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Abstract 
The present study was carried out to evaluate the effect of supplementation of herbal choline in diets on 

haematological indices and development of vital organ in broilers. Total three hundred Cobb-400 

straight-run day-old broiler chicks were randomly distributed into five treatment groups with three 

replicates containing 20 chicks in each and reared up to 6 weeks. The group T1 (control) offered basal 

diet, while group T2 basal diet with choline chloride-60% @ 1 kg/ton of feed, groups T3, T4 and T5 

offered basal diets with herbal choline @ 0.250, 0.350 and 0.500 kg/ton of feed, respectively. The results 

revealed that the values of haematological parameters at 21st day as well as internal organ weights at 42nd 

day in all treatment groups were statistically non-significant. The treatment group T5 showed 

significantly (P<0.01) higher hemoglobin values when compared with groups T1, T3 and T4 groups at 

42nd day. The mean values of mean corpuscular haemoglobin concentration in T2 and T5 were 

significantly (P<0.01) increased as compared to control group. The total leucocyte and lymphocyte count 

was found to be significantly (P<0.01) increased in treatment groups T2, T4 and T5 as compared to T1 

and T3. It is thus concluded that the broiler diet supplemented with synthetic choline or herbal choline 

did not alter the haematological parameters at the 21st day and internal organ weight at 42nd day. 

However, at 42nd day the haematological values of haemoglobin mean corpuscular haemoglobin 

concentration, total leucocyte count and lymphocytes were significantly increased in treatment groups 

supplemented with synthetic choline (1 kg/ton) or herbal choline (0.500 kg/ton) compared to control 

group. Thus, the supplementation of synthetic choline @ 1 kg/ton or herbal choline @ 0.500 kg/ton in 

broiler diets showed beneficial effect on haemopoiesis.   
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1. Introduction 

Choline is a beta-hydroxy ethyl trimethyl ammonium hydroxide. It is essential for the 

formation of acetylcholine, a substance that makes possible the transmission of nerve 

impulses. Acetylcholine is an agent released at the termination of the parasympathetic nerves. 

The acetylcholine is responsible for transmission of nerve impulses from presynaptic to 

postsynaptic fibers of sympathetic and parasympathetic nervous systems. In addition, choline 

plays an essential role in fat metabolism in the liver. It prevents abnormal accumulation of fat 

(fatty livers) by promoting its transport as lecithin or by increasing the utilization of fatty acids 

in the liver itself [1]. Choline is thus referred as a “lipotropic” factor due to its function of 

acting on fat metabolism by hastening removal or decreasing deposition of fat in liver. Choline 

also acts as a methyl group donor, after oxidized to betaine. In poultry diet, Betaine can also be 

incorporated which helps to convert homocysteine to methionine in the transmethylation 

pathway. The use of high energy diets aim at shortening the rearing period may increase 

metabolic disorders such as fatty liver syndrome (FLS) in broiler chickens [2]. Increased 

abdominal fat pad [3], the incidence of leg problems [4] and hypertension [5] are some other 

detrimental responses associated with high energy diets [6]. 

Choline is a rediscovered critical amino acid for poultry and usually added to poultry diets in 

the form of synthetic choline chloride. However, synthetic choline chloride has several 

drawbacks. It is highly hygroscopic and the acceleration of oxidative loss of vitamins in the 

diet, and the formation of tri-methylamine in the gastrointestinal tract of the birds [7]. Synthetic 

choline chloride is very less absorbed from intestine. Supplementation of choline in poultry 

ration is well established to improve growth, performance and carcass quality in broilers [8]. A 

plant also contains choline in the form of phosphatidylcholine, free choline and 
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sphingomyelin. Currently there are natural products, produced 

from selected plants, with high content of choline in esterified 

form and with high bioavailability, which may be an 

important alternative to synthetic choline chloride. Previous 

work showed that these products can replace choline chloride 

in diets for poultry [9, 10]. The present study was undertaken to 

evaluate the efficacy of herbal choline as a replacement of 

synthetic choline chloride in diets on haematological indices 

and development of internal organ in broilers. 

