
	Body Weight (g)
	Body Weight Gain (g/wk)
	Avg Daily Gain (g/d)
	Feed Intake (g/wk)
	Avg Feed Intake (g/d)
	FCR (g feed/g gain)
	EPFI

	0
	C
	39.00±0.54
	–
	–
	–
	–
	–
	-

	
	AGP
	40.00±0.54
	–
	–
	–
	–
	–
	-

	
	CRP
	39.20±0.37
	–
	–
	–
	–
	–
	-

	
	LB
	38.80±0.37
	–
	–
	–
	–
	–
	-

	
	CRP+LB
	39.00±0.31
	–
	–
	–
	–
	–
	-

	
	p-value
	0.37NS
	–
	–
	–
	–
	–
	-

	7
	C
	122.80±0.48
	83.80±0.80
	11.96±0.11
	114.60±1.86a
	16.36±0.25a
	1.36±0.01c
	-

	
	AGP
	124.60±0.50
	84.60±0.40
	12.08±0.05
	113.60±1.46ab
	16.24±0.22ab
	1.34±0.01bc
	-

	
	CRP
	124.00±0.70
	84.80±0.66
	12.10±0.08
	109.60±0.67c
	15.66±0.09c
	1.29±0.04a
	-

	
	LB
	124.00±0.44
	85.20±0.20
	12.14±0.04
	110.00±0.60ab
	15.72±0.10bc
	1.29±0.01a
	-

	
	CRP+LB
	124.20±0.80
	85.20±0.66
	12.16±0.08
	111.00±0.70abc
	15.86±0.09abc
	1.30±0.01ab
	-

	
	p-value
	0.33NS
	0.48NS
	0.47NS
	0.02*
	0.02*
	0.02*
	-

	14
	C
	309.40±2.08
	186.60±2.29
	26.66±0.33
	260.80±5.22
	37.24±0.73
	1.39±0.01
	-

	
	AGP
	308.60±2.37
	184.00±2.56
	26.28±0.35
	259.00±3.34
	37.00±0.47
	1.41±0.01
	-

	
	CRP
	309.00±1.58
	185.00±2.16
	26.40±0.31
	259.40±1.02
	37.06±0.14
	1.40±0.02
	-

	
	LB
	308.40±1.24
	184.40±1.16
	26.36±0.17
	256.54±0.55
	36.64±0.09
	1.39±0.01
	-

	
	CRP+LB
	310.20±1.62
	186.00±1.92
	26.45±0.12
	258.04±0.91
	36.84±0.13
	1.38±0.01
	-

	
	p-value
	0.95NS
	0.89NS
	0.88NS
	0.86NS
	0.86NS
	0.81NS
	-

	21
	C
	528.20±9.33c
	218.80±11.07c
	31.26±1.58b
	420.86±4.24b
	60.12±0.61b
	1.94±0.01
	-

	
	AGP
	553.60±3.17b
	244.20±1.24b
	34.81±0.17a
	518.20±20.08a
	74.02±2.86a
	1.75±0.01
	-

	
	CRP
	574.40±5.41ab
	265.40±5.16ab
	37.92±0.73ab
	495.88±1.50a
	70.86±0.21a
	1.87±0.03
	-

	
	LB
	571.20±9.78ab
	262.80±9.11ab
	37.52±1.30ab
	495.06±5.35a
	70.72±0.75a
	1.89±0.08
	-

	
	CRP+LB
	580.20±3.99a
	270.00±3.88a
	38.58±0.55a
	491.52±4.88a
	70.22±0.70a
	1.82±0.02
	-

	
	p-value
	0.01**
	0.01**
	0.01**
	0.01**
	0.01**
	0.32NS
	-

	28
	C
	818.00±24.99c
	289.80±17.99c
	41.38±2.57c
	574.56±13.5b
	82.10±1.94b
	2.01±0.14a
	-

	
	AGP
	842.50±4.83b
	357.00±6.61a
	51.00±0.92a
	616.20±2.83a
	88.02±0.40a
	1.72±0.38b
	-

	
	CRP
	935.80±5.22a
	361.40±4.16a
	51.64±0.59a
	614.94±1.11a
	87.84±0.16a
	1.70±0.02b
	-

	
	LB
	906.60±10.24a
	335.40±2.44b
	47.92±0.35b
	601.91±0.83a
	86.00±0.11a
	1.79±0.01b
	-

