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Abstract  
The purpose of this research work was to determine the effect of curcumin on the hematological values of broilers chicken affected by Escherichia coli. There were a total of ninety broiler chickens which were randomly subdivided into six experimental groups. Group I was the control group, which was not infected with E. coli, Group II was the E. coli-infected group, Group III and Group IV were the groups to which the curcumin supplement was applied to prevent and cure E. coli infection at 200 mg/kg and 400 mg/kg of feed, respectively, Group V was treated with the antibiotic cephalexin and Group VI was the group that was treated with curcumin alone as a measure of its inherent effect. The E. coli-infested groups differed significantly with the control groups in the mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), total erythrocyte count (TEC), and total leukocyte count (TLC). This curcumin supplementation was also observed to overcome these changes in hematology and therefore proved effective protection of curcumin against the effects of E. coli infection on blood homeostasis. This paper suggests that curcumin would make a good natural substitute of antibiotics in poultry to enhance immune system and the overall health.
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Introduction  
Bacterial infections are a problem confronting the poultry industry across the world. The issue of the bacterial infections is extremely large as they bring much inconvenience like illnesses and fatalities. The bacterial infections are also a major challenge because they impede the growth of chickens to yield meat and eggs. This is a bargain because it is very expensive. One of the bacterial infections which afflict the poultry industry is Colibacillosis. Escherichia coli is the causative agent of the bacterial infection. Colibacillosis is an issue to the poultry industry as it brings about significant losses of money. The people who handle poultry have a problem in terms of bacterial infections like Colibacillosis. The bacterial infection may present itself in various forms including respiratory infections, swollen head syndrome, systemic septicemia and urinary tract infections (McPeake et al., 2005; Huff et al., 2008). The bacteria infection itself usually results in the significant disruption of the blood of the birds, including the alteration of the blood cell counts and indices indicating the impact of the infection and reaction of the immune systems of birds (Huff et al., 2008; Allam et al., 2014).
Human beings have been treating chicken with antibiotics and special medicines that are aimed at controlling the E. Coli infection. There are certain problems that have been brought about due to the excessive use of these medicines. It is feared that these medicines will not be effective anymore and that they are unhealthy to the individuals. Thus, there is a need to identify safer and more natural methods of containing E. Coli infection in poultry. E. Poultry Coli infection is a menace and we need to establish alternatives to control the E. Coli infection in poultry. This has been being done by researchers, including Mahejabin et al. 2015. They discovered that herbal drugs, particularly Curcumin, derived as the rhizome of Curcuma longa (turmeric) has promising properties with antimicrobial, antioxidant, anti-inflammatory, liver-protective, and immune-stimulatory activities (Aggarwal and Harikumar, 2009; Sahu and Saxena, 2013).
It is already shown that curcumin can be used to treat bacterial infections in farm animals, such as enterotoxigenic E. coli in piglets (Bryne, 2015).
Based on the properties mentioned above, curcumin can also be used to reduce the changes of blood in E. coli infected broilers. This research aimed at assessing the preventive and therapeutic curcumin supplementation on blood parameters in broilers that were infected with E. coli. This study was aimed at determining whether curcumin supplementation would assist in reversing the impact of the bacterial infection on blood cell counts hence justifying the use of curcumin in place of antibiotics in the poultry farming.
