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ABSTRACT

 Total 42 cows having good body condition and normal reproductive health were selected for the present study. Cows were distributed in four 
groups viz. control (n=6), synchronization (n=12), synchronization+superovulation (n=12) and superovulation (n=12). Depending upon the two 
different synchronization protocol and two different doses of FSH, cows were further divided into two subgroups each (n=6). Donor cows were 

synchronized either with GnRH-PGF2-GnRH (GPG) and GnRH-oestradiol benzoate-GnRH (GOG). Dose of FSH viz. 100 mg and 200 mg was 

administered i/m in the cows of superovulation group. Retrieval of oocyte by ultrasound guided transvaginal follicular aspiration revealed significant 
increase in the number of oocytes in all treatment groups as compared to control. Furthermore, cows treated with GOG+FSH, FSH (high) and 
GPG+FSH recorded significantly higher number of oocytes when compared with other treatment groups. Similarly, good quality oocytes (Grade A 
and B) were also recovered in large numbers from these three treatment groups compared to others.

Keywords: Cows, Oestradiol benzoate, GnRH, PGF2, Superovulation Synchronization
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 The use of assisted reproductive techniques has been 

of great importance in livestock production. The success of 

several reproductive programmes is closely related to 

ovarian follicular development and oocyte quality. The 

ultrasound guided follicular aspiration technique for 

collection of oocytes also known as ovum pick up (OPU) 

was developed in the late 1980’s and proved to be a useful 

tool for in-vitro production of cattle embryos (Pontes et al., 

2009). Transvaginal oocyte retrieval in bovines has 

received a major attention in the recent past due to various 

advantages. Ovum pickup (OPU) associated with in vitro 

embryo production (IVEP) has the potential to enhance 

genetic progression through the female lineage in cattle. 

Currently, 36.5% of embryos produced worldwide are in 

vitro derived embryos. Numerous studies have been 

conducted on this highly repeatable and low invasive 

technique with a research goal of increasing the number 

and quality of the retrieved oocytes. It is possible to obtain 

the oocytes frequently i.e. every 3 to 4 days through 

transvaginal follicular aspiration. (Merton et al., 2003; 

Monteiro et al., 2017). Some researchers have shown that 

the number of oocytes can be increased when ovaries are 

stimulated prior to follicular aspiration. Differences in 

superstimulatory therapies, such as gonadotropin 

preparation, total dose of gonadotropins, treatment length 

and timing, and the use of other hormones, have been 

linked to ovarian response variability and the recovery and 

quality of oocytes through ovum pick up. Understanding 

of the follicular dynamics and application of exogenous 

gonadotropins are two important tools that offer 

opportunities to maximize the number of oocytes from 

superior cows (Chaubal et al., 2006). However, variation 

in response to superovulation is still a problem for ovum 

pick-up (OPU) in cattle (Sendag et al., 2008).

 The aim of the present work was to study the ovarian 

response by applying different synchronization protocol 

and superovulatory treatment in terms of oocyte yield and 

quality of oocytes collected by USG guided OPU.

MATERIAL AND METHODS

 Total forty-two donors indigenous cows of mix 

breed completed at least 60 days post-partumand having 

good body condition (Body score >2.5) and normal 

reproductive health were selected for the present study. 

Selected cows were distributed in four major groups viz. 

Control (without synchronization or superovulation) 

(n=6), Group-II (synchronization) (n=12), Group-III 

(synchronization + superovulation) (n-12) and group-IV 

(superovulation only) (n=12). Group-II cows were further 

divided into two subgroups (n=6) viz. GnRH (0 day)-

PGF2 (7 day)-GnRH (9 day)(GPG)and GnRH (0 day) -

Oestradiol benzoate (7 day) GnRH (9 day) (GOG). 

Similarly, the cows from Group III were divided into two 
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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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INTRODUCTION

 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

 The present investigation was aimed to find out the occurrence of coccidiosis and evaluate the cytological and histopathological alterations in 
intestine of goats in Jaipur region of Rajasthan. In this study, a total of 504 samples of intestine were collected from goats, irrespective of age breeds 
and sex. Out of 504 samples, 98 representative samples of intestine were processed for subsequent parasitological, cytological and histopathological 
examinations. The results of the study revealed an overall occurrence of coccidiosis as 19.44 per cent. Macroscopically, small, whitish, non-
pedunculated nodules were observed in the mucosa of intestine. In cytopathology, impression smears from the intestinal mucosa showed the presence 
of oocysts, merozoites and schizonts along with degenerative changes, necrotic cells and mononuclear cell aggregations. Histopathologically, 
sections of intestine from the nodular areas revealed mild to moderate inflammatory reaction with the presence of developmental stages of Eimeria 
spp. in the epithelium of affected intestinal villi and crypts. This study indicated for the prompt diagnosis of coccidiosis in goat production of semi-
arid zone of Rajasthan such as Jaipur. This study may open the way up for using cytopathological technique as a reliable and useful diagnostic 
procedure for evaluation of infectious diseases viz. coccidiosis not only in goats but also in other animal practices.

Keywords: Coccidiosis, Cytohistopathological, Goat, Intestine, Occurrence

GROSS MORPHOLOGICAL, CYTOPATHOLOGICAL AND HISTOPATHOLOGICAL STUDIES ON 
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 Infectious diseases are a global problem and 
considered as a major obstacle in the health and product 
performance of livestock specially goats (Nath et al., 
2014). Gastro-intestinal parasitic infection is a serious 
constraint in small ruminant that may greatly reduce the 
animals productivity levels (Benavides et al., 2015). 
Intestinal coccidiosis is one of the most important parasitic 
diseases of small ruminants worldwide. Eimeria spp. 
infection can cause weight losses in goats and severe cases 
can lead to the death of the affected animals, resulting in 
economic losses to the goat industry (Tafti and Mansourian, 
2008). The disease is more serious in 4-6-months old kids 
and lambs and also in any age when animals are kept under 
conditions of intensive husbandry. Stress factors such as 
weaning, inclement weather, dietary changes, traveling 
and regrouping have important roles in coccidiosis in 
small ruminants. In goats, sixteen species of Eimeria have 
been described from different parts of the world, of which, 
E. christenseni, E. arloingi, E. caprina and E. 
ninakohlyakimovae are reported as the most pathogenic 
species (Kheirandish et al., 2014). Coccidia can invade 
and destroy intestinal cells of the hosts, causing intestinal 
pathology (Uzal et al., 2016).

