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ABSTRACT

 An experiment was conducted on 300 day-old commercial broiler chicks (Cobb 430 Y) for a period of 42 days. The chicks were distributed 
randomly into five experimental groups with four replicates having 15 birds each. The group (T ) was control group and fed as per BIS (2007), 0

whereas treatment groups T , T , T  and T  were supplemented with Ashwagandha @ 0.5%, Ashwagandha @ 0.5% plus Vitamin E @ 30 mg/kg, 1 2 3 4

Ashwagandha @ 0.5% plus Selenium @ 0.25 mg/kg and Ashwagandha @ 0.5% plus 30 mg/kg of Vitamin E and 0.25 mg/kg of Selenium, 
th ndrespectively. The blood samples were collected on 0, 28  and 42  day of feeding trial from two birds per replicate, for analysis of hematological and 

blood-biochemical parameters. The humoral immunity was estimated by measuring antibody titres by of Newcastle disease (ND) vaccine i.e. 
antibody production against ND virus. The data collected was statistically analyzed as per Snedecor and Cochran (1994). One Way Anova was 
applied using SPSS V.16 and means were compared by using Duncan’s method. The results of broiler birds of group supplemented with 
Ashwagandha in combination with Selenium and Vitamin E observed significantly (p<0.05) higher values of Hb, PCV, TLC, TEC, ND log  titre. The 2

data of hematology, blood-biochemical parameters and humoral immune response of experimental broiler birds supplemented with Ashwagandha in 
combination with Selenium and Vitamin E recorded improved average values which could be concluded the better health and immunity in broiler 
birds.

Keywords: Ashwagandha, Selenium, Vitamin E, Blood parameters, Immunity, Broilers
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 In India the poultry farming has a potential to bring 
rapid economic growth, chiefly benefiting the weaker 
segment of people due its low investment, short maturation 
period and efficiency of broilers to convert feed into meat. 
Due to the genetic selection the growth rate of birds is 
improved and has been profited to the farmers. However, it 
has augmented sensitivity of these birds to the stressors. 
The stressors works as internal damage leading to adverse 
impact on economics traits (White head and Keller, 2003). 
The heat stress can result in oxidative stress in birds which 
has been reported to decrease production performance and 
immunity hence leads to various diseases (Mujahid et al., 
2005). The overuse of antibiotics causes high risk of 
development of resistance, toxicity, high cost of production 
and environmental hazards and cross resistance as risk 
factor to human health (Costa et al., 2007). The production 
of safer poultry meat in an economic way without any 
chemical and microbial residue is need of the day. Natural 
growth promoters are identified to be an efficient and 
effective alternative to antibacterial growth promoters to 
promote traditional, natural, and alternative health system 
(Makkar et al., 2007). The Ashwagandha (Withania 
somnifera) is one such herb which has properties like 
adaptogenic, immune modulators, immune adjuvant, 
antidepressant, liver tonic, antioxidant (Ziauddin et al., 

1996). It also improves the immunological status and 
haematological profile, neuroprotective and rejuvenates 
muscles (Ansari et al., 2008). Selenium works against 
damage caused by free radical and lipoperoxides with 
catalase and superoxide dismutase by functioning on the 
active site of glutathione peroxides (Newberne and 
suphakarn, 1983; Thompson and scott, 1969). It performs 
vital role in antioxidant and redox reactions (Bleys et al., 
2009), immune function (Mckenzie et al., 1998). Vitamin 
E plays crucial role in several biochemical and physiological 
processes, as well as antioxidation (Franchini et al., 1995). 
Vitamin E supplementation has revealed improvement in 
growth performance, enhance immunity and restore 
impaired immunity as well as influence neuroendocrine 
function (Khan and Thomas, 2004). Vitamin E has been 
documented to boost immune competence in poultry and 
enhance their immunity (Erf et al., 1998). Herbal preparation 
are widely used as feed additives for building immunity in 
broiler production, enhancing growth, reducing feed cost 
by improvement in feed conversion ratio (Pandey et al., 
2013). Moreover, herbal feed additives has no ill effect on 
health of birds and by increasing feed conversion ratio, live 
weight gain it upsurges performance and immunity 
(Bhardwaj et al., 2011, Kumari et al., 2012). Owing to the 
overlap between the biological activities of selenium and 
vitamin E, selenium deficiency contributes to an increase *Corresponding author: sanjaybhaleraoann@gmail.com
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync

1 22

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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         JX678261 | P. epiclitum | Bos indicus | Ind

         KX657873 | Paramphistomum epiclitum | Capra hircus | MTR s

         KX657875 | Paramphistomum epiclitum | Capra hircus | MTR s

   KJ995525 | P. leydeni | Bos taurus | Arg

AB743577 | Explanatum explanatum | Bubalus bubalis | Jap

                 KY889140 | Explanatum explanatum | Bubalus bubalis | MTR

                                                      AB553695 | Fasciola gigantical | Bubalus bubalis | Egy

                                                      FN432335 | Haemonchus gigantical | Capra hircus | Italy
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in the need for vitamin E in animals. Keeping above facts 
in view and due to the beneficial properties and common 
principals of the ashwagandha, selenium and vitamin E it 
was proposed to undertake a research trial in broiler birds.

MATERIALS AND METHODS

 An experiment was conducted on 300, day-old 
straight run commercial broiler chicks (Cobb 430 Y) for a 
period 42 days. The experimental birds were randomly 
distributed into five groups equally. The chicks had similar 
body weights within the group and between the groups. 
These treatment groups were further divided into four 
replicates containing 15 birds each. All the birds were 
reared on the deep litter system of housing using rice husk 
as a litter material. The birds were feed as, control group 
(T ) standard broiler chicken diet as per BIS (2007). Daily 0

measured amount of feed was offered to experimental 
birds and calculated the feed intake. The detail of treatment 
groups of broiler birds is presented in Table 1. The 
treatment group (T ) was supplemented with Ashwagandha 1

powder @ 0.5%. The treatment group (T ) was supplemented 2

with Ashwagandha @ 0.5% plus Vitamin E @ 30 mg / kg 
of the diet. The treatment group (T ) was supplemented 3

with Ashwagandha @ 0.5% plus Selenium @ 0.25 mg / kg 
of the diet and the treatment group (T ) supplemented with 4

Ashwagandha @ 0.5% plus Vitamin E @ 30 mg/kg plus 
th ndSelenium @ 0.25 mg / kg of the diet. On 0, 28  and 42  day 

of feeding trial, blood samples were collected from two 
birds per replicate. About 2 ml of blood samples were 
collected from each bird via brachial wing vein puncture 
using sterilized needles into vaccutainer containing 
EDTA. A total of 40 samples were analysed for study of 
haematological parameters such as blood Hb, PCV, TLC 
and TEC. Blood haemoglobin (Hb) and packed cell volume 
(PCV) were estimated by Sahli’s haemoglobinometer and 
Wintrob’s methods, respectively. Total erythrocytes count 
(TEC) and total leukocytes count (TLC) were carried out 
manually through haemocytometer as per standard method 
of Natt and Hendricks (1954).