Materials and Methods  
The broiler chicks (30 of them) were provided by Amruta Hatcheries, Amravati, and one-weekly adaption under normal rearing conditions. At that point the chicks were mixed randomly in six groups of fifteen birds and raised in a similar housing and feeding setup after a period of five weeks.
Group I was the uninfected control, and offered a normal diet and no challenge or experimental treatment with Escherichia coli.
Group II was the control group of E. coli which got the bacterial challenge and was untreated.
Group III was fed 200mg/kg of curcumin throughout the experiment duration as prophylaxis and challenged with E. coli.
Group IV was treated with curcumin at 400 mg/kg feed during a period of five days following the emergence of clinical symptoms due to E. coli challenge.
Group V was treated with cephalexin 1 g/L in drinking water in a period of five days following the onset of a clinical manifestation.
Group VI, which was a control group, was fed 200 mg/kg without the challenge of E. coli.
The groups II-V have been tested using a virulent strain of E. coli using the protocol as outlined by Huff et al. (2008) in order to induce clinical colibacillosis. The curcumin powder, which was standardized with the active content of curcuminoids, was thoroughly mixed into the feed and cephalexin was given to them in drinking water after becoming infected.
On the 35th day, blood samples were taken by means of the wing vein of six birds, each group being represented by six birds. The hematological parameters assessed were hemoglobin concentration, total erythrocyte count (TEC), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), packed cell volume (PCV) and total leukocyte count (TLC). Sahli hemometer was used to estimate hemoglobin and PCV estimated by microhematocrit centrifugation as it is described in Benjamin (2003) and Pierson (2000). The standard hemocytometer procedures were used to perform TLC.
The Institutional Animal Ethics Committee (IAEC, Reg. no. 312/CPCSEA) of PGIVAS, Akola, approved and cleared all the above experimental procedures to make sure that all the birds were treated humanely during the experiment.
Statistical Analysis
The analysis of data that was acquired in current inquiries was performed using equal Completely Randomized Design (CRD) as defined by Snedecor and Cochran (1989).
Results
It was done after the completion of the experiment that the blood test was conducted on each of the broiler chickens used in this experiment. The primary objective of the blood test was to investigate the outcome of the Escherichia coli (E. coli) infection in broilers chicken as well as the impacts of the curcumin supplement on the immune system and blood values of broilers chicken. The blood test was done, to check several parameters, which comprised of hemoglobin (Hb), cell size, and percentage of total red blood cells (RBCs) produced.
It also conducted a blood test to test the size of individual red blood cell (RBC) and its content of hemoglobin. The objectives of the blood test were to investigate the implications of the E. coli infections on the broiler chickens and the potential benefits of curcumin supplementation on size, quality, shape, mean corpuscular volume, mean corpuscular hemoglobin, and mean corpuscular hemoglobin concentration of the red blood cells of broiler chicken, and other laboratory outcomes like the total leukocyte counts (TLCs) and the different leukocyte counts (DLCs) in each of the experimental chickens. Table 1 and Fig.1 give the results.
Packed Cell Volume and Hemoglobin.
The means of hemoglobin (Hb) in all groups were not statistically significantly different as shown by the range of Hb values, lowest of 10.50 g/dL with (±0.42) being the mean hemoglobin concentration of the infected group under preventive condition and highest of 11.17 g/dL with (±0.40) the mean hemoglobin concentration in the therapeutic group under therapeutic condition. There was also no statistically significant difference in the PCV (packed cell volume) between the various groups with the lowest PCV at 25.00 (27.50) (0.73 and 0.76) when curcumin was used as a preventative to E. coli and the highest PCV at 27.50 (25.00) (0.76 and 0.73) when curcumin was used as a therapeutic agent. In addition, the experiment shows that the E. coli infection and curcumin or cephalexin treatment are not most likely to have any effect on hemoglobin or erythrocyte percentage production in the circulating blood.