 The availability of a variety of rapid, safe and cost-
effective techniques and stains often places cytopathology 
in the forefront of diagnostic evaluations, including the 

diagnosis of infectious diseases (Sood et al., 2008). 
Although major advances have occurred in the cytological 
diagnosis of various organ pathologies, gastrointestinal 
(GI) cytology has not gained popularity and is only 
occasionally practiced in the form of brushings and 
washings. Touch imprint cytology Tis a rapid, simple and 
inexpensive method of diagnosis of GIT lesions 
(Vijayanarasimha et al., 2014).

 In Rajasthan, so far very few efforts have been made 
to study cytological and histopathological features of 
intestinal coccidiosis in goats. Therefore, looking to the 
immediate need of understanding the various cytohisto 
pathological features of intestinal coccidiosis and for 
providing timely diagnosis, the present research work was 
proposed in goats.

MATERIALS AND METHODS

Source and Collection of Samples: In the present study, a 
total of 504 samples of the intestine were collected from 
goats of either sex, irrespective of age and breeds. Out of 
504 samples, 98 representative samples of intestine were 
processed for subsequent parasitological, cytological and 
histopathological examinations. All three techniques were 
applied for every single case of goat carcasses.  The entire 
work was carried out in the Department of Veterinary 
Pathology, PGIVER, Jaipur. The organ/tissue samples for 
this study were collected from various slaughter houses, 
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carcasses of goat submitted for post-mortem examination 
to department of Veterinary Pathology, any mortality at 
Veterinary Clinical Complex, PGIVER, Jaipur and 
samples received from the field veterinarians in the 
department of Veterinary Pathology for the routine 
histopathological examination were included in this study.

Gross Examination: All the samples were examined 
grossly for alterations in morphology in terms of shape, 
size, colour, consistency, odour, location and type of the 
lesions in individual part of the intestine.

Cytological Examination: For cytological examination 
following techniques were used.

Impression Smear/Touch Imprint Cytology: Impression 
smears from tissues were collected at necropsy. At least 
four slides were prepared from each case which was used 
for histopathological examinations, by using the technique 
described by Tribe (1965) and Tseng et al. (1999). The 
prepared smears were allowed to air dry. After drying, 
smears were immediately fixed using methanol. Then 
imprints were stained with Giemsa stain (Hi Media 
Laboratories, India) and thoroughly examined under light 
microscope for various cytopathological alterations.

Wet mount Faecal Cytology: Wet mount faecal cytology 
was performed by collecting a small amount of faecal 
samples from the cases which were used for cytological 
and histopathological examinations. All faecal samples 
were first subjected to standard qualitative faecal sample 
examination by using direct smear method for detection of 
coccidian oocysts. The coccidian parasites were identified 
on the basis of the morphological features of oocysts 
described by Soulsby (1982).

Histopathological Examination: After thorough gross 
examination, representative pieces (approximately 0.5 cm 
thickness) of intestines were collected and fixed in 10% 
neutral buffered formalin. The formalin fixed tissues 
processed for paraffin embedding by acetone and benzene 
technique (Lillie, 1965). The tissue sections of 4-5micron 
thickness were cut and stained with haematoxylin and eosin 
staining method (Suvarna et al., 2008) for histopathological 
evaluation. Sections were thoroughly examined under light 
microscope for various histopathological changes. In 
addition, special stains such as Perioidic Acid Schiff (PAS) 
technique for coccidia were also performed (Culling, 1974).

RESULTS AND DISCUSSION

Occurrence of coccidiosis:

 In this study, intestine from 504 goats were 
examined and 98 samples were found to be infected with 
coccidiosis. Various prevalence rates of Eimeria infection 
(Coccidiosis) in goats have been reported in various parts 

of the world The present findings exhibited  the occurrence  
of Eimeria infection in goats (19.44%) was closely related 
to the previous studies (Sorathiya et al., 2017) as 20 
percent, and as 25.8% (Matsepe et al., 2021) in Lesotho, 
South Africa while lower as compared to that reported by 
several authors as 96.66% (Kaur et al., 2018) in Ludhiana, 
as 86.71% (Sharma et al., 2017)  in Mathura (UP) India, as 
60% (Mohamaden et al., 2018) in Egypt and as high as 
90.96% (Singh et al., 2020) in Makhdoom, Mathura, India. 
However, it was greater than that noticed in few reports as 
12.74% (Sisodia et al., 1997) in sheep, Western Rajasthan, 
India. Occurrence of coccidiosis across the country has 
been well documented as climatic conditions are most 
conductive for sporulation and survival of coccidian 
oocysts throughout the year (Singh et al., 2017). Possibly 
oocysts from previous flock were present and suitable 
conditions like high moisture contents, warmth of 25-30ºC 
and stress conditions are responsible for flaring up of 
infection resulting into a form of outbreaks resulting into 
mortalities (Kaur et al., 2018).

Cytohistopathological studies: In the present study, at 
necropsy, gross lesions were observed mostly in the distal 
part of the small intestine and caeca.  Macroscopic lesions 
included congestion and thickened mucosa along with the 
presence of scattered, small, whitish and non-pedunculated 
nodules (Fig. 1). Histopathological examination of the 
non-pedunculated nodules revealed enteritis characterized 
by mild to moderate infiltration of lymphocytes, plasma 
cells and eosinophils in the lamina propria (Fig. 2). In these 
early histopathological lesions, the presence of 
intracytoplasmic developmental stages of the parasite such 
as immature to mature schizonts were also observed. The 
most prominent microscopic lesion was proliferative 
enteritis. Few normal crypts of Lieberkühn with the majority 
of the crypts invaded with the asexual developmental stages 
(Figs. 3 and 4). The intestinal epithelium showed necrosis 
and haemorrhages (Fig. 5) and hyperplasia eventually 
developed into papillary projections of reactive epithelium. 
Gross changes like thickened and congested mucosa with 
scattered, small, whitish, non-pedunculated nodules and 
histopathological findings such as proliferation of 
intestinal villi during different developmental stages of 
coccidian life cycle in epithelial cells, have also been studied 
previously by several authors (Tafti and Mansourian, 
2008; Radad and Khalil, 2011; Hashemnia et al., 2015; 
Kaur et al., 2018; Satish et al., 2019).  On microscopic 
examination of wet mount faecal smears from the rectal 
samples, showed multiple species oocysts of Eimeria   
with E. arloingi, E. ninakohlyakimovae, E. ahsata and E. 
hirci in a single field (Fig. 6). The similar findings also 
described by Kaur et al. (2018) also postulated that 
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Fig. 1-9. (1) Photograph, showing congested and thickened mucosa along with scattered, small, whitish and non-pedunculated nodules. 
(2) Photomicrograph of intestine depicting enteritis, characterized by mild to moderate infiltration of lymphocytes, plasma cells and eosinophils in 
the lamina propria. (H&E, 100X) (3) Photomicrograph of intestine showing crypts of Lieberkühn invaded with the asexual developmental stages of 
Eimeria spp. (PAS, 100X) (4) Photomicrograph of crypts of Lieberkühn showing intracytoplasmic coccidian stages such as immature to mature 
schizonts. (PAS, 400X). (PAS, 400X) (5) Photomicrograph of intestine depicting mucosal epithelium with inflammatory reaction and necrotic-
hemorrhagic exudates in  the lumen. (H&E, 100X) (6) Direct faecal wet mount smear from the rectum, showing multiple species of Eimeria oocysts 
with E. arloingi, E. ninakohlyakimovae, E. ahsata and E. hirci in a single (400X). (7) Impression smears from the intestinal mucosa 
depicting the presence of oocyst, merozoites, schizonts and macrogametocyte  along with the, degenerative and necrotic changes. (Giemsa’s stain, 
1000X) (8) Impression smears from the intestinal mucosa showing the many macrogametocytes having a central nucleus with eosinophilic 
peripheral wall forming bodies in enterocytes and detached epithelia cells and few lymphocytes in background. (Giemsa’s stain, 400X) (9) Touch 
imprint from the intestinal mucosa showing the schizont containing merozoites in a enterocyte, crescent shape merozoites, necrotic cells and 
lymphocytic infiltration in background. (Giemsa’s stain, 1000X)
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stocking rate and togetherness of young and adults in 
intensive system of management exposes the animals to 
infection and re-infection due to poor hygienic conditions 
(Chartier and Paraud, 2012).