	
	CRP+LB
	908.20±4.55a
	328.00±1.64b
	46.86±0.23b
	604.18±2.93a
	86.32±0.41a
	1.84±0.01ab
	-

	
	p-value
	0.01**
	0.01**
	0.01**
	0.01**
	0.01**
	0.01**
	-

	35
	C
	1194.0±17.65c
	376.00±18.03
	53.72±2.57
	713.40±5.90c
	101.90±0.85c
	1.91±0.10
	-

	
	AGP
	1261.4±7.74b
	419.00±7.89
	59.86±1.12
	753.20±2.26a
	107.60±0.32a
	1.80±0.36
	-

	
	CRP
	1340.8±4.91a
	405.00±8.78
	57.86±1.25
	751.94±2.67a
	107.42±0.37a
	1.86±0.04
	-

	
	LB
	1300.0±4.57a
	393.40±11.09
	56.20±1.57
	739.56±2.75b
	105.64±0.38b
	1.88±0.04
	-

	
	CRP+LB
	1322.6±4.69a
	414.40±8.11
	59.18±1.16
	740.56±2.68b
	105.80±0.39b
	1.78±0.03
	-

	
	p-value
	0.01**
	0.09NS
	0.09NS
	0.01**
	0.01**
	0.23NS
	-

	42
	C
	1675.0±13.41d
	481.00±17.65c
	68.72±2.52c
	819.00±2.21c
	117.00±0.31d
	1.71±0.06
	

	
	AGP
	1781.9±7.90c
	520.60±14.45b
	74.36±2.05b
	868.66±22.55b
	124.09±3.22b
	1.67±0.06
	

	
	CRP
	1903.0±4.23a
	562.20±7.44a
	80.32±1.06a
	904.02±3.84a
	129.12±0.55a
	1.60±0.01
	

	
	LB
	1835.8±4.39b
	535.80±2.08ab
	76.52±0.30ab
	877.12±2.11ab
	125.30±0.28ab
	1.63±0.01
	

	
	CRP+LB
	1846.8±4.84b
	524.20±5.94b
	74.90±0.83b
	875.20±2.76ab
	125.03±0.39ab
	1.67±0.02
	

	
	p-value
	0.01**
	0.01**
	0.01**
	0.01**
	0.01**
	0.52NS
	

	0-42
	C
	
	
	39.00±0.31c
	-
	69.12±0.26d
	1.77±0.01b
	214.97±7.82c

	
	AGP
	
	
	43.07±1.70b
	-
	74.49±1.09bc
	1.73±0.04ab
	235.66±5.54b

	
	CRP
	
	
	44.20±0.20a
	-
	76.32±0.15a
	1.68±0.01a
	263.67±5.26a

	
	LB
	
	
	43.00±0.05b
	-
	75.018±0.22ab
	1.71±0.01ab
	244.21±5.88b

	
	CRP+LB
	
	
	43.05±0.10b
	-
	73.34±0.18c
	1.70±0.01a
	246.24±5.85ab

	
	p-value
	
	
	0.01**
	-
	0.01**
	0.047*
	0.01**


CON- Control; AB-Antibiotic; CRP- Chicory Root Powder; LB-Lactobacillus spp; CRP+LB- Chicory Root Powder and Lactobacillus spp. * Significant at 0.05 level (p < 0.05); NS non-significant (p > 0.05)

Table 6: Effect of chicory root powder and avian-specific Lactobacillus spp supplementation on livability and mortality (%) of broiler birds

	        Group 
	No. of birds
	No. of birds died
	Mortality%
	Livability

	Group- 1(CON) 
	50
	3
	6.0
	94%

	Group- 2 (AB) 
	50
	2
	4.0
	96%

	Group-3 (CRP) 
	50
	1
	2.0
	98%

	 Group- 4 (LB) 
	50
	2
	4.0
	96%

	 Group-5 (CRP+LB) 
	50
	2
	4.0
	96%


CON- Control; AB-Antibiotic; CRP- Chicory Root Powder; LB-Lactobacillus spp; CRP+LB- Chicory Root Powder and Lactobacillus spp. * Significant at 0.05 level (p < 0.05); NS non-significant (p > 0.05)
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Fig 1. Effect of chicory root powder and avian-specific Lactobacillus spp. on production performance of broiler
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Fig 2. Effect of chicory root powder and avian-specific Lactobacillus spp. on mortality and livability of broiler

3.2. Nutrient digestibility

Digestibility trials revealed that supplementation of the CRP group showed the highest crude protein digestibility numerically (81.39%), though differences among all treatments were not significant (p>0.05). This result aligns with the findings of Alzueta et al. (2010), who reported that inulin-rich diets increased nitrogen retention and protein digestibility in poultry. The improvement may be due to increased enzyme activity, longer retention time of digesta, and better intestinal morphology.