 

2. Materials and Methods 

2.1 Experimental design and management of birds 

The experiment was conducted on three hundred ‘Cobb-400’ 

straight run day-old broiler chicks. The chicks were randomly 

distributed into five treatment groups with three replicates of 

20 chicks in each and reared up to 6 weeks on deep litter 

housing system. The treatment group T1 (control) offered 

basal diet prepared as per National Standard [11] without 

supplementation of synthetic choline chloride-60% (SC) or 

herbal choline (HC), group T2 offered basal diet with choline 

chloride-60% @ 1 kg/ton of feed, groups T3, T4 and T5 

offered basal diet with supplementation of herbal choline @ 

0.250, 0.350 and 0.500 kg/ton of feed, respectively.  

The standard and uniform managemental practices were 

followed for all treatment groups throughout the experimental 

period. The birds were offered ad-lib fresh and clean drinking 

water throughout the experiment. The immunization against 

Ranikhet Disease (B1) and Infectious Bursal Disease (IBD, 

standard strain) was carried out on 7th and 14th day, 

respectively, followed by booster doses on 18th day and 24th 

day through drinking water. 

 

2.2 Procurement of Ingredients and Feed Formulation  

The good quality feed ingredients were procured from local 

market for preparation of experimental diets. The herbal 

choline was procured from M/s. Vamso Biotec Pvt. Ltd., 

Gurgaon, Haryana, India. All the diets were prepared 

isocaloric and isonitrogenous. The rations were formulated as 

per National standards [11] for pre-starter, starter and finisher 

phases as presented in Table 1.  
 

Table 1: Ingredient (%) and nutrient composition of basal diet for pre-starter, starter and finisher feed 
 

Ingredient (%) Pre-starter Starter Finisher 

Maize 52.180 53.440 57.930 

Soybean meal 40.700 38.200 32.900 

Vegetable oil 3.100 4.400 5.250 

Dicalcium phosphate (DCP) 1.800 1.800 1.800 

Limestone powder (LSP) 1.200 1.200 1.200 

Salt 0.270 0.250 0.250 

Trace mineral mixture* 0.150 0.150 0.150 

Vitamin premix** 0.050 0.050 0.050 

DL-Methionine 0.200 0.180 0.150 

L-Lysine 0.050 0.030 0.020 

Toxin binder (UTPP) 0.100 0.100 0.100 

Coccidiostat 0.050 0.050 0.050 

Sodium bicarbonate 0.150 0.150 0.150 

Total 100.00 100.00 100.00 

Nutrient composition (% DM) 

Metabolizable energy (kcal/kg) 3003.83 3103.04 3202.76 

Crude protein (%) 23.01 22.000 20.02 

Ether extract (%) 5.48 6.80 7.78 

Crude fiber (%) 4.21 4.09 3.88 

Calcium (%) 1.01 1.00 0.98 

Total phosphorus (%) 0.70 0.69 0.67 

Available phosphorus (%) 0.42 0.42 0.42 

Total lysine (%) 1.31 1.22 1.08 

Total methionine (%) 0.55 0.51 0.46 

The treatment group T2 incorporated synthetic choline chloride 60% at 1 kg/ton of feed and treatment groups T3, T4 and T5 incorporated herbal 

choline at 0.250, 0.350 and 0.500 kg/ton of feed, respectively in the basal diet. 

*Trace Mineral Mixture: - Each kg contains: Copper-15g, Iodine-2g, Iron-90g, Manganese-100g, Selenium-0.3g and Zinc-80g. 

**Vitamin Premix: -Each 500g contains: Vit. A12.50MIU, Vit. D3-2.50 MIU, Vit. E-12g, Vit. K-1.50g, Thiamine (B1)-1.50g, Riboflavin (B2)-

5g, Pyridoxine (B6)-2g, Cyanocobalamin (B12)- 0.015g, Niacin-15g, Cal D Pantothenate-10g and Folic acid-0.50g. 

 

2.3 Haematological Indices 

For haematological observations, blood samples from two 

birds under each replicates i.e. 6 birds from each treatment 

group were collected on 21st and 42nd day of experiment by 

random selection. About 2 ml of blood in sterilized EDTA 

vial was collected aseptically from wing vein. Haematological 

parameters studied were Haemoglobin (Hb), Packed Cell 

Volume (PCV), Total Erythrocyte Count (TEC), Mean 

Corpuscular Volume (MCV), Mean Corpuscular 

Haemoglobin (MCH), Mean Corpuscular Haemoglobin 

Concentration (MCHC), Total Leucocyte Count (TLC) and 

Differential Leucocytes Count (DLC) as per the standard 

procedure described by Medway et al. [12]. TEC and TLC 

were carried out in Neubauer’s chamber as per method 

described by Pierson [13] by using Nat and Harrick diluting 

fluid [14].  