 Similarly, blood samples were collected aseptically 
in clean sterilized glass tubes and kept in slanted position at 
room temperature for serum collection. The collected 
serum samples were then centrifuged at 3000 rpm for 5 
minutes and transferred to 2 ml Eppendorf tubes which 
were stored at -20 ºC. Serum samples were analysed for 
different serum variables like total cholesterol, LDL (low 
density lipoprotein) and HDL (high density lipoprotein) 
through spectrophotometer using commercial test kits as 
per manufacturer’s protocol. Low density lipoprotein 
cholesterol (LDL) was calculated as per formula of Fried 
Wald et al. (1972). Serum total cholesterol was analysed 

according to Allain et al. (1974). The total serum cholesterol 
was measured through spectrophotometer using the 
commercial kit supplied by Accurex Biomedical Pvt. Ltd. 
High density lipotrotein (HDL) and this was was estimated 
according to Lang and Schettler, (1985). The serum HDL 
was measured through spectrophotometer using the 
commercial kit supplied by Accurex Biomedical Pvt. Ltd. 
The effect of dietary supplementation of Ashwagandha 
Selenium and vitamin E on humoral immunity in broilers 
was estimated by measuring antibody titres to Newcastle 
disease (ND) vaccine i.e. antibody production against ND 
virus. Broilers were vaccinated against ND by ocular route 

th that 7  and oral route at 28  day of age with Lasota strain (ND 
Lasota Vac-1000; Ventri Biologicals, Pune, India). On 0, 

th nd28  and 42  days of age, blood was collected from 8 birds 
per group, two from each replicate and serum was separated. 
Subsequently antibody specific for ND was detected in 
sera of chicks by haemagglutination inhibition (HI) test 
and were expressed as log  titers (Allan et al., 1978). One 2

Way ANOVA was applied using SPSS V.16 and the 
difference between subclass of mean were compared by 
using Duncan’s method.

RESULTS AND DISCUSSION

Hematological Parameters

 The blood samples were analysed for haematological 
parameters such as blood hamoglobin (Hb), packed cell 
volume (PCV), total erythrocytes count (TEC) and total 
leukocytes count (TLC) and analysis reports are presented 
in Table 2.

Hemoglobin (Hb, mg/dl)

 The mean value of hemoglobin (Hb) during the 0 
thday and 28  day of trial were recorded. The statistical 

th thanalysis of data of Hb values for 0  day and 28  day failed 
to demonstrate the significant difference (P<0.05) between 
the different groups. Though the numerically higher values 
can be seen in groups supplemented with Ashwagandha in 
alone and in combination with selenium and Vitamin E 

ndcompared to non-supplemented group (T ). At 42  day of 0

experiment i.e. at end of experiment, the values of Hb were 
observed as 10.15±0.08, 10.35±0.03, 10.34±0.06, 
10.38±0.05 and 10.39±0.05 g/dl, respectively. The data 
obtained for Hb values at end of trial when analyzed 
statistically, demonstrated significant difference (P<0.05) 
between the groups. Significantly (P<0.05) higher values 
of Hb were seen in group (T ), (T ), (T ) and (T ) compared 4 3 1 2

to control group (T ). The improved Hb values the shows 0

hematinic property of Ashwagandha. Our study results are 
in accordance with Bhardwaj et al. (2012), Ansari et al. 
(2013), Kant et al. (2014), Singh et al. (2016) and Singh et 
al. (2017).

84 85

be due to the hematinic property of Ashwagandha. The 
synergistic effect of Ashwagandha, Selenium and Vitamin 
E can be seen. Bhardwaj et al. (2012), Kant et al. (2014), 
Singh et al. (2016) and Singh et al. (2017) showed 
significantly higher PCV values in broilers supplemented 
with Ashwagandha and Vitamin E diet.

3Total Leukocyte Count (TLC×10 /µl)

 The mean values of total leukocyte count (TLC) 
thduring the 0 day and 28  day of trial were recorded. The 

th thstatistical analysis of TLC values data for 0  day and 28  
day did not differ significantly (P<0.05) between the 
different groups. Though the numerically higher values 
can be seen in groups supplemented with Ashwagandha in 
alone and in combination with Selenium and Vitamin E 
compared to non-supplemented group (T ). At the end of 0

ndexperiment i.e. during 42  day of trial, the TLC values 

Packed Cell Volume (PCV, %)

 The mean values of packed cell volume (PCV) 
thduring the 0 day and 28  day of trial were recorded. The 

thstatistical analysis of PCV values data for 0th day and 28  
day failed to demonstrate the significant difference (P< 
0.05) between the different groups. Though the numerically 
higher values can be seen in groups supplemented with 
Ashwagandha in alone and in combination with selenium 
and Vitamin E compared to control group (T ). The data 0

ndobtained for PCV values at end of trial (42  day) when 
analyzed statically significant difference (P<0.05) was 
observed between the groups. The significantly (P<0.05) 
higher values was reported in group (T ) followed by (T ), 4 3

group (T ) and (T ) group. Control (T ) group has significantly 1 2 0

(P<0.05) lower values compared to other treatment 
groups. Higher value of PCV in supplemented group may 

Table 2. Details of Hematological Parameters Experimental Broiler Birds

Parameters T  T  T  T  T  CV0 1 2 3 4

Hemoglobin (g/dl)
th 0  day(g/dl) 9.40±0.04 9.45±0.11 9.45±0.13 9.44±0.11 9.42±0.09 2.863

th 28  day(g/dl)  9.59±0.05 9.70±0.08 9.66±0.08 9.74±0.08 9.75±0.08 2.170
nd b a a a a 42  day(g/dl) 10.15±0.08  10.35±0.03  10.34±0.06  10.38±0.05  10.39±.0.05  1.703