Ether extract digestibility was highest in the LB group (76.56%), suggesting that probiotic supplementation enhanced lipid metabolism, possibly through bile salt hydrolase activity of Lactobacillus spp. (Lin et al., 2013). These findings agreed with Mookiah et al. (2014), who observed that probiotics enhanced fat digestibility and nutrient utilisation in broilers. While crude fibre digestibility was moderately increased in both CRP and CRP+LB treatments and no significant differences were observed in ash digestibility among groups (Table 7).

Table 7. Digestibility coefficient of nutrients (%) in experimental birds fed chicory root powder and avian specific Lactobacillus spp
	Attributes
	Treatments
	p-value

	
	Group 1
(CON)
	Group 2
(AB)
	Group 3
(CRP)
	Group 4
(LB)
	Group 5
(CRP+LB)
	

	DM
	74.63±1.50
	75.50±1.81
	76.10±0.72
	75.80±1.05
	76.50±0.90
	0.86NS

	CP
	77.61±0.36
	78.67±1.35
	81.39±0.50
	79.45±0.40
	79.13±0.70
	0.057NS

	CF
	57.43±2.62
	56.00±2.59
	57.95±1.09
	57.37±1.26 
	58.16±1.36
	0.86NS

	EE
	74.33±1.76
	75.66±0.99
	75.86±1.07
	76.56±1.50
	76.08±0.61
	0.77NS

	NFE
	82.88±1.61
	83.62±2.09
	84.17±0.95
	83.81±0.52
	83.93±0.57
	0.96NS


CON- Control; AB-Antibiotic; CRP- Chicory Root Powder; LB-Lactobacillus spp; CRP+LB- Chicory Root Powder and Lactobacillus spp. * Significant at 0.05 level (p < 0.05); NS non-significant (p > 0.05)
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Fig 3. Effect of Chicory Root Powder and Avian-Specific Lactobacillus spp. on Digestibility Coefficient of Broiler

3.3. Haematology and serum biochemistry

Haematological parameters varied significantly among treatment groups (Table 8). Birds fed CRP exhibited higher packed cell volume (PCV; 33.40%) and haemoglobin concentration (Hb; 11.57 g/dL) compared with the control group (PCV 29.20 %, Hb 9.81 g/dL; p < 0.05). Red blood cell (RBC) counts were also elevated in CRP and CRP+LB groups. White blood cell counts showed no significant differences among treatments, suggesting that supplementation influenced erythropoietic rather than leukocytic indices. Similar haematological improvements have been reported by Mateova et al. (2008), who found increased RBC and Hb levels in probiotic-supplemented broilers. Adel et al. (2017) attributed these effects to vitamins and metabolites produced by gut microbes, which stimulate blood formation. Our findings confirm that dietary supplementation with CRP and probiotics can positively influence haematological health, potentially contributing to improved growth and livability.
[bookmark: _Hlk208931523]Table 8. Effect of chicory root powder and avian-specific Lactobacillus spp. supplementation on blood biochemistry of broilers at 42-days
	Attribute 
	Group 1
(CON)
	Group 2
(AGP)
	Group 3
(CRP)
	Group 4
(LB)
	Group 5
(CRP+LB)
	p-value

	WBC (103/µl)
	6.26±4.80
	6.93±8.35
	6.96±3.92
	6.83±3.92
	6.93±2.90
	0.85NS

	RBC (106/µl)
	2.33±0.26
	2.53±0.17
	2.74±0.32
	2.60±0.23
	2.56±0.08
	0.45NS

	PCV (%) 
	29.20±0.4b
	31.03±1.23ab
	33.40±0.51a
	31.93±0.37a
	31.40±0.70ab
	0.02*