 

2.4 Development of vital organs 

At the end of experiment, the development of vital organ 

weights of liver, spleen, heart and gizzard were measured. 

Two birds from each replicated i.e. six birds from each 

treatment were selected at the end of 6th week of age. The 

birds were fasted for a period of twelve hours prior to 

slaughter. These birds were slaughtered using the standard 

procedure and to measure internal organ weight in broilers. 
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2.5 Statistical Analysis  

Data generated on various parameters was subjected to 

statistical analysis by using Complete Randomized Design 

and the treatment means were compared by critical 

differences [15].  

 

3. Results and Discussion  

The haematological indices of broiler were carried out on 21st 

and 42nd day and are presented in Table-2 and Table-3, 

respectively. The internal organ weights of broilers at 42nd 

was measured and presented in Table-4. 

 

3.1 Haematological Indices on 21st day 

The haematological parameters analyzed on 21st day of age in 

broilers fed with different levels of herbal choline (Table 2).  

 

Table 2: Haematological indices of broilers on 21st day fed different levels of herbal choline 
 

Sr. 

No. 
Parameters 

T1 

(without SC/HC) 

T2 

(SC@1kg/T) 

T3 

(HC@0.25kg/T) 

T4 

(HC@0.35kg/T) 

T5 

(HC@0.5kg/T) 
CD CV% 

1 Haemoglobin (g/dl) 9.58±0.24 9.83±0.21 9.42±0.24 9.67±0.40 10.58±0.58 NS 9.06 

2 
Packed cell volume 

(%) 
32.67±0.88 32.33±0.84 31.33±1.41 31.67±1.26 33.17±1.17 NS 8.60 

3 
Total erythrocyte 

count (106 /cu mm) 
3.77±0.19 3.95±0.17 3.85±0.32 3.96±0.25 4.08±0.27 NS 15.52 

4 MCV (fL) 87.34±3.02 82.39±3.13 84.48±8.08 81.57±6.10 83.80±7.95 NS 17.74 

5 MCH (pg) 25.62±0.86 25.09±1.02 25.43±2.33 24.93±1.98 26.83±2.90 NS 18.94 

6 MCHC (%) 29.36±0.45 30.44±0.35 30.19±0.70 30.52±0.24 31.81±0.87 NS 4.59 

7 
Total leucocyte 

count (103 /cu mm) 
12.43±0.44 13.70±0.67 12.20±0.83 12.60±0.45 13.80±0.53 NS 11.41 

8 Heterophil (%) 33.83±1.80 31.50±1.12 30.83±2.32 31.17±2.66 31.67±1.87 NS 15.58 

9 Lymphocyte (%) 59.50±1.84 62.00±1.10 62.33±2.35 62.67±2.88 61.67±1.61 NS 8.14 

10 Monocyte (%) 3.33±0.33 3.50±0.34 4.17±0.31 3.00±0.45 3.50±0.22 NS 23.68 

11 Eosinophil (%) 2.33±0.21 2.50±0.34 2.17±0.31 2.17±0.31 2.50±0.43 NS 34.29 

12 Basophil (%) 1.00±0.26 0.50±0.22 0.50±0.22 1.00±0.37 0.67±0.33 NS 95.78 

NS- Non-significant, CD-Critical difference, CV-Coefficient of variance. 

 

The data revealed that mean values of haemoglobin, PCV, 

TEC, MCV, MCH, MCHC, TLC, heterophils, lymphocytes, 

monocyte, eosinophils and basophil in all treatment groups 

were statistically non-significant and were within the normal 

physiological range. The results indicated that the choline 

chloride @1kg/ton of feed and herbal choline @ 0.250, 0.350 

and 0.500 kg per ton of feed supplementation in broiler diet 

did not alter the haematological parameters at 21st day of age. 

The findings are in accordance with Onu et al. [16] who 

reported that the non significant increase of haemoglobin on 

feeding ginger and garlic to broiler. The normal PCV, Hb, 

TLC and DLC of the white blood cells in the normal range is 

in agreement with the findings of Thange [17] who also 

observed non-significant effect of Ocimum sanctum and other 

herbal preparation on monocytes, lymphocytes, esinophils and 

heterophils.  