Packed Cell Volume (PCV %)
th0  day 28.20±0.11 28.34±0.32 28.27±0.36 28.32±0.32 28.25±0.28 2.768

th28  day 28.76±0.15 29.10±0.23 28.99±0.24 29.21±0.25 29.25±0.24 2.170
nd b a b a a42  day 30.45±0.25  31.05±0.10  31.01±0.18  31.13±0.15  31.16±0.14  1.703

3Total Leukocyte Count (TLC × 10  /µl)
th0  day 21.58±0.05 21.59±0.09 21.55±0.11 21.56±0.08 21.45±0.08 1.072

th28  day 22.41±0.05 22.43±0.07 22.53±0.07 22.43±0.06 22.46±0.09 0.843
nd b a a a a42  day 24.98±0.15  25.45±0.15  25.43±0.14  25.44±0.11  25.46±0.08  1.551

6Total Erythrocyte Count (TEC × 10  /µl)
th0  day 2.30±0.01 2.31±0.02 2.31±0.01 2.31±0.02 2.31±0.01 1.516

th28  day 2.42±0.02 2.47±0.02 2.46±0.01 2.45±0.02 2.47±0.02 2.290
nd b a a a a42  day 2.49±0.02  2.55±0.01  2.55±0.02  2.57±0.02  2.57±0.02  1.982

Note: a, b, c, d Means bearing different superscripts in a row differ significantly (P<0.05).

Table 1. Details of Dietary Treatments and Groups of Experimental Broiler Birds

Treatment Treatment groups Details No. of birds/ No. of Total number
group  replications replications of birds

 Standard broiler chicken diet as per BIS, 2007  15 4 60

         Standard broiler chicken diet as per BIS, 2007 + Ashwagandha @ 0.5% 15 4 60

 Standard broiler chicken diet as per BIS, 2007 + Ashwagandha @ 0.5% + 15 4 60
 Vitamin E @ 30 mg/kg of the diet.

 Standard broiler chicken diet as per BIS, 2007 + Ashwagandha @ 0.5% + 15 4 60
 Selenium @ 0.25 mg/kg of the diet.

 Standard broiler chicken diet as per BIS, 2007 + 0.5% Ashwagandha + Vit. 15 4 60
 E @ 30 mg/kg + Selenium @ 0.25 mg/kg of the diet.

 Total number of experimental broiler birds   300
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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KC283190

AB743577
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AB553695

FN432335
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G. crumenifer | Capra hircus | Ind

P. epiclitum | Bubalus bubalis | Ind

P. epiclitum | Bos indicus | Ind

P. leydeni | Bos taurus | Arg

P. cervi | Cervus elaphus | Croa

P. cervi | Bos grunniens | Chi

F. elongatus | Bos indicus | Ind

F. elongatus | Capra hircus | Ind

G. crumenifer | Bos indicus | Ind

Explanatum explanatum | Bubalus bubalis | Jap

Calicophoron microbothrium | Bos taurus | Egy

Fasciola gigantical | Bubalus bubalis | Egy

Haemonchus gigantical | Capra hircus | Italy

Paramphistomum epiclitum | Capra hircus | MTR

Paramphistomum epiclitum | Capra hircus | MTR

Fischoederius spp. | Capra hircus | MTR

Gastrothylax crumenifer | Capra hircus | MTR

Explanatum explanatum | Bubalus bubalis | MTR

Paramphistomum epiclitum | Bubalus bubalis | MTR

        KC283190 | G. crumenifer | Bos indicus | Ind

        KX639720 | Fischoederius spp. | Capra hircus | MTR s

        JQ688412 | G. crumenifer | Capra hircus | Ind

          JQ688410 | F. elongatus | Bos indicus | Ind

          GU133061 | F. elongatus | Capra hircus | Ind

       AB817059 | Calicophoron microbothrium | Bos taurus | Egy

         KX274233 | P. cervi | Cervus elaphus | Croa

         KP341659 | P. cervi | Bos grunniens | Chi

       MN535799 | Gastrothylax crumenifer | Capra hircus | MTR s

         KF564870 | P. epiclitum | Bubalus bubalis | Ind

         KX657874 | Paramphistomum epiclitum | Bubalus bubalis | MTR

         JX678261 | P. epiclitum | Bos indicus | Ind

         KX657873 | Paramphistomum epiclitum | Capra hircus | MTR s

         KX657875 | Paramphistomum epiclitum | Capra hircus | MTR s

   KJ995525 | P. leydeni | Bos taurus | Arg

AB743577 | Explanatum explanatum | Bubalus bubalis | Jap

                 KY889140 | Explanatum explanatum | Bubalus bubalis | MTR

                                                      AB553695 | Fasciola gigantical | Bubalus bubalis | Egy

                                                      FN432335 | Haemonchus gigantical | Capra hircus | Italy
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in the need for vitamin E in animals. Keeping above facts 
in view and due to the beneficial properties and common 
principals of the ashwagandha, selenium and vitamin E it 
was proposed to undertake a research trial in broiler birds.

MATERIALS AND METHODS

 An experiment was conducted on 300, day-old 
straight run commercial broiler chicks (Cobb 430 Y) for a 
period 42 days. The experimental birds were randomly 
distributed into five groups equally. The chicks had similar 
body weights within the group and between the groups. 
These treatment groups were further divided into four 
replicates containing 15 birds each. All the birds were 
reared on the deep litter system of housing using rice husk 
as a litter material. The birds were feed as, control group 
(T ) standard broiler chicken diet as per BIS (2007). Daily 0

measured amount of feed was offered to experimental 
birds and calculated the feed intake. The detail of treatment 
groups of broiler birds is presented in Table 1. The 
treatment group (T ) was supplemented with Ashwagandha 1

powder @ 0.5%. The treatment group (T ) was supplemented 2

with Ashwagandha @ 0.5% plus Vitamin E @ 30 mg / kg 
of the diet. The treatment group (T ) was supplemented 3

with Ashwagandha @ 0.5% plus Selenium @ 0.25 mg / kg 
of the diet and the treatment group (T ) supplemented with 4

Ashwagandha @ 0.5% plus Vitamin E @ 30 mg/kg plus 
th ndSelenium @ 0.25 mg / kg of the diet. On 0, 28  and 42  day 

of feeding trial, blood samples were collected from two 
birds per replicate. About 2 ml of blood samples were 
collected from each bird via brachial wing vein puncture 
using sterilized needles into vaccutainer containing 
EDTA. A total of 40 samples were analysed for study of 
haematological parameters such as blood Hb, PCV, TLC 
and TEC. Blood haemoglobin (Hb) and packed cell volume 
(PCV) were estimated by Sahli’s haemoglobinometer and 
Wintrob’s methods, respectively. Total erythrocytes count 
(TEC) and total leukocytes count (TLC) were carried out 
manually through haemocytometer as per standard method 
of Natt and Hendricks (1954).