Erythrocyte Indices
There were changes in the erythrocyte indices after the Escherichia coli infection. The mean corpuscular volume (MCV) was also found to be significantly lower (P < 0.05) in all infected groups (T1, T2, T3, and T4) than in the uninfected control group (T0), which shows the existence of microcytic erythrocytes because of infection. There was a tendency of improvement in MCV of the infected groups that had curcumin supplementation over the infected control; however, the values remained below those of the uninfected group. The T5 group that did not have E. coli infection did not have MCV values that were lower or higher as compared to the uninfected control, indicating that curcumin has no effect on the size of the erythrocytes. These findings indicate that the infection with E. coli leads to the dramatic alterations in the size of erythrocytes.
The mean corpuscular hemoglobin (MCH) in both the infected control and infected treatment groups was also significantly lower (P < 0.05), which means that there was a drop in the content of hemoglobin per erythrocyte. Nevertheless, the experimental groups had no significant difference in the level of mean corpuscular hemoglobin concentration (MCHC), which indicated that there was no difference in the hemoglobin concentration carried by each erythrocyte caused by infection and treatment.
Total Erythrocyte Count
The counts of blood cells differed in the sets of birds under test. This was a major difference. Red blood cells were compared to birds administered E. Coli compared to those that were not administered. The red blood cells had birds that were infected and fed on curcumin. The number of red blood cells was nearly similar to the birds that were not given anything and the birds given curcumin but not infected. In this difference, the quantity of red blood cells in each of the groups remained, as to birds, within the normal range.
Total Leukocyte Count
There was a significant (P<0.05) higher total leukocyte count in E. coli infected birds. The highest TLC was observed in the treatment groups of infection and it portrays a robust immune response against infection. But the TLC in the curcumin control group was comparable to the normal controls which actually represents that curcumin did not lead to the increase of leukocytes in the absence of infection.
Differential Leukocyte Count.
E. coli infection had a significant influence on leukocyte profiles. There was a high increase in the number of basophils in the infected control groups (P < 0.05) relative to the uninfected controls. Conversely, heterophil numbers were more in the infected birds and leukocyte numbers were much less than normal control group, hence showing an infection induced change in leukocyte profiles.
The use of curcumin supplementation was good in restoring the changes in leukocyte profiles caused by the infection to the normalcy in the infected birds. The count of basophil and lymphocytes was brought to normalcy with the basophil and lymphocyte count similar to the uninfected controls. No great differences were observed between the experimental groups in terms of the number of monocytes meaning that this leukocyte type was not affected by E. coli infection and curcumin supplementation. These findings indicate that curcumin can regulate the changes in the number of leukocytes induced by infection, which suggests that it can be used to keep the immune system in balance during bacterial infection.
Table 1. Effect of curcumin on TLC and DLC in different treatment groups of E. coli infection induced broilers
	Group
	TLC
 (106/ cumm)
	Eosinophil
 (106/ cumm)
	Basophil
(106/ cumm)
	Hetrophil
(106/ cumm)
	Lymphocyte
(106/ cumm)
	Monocyte
(106/ cumm)