	Hb (gm/dl)
	14.40±0.66
	15.30±1.60
	15.66±0.86
	15.20±0.41
	15.90±1.15
	0.86NS


CON- Control; AB-Antibiotic; CRP- Chicory Root Powder; LB- Lactobacillus spp; CRP+LB- Chicory Root Powder and Lactobacillus spp. * Significant at 0.05 level (p < 0.05); NS non-significant (p > 0.05)
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Fig 4. Effect of chicory root powder and avian-specific Lactobacillus spp. on blood biochemistry of broiler
Serum biochemical analysis indicated that liver enzyme activities were reduced in supplemented groups (Table 9, Fig. 5). Birds fed CRP exhibited significantly lower SGPT (37.62 IU/L) and SGOT (84.71 IU/L) compared with the control group (SGPT 44.53 IU/L, SGOT 93.25 IU/L; P < 0.05). Lipid profile parameters revealed that CRP and CRP+LB significantly reduced serum triglycerides and LDL cholesterol, while simultaneously increasing HDL levels compared with the control diet (p < 0.05). Total protein concentration was also elevated in the supplemented groups. These results are consistent with Khodadadi et al. (2016), who reported hepatoprotective effects of chicory extract in poultry.
[bookmark: _Hlk209002785]Table 9. Effect of chicory root powder and avian-specific Lactobacillus spp. supplementation on the blood biochemistry of broiler chickens 
	Parameter
	Control
	AGP
	CRP
	LB
	CRP+LB
	p-value

	Glucose (mg/dl)
	235.37±10.4ᵇ
	279.00±22.4ᵃ
	219.00±8.90c
	250.12±20.1ᵇ
	238.75±7.54ᵇ
	0.03*

	Total Protein (g/dl)
	3.11±0.09ᵇ
	3.20±0.06ᵇ
	3.32±0.14ᵃᵇ
	3.22±0.07ᵃᵇ
	3.51±0.07ᵃ
	0.01**

	Albumin (g/dl)
	1.03±0.04
	1.03±0.03
	1.08±0.06
	1.07±0.05
	1.13±0.02
	0.27NS

	Globulin (g/dl)
	2.07±0.07ᵇ
	2.16±0.05ᵃᵇ
	2.23±0.11ᵃᵇ
	2.15±0.05ᵃᵇ
	2.37±0.04ᵃ
	0.01**

	SGPT (U/l)
	6.62±0.44ᵃ
	5.00±0.62ᵇᶜ
	4.26±0.34ᶜ
	4.87±0.81ᵇᶜ
	5.75±0.60ᵃᵇ
	0.03*

	SGOT (U/l)
	176.66±10.16ᵃ
	200.00±16.12ᵇ
	157.87±7.02ᵃ
	169.00±11.82ᵃ
	164.00±1.98ᵃ
	0.01**

	Triglycerides (mg/dl)
	50.75±2.19ᵃ
	68.50±2.10ᵇ
	44.12±10.12ᵃ
	46.87±2.71ᵃ
	47.37±2.11ᵃ
	0.01**

	Cholesterol (mg/dl)
	109.12±5.06
	113.50±8.05
	108.62±4.11
	101.62±4.31
	106.63±3.37
	0.63NS

	LDL-C (mg/dl)
	18.05±1.26
	16.55±1.23
	13.00±0.36
	14.62±1.02
	12.25±0.36
	0.053NS

	HDL-C (mg/dl)
	83.87±3.46
	81.62±1.78
	94.25±2.73
	89.87±4.51
	88.25±2.34
	0.11NS

	FRAP (µg TE/10µl)
	1.25±0.05ᵇ
	1.50±0.12ᵇ
	1.29±0.06ᵇ
	1.16±0.06ᵇ
	2.17±0.50ᵃ
	0.01**


CON- Control; AB-Antibiotic; CRP- Chicory Root Powder; LB-Lactobacillus spp; CRP+LB- Chicory Root Powder and Lactobacillus spp. * Significant at 0.05 level (p < 0.05); ns non-significant (p > 0.05)
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Fig 5. Effect of chicory root powder and avian-specific Lactobacillus spp. on the blood biochemistry of broiler chickens

The antioxidant profile demonstrated that CRP+LB supplementation significantly improved superoxide dismutase (SOD) and catalase (CAT) activities, while reducing malondialdehyde (MDA) concentrations, compared with both the control and AGP groups (Table 11). Similar enhancements in antioxidant defence were reported by Mishra et al. (2015), who observed increased SOD activity in synbiotic-fed broilers, and by Abramowicz et al. (2019), who demonstrated that probiotics improve antioxidant enzyme levels while reducing lipid peroxidation. Our findings may confirm that synergistic combination (CRP+LB) had the most pronounced effect (p < 0.05), likely due to both inulin and probiotic metabolites such as short-chain fatty acids.