 Similarly, blood samples were collected aseptically 
in clean sterilized glass tubes and kept in slanted position at 
room temperature for serum collection. The collected 
serum samples were then centrifuged at 3000 rpm for 5 
minutes and transferred to 2 ml Eppendorf tubes which 
were stored at -20 ºC. Serum samples were analysed for 
different serum variables like total cholesterol, LDL (low 
density lipoprotein) and HDL (high density lipoprotein) 
through spectrophotometer using commercial test kits as 
per manufacturer’s protocol. Low density lipoprotein 
cholesterol (LDL) was calculated as per formula of Fried 
Wald et al. (1972). Serum total cholesterol was analysed 

according to Allain et al. (1974). The total serum cholesterol 
was measured through spectrophotometer using the 
commercial kit supplied by Accurex Biomedical Pvt. Ltd. 
High density lipotrotein (HDL) and this was was estimated 
according to Lang and Schettler, (1985). The serum HDL 
was measured through spectrophotometer using the 
commercial kit supplied by Accurex Biomedical Pvt. Ltd. 
The effect of dietary supplementation of Ashwagandha 
Selenium and vitamin E on humoral immunity in broilers 
was estimated by measuring antibody titres to Newcastle 
disease (ND) vaccine i.e. antibody production against ND 
virus. Broilers were vaccinated against ND by ocular route 

th that 7  and oral route at 28  day of age with Lasota strain (ND 
Lasota Vac-1000; Ventri Biologicals, Pune, India). On 0, 

th nd28  and 42  days of age, blood was collected from 8 birds 
per group, two from each replicate and serum was separated. 
Subsequently antibody specific for ND was detected in 
sera of chicks by haemagglutination inhibition (HI) test 
and were expressed as log  titers (Allan et al., 1978). One 2

Way ANOVA was applied using SPSS V.16 and the 
difference between subclass of mean were compared by 
using Duncan’s method.

RESULTS AND DISCUSSION

Hematological Parameters

 The blood samples were analysed for haematological 
parameters such as blood hamoglobin (Hb), packed cell 
volume (PCV), total erythrocytes count (TEC) and total 
leukocytes count (TLC) and analysis reports are presented 
in Table 2.

Hemoglobin (Hb, mg/dl)

 The mean value of hemoglobin (Hb) during the 0 
thday and 28  day of trial were recorded. The statistical 

th thanalysis of data of Hb values for 0  day and 28  day failed 
to demonstrate the significant difference (P<0.05) between 
the different groups. Though the numerically higher values 
can be seen in groups supplemented with Ashwagandha in 
alone and in combination with selenium and Vitamin E 

ndcompared to non-supplemented group (T ). At 42  day of 0

experiment i.e. at end of experiment, the values of Hb were 
observed as 10.15±0.08, 10.35±0.03, 10.34±0.06, 
10.38±0.05 and 10.39±0.05 g/dl, respectively. The data 
obtained for Hb values at end of trial when analyzed 
statistically, demonstrated significant difference (P<0.05) 
between the groups. Significantly (P<0.05) higher values 
of Hb were seen in group (T ), (T ), (T ) and (T ) compared 4 3 1 2

to control group (T ). The improved Hb values the shows 0

hematinic property of Ashwagandha. Our study results are 
in accordance with Bhardwaj et al. (2012), Ansari et al. 
(2013), Kant et al. (2014), Singh et al. (2016) and Singh et 
al. (2017).
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be due to the hematinic property of Ashwagandha. The 
synergistic effect of Ashwagandha, Selenium and Vitamin 
E can be seen. Bhardwaj et al. (2012), Kant et al. (2014), 
Singh et al. (2016) and Singh et al. (2017) showed 
significantly higher PCV values in broilers supplemented 
with Ashwagandha and Vitamin E diet.

3Total Leukocyte Count (TLC×10 /µl)

 The mean values of total leukocyte count (TLC) 
thduring the 0 day and 28  day of trial were recorded. The 

th thstatistical analysis of TLC values data for 0  day and 28  
day did not differ significantly (P<0.05) between the 
different groups. Though the numerically higher values 
can be seen in groups supplemented with Ashwagandha in 
alone and in combination with Selenium and Vitamin E 
compared to non-supplemented group (T ). At the end of 0

ndexperiment i.e. during 42  day of trial, the TLC values 

Packed Cell Volume (PCV, %)

 The mean values of packed cell volume (PCV) 
thduring the 0 day and 28  day of trial were recorded. The 

thstatistical analysis of PCV values data for 0th day and 28  
day failed to demonstrate the significant difference (P< 
0.05) between the different groups. Though the numerically 
higher values can be seen in groups supplemented with 
Ashwagandha in alone and in combination with selenium 
and Vitamin E compared to control group (T ). The data 0

ndobtained for PCV values at end of trial (42  day) when 
analyzed statically significant difference (P<0.05) was 
observed between the groups. The significantly (P<0.05) 
higher values was reported in group (T ) followed by (T ), 4 3

group (T ) and (T ) group. Control (T ) group has significantly 1 2 0

(P<0.05) lower values compared to other treatment 
groups. Higher value of PCV in supplemented group may 

Table 2. Details of Hematological Parameters Experimental Broiler Birds

Parameters T  T  T  T  T  CV0 1 2 3 4

Hemoglobin (g/dl)
th 0  day(g/dl) 9.40±0.04 9.45±0.11 9.45±0.13 9.44±0.11 9.42±0.09 2.863

th 28  day(g/dl)  9.59±0.05 9.70±0.08 9.66±0.08 9.74±0.08 9.75±0.08 2.170
nd b a a a a 42  day(g/dl) 10.15±0.08  10.35±0.03  10.34±0.06  10.38±0.05  10.39±.0.05  1.703