	T0
	13c ±0.44
	2.00b         ±0.58
	1.33c ±0.42
	73.00a ±1.10
	23.33b  ±0.80
	0.33 ±0.21

	T1
	18.70b ±1.12
	1.50b     ±0.43
	7.00a ±0.58
	77.50a ±2.49
	13.67c  ±2.80
	0.33 ±0.21

	T2
	20.39ab ±1.42
	2.33b    ±0.42
	3.67b ±0.33
	36.00b ±1.90
	57.33a  ±1.58
	0.67 ±0.21

	T3
	22.37a ±0.62
	2.16a    ±0.79
	1.67c ±1.28
	29.67b ±3.75
	61.67a ±4.32
	0.83 ±0.31

	T4
	21.13ab ±1.29
	2.33b     ±0.42
	3.67b ±0.33
	36.00b ±1.90
	57.5a  ±1.63
	0.50 ±0.22

	T5
	13.83c ±0.82
	2.00b         ±0.37
	1.67c ±0.33
	72.50a ±0.72
	23.33b  ±0.72
	0.50 ±0.22


Values are expressed as mean ± SE, n=6; means bearing common superscript in column do not differ significantly (P < 0.05) NS- Non significant.






























Fig. 1.   Graphical representation of hematological values in different treatment groups of E. coli infection induced broilers

Discussion
Based on the above study it can be seen that in case the broiler chickens are infected with E. Coli then in fact it impacts the blood of the broiler chickens. The red and white blood cells of the broiler chickens are affected by the E. Coli infection and this alters the blood of the chickens. The reason is that the infection of the E. Coli leads to stress, and the immune system of the broiler chicken initiates a struggle against the infection. This was witnessed in the earlier research undertaken on the infections of E. Coli in chicken. E. Coli infection is an issue, and it has various effects on broiler chicken.
The absence of significant differences in the packed cell volume and haemoglobin level in the experimental groups indicate that the infection in the E. coli did not profoundly affect erythropoiesis and did not lead to acute anaemia. Past research evaluating the effects of herbal feed additives on haematological parameters in broilers, such as Sugiharto et al. (2011) and Barad et al. (2016), have found the same. Moreover, dietary curcumin and nanocurcumin supplementation, even in the conditions of stress, maintained normal haemoglobin levels and red blood cell indices in broiler chicken, which demonstrates that curcumin does not disrupt the production of red blood cells and provides haematological stability (Rahmani et al., 2018).
The fact that the MCV and MCH of the infected birds are found to have been reduced greatly is an indication that the birds are developing blood cells that are too small and not coloured enough. This is because of the high levels of stress and iron metabolism disorders due to infection or it may be that red blood cells are being replenished at high rate. The decrease in MCV and MCH of the E. Coli-infected birds compares to that of Huff et al. 2008 that agrees with our results on MCV and MCH. MCV and MCH changes are highly significant to know what happens to the infected birds.
The increase in the total number of erythrocytes was seen in the groups infected with E. coli and it may be a compensatory physiological process to facilitate sufficient oxygen delivery during the stress caused by infection. Christie and Halliday (1979) have also found similar transient increases in erythrocyte count during bacterial infections; an initial increase was followed by a normalcy. The erythrocytes count in the current experiment was found to be in the normal physiological range, which implies that the effect of bacterial challenge on erythropoiesis was not significantly different in the presence of bacterial challenge. The increase in the red blood cells count of the infected groups, may then be an adaptation strategy to provide enough oxygen supply in the event of infection.
The total leukocyte count was found to increase significantly in the broiler chicken infected with the Escherichia coli, which demonstrated the involvement of the immune system to fight the infection. Leukocytosis is a normal response to infection which has already been reported in the case of broilers chicken infected by colibacillosis. The same has been noted by Allam et al. (2014), Haq et al. (2015), and Sharma et al. (2015). The fact that the total number of leukocytes was on the rise in the infected groups of the chicken in the current study was a clear indication that the immune systems of the chickens were on the run in order to herd the infection.
The curcumin product possesses both prophylactic and therapeutic effectiveness in the decreasing hematology changes caused by the Escherichia coli infection. The supplementation of curcumin was able to normalize the total leukocyte counts and decrease the heterophilic number and increase the number of lymphocytes, which indicates that it has a positive effect on maintaining immune system control and host defense mechanisms. Rahmani et al. (2018) also observed the immunomodulatory effects of curcumin in broiler chickens that improved the blood biochemical components and immune status of curcumin and nanocurcumin-supplemented chickens in stress conditions.
Curcumin has a strong antioxidant, anti-inflammatory, and antimicrobial effects that ensure that cells are not exposed to oxidative damage, inflammation is controlled, and tissue damage caused by pathogens is minimized, which largely explain its therapeutic properties. Aggarwal and Harikumar (2009) also indicated that curcumin modulates various molecular inflammatory and immune regulation pathways, but Sahu and Saxena (2013) demonstrated the protection of curcumin against oxidative damage and tissue damage in case of infection. Furthermore, Zhang et al. (2015) indicated dietary supplementation of curcumin stimulated immune reactions and lessened inflammation in poultry, and therefore, it may be a natural immunomodulator.
The fact that the curcumin control group did not exhibit any adverse hematological reactions also contributes to the safety of curcumin supplementation in broiler chicken. To sum up, the present results indicate that curcumin has a promising potential as a successful approach to hematological disorders that are provoked by the E. coli infection and can be used as a herbal antimicrobial agent to the conventional antibiotics in poultry farming.
Conclusion
Curcumin, which is given both as a preventive and therapeutic dose, has been observed to be effective in minimizing the blood alterations caused by E. coli infection in broilers. The use of curcumin might be a natural substitute to antibiotics in chicken.
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