3.4. Caecal microbial counts
Caecal microbial analysis revealed significant differences (p < 0.01) in bacterial populations across treatments (Table 10). Birds supplemented with Lactobacillus (LB) exhibited the highest counts of caecal Lactobacillus spp. (8.08 log10 CFU/g) compared with the control group (7.08 log10 CFU/g; p < 0.05). Chicory root powder alone and CRP+LB also increased beneficial bacterial populations, though less than LB alone. Bifidobacterium counts were highest in CRP+LB birds, whereas pathogenic bacteria, including E. coli and Salmonella, showed no significant differences among groups.

Table 10. Effect of chicory root powder and avian-specific Lactobacillus spp on caecal bacterial count (log10 FU/g)

	Bacteria
	Group- 1
(CON)
	Group- 2
(AB)
	Group- 3
(CRP)
	Group- 4
(LB)
	Group- 5
(CRP+LB)
	p value

	Lactobacillus spp
	7.08±0.29b
	7.60±0.18ab
	7.86±0.33a
	8.08±0.08a
	7.76±0.09a
	0.01**

	E. coli 
	8.25±0.35
	8.08±0.15
	8.00±0.05
	8.02±0.03
	7.86±0.07
	0.45NS

	Salmonella spp
	8.36±0.22
	8.05±0.21
	7.98±0.08
	8.04±0.02
	8.02±0.10
	0.40NS


CON- Control; AB-Antibiotic; CRP- Chicory Root Powder; LB-Lactobacillus spp; CRP+LB- Chicory Root Powder and Lactobacillus spp. * Significant at 0.05 level (p < 0.01); ns non-significant (p > 0.05)

These results are consistent with previous findings that prebiotics selectively stimulate beneficial bacteria (Gibson, 2004) and probiotics enhance lactic acid bacterial populations (Koenen et al., 2004). El-Sharkawy et al. (2020) also reported that probiotic supplementation increased Lactobacillus and Bifidobacterium while reducing pathogenic bacteria in broilers. The absence of significant suppression of E. coli and Salmonella in our study may be due to the hygienic housing conditions and absence of pathogen challenge, which limited the opportunity for these additives to demonstrate pathogen-reducing effects.

3.5. Immune response
Antibody titres against Newcastle disease virus (NDV), measured by the hemagglutination inhibition (HI) test, did not differ significantly (p>0.05)  among treatments (Table 11). At day 28, titres ranged from 0.72 in LB to 0.96 in CRP, while CON was 0.78. By day 35, titres increased slightly, with AB recording the highest value of 1.14, while CRP and CRP+LB had 1.08 and 1.02, respectively. These findings suggested that dietary supplementation had limited effects on humoral immune response under the present conditions.

Table 11. Effect of chicory root powder and avian-specific Lactobacillus spp on antibody titre (log10) against NDV in experimental birds

	Day
	Group- 1
(CON)
	Group- 2
(AB)
	Group- 3
(CRP)
	Group- 4
(LB)
	Group- 5
(CRP+LB)
	P value

	28th day
	0.78±0.07
	0.90±0.09
	0.96±0.06
	0.72±0.07
	0.90±0.09
	0.24NS

	35th day
	0.96±0.06
	1.14±0.11
	1.08±.07
	1.02±0.12
	1.02±.16
	0.68NS


CON- Control; AB-Antibiotic; CRP- Chicory Root Powder; LB-Lactobacillus spp; CRP+LB- Chicory Root Powder and Lactobacillus spp. NS non-significant (p > 0.05)

Similar observations were reported by Talebi et al. (2008) and Nabizadeh (2012), who found no significant changes in antibody titres following probiotic supplementation. However, other studies have demonstrated enhanced immune response with probiotics and prebiotics (Abd El-Hack et al., 2022; El-Sharkawy et al., 2020). The discrepancy may be due to differences in strain specificity, dosage, or management conditions. Although the antibody response was not markedly improved in our trial, the overall health and livability benefits indicate that supplementation still contributed to immune competence.

4. Conclusion

This study showed that chicory root powder (CRP), Lactobacillus acidophilus (LB), and their combination (CRP+LB) improved broiler growth, feed efficiency, blood health, and antioxidant status. No significant results were observed in the nutrient digestibility across the different treatment groups. CRP gave the most consistent benefits, including higher body weight, lower FCR, and reduced mortality, while CRP+LB enhanced antioxidant activity and beneficial gut bacteria. Although antibody titres against Newcastle disease virus were not significantly influenced, overall results indicate that CRP and LB can serve as natural alternatives to antibiotic growth promoters, supporting healthier and more efficient broiler production.
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