 

3.2 Haematological Indices on 42nd day 

The haematological parameters on 42nd day of age in broilers 

fed with different levels of herbal choline presented in Table 

3. The treatment group T5 receiving diet with herbal choline 

at 0.500 g per ton of feed showed significantly (P<0.01) 

higher hemoglobin values as compared to treatment groups 

T1, T3 and T4 groups. The mean values of PCV, TEC, MCV, 

MCH, heterophil, monocyte, eosinophil and basophil 

corresponding to all the different treatments differed non-

significantly among different groups. The mean values of 

MCHC in treatment groups T2 and T5 were significantly 

(P<0.01) increased as compared to treatment groups T1 and 

T3 indicating increased haemoglobin concentration which 

again proved on the basis of values observed in treatment 

groups T2 and T5. The mean values of TLC and lymphocytes 

count were significantly (P<0.01) increased in treatment 

groups T2, T4 and T5 as compared to treatment groups T1 

and T3. The significant increase in the value of lymphocytes 

in treatment groups T2, T4 and T5 indicated that choline 

chloride and herbal choline stimulates the growth rate and 

functioning of the immune system in broilers. The 

supplementation of choline chloride @ 1 kg/ton of feed and 

herbal chloline @ 0.500 kg/ton of feed in broiler diet showed 

non-significant difference for all haematological parameters at 

42nd day. The findings are accordance with Igwe et al. [18] 

reported that there was non-significant difference for PCV, 

MCV, MCH, MCHC and eosinophil, whereas, significantly 

increased total leucocyte and lymphocyte count was recorded 

in choline chloride supplemented groups when compared with 

control at the end of 6th week in broilers. Kanduri et al. [19] 

reported significantly higher haemoglobin content in 

treatment groups supplemented with herbal phytoadditive 

product and synthetic choline compared to control group diet 

without any supplementation of natural or synthetic source of 

choline, Methionine, lysine and biotin. However, PCV, TEC, 

and DLC revealed non significant variation in broilers.  
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Table 3: Haematological indices of broilers on 42nd day fed different levels of herbal choline 
 

Sr. 

No. 
Parameters 

T1 

(without SC/HC) 

T2 

(SC@1kg/T) 

T3 

(HC@0.25kg/T) 

T4 

(HC@0.35kg/T) 

T5 

(HC@0.5kg/T) 
CD CV% 

1 
Haemoglobin 

(g/dl) 
9.20c±0.15 10.15ab±0.17 9.08c±0.29 9.47bc±0.28 10.85a±0.45 1.14** 7.29 

2 
Packed cell 

volume (%) 
31.50±0.89 31.83±0.60 30.83±1.01 30.33±0.84 32.67±0.92 NS 6.73 

3 

Total erythrocyte 

count (106 /cu 

mm) 

2.92±0.15 3.14±0.08 2.69±0.07 2.98±0.31 3.06±0.12 NS 14.07 

4 MCV (fL) 109.72±8.07 101.68±3.60 115.33±5.45 106.56±9.69 107.58±4.98 NS 15.24 

5 MCH (pg) 32.06±2.25 32.41±1.07 33.86±1.01 33.19±2.83 35.67±1.74 NS 14.02 

6 MCHC (%) 29.29b±0.75 31.91a±0.51 29.52b±0.88 31.23ab±0.64 33.16a±0.64 2.73** 5.47 

7 

Total leucocyte 

count (103 /cu 

mm) 

11.73b±0.35 13.45a±0.32 11.62b±0.37 13.55a±0.60 14.19a±0.41 1.67** 8.05 

8 Heterophil (%) 40.67±1.05 37.33±0.76 39.67±1.65 39.33±1.17 36.50±1.73 NS 8.38 

9 Lymphocyte (%) 52.83b±1.25 57.33a±0.71 52.00b±0.89 55.00ab±1.13 57.17a±1.47 4.42** 5.01 

10 Monocyte (%) 3.17±0.48 3.17±0.48 4.50±0.56 2.83±0.40 3.17±0.31 NS 32.99 

11 Eosinophil (%) 2.33±0.33 1.67±0.33 3.17±0.83 2.50±0.99 2.67±0.56 NS 66.04 

12 Basophil (%) 1.00±0.37 0.50±0.22 0.67±0.33 0.33±0.21 0.50±0.34 NS 123.23 

 

Means bearing different superscripts within a row differ 

significantly. **P<0.01, NS- Non-significant, CD-Critical 

difference, CV-Coefficient of variance. 