 In cytopathology, impression smears from the 
intestinal mucosa depicted the presence of many oocysts 
(two layered wall), merozoites and schizonts along with 
the degenerative changes, necrotic cells and mononuclear 
cell aggregations (Fig. 7). The mature macrogametocytes 
had a central nucleus with eosinophilic peripheral wall 
forming bodies (Fig. 8). The microgamonts were round 
and had peripherally located nuclei.  Touch imprint from 
the intestinal mucosa also depicted the mature schizont 
contained merozoites in a enterocyte, crescent shape 

merozoites, necrotic cells and lymphocytic infiltration in 
background (Fig. 9). Though cypathological findings 
including different stages of coccidian life cycle in 
epithelial cells of intestine have been studied previously in 
goats (Garba et al., 2020) and   other species such as dog, 
cat and rabbit (Manjunatha et al., 2019) but, in the present 
study all the developmental stages of Eimeria spp. in goats 
are demonstrated more clearly in Giemsa stained 
impression smears.

CONCLUSION

 Present study concluded that occurrence of 
intestinal coccidiosis in Jaipur district was found to be high 
in goats. Cytological alterations and pathomorphological 

221

changes reported in this study can be used by field 
veterinarians as guidelines for clinical evaluation and 
disease severity assessment. Based on present results, 
utilizing the science of cytopathology particularly 
impression smear or touch imprint cytology is cost 
effective, rapid, simple and accurate. It can be used not 
only in the routine diagnosis of neoplastic growths but also 
for infectious diseases viz. coccidiosis.
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 Osmanabadi goat is widely distributed in Marathwada 
region of Maharashtra and known for their reproductive 
capacity, high twining percentage and yielding milk which 
are mainly reared for milk and meat purpose. They perform 
the best potential in the native breeding track and 
considered as one of the hardiest animals ever to be 
domesticated by man, are an important source of income 
and occupation to a sizeable population. However, apart 
from these described/recognized goat population in the 
country, a large number of non-descript goat population 
are present which does not involve in any recognized 
breeds. In Maharashtra’s marathwada region, the breeding 
tract of Sangamneri and Osmanabadi goats are adjoining 
and hence indiscriminant breeding practice over the 
decades, may develop of new goat breed with the 
admixture of these two breed. Therefore, an investigation 
was undertaken to perform baseline survey and 
record/measure the data on various body phenotypic 
parameters amongst the non-descript goat in Marathwada 
and western Maharashtra region for unique phenotypic 
characters to find out the non-descript goat as potential for 
recognition into new goat breed in state of Maharashtra.

Locations of the study areas

 The present study was carried out in total 242 
villages from total eleven districts which include seven 
districts from Marathwada viz., Latur, Parbhani, Aurangabad, 
Nanded, Jalna, Osmanabad and Beed and four districts of 
western Maharashtra viz. Ahmednagar, Satara, Solapur 
and Nasikfor four years during 2018 to 2021. The villages 
were selected by four levels of sampling in each district, 2-

stage stratified sampling technique was applied, wherein 
all tahsil within each district and 2 villages in each tahsil 
was selected randomly to obtain data.Total 1070 local 
goats were surveyed which includes 389 male and 681 
female animals. The local farmers of each district were 
visited and information was recorded/collected in the 
prescribed format as per ICAR-NBAGR guidelines 
(ICAR-NBAGR, 2021). The lactation milk yield of each 
animal was calculated using the Test Interval Method 
(TIM) that is reference method by International Committee 
for Animal Recording (ICAR, 2011). The actual milk yield 
for 24 hours was recorded at the interval of 15 days.

Lactation Milk Yield (LMY) = I M +I  (M +M )/2+I  0 1 1 1 2 2

(M +M )/2+....+I -1(M -1+M )/2+I M2 3 n n n n n

Where,

M , M ….M  = actual milk yield in 24 hours of the 1 2 n

recording days (Kgs)

I , I …I -1 = the interval between recording dates (days)1 2 n

I  = the interval between the lactation period start date and 0

first recording date (days)

In = the interval between the last recording date (days)

 Least squares analysis of variance technique was 
used to study the influence of non genetic factors. The 
means were tested for those fixed effects which were found 
statistically significant by Duncan’s multiple range test 
(DMRT).

 The average production traits were studied in Udgiri 
goat. It was observed that, the average least square means 
for lactation length, average daily milk yield, total lactation 

SUMMARY

 The present investigation was carried out on Udgiri goat of Maharashtra raised under traditional management practicesto evaluate the 
productive and reproductive efficiencyduring the period 2018 to 2021.It was observed that, the least square means for average lactation length, 
average daily milk yield, total lactation milk yield, fat% and SNF% in Udgiri goat were 129.78±4.62 days, 0.79±0.025 liters, 74.56±3.54 days, 
3.29±0.13 and 10.65±1.10, respectively. The least square means for average age at first estrus is observed as 259.12±5.62 days, age at first maturity 
was 326.23±7.25 days, age at first kidding was 486.25±10.81 days, service period was 89.11±2.45 days, kidding interval was 246.95±7.10 days, dry 
period was 113.98±4.15 days, estrus duration was 29.14±2.42 days, gestation period was 151.25±6.31 days and average litter size was 1.65±0.21.
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Table 2. The average reproduction performance of Udgiri 
goat

Sr. Traits Numbers of Mean±SE Range
No.  observations

1. Age at first maturity (days) 213 326.23 ± 7.25 313 to 348

2. Age at first kidding (days) 237 486.25± 10.81 471.54 to 488.14

3. Service period (days) 98 89.11± 2.45 62.12 to 113.24

4. Kidding interval (days) 89 246.95 ± 7.10 257.12 to 263.11

5. Dry period (Days) 216 113.98± 4.15 97.91 to 138.34

6. Oestrous cycle (days) 237 29.14 ± 2.42 27.89 to 31.91

7. Gestation period (days) 237 151.25 ± 6.31 131.45 to 163.43

8. Litter size 237 1.65 ± 0.21 1.12 to 1.72

Udgiri goat are nearly similar to the other recognized goat 
breeds in the region.If proper management and scientific 
breeding is practiced, it will be possible to improve 
productive and reproductive performance of Udgiri goat in 
the breeding tract. This goat has a potential to recognize as 
distinct goat breed which possesses unique features for 
conservation and further improvement of economic traits.
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milk yield, Fat % and SNF % in Udgiri goat were 129.78 ± 
4.62 days, 0.79±0.025 liters, 74.56±3.54 days, 3.29±0.13 
and 10.65±1.10, respectively (Table 1). In accordance with 
the present findings, Sawaimul et al. (2009) reported the 
daily milk yield ranged from 700 gm to 1500 gm under 
well managed village flocks with lactation length of 130-
150 day in Osmanabadi goat. However, In Sangamneri 
goat, the average daily milk yield of 0.860 liters, lactation 
yield of 77.40 liters in about 160 days of lactation was 
reported in farm condition.

Table 1. The average production performance of Udgiri goat

Sr. Traits Numbers of Mean±SE Range
No.  observations

1 Lactation length (days) 237 129.78±4.62 120.97 to 137.34

2 Average daily milk 237 0.79±0.025 0.5 to 1.0
 yield (Lits)

3 Total Lactation milk 237 74.56±3.54 69.57 to 78.34
 yield (Lits)

4 Fat % 87 3.29±0.13 2.24 to 4.25

5 SNF % 87 10.65±1.10 08.95 to 11.45

 The least square means forage at first maturityin 
Udgiri goat is observed as 326.23±7.25 days, age at first 
kidding was 486.25±10.81 days, service period was 89.11 
±2.45 days, kidding interval was 246.95±7.10 days, dry 
period was 113.98±4.15 days, estrus duration was 29.14± 
2.42 days, gestation period was 151.25±6.31 days and 
average litter size was 1.65±0.21 (Table2). Deokar et al. 
(2007) reported that the overall age at puberty, oestrus 
cycle duration, oestrus duration age at first conception, age 
at first kidding, service period, kidding interval and 
gestation period recorded in Sangamneri goats under field 
conditions are as 9.94 months, 29.14 days, 47.96 hours, 
10.40 months, 15.52 months, 73.55 days, 218.48 days and 
148.26 days, respectively.

CONCLUSIONS

 The production and reproduction parameters of 
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 Mammary gland which provides nourishment to 

young ones in mammals isa modified sweat gland. The 

gland carries out process of milk formation, release and 

gland remodeling according to several lactational stages of 

animal. The process included replacement of damaged 

tissue during peak lactation and tissue regression while 

preparing the gland for ensuing lactations (Paramasivan et 

al., 2013). The anatomical knowledge of mammary glands 

at different stages is important for understanding its 

production physiology, genetics and management (Pandey 

et al., 2018). It is presumed that the size and morphology of 

udder varied greatly between animals and during different 

physiological stages. The superficial location of mammary 

gland makes it susceptible to trauma and injuries leading to 

infections. As the genetic arrangements have impact on 

udder characteristics the selection of milch animals 

depended greatly on the udder conformations. The shape 

and size of udder had considerable impact on milk 

production economics thereby providing important 

criteria for selection of milch animals (Bhuiyan et al., 

2004). Keeping in view the role of conformational traits of 

udder with respect to productivity in buffaloes, the gross 

morphological and biometrical study was conducted on 

mammary gland of lactating and non-lactating Murrah 

buffaloes.

 The tissue samples of mammary glands of 6 lactating 

and 6 non-lactating adult buffaloes were collected from 

different abattoirs. The whole udder was collected after de 

-skinning and was subjected to anatomical studies and 

biometrical analysis. After removal of fascia, the biometrical 

observations viz., the udder length/depth, anterior width 

(width of fore quarters) and posterior width (width of hind 

quarters), thickness of udder, anterio-posterior diameter 

(diameter measured at base of udder anterio-posteriorly) 

and circumference of udder were recorded for each specimen. 

The measurements were done by calibrated scale and inelastic 

thread. The udder length/depth was measured from the 

point of attachment of udder with body to base of teat. The 

width of udder was measured between the lateral extremities 

of udder in anterior and posterior ends. Thickness of udder 

measured width at the base of udder i.e. transverse diameter. 

The anterio-posterior diameter measured the longitudinal 

diameter of udder at base. The circumference of udder was 

taken at base level with the help of an inelastic thread 

(Fig. 1). Arithmetic mean, range, standard error and 

coefficient of variation for morphometric measurements 

were computed and statistically analyzed for their 

significance by using t-test.

 The specialized sweat glands in mammals for 

nurturing young ones were known as mammary glands. In 

buffaloes these glands were located in the inguinal region 

and were formed from four mammary units known as 

quarters. Each quarter was separately drained by a single 

appendage known as teat. A thin skin layer covered all the 

four quarters along with their teats. The skin remained 
*Corresponding author: bansal.neelam@rediff.com

SUMMARY

 The present study was conducted on mammary glands of six lactating and non-lactating buffaloes. Glands were collected from the abattoir 
immediately after sacrifice. After removal of fascia, the gross anatomical and biometrical observations of mammary glands were recorded. The 
results revealed that udder of lactating buffaloes were bowl shaped whereas the non-lactating udder was pendulous. Udder was composed of right and 
left halves, divided internally by median suspensory ligament. Each half was further divided by thin membranes into smaller fore quarters and larger 
rear quarters. The udder length or depth was measured to be 23.33±1.12 cm and 27.83±0.95 cm in fore and hind quarter of lactating buffaloes and 
14.17±0.95 cm and 17.83±0.48 cm in non-lactating buffaloes, respectively. The anterior and posterior width of udder were 47.67±0.99 cm and 
43.17±1.013 cm in lactating ones and 36.17±0.98 cm and 29.17±0.60 cm in non-lactating ones. The thickness, anterio-posterior diameter and 
circumference of udder was 44.83±0.79 cm, 45.83±0.95 cm and 121.83±1.80 cm in lactating buffaloes whereas 37.50±1.34 cm, 37.5±0.85 cm and 
99.67±1.36 cm in non-lactating buffaloes. The biometrical observations recorded for lactating and non-lactating udder showed significant 
differences.
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ligament median ligament was elastic in nature and formed 

thick layer of yellow elastic sheet partially separating the 

left and right halves of the udder (Fig. 3D). The elasticity 

and tensile strength of this ligament carried the weight of 

udder when large amount of milk was produced.

 According to Schummer et al. (1981) the suspensory 

apparatus of the udder consisted of paired suspensory band 

located between the udder halves. It consisted of elastic 

connective tissues and continued from the abdominal 

tunica flava attaching the udder to the abdominal wall. The 

suspensory apparatus of the udder consisted of medial and 

lateral laminae of connective tissue which attached the 

udder to the ventral abdominal wall and the prepubic 

tendon.

loosely attached to the glandular unit and thus slipped over 

it very easily. The presence of hair was only confined to the 

skin region adhering to the mammary glands in both 

lactating and non-lactating buffaloes. The mammary 

quarters were separated from each other laterally by 

median suspensory ligament into right and left halves (Fig. 

3A, B). The gland was divided into smaller fore and larger 

rear quarters by thin membranes. It was observed that the 

lactating animals contained bowl shaped udder whereas a 

pendulous udder was dominant feature in non-lactating 

animals. Ranjitha et al. (2021) reported most commonly 

occurring udder shape in buffalo was bowl shaped 

followed by pendulous, globular and goaty.

 The ligaments and tissues which helped in 

suspension of the udder from body played equally crucial 

role in lactation. This apparatus comprised of various 

elements imparting different functions. The suspensory 

system comprised of skin, superficial fascia and 

connective tissue layer. The lateral suspensory ligament 

was consisting of two layers superficial and deep whereas 

the median suspensory ligament was single layered. The 

skin and superficial fascia covered the udder and provided 

very little suspensory support to udder. The connective 

tissue attached the dorsal surface of the front quarters to the 

abdominal wall helped in keeping the fore quarter in 

proximity of the body wall provided some support to the 

udder. This attachment is of importance during evaluation 

of dairy cattle conformation.

 The lateral suspensory ligament originated from the 

sub-pelvic tendon and was further divided into superficial 

and deep layers (Fig. 2). The superficial lateral suspensory 

ligament with fibrous tissue stretched cranio-ventrally 

from the pubic region towards the udder and enveloped the 

udder externally running below the skin and adhered to the 

connective tissue layer. The deep layer of lateral suspensory 

ligament was also composed of mostly fibrous tissue. But 

unlike the superficial layer it formed a thicker envelop 

covering most parts of udder except at the bottom as a 

result of which centre of the milk filled udder pulled away 

from the body. Externally the deep layer was attached to 

the superficial suspensory ligament and internally 

projected lamellae into the glandular part which formed 

the interstitial framework of the udder. The lateral 

suspensory ligaments thus formed the major support 

system of udder (Fig. 3C).

 The median suspensory ligament originated from 

the abdominal wall and extended to the medial surface of 

left and right halves of udder. Unlike the lateral suspensory 

Fig. 2. Schematic diagram showing suspensory apparatus of buffalo 
udder

Fig. 1. Schematic diagram showing parameters for biometrical studies 
on lactating and non-lactating udder of buffalo
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 The biometrical observations recorded for lactating 

and non-lactating udder showed significant differences. 

The udder length was measured to be 23.33±1.12 cm and 

27.83±0.95 cm in fore and hind quarter of lactating buffaloes 

and 14.17±0.95 cm and 17.83±0.48 cm in non-lactating 

buffaloes, respectively. The fore quarter length was 

significantly less than hind quarter in both stages whereas 

length of all the lactating quarters were significantly higher 

than the non-lactating ones. The anterior and posterior 

width of udder were 47.67±0.99 cm and 43.17±1.013 cm 

in lactating ones and 36.17±0.98 cm and 29.17±0.60 cm in 

non-lactating ones (Fig. 4). There was significant 

difference between the anterior and posterior width in both 

the physiological stages. The udder length and width of 

swamp buffalo were 40.56±0.15 cm and 35.11±0.16 cm, 

respectively (Akhtar et al., 1998). This indicated the udder 

size was larger in riverine Murrah buffalo as compared to 

the swamp buffalo. Prasad et al. (2010) investigated mean 

length and width of udder to be 55.71±0.59 cm and 53.87 

±0.70 cm in Murrah buffalo, respectively which showed a 

higher value than current findings. In Surti buffalo, the 

length and width of udder were 45.0±0.7 cm, 49.4±1.4 cm, 

respectively (Lavania et al., 2011). The average udder 

length was 44.8±7.43 cm whereas the depth of fore and 

hind quarters were 23.7±3.11 cm and 23.6±3.71 cm, 

respectively in crossbred cows as reported by Deng et al. 

(2012). Naik (2015) measured the length of fore and hind 

quarters to be 20.91±0.94 cm and 11.75±0.70 cm 

respectively, whereas the width of fore quarters and hind 

quarters were 14.16±1.07cm and 12.66±0.57 cm, 

respectively in Gidda cows. In contrast to current findings 

Khatri et al. (2017) found that the buffalo udder was 

58.24±0.68 cm in length, 65.45±0.70 cm in width and 

23.06±0.34 cm in depth. These values were significantly 

higher than the present measurements. Similarly, in Gir 

cows the udder length, width and depth were measured to 

be 61.95±1.20 cm, 62.99±1.17 cm and 25.62±0.43 cm, 

respectively (Modh et al., 2017). The average udder length, 

width and depth were 48.10±0.33 cm, 42.80±0.32 cm and 

11.80±0.05 cm, respectively in Murrah buffalo (Ranjitha 

et al., 2021).

 The thickness, anterio-posterior diameter and 

circumference of udder was 44.83±0.79 cm, 45.83±0.95 

cm and 121.83±1.80 cm in lactating buffaloes, whereas 

37.50±1.34 cm, 37.5±0.85 cm and 99.67±1.36 cm in non-

lactating buffaloes (Fig. 4). The thickness, anterio-

posterior diameter and circumference of mammary gland 

of Gidda cows were 17.66±1.66 cm, 24.83±3.13 cm and 

59.00±3.88 cm, respectively as reported by Naik (2015).

 All these parameters showed significant higher 

values in lactating animals as compared to non- lactating 

ones. Further the shape of udder was found to be bowl 

shaped in lactating whereas pendulous in non-lactating 

udder. Unlike current study Patel and Trivedi (2018) 

observed the mean values for udder length, width and 

depth were higher for pendulous udder in crossbred cows 

whereas current study reported higher values for bowl 

shaped udder. These findings can be used as a marker for 

identification of physiological stage of production in 

buffalo.
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 Histopathological examination of tissues is a routine 
standard test for diagnosis of diseases. For this fixation, 
dehydration, clearing, and embedding are the four main 
steps, followed by the sectioning and staining of the tissue 
(Rahmawati et al., 2020).The process of clearing is 
essential in preparing histological sections, as it removes 
dehydrants such as alcohol/acetone from tissues prior to 
embedding in a material (usually paraffin wax). Xylene, 
chloroform, toluene, methyl salicylate, methyl benzoate, 
and cedarwood oil are some of the clearing agents used in 
tissue processing. Xylene is commonly used because it is 
miscible with both alcohol and paraffin (Chandraker et al., 
2018). Xylene (Dimethyl benzene) occurs naturally in 
petroleum as well as coal tar and can also form in small 
quantities during forest fires. It is a colourless, flammable 
liquid with a sweet smell. As per Occupational Safety and 
Health Administration (OSHA), its permissible exposure 
limits are 100 parts per million parts of air (ppm) over 8-
hours and 200 ppm for 10 minutes as a short-term exposure 
limit (Bordoloi, 2018).

 The toxic effects of “xylene” are caused by inhalation, 
ingestion, and contact with the eyes or skin (Rahmawati et 
al., 2020). Researchers have shown that laboratory 
workers exposed to xylene for 1.5 to 18 years had symptoms 
similar to general poisoning disorders including 
pancytopenia and bone marrow toxicity (Erickson et al., 
1994). Hazardous effects of xylene include depression of 
the central nervous system with symptoms such as nausea, 

headache, dizziness, and vomiting. Long-term exposure 
may lead to insomnia, irritability, extreme tiredness, 
tremors, agitation, impaired concentration and short-term 
memory (Kandyala et al., 2010). In order to improve the 
safety of the working environment in histologic 
laboratories, the health hazards of xylene exposure should 
be reduced (Dapson, 2005). There were great concerns 
about its safety with evidence that its acute neurotoxicity 
was greater than that of benzene or toluene. It acts as an 
irritant in mild form and as a carcinogen in its severe form. 
Some alternatives to “xylene” have been investigated, like 
limonene reagents, aliphatic hydrocarbons, mineral oils 
and vegetable oils on soft tissues like skin, buccal mucosa, 
salivary gland, tendon, muscle and lymph nodes. Good 
histological details were found with these alternate 
clearing agents (Sermadi et al., 2014; Saravanakumar et 
al., 2019). The natural oils (vegetables and minerals oil) 
can be a better alternative as routine chemical clearing 
agents because they are safe, readily available and less 
expensive. Therefore, the present study was designed to 
compare the efficacy of natural oils as clearing agents in 
place of chemicals for clearing during tissue processing for 
histopathological examination of animal tissues.

Tissue sample collection- A total of 18 liver tissue 
specimens of liver were collected from carcass of goat 
submitted for post-mortem examination in the department 
of Veterinary Pathology, College of Veterinary and Animal 
Science, Navania, Vallabhnagar, Udaipur. They were fixed 

SUMMARY

 Xylene, commonly used as a clearing agent, is highly toxic, carcinogenic and poses a threat to histopathology laboratory personnel.The aim of 
this study was to evaluate the efficacy of coconut oil, groundnut oil, liquid paraffin, mustard oil, and sesame oil at a maintained temperature (40º C) as 
compared to xylene maintained at room temperature for 30 minutes as a safer alternative to act as clearing agent during tissue processing in 
histopathological laboratories. A total of 18 tissue samples of liver  were collected from goat carcasses fixed in 10% Neutral Buffered Formalin and 
sectioned into six groups, were  made namely group 1 control (Xylene), Group 2 (Coconut oil), Group 3 (Groundnut oil), Group 4 (Liquid paraffin), 
Group 5 (Mustard oil), and Group 6 (Sesame oil). A comparison was done between xylene and natural alternative-treated specimens with regard to 
ease of sectioning, quality of staining, clarity, and overall staining quality.When cellular details and staining quality were examined, no statistically 
significant differences were observed in either section.It was observed that clearing of tissues  were achieved with oils at this temperature at par with 
xylene, so in contrast to hazardous xylene, these alternatives can be used as clearing agents without compromising histological details.
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in 10% formalin and sectioned in 6 equal parts and grouped 
as group 1, 2, 3, 4, 5, and 6 (tissues taken in triplicates for 
each group). Tissues were processed for routine paraffin 
embedding technique while clearing of tissues was done as 
Group 1- control (Xylene), Group 2-Coconut oil, Group 3- 
Groundnut oil, Group 4 -Liquid paraffin, Group 5- 
Mustard oil and Group 6- Sesame oil.

Tissue processing- The formalin fixed tissues were washed 
overnight in running tap water and processed for paraffin 
embedding technique (Lillie, 1965). After washing tissues 
were dehydrated in 70% alcohol for 1 hour and then in 
acetone for 1 hour in each change (I, II, and III). After 
dehydration, clearing was done with Xylene in Group 1(as 
a Control) - for 30 minutes in each change (I, II, and III) at 
room temperature and with natural alternatives in other 
groups (Group 2-Coconut oil, Group 3- Groundnut oil, 
Group 4 -Liquid paraffin, Group 5- Mustard oil, and Group 
6- Sesame oil) for 3 changes of 30 minutes at 40º C each as 
clearing agents. The cleared tissues were then embedded in 
4 changes of molten paraffin wax (wax I, II for 45 minutes 
and wax III, IV for 30 minutes) and blocks were prepared.

Histopathological examination- Tissue blocks were 
sectioned (4-5µm), and stained using Hematoxylin and 
Eosin (H&E) and were observed for evaluation of nuclear 
staining, cytoplasmic staining, clarity and overall quality 
of stained slide under low and high power of microscope.  
The slides were evaluated in terms of quality of staining as 
follows:

Features Score and criteria

Nuclear staining 0- Out of focus and unclear 
nuclear membrane

 1- Clear staining and nuclear 
membrane

 2- Smooth and clear staining 
with good contrast

Cytoplasmic staining 0- Out of focus

 1- Cytoplasm clear

 2- Clear smooth cytoplasm, clear 
nuclear membrane, good contrast

Clarity of staining 0- Not clear, hazy, out of focus

 1- Clear staining throughout the 
slide

 2- Crisp and contrast staining

 The data was analyzed and interpreted by using 
ANOVA and significant differences between groups were 
evaluated using Tukey post hoc test.

 It was observed in the present study, that these 

natural alternatives had ability to clear tissue and maintain 
cellular architecture, a similar property to that of xylene. 
These oils are nontoxic and can be recycled. Group 1 tissue 
specimen were taken for routine procedure with xylene as 
a clearing agent for 30 minutes at room temperature, 
whereas group 2 tissue specimen were treated with heated 
coconut oil at a temperature maintained at 40º C for 30 
minutes for clearing. Similarly group 3, 4, 5, and 6 tissue 
specimens were treated with heated groundnut oil, liquid 
paraffin, mustard oil, and sesame oil, respectively at a 
temperature maintained at 40º C for 30 minutes for clearing  
during processing. When all the stained slides were assessed 
for nuclear staining and compared with group 1 as a control 
group, all natural alternatives  (group 2, group 3, group 4, 
group 5, and group 6) were found statistically non-significant 
(Table 2) difference. Quality of staining of all stained slides 
were evaluated for cytoplasmic staining and compared with 
group 1 as a control group, all natural alternatives (group 2, 
group 3, group 4, group 5, and group 6) were also found 
statistically non- significant (Table 2) difference. When all 
the stained slides were assessed for clarity of staining and 
compared with group 1 as a control group, group 6 (sesame 
oil) showed statistically significant difference with xylene, 
whereas group 2, 3, 4, and 5 statistically non- significant 
values at (p<0.05) (Table 2). Overall quality of staining of 

Fig. 1. Histogram showing mean score of overall quality of staining of 
tissues of various groups cleared at higher temperature

Table 1

Clearing of tissues by using different clearing agents 
at room temperature and 40º C

Groups  Reagents  Temperature  Time

Group-1 Xylene  Room temp.  30 minutes
(Control)

Group-2  Coconut oil 40º C 30 minutes

Group-3  Groundnut oil  40º C 30 minutes

Group-4  Liquid paraffin  40º C 30 minutes

Group-5  Mustard oil 40º C 30 minutes

Group-6  Sesame oil 40º C 30 minutes
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all stained slides at higher temperature (group 1, group 2, 
group 3, group 4, group5, and group 6) were found 
statistically non-significant values at (p<0.05), when 
compared with group 1 as a control group (Table 2 and Fig. 1).

 The results of clearing the tissues with natural 

alternatives at higher temperature (40º C) revealed that the 
tissues were cleared and the staining quality was at par 
with control group. This suggests that high temperature 
increased the rate of penetration of the oils so better 
clearing could be achieved in reduced time. Bernoully’s 

Fig. 2. Comparison of microphotographs of Liver tissue sections cleared with (A) Group 1- xylene, (B) Group 2- Coconut oil, (C) Group 3- 
Groundnut oil, (D) Group 4- Liquid paraffin, (E) Group 5- Mustard oil and (F) Group 6- Sesame oil showing infiltration of leukocytes and 
mild degenerative changes. H & E (100x)
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principle states that fluid dynamics viscosity depends on 
temperature. As a temperature increases, viscosity decreases 
and fluid penetration increases (Rahmawati et al., 2020). 
Saravanakumar et al. (2019) and Digala et al. (2013) found 
that there was no significant difference in the quality of 
staining and tissue architecture of coconut oil and groundnut 
oil treated tissues at 60º C for 30 minutes as compared to 
xylene. They also reported that the translucency, rigidity, 
shrinkages and section cutting of coconut oil and groundnut 
oil were enhanced while compare with Xylene.

 However, Rasmussen et al. (1992) used a mixture of 
coconut oil and olive oil (at 50º C) as a clearing agent and 
noted an incomplete impregnation, leading to problems in 
cutting sections, and therefore concluded the mixture was 
ineffective. In contrast to their observation, this study found 
coconut oil to be as effective as xylene without interfering 
with further impregnation and ease of sectioning. It is 
possible that this difference occurred because olive oil present 
in the mixture preparation interacted with the properties of 
coconut oil and so adversely affected the whole process.

 Moreover, Taneeru et al. (2013) evaluated the efficiency 
of sesame oil and limonene oil as substitutes for xylene in 
tissue processing.  Their study concluded that sesame oil 
cleared tissues had all the staining quality (nuclear staining, 
cytoplasmic staining, clarity, uniformity and intensity of 
staining) which were adequate for diagnosis aspect. These 
findings were in accordance to the results of our study.

CONCLUSION

 It is concluded that all thenatural alternatives used in 
the present study, could be used as clearing agents in 
histological preparations. As they are non-hazardous, have 
pleasant odor, are easier to find, and are less expensive, as 
well as maintain good cell architecture and good staining 
quality so they can be better alternatives to xylene in tissue 
processing.
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Table 2

Mean score of Quality of H & E stained sections cleared with natural alternatives at higher temperature

Groups Reagents Nuclear staining Cytoplasmic Clarity of staining Overall quality of
  (Mean±SE) staining (Mean±SE) staining at higher
   (Mean±SE)  temperature (Mean±SE)

a a b aGroup 1 Xylene 1.67±0.33  1.67±0.33  1.49±0.25  1.61 ± 0.31
a a ab aGroup 2 Coconut oil 1.21±0.24  1.16±0.09  1.05±0.05  1.1444±0.11
a a ab aGroup 3 Groundnut oil 1.72±0.14  1.16±0.09  1.22±0.22  1.3689±0.15
a a ab aGroup 4 Liquid paraffin 1.50±0.28  1.16±0.09  1.05±0.05  1.2389±0.13
a a ab aGroup 5 Mustard oil 1.61±0.20  1.22±0.14  1.10±0.05  1.3122±0.10
a a a aGroup 6 Sesame oil 1.44±0.29  1.33±0.25  1.00±0.00  1.2578±0.18

Means with unlike superscript in each column show significant differences at p<0.05
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subgroups (n=6) and synchronized with similar protocol 

described under Group II and additionally superovulated 

with follicle stimulating hormone (FSH) @ 200 mg each. 

Group –IV cows were superstimulated with two different 

doses of FSH; @100 mg (low) and 200 mg (high). The 
stsynchronization protocol was initiated on day 0 (1  dose of 

ndGnRH), day 7 (PGF2) and day 9 (2  dose of GnRH). The 

superovulation with FSH was done on day 13,14 and 15 

with decreasing doses and OPU was undertaken on day 17. 

OPU was also undertaken in the cows from Control group. 

All the donors cows were restrained in a Travis specially 

designed for OPU. Before oocyte retrieval the cows were 

given epidural anaesthesia with Lignocaine hydrochloride 

@ 5 ml/animal. A transvaginal probe of 7.5 MHz of Exago 

IMV (France) having oocyte aspiration assembly attached 

to it which was connected with aspiration pump (WTA, 

Brazil) and 50 ml conical aspiration tube was used for 

oocyte aspiration. The follicles were aspirated by using 18 

Gdisposable needle in OPU media (IVF Biosciences, UK). 

Follicles of atleast 5 mm diameter were aspirated with 

pressure of 70 mm Hg. Total 250 follicles were aspirated 

from the Donor cows of all the groups. The data pertaining 

to the number of follicles aspirated is presented in Table 1.

 The oocytes with OPU media was filtered through 

0.75 µm embryo filter with Euroflush media (IMV, 

France) in petri dish and placed it under the stereo zoom 

microscope for counting the total number of oocytes and 

gradation. Depending upon the layers of cumulus cells the 

oocytes were graded as A (> three layers of cumulus), B 

(two-three layers of cumulus) and C (one-two layer of 

cumulus). The data generated was analyzed with standard 

statistical procedure.

RESULTS AND DISCUSSION

 The data pertaining to the number and quality of 

oocytes retrieved is summarized in the Table  2 and 3. The 

data presented in the tables revealed that the mean number 

of oocytes retrieved from the cows of Group II, Group III 

and Group IV was 5.41±2.20, 8.00±3.26 and 6.75±2.75, 

respectively. Similarly, the mean number of oocytes 

collected from subgroups II A, II B, III A, III B, IV A and IV 

B were recorded as 6.33±2.58, 4.50±1.83, 7.33±2.99, 

8.66±3.53, 5.16±2.10 and 8.33±3.40, respectively. 

However, very less number of oocytes (mean 1.33±0.54) 

retrieved from control group cows. Analysis of data further 

revealed that the mean number of oocytes recorded in 

treated groups was significantly more (P<0.05) than the 

cows received no treatment. Similarly, donor cows of all 

treated subgroups recorded significantly more number of 

oocytes (P<0.01) when compared with cows of control 

group.Furthermore, cows treated with GOG+FSH, FSH 

(high) and GPG+FSH recorded significantly higher 

(P<0.05) number of oocytes when compared with other 

treatment groups. On comparison between the subgroups, 

the number of oocytes recovered from cows treated with 

high dose was significantly more (P<0.01) than low dose. 

However, no significant difference was noticed between 

the number of oocytes of GOG and GPG synchronization 

subgroup and GPG+FSH and GOG+FSH subgroups. This 

shows that the donor cows subjected to synchronization of 

follicular wave and superovulation had a greater impact on 

recruitment and growth of ovarian follicles.

 Out of total oocytes retrieved, cows synchronized 

with GnRH, PGF2 and OB collectively yielded 65 

oocytes, cows synchronized and further superstimulated 

with FSH yielded 96 oocytes and those which are not 

synchronized but superstimulted with FSH including low 

and high dose recorded 81 oocytes.

 Distribution of oocytes according to sub-group 

revealed that highest number of oocytes were retrieved 

from the cows treated with GOG + FSH and FSH with high 

dose (200 mg). Cows treated with GPG+FSH, GPG and 

FSH with low dose (100 mg) also showed recovery of 

oocytes with substantial number. However, very less 

number of oocytes could have retrieved from the donors of 

control group. Gradation of oocytes showed that more 

number of Grade A oocytes were obtained from the cows 

treated with FSH with high and low dose, GPG+FSH and 

GOG+FSH. However, donors treated with GPG and GOG 

alone yielded relatively less number of Grade A oocytes as 

compared to earlier groups. Interestingly more number of 

Grade B oocytes were recovered from GOG+FSH group 

cows followed by the cows treated with GPG, FSH with 

high dose, GPG+FSH, FSH with low dose and GOG alone.

3

Trans-vaginally aspirated immature oocytes

 Actually gonadotropin releasing hormone is 

secreted by the hypothalamus which stimulate the anterior 

pituitary to release the FSH. Follicle stimulating hormone 

is a gonadotropin hormone commonly used for 

superovulation in cattle for embryo production in large 

numbers. Normally, it releases from the anterior pituitary 

in pulsatile manner and responsible for the follicular 

development. Exogenous administration of FSH stimulate 

the growth of more number of follicles within the estrus 

cycle that reaches to the stage of preovulatory follicle. 

Prostaglandin F2 is secreted by the myometrium in 

normal course when there is no fertilization. PGF2 is 

luteolytic in nature and causes the regression of corpus 

luteum. The follicular development is normally initiated 

after the luteolysis. Similarly, the Oestradiol 17 has also 

got some luteolytic activity and promote the further 

growth of recruited follicles.

 Recovery of more number of oocytes has always 

remained a driving force for researchers to try various 

techniques and hormonal pre-stimulation. In the present 

study 5-6-fold increase was observed in number of oocytes 

after pre-stimulation of FSH and Gonadotropin releasing 

hormone (GnRH). The findings of the present study 

corroborated with Sendag et al. (2008) who recorded more 

number of oocytes (10.3±5.0) as well as grade A oocytes per 

Holstein cow treated with FSH-Pas compared to eCG.

 Present finding is in partial agreement with 

Goodhand et al. (1999) who observed significantly more 

number of follicles of around 6-10 mm size and also A 

grade oocytes after pre-stimulation with FSH than 

untreated heifers. However, the oocyte recovery rate was 

reported as significantly lower in FSH treated heifers. 

Fernandes et al. (2020) recorded significantly more 

number of oocytes retrieved from control group (22.2±1.5) 

as compared to those treated with FSH (16.9±1.4) in 

Nellore breed of cows. Thus present finding is not in 

agreement with Fernandes et al. (2020) as mean number of 

oocyte recorded in control group cows was very poor 

(1.33±0.54) during present study. The existing variation 

may be due to difference in genetic make-up and 

nutritional base of the donor cows.

Table 2

Number of oocyte (mean, ±SE) recovered from donor cows 
of Controland different treatment groups (Synchronization 

and/or superovulation)

Groups Pooled mean Group Mean
 sub-group

a aControl 1.33±0.54  1.33±0.54
b bGroup I A (GPG) 6.33±2.58  5.41±2.20
bGroup I B (GOG) 4.50±1.83  
bc bGroup II A (GPG +FSH-P) 7.33±2.99  8.00±3.26
bcGroup II B (GOG+ FSH-P) 8.66±3.53  
b bGroup III A (FSH-P-100 mg) 5.16±2.10  6.75±2.75
bcGroup III B (FSH-P-200 mg) 8.33±3.40

(a,b,c) Means in the same column differed significantly (P<0.05; 
P<0.01)

Table 3

Gradation of oocytes recovered from donor cows of 
Control and different treatment groups (Synchronization 

and/or superovulation)

Groups OPU retrieved oocytes Total

 