Packed Cell Volume (PCV %)
th0  day 28.20±0.11 28.34±0.32 28.27±0.36 28.32±0.32 28.25±0.28 2.768

th28  day 28.76±0.15 29.10±0.23 28.99±0.24 29.21±0.25 29.25±0.24 2.170
nd b a b a a42  day 30.45±0.25  31.05±0.10  31.01±0.18  31.13±0.15  31.16±0.14  1.703

3Total Leukocyte Count (TLC × 10  /µl)
th0  day 21.58±0.05 21.59±0.09 21.55±0.11 21.56±0.08 21.45±0.08 1.072

th28  day 22.41±0.05 22.43±0.07 22.53±0.07 22.43±0.06 22.46±0.09 0.843
nd b a a a a42  day 24.98±0.15  25.45±0.15  25.43±0.14  25.44±0.11  25.46±0.08  1.551

6Total Erythrocyte Count (TEC × 10  /µl)
th0  day 2.30±0.01 2.31±0.02 2.31±0.01 2.31±0.02 2.31±0.01 1.516

th28  day 2.42±0.02 2.47±0.02 2.46±0.01 2.45±0.02 2.47±0.02 2.290
nd b a a a a42  day 2.49±0.02  2.55±0.01  2.55±0.02  2.57±0.02  2.57±0.02  1.982

Note: a, b, c, d Means bearing different superscripts in a row differ significantly (P<0.05).

Table 1. Details of Dietary Treatments and Groups of Experimental Broiler Birds

Treatment Treatment groups Details No. of birds/ No. of Total number
group  replications replications of birds

 Standard broiler chicken diet as per BIS, 2007  15 4 60

         Standard broiler chicken diet as per BIS, 2007 + Ashwagandha @ 0.5% 15 4 60

 Standard broiler chicken diet as per BIS, 2007 + Ashwagandha @ 0.5% + 15 4 60
 Vitamin E @ 30 mg/kg of the diet.

 Standard broiler chicken diet as per BIS, 2007 + Ashwagandha @ 0.5% + 15 4 60
 Selenium @ 0.25 mg/kg of the diet.

 Standard broiler chicken diet as per BIS, 2007 + 0.5% Ashwagandha + Vit. 15 4 60
 E @ 30 mg/kg + Selenium @ 0.25 mg/kg of the diet.

 Total number of experimental broiler birds   300
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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F. elongatus | Bos indicus | Ind

F. elongatus | Capra hircus | Ind

G. crumenifer | Bos indicus | Ind

Explanatum explanatum | Bubalus bubalis | Jap

Calicophoron microbothrium | Bos taurus | Egy

Fasciola gigantical | Bubalus bubalis | Egy

Haemonchus gigantical | Capra hircus | Italy

Paramphistomum epiclitum | Capra hircus | MTR

Paramphistomum epiclitum | Capra hircus | MTR

Fischoederius spp. | Capra hircus | MTR

Gastrothylax crumenifer | Capra hircus | MTR

Explanatum explanatum | Bubalus bubalis | MTR

Paramphistomum epiclitum | Bubalus bubalis | MTR

        KC283190 | G. crumenifer | Bos indicus | Ind
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          GU133061 | F. elongatus | Capra hircus | Ind

       AB817059 | Calicophoron microbothrium | Bos taurus | Egy
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         JX678261 | P. epiclitum | Bos indicus | Ind

         KX657873 | Paramphistomum epiclitum | Capra hircus | MTR s

         KX657875 | Paramphistomum epiclitum | Capra hircus | MTR s

   KJ995525 | P. leydeni | Bos taurus | Arg

AB743577 | Explanatum explanatum | Bubalus bubalis | Jap

                 KY889140 | Explanatum explanatum | Bubalus bubalis | MTR

                                                      AB553695 | Fasciola gigantical | Bubalus bubalis | Egy

                                                      FN432335 | Haemonchus gigantical | Capra hircus | Italy
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statistically showed significant difference (P<0.05). The 
TLC count observed significantly (P<0.05) higher in 
broilers belonging to supplemented group as compared to 
control (T ) group. It may be due to presence of active 0

principle glycowithanolides in roots of Ashwagandha. 
Similar observations were reported by Bhardwaj et al. 
(2012), Singh et al. (2016) and Singh et al. (2017).

6Total Erythrocyte Count (TEC×10  /µl)

 The mean values of total erythrocyte count (TEC) 
thduring the 0 day and 28  day of trial were recorded. The 

thstatistical analysis of TLC values data for 0 day and 28  
day did not differ significantly (P<0.05) between the 

nd
different groups. At the end of experiment i.e during 42  
day of trial, the TEC showed significant difference 
(P<0.05) after analyzing the data statistically. The total 
erythrocyte count was observed significantly (P<0.05) 
higher in broilers belonging to the supplemented group 
than compared to control (T ) group. This may be due to 0

haemo-proliferative and haemo-protective effect of 
Ashwagandha on broiler chicks. It is also attributable to its 
positive effect on haemopoiesis by stimulating stem cell 
proliferation and increasing bone marrow cellularity.  The 
haemoprotective effect was attributed due to its antioxidant 
action that protects RBC from oxidative stress and 
enhances erythrocyte enzymes. Similarly, Bhardwaj et al. 
(2012), Singh et al. (2016) and Singh et al. (2017) reported 
significantly higher TEC values in the groups supplemented 
with Ashwagandha and Vit. E.

Blood Biochemical Parameters

 The blood samples were analysed for blood 
biochemical parameters such as Serum total cholesterol 
(mg/dl), High density lipoprotein (HDL, mg/dl), Low 
density lipoprotein (LDL, mg/dl) and analysis reports are 
presented in Table 3.

Serum total cholesterol (mg/dl)

 The mean values of serum total cholesterol levels of 
ndbroilers on 42  day of trial were reported in treatment 

groups T , T , T  and T , respectively. Analyzing the data 1 2 3 4

statistically showed non-significant difference (p<0.05) 
between the broilers under different groups on 0th, 28th 

ndand 42  day of trial. Though the values of serum total 
cholesterol was lower in supplemented groups (T ), (T ), 1 2

(T ) and (T ) than that of the control group (T ). The lower 3 4 0

value of cholesterol may be owed to decrease in lipid 
metabolism in supplemented broilers. 3-hydroxy-3-
methyl-glutarylcoA reductase is the chief enzyme in 
biosynthesis of cholesterol. Ashwagandha root powder 
may have indirect inhibitory effects on this enzyme and 
Ashwagandha roots revealed that serum cholesterol value 
decreases progressively on higher rate of Aswagandha 
supplementation (Ansari et al., 2013). Similarly, present 
study results are in accordance with the Kale et al. (2016).

High density lipoprotein (HDL, mg/dl)

 The values of high density lipoprotein (HDL) measured 
th ndduring the 0 day, 28  and 42  day of the trial statistically 

Table 3. Details of the blood biochemical parameters and immune response of broiler birds

Parameters T  T  T  T  T  CV0 1 2 3 4

Total cholesterol (mg/dl)
th0  day 93.77±0.96 93.78±0.81 93.75±0.79 93.76±0.62 93.75±0.96 2.399

th28  day 110.34±0.96 107.41±1.41 106.35±1.11 108.62±0.31 107.22±1.54 3.137
nd42   day 141.53±3.05 138.04±0.69 139.05±0.64 137.90±0.78 136.82±1.02 3.192

High density lipoprotein (HDL, mg/dl)
th0  day 56.09±1.11 55.80±0.94 56.01±0.79 56.09±0.99 56.00±0.93 4.588

th28  day 64.80±1.17 66.03±0.49 67.25±0.69 67.09±1.03 66.73±0.78 3.753
nd42  day 71.95±0.50 72.70±0.41 73.46±0.27 73.71±0.88 73.83±0.52 2.247

Low density lipoprotein (LDL, mg/dl)
th0  day 29.18±1.82 29.35±1.28 29.37±1.30 29.22±1.47 29.35±1.35 13.34

th28  day 35.93±1.75 32.10±1.76 30.05±1.11 32.33±1.06 31.35±1.06 13.04
nd42  day 59.17±3.36 55.43±0.91 55.63±0.80 54.43±1.51 53.18±0.97 9.37

Humoral response against ND vaccine, ND (log ) titre2

th0  day 1.75±0.31 1.63±0.26 1.63±0.32 1.50±0.33 1.63±0.32 51.56
th a b b b b28  day 6.75±0.25  7.88±0.30  8.13±0.23  7.88±0.40  8.13±0.30  12.31
nd a b b b b42  day 5.88±0.30  7.38±0.32  7.25±0.45  7.25±0.41  7.38±0.38  16.59

Note: a, b, c, d Means bearing different superscripts in a row differ significantly (P<0.05).
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showed the non-significant difference (P<0.05) between 
the broilers under different groups T , T , T  and T , 1 2 3 4

respectively. Though the values of HDL were higher in 
supplemented group T , T , T  and T  than that of the 1 2 3 4

control group T . Higher values were observed in group T  0 4

as 73.83 mg/dl. Our present study results are in accordance 
with the Kale et al. (2016).

Low density lipoprotein (LDL, mg/dl)

 The statistical analysis of the data for mean values of 
low density lipoprotein (LDL) showed the non-significant 
difference (P<0.05) between the broilers under different 

thgroups. Later on 28  day of the experiment, values of LDL 
th nd

for broilers under group on 0, 28  and 42  day of trial. Though 
the values of LDL were found lowered in supplemented 
groups T , T , T  and T  than that of the control group T . 1 2 3 4 0

Similarly, present study results are in accordance with the 
(Ansari et al., 2013) and Kale et al. (2016).

Humoral Immune Response

 The data pertaining to mean ND titer expressed as 
log  for broiler birds belonging to different group are 2

presented in Table 3. The humoral immune response 
against ND vaccine measured during the 0 day of the 
experimental trial. The statistical analysis of the data for 
log  titer showed the non-significant difference between 2

the different groups on 0 day of the experimental. Later on 
th nd28  day and 42  day of the experiment, values of log  titer 2

estimated for broilers under group T , T , T , T  and T , 0 1 2 3 4

respectively. There was significant difference (P<0.05) 
th ndobserved between the different groups on 28  day and 42  

th nddays of the experiment. At 28  and 42  day of the sampling 
and experimental trial the ND log  titer was quite higher 2

(P<0.05) in Ashwagandha supplemented group either 
alone or in combination with Selenium and Vitamin E than 
control group (T ). This may be due to immune-0

modulatory effect shown by Ashwagandha by increasing 
the number of lymphocytes due to presence of active 
principle glycowithanolides in roots of Ashwagandha 
Selenium and vitamin E also increases immunoglobulins 
by affecting the proliferation of lymphoid cells that may 
have improved antibody response. Our present study 
results are in agreement with Vasanthakumar et al. (2014) 
and Tomar et al. (2018).

CONCLUSIONS

 The study of hematology, blood-biochemical 
parameters and humoral immune response of experimental 
broiler birds supplemented with Ashwagandha in 
combination with Selenium and Vitamin E gives improved 
average values which results in the better health and 
immunity in broiler birds.
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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P. epiclitum | Bos indicus | Ind

P. leydeni | Bos taurus | Arg

P. cervi | Cervus elaphus | Croa

P. cervi | Bos grunniens | Chi

F. elongatus | Bos indicus | Ind
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Paramphistomum epiclitum | Capra hircus | MTR

Fischoederius spp. | Capra hircus | MTR
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        KC283190 | G. crumenifer | Bos indicus | Ind
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         KF564870 | P. epiclitum | Bubalus bubalis | Ind

         KX657874 | Paramphistomum epiclitum | Bubalus bubalis | MTR
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AB743577 | Explanatum explanatum | Bubalus bubalis | Jap

                 KY889140 | Explanatum explanatum | Bubalus bubalis | MTR

                                                      AB553695 | Fasciola gigantical | Bubalus bubalis | Egy
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statistically showed significant difference (P<0.05). The 
TLC count observed significantly (P<0.05) higher in 
broilers belonging to supplemented group as compared to 
control (T ) group. It may be due to presence of active 0

principle glycowithanolides in roots of Ashwagandha. 
Similar observations were reported by Bhardwaj et al. 
(2012), Singh et al. (2016) and Singh et al. (2017).

6Total Erythrocyte Count (TEC×10  /µl)

 The mean values of total erythrocyte count (TEC) 
thduring the 0 day and 28  day of trial were recorded. The 

thstatistical analysis of TLC values data for 0 day and 28  
day did not differ significantly (P<0.05) between the 

nd
different groups. At the end of experiment i.e during 42  
day of trial, the TEC showed significant difference 
(P<0.05) after analyzing the data statistically. The total 
erythrocyte count was observed significantly (P<0.05) 
higher in broilers belonging to the supplemented group 
than compared to control (T ) group. This may be due to 0

haemo-proliferative and haemo-protective effect of 
Ashwagandha on broiler chicks. It is also attributable to its 
positive effect on haemopoiesis by stimulating stem cell 
proliferation and increasing bone marrow cellularity.  The 
haemoprotective effect was attributed due to its antioxidant 
action that protects RBC from oxidative stress and 
enhances erythrocyte enzymes. Similarly, Bhardwaj et al. 
(2012), Singh et al. (2016) and Singh et al. (2017) reported 
significantly higher TEC values in the groups supplemented 
with Ashwagandha and Vit. E.

Blood Biochemical Parameters

 The blood samples were analysed for blood 
biochemical parameters such as Serum total cholesterol 
(mg/dl), High density lipoprotein (HDL, mg/dl), Low 
density lipoprotein (LDL, mg/dl) and analysis reports are 
presented in Table 3.

Serum total cholesterol (mg/dl)

 The mean values of serum total cholesterol levels of 
ndbroilers on 42  day of trial were reported in treatment 

groups T , T , T  and T , respectively. Analyzing the data 1 2 3 4

statistically showed non-significant difference (p<0.05) 
between the broilers under different groups on 0th, 28th 

ndand 42  day of trial. Though the values of serum total 
cholesterol was lower in supplemented groups (T ), (T ), 1 2

(T ) and (T ) than that of the control group (T ). The lower 3 4 0

value of cholesterol may be owed to decrease in lipid 
metabolism in supplemented broilers. 3-hydroxy-3-
methyl-glutarylcoA reductase is the chief enzyme in 
biosynthesis of cholesterol. Ashwagandha root powder 
may have indirect inhibitory effects on this enzyme and 
Ashwagandha roots revealed that serum cholesterol value 
decreases progressively on higher rate of Aswagandha 
supplementation (Ansari et al., 2013). Similarly, present 
study results are in accordance with the Kale et al. (2016).

High density lipoprotein (HDL, mg/dl)

 The values of high density lipoprotein (HDL) measured 
th ndduring the 0 day, 28  and 42  day of the trial statistically 

Table 3. Details of the blood biochemical parameters and immune response of broiler birds

Parameters T  T  T  T  T  CV0 1 2 3 4

Total cholesterol (mg/dl)
th0  day 93.77±0.96 93.78±0.81 93.75±0.79 93.76±0.62 93.75±0.96 2.399

th28  day 110.34±0.96 107.41±1.41 106.35±1.11 108.62±0.31 107.22±1.54 3.137
nd42   day 141.53±3.05 138.04±0.69 139.05±0.64 137.90±0.78 136.82±1.02 3.192

High density lipoprotein (HDL, mg/dl)
th0  day 56.09±1.11 55.80±0.94 56.01±0.79 56.09±0.99 56.00±0.93 4.588

th28  day 64.80±1.17 66.03±0.49 67.25±0.69 67.09±1.03 66.73±0.78 3.753
nd42  day 71.95±0.50 72.70±0.41 73.46±0.27 73.71±0.88 73.83±0.52 2.247

Low density lipoprotein (LDL, mg/dl)
th0  day 29.18±1.82 29.35±1.28 29.37±1.30 29.22±1.47 29.35±1.35 13.34

th28  day 35.93±1.75 32.10±1.76 30.05±1.11 32.33±1.06 31.35±1.06 13.04
nd42  day 59.17±3.36 55.43±0.91 55.63±0.80 54.43±1.51 53.18±0.97 9.37

Humoral response against ND vaccine, ND (log ) titre2

th0  day 1.75±0.31 1.63±0.26 1.63±0.32 1.50±0.33 1.63±0.32 51.56
th a b b b b28  day 6.75±0.25  7.88±0.30  8.13±0.23  7.88±0.40  8.13±0.30  12.31
nd a b b b b42  day 5.88±0.30  7.38±0.32  7.25±0.45  7.25±0.41  7.38±0.38  16.59

Note: a, b, c, d Means bearing different superscripts in a row differ significantly (P<0.05).
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showed the non-significant difference (P<0.05) between 
the broilers under different groups T , T , T  and T , 1 2 3 4

respectively. Though the values of HDL were higher in 
supplemented group T , T , T  and T  than that of the 1 2 3 4

control group T . Higher values were observed in group T  0 4

as 73.83 mg/dl. Our present study results are in accordance 
with the Kale et al. (2016).

Low density lipoprotein (LDL, mg/dl)

 The statistical analysis of the data for mean values of 
low density lipoprotein (LDL) showed the non-significant 
difference (P<0.05) between the broilers under different 

thgroups. Later on 28  day of the experiment, values of LDL 
th nd

for broilers under group on 0, 28  and 42  day of trial. Though 
the values of LDL were found lowered in supplemented 
groups T , T , T  and T  than that of the control group T . 1 2 3 4 0

Similarly, present study results are in accordance with the 
(Ansari et al., 2013) and Kale et al. (2016).

Humoral Immune Response

 The data pertaining to mean ND titer expressed as 
log  for broiler birds belonging to different group are 2

presented in Table 3. The humoral immune response 
against ND vaccine measured during the 0 day of the 
experimental trial. The statistical analysis of the data for 
log  titer showed the non-significant difference between 2

the different groups on 0 day of the experimental. Later on 
th nd28  day and 42  day of the experiment, values of log  titer 2

estimated for broilers under group T , T , T , T  and T , 0 1 2 3 4

respectively. There was significant difference (P<0.05) 
th ndobserved between the different groups on 28  day and 42  

th nddays of the experiment. At 28  and 42  day of the sampling 
and experimental trial the ND log  titer was quite higher 2

(P<0.05) in Ashwagandha supplemented group either 
alone or in combination with Selenium and Vitamin E than 
control group (T ). This may be due to immune-0

modulatory effect shown by Ashwagandha by increasing 
the number of lymphocytes due to presence of active 
principle glycowithanolides in roots of Ashwagandha 
Selenium and vitamin E also increases immunoglobulins 
by affecting the proliferation of lymphoid cells that may 
have improved antibody response. Our present study 
results are in agreement with Vasanthakumar et al. (2014) 
and Tomar et al. (2018).

CONCLUSIONS

 The study of hematology, blood-biochemical 
parameters and humoral immune response of experimental 
broiler birds supplemented with Ashwagandha in 
combination with Selenium and Vitamin E gives improved 
average values which results in the better health and 
immunity in broiler birds.
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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ABSTRACT

 Present study was aimed to examine the efficiency of Exfoliate vaginal cytology (EVC) and Vaginal electrical resistance (VER) for estrus 

detection in ewes. Eight adult healthy multiparous Gaddi ewes were synchronized with double shot of PGF  @ 187.5 µg, at 11 days apart. Vaginal 2
ndcytology and electrical resistance were recorded successively for next five days after the 2  injection of PGF  to determine the standing estrus in 2

these animals. Decrease in percentage of parabasal and intermediate cells, while increase in percentage of superficial and anuclear cells was observed 
in the present study. Lower proportion of parabasal, intermediate cells (7.25±1.03, 22.63±2.53), followed by higher proportion of superficial and 
anuclear cells (41.63±1.52, 28.50±1.91), respectively at Day 4 could be regarded as the time of standing estrus in Gaddi sheep. Vaginal electrical 

resistance revealed decreasing trend at first two days of observation (358.7±38.98 vs 343.0±36.54 ) followed by significant increase during Day 3 

(457.0±42.04 ; p<0.05) with peak value at Day 5 (478.0±26.01 ) of estrus. Correlation among EVC and VER revealed significant positive 

correlation with superficial (p<0.001) and anuclear cells (p<0.01), while negative significant (p<0.001) correlation with intermediate cells.

 In conclusion, EVC in conjunction with VER can be employed for prediction of day of standing estrus/mating in ewes with absence of 
endocrine investigations. Furthermore, the day when a decreasing trend in the percentages of parabasal and intermediate cells followed with 
increasing trend in the percentage of anuclear and vaginal electrical resistance accompanied by peak level of superficial cell can be regarded as the 
exact day for mating in ewes.

Keywords: Exfoliate Vaginal Cytology (EVC), Vaginal Electrical Resistance (VER), Gaddi ewe
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 Sheep husbandry plays pivotal role in rural economy 
by providing employment and income to marginal and 
landless households (Arora et al., 2002). Sheep is a 
seasonally polyestrous animal with optimum reproduction 
during ideal time of the year which is usually spring 
(Abecia et al., 2011). Estrus signs in the ewe are less 
pronounced than in the doe and are mostly expressed in the 
presence of ram (Altincekic and Koyuncu, 2012). Estrus 
detection in ewes can be accomplished on basis of 
observing behavioural modulations of ewe as well as ram. 
Zaid (2011) recorded discrete changes in the ratio of 
cornification of epithelial and basal cell at the time of 
ovulation in sheep. Vaginal cytology can be used to depict 
typical information regarding various hormonal 
alterations that occur throughout the estrous cycle in sheep 
(Zohara et al., 2014; Jamwal, 2021) and goats (Ribeiro et 
al., 2019). Comparative percentage of various vaginal 
epithelial cells owing to hormonal changes during the 
cycle may aid in predicting estrus phase (Sharma and 
Sharma, 2016). Vaginal electrical resistance, is the tissue’s 
capacity to resist the flow of externally applied low electric 
current (Yamauchi et al., 2009), alterations to the 
reproductive tract’s histology and biochemistry which are 
brought about by ovarian endocrine activity (Aboul-Ela et 
al., 1983). Vaginal electrical resistance reading varies 

during oestrus cycle may be correlated to its stages, 
providing crucial information for productive and efficient 
reproduction. Hence, the present study was designed to 
evaluate the usefulness of EVC and VER for predicting the 
day of standing estrus/mating in ewes.

MATERIALS AND METHODS

 A total number of eight adult healthy multiparous 
Gaddi ewes aged 2.16±0.16 yrs. (range 1.5-3 years), 
weighing 29.62±1.19 kg (range 25-35 kg) and devoid of 
any genital tract pathology were selected. The animals 
were housed in semi-intensive rearing system at Livestock 
Farm Complex, CSK Himachal Pradesh Krishi 
Vishvavidalaya, Palampur where they were allowed to 
graze in pasture for duration of six hours a day. The farm 
was located at 32.6 N, 76.3 E, altitude 1290.8 m and 
receives an annual rainfall of 13.50 mm. The mean annual 
minimum and maximum temperatures of the location was 
16 °C and 31 °C, respectively in the breeding season 
(November to March, Department of Agronomy, College 
of Agriculture, CSKHPKV, Palampur). Additionally, the 
ewes were fed 20 gm of mineral mixture (HimChelate®, 
Himalaya, India) daily during the study period. The ewes 
also had the access of ad libitum drinking water round the 
clock. Estrus synchronisation was achieved by administration 

of intramuscular injections of PGF  @ total dose 187.5 µg 2
*Corresponding: amitgynae@hillagric.ac.in
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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          JQ688410 | F. elongatus | Bos indicus | Ind

          GU133061 | F. elongatus | Capra hircus | Ind

       AB817059 | Calicophoron microbothrium | Bos taurus | Egy

         KX274233 | P. cervi | Cervus elaphus | Croa

         KP341659 | P. cervi | Bos grunniens | Chi

       MN535799 | Gastrothylax crumenifer | Capra hircus | MTR s

         KF564870 | P. epiclitum | Bubalus bubalis | Ind

         KX657874 | Paramphistomum epiclitum | Bubalus bubalis | MTR

         JX678261 | P. epiclitum | Bos indicus | Ind

         KX657873 | Paramphistomum epiclitum | Capra hircus | MTR s

         KX657875 | Paramphistomum epiclitum | Capra hircus | MTR s

   KJ995525 | P. leydeni | Bos taurus | Arg

AB743577 | Explanatum explanatum | Bubalus bubalis | Jap

                 KY889140 | Explanatum explanatum | Bubalus bubalis | MTR

                                                      AB553695 | Fasciola gigantical | Bubalus bubalis | Egy

                                                      FN432335 | Haemonchus gigantical | Capra hircus | Italy
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