Similar to the findings of Kumar [20] who reported that non 

significant differences for haemoglobin, PCV, total 

erythrocyte count, MCV, MCH, MCHC, total leucocyte 

count, lymphocyte, monocyte, eosinophil and basophil count 

in broilers on the supplementation of choline chloride (1.4 

kg/ton) and Biocholine (0.300, 0.400 and 0.500 kg per ton) at 

7th week of age. Vivian et al. [21], Ajit et al. [22] and Sakthi et 

al. [23] reported that the mean haemoglobin Hb (%), TEC 

(x106/cu.µl) and the mean TLC (x103/cu.µl) count was also 

found to be significantly (P<0.05) increased in the treatment 

groups suggesting that the herbal preparation is found to 

stimulate RBC production at a slightly increased level of 

supplementation. However, there is no significant difference 

in heterophils (%), monocytes (%), eosinophil (%) and 

basophil (%) values between the control groups and the 

treatment groups.  

The above findings indicated that the increase in the vital 

haematological constituents like Hb (%), MCHC (%), PCV 

(%), RBC (106/cu.µl) and TLC ((103/cu.µl) in broilers fed 

with the herbal choline, ginger, garlic and tulsi is an 

indication of improved oxygen carrying capacity of the cells 

which translated to a better availability of nutrients for 

utilization to the birds consequently affecting their well being 

with an active immune system. 

 

3.3 Development of vital organs 

The means for the percent organ weight to relative body 

weights of different treatment groups are presented in Table 4.  

 

Table 4: Internal organ weight (%) relative to body weight of broilers at the end of 6th week fed different levels of herbal choline 
 

Groups Liver Heart Gizzard Spleen Proventriculus 

T1 1.88 ± 0.03 0.54 ± 0.01 2.02 ± 0.12 0.12 ± 0.01 0.35 ± 0.01 

T2 1.85 ± 0.04 0.58 ± 0.02 1.97 ± 0.12 0.14 ± 0.01 0.41 ± 0.02 

T3 1.87 ± 0.06 0.56 ± 0.02 2.00 ± 0.05 0.15 ± 0.03 0.40 ± 0.02 

T4 1.82 ± 0.07 0.55 ± 0.02 2.18 ± 0.08 0.14 ± 0.02 0.40 ± 0.02 

T5 1.81 ± 0.08 0.52 ± 0.01 1.98 ± 0.12 0.13 ± 0.01 0.39 ± 0.02 

CD NS NS NS NS NS 

CV% 7.87 6.99 12.47 29.47 10.25 

NS- Non-significant, CD-Critical difference, CV-Coefficient of variance. 

 

The percent liver weight was numerically increased in non-

supplemented choline chloride or herbal choline 

supplemented group (control) compared to all other treatment 

groups. The data revealed that the percent of liver weight, 

heart weight, gizzard weight, spleen weight and 

proventriculus weight were non-significant differences in all 

treatment groups. The findings are accordance with Igwe et 

al. [18] who reported that the internal organs did not differ 

significantly in control group and various levels of choline 

used could not have interfered negatively with the muscle 

development. Rao et al. [24] observed that liver fat content 

decreased in broiler breeders fed a methionine deficient diet 

supplemented with choline. In contrast with Fouladi et al. [25] 

reported that the choline chloride supplemented with levels of 

1000 and 500 mg kg-1 significantly decreased the livers, 

spleen and hearts weight (P<0.0001) in relationship to basal 

diet in broilers. 

 

4. Conclusion 

It is thus concluded that the broiler diet supplemented with 

synthetic choline or herbal choline did not alter the 

haematological parameters at the 21st day and internal organ 

weight at 42nd day. However, at 42nd day the haematological 

values of Hb, MCHC, TLC and Lymphocytes were 

significantly increased in treatment groups supplemented with 

synthetic choline (1 kg/ton) or herbal choline (0.500 kg/ton) 

compared to control group. Thus, the supplementation of 

synthetic choline @ 1 kg/ton or herbal choline @ 0.500 

kg/ton in broiler diets showed beneficial effect on 

haemopoiesis.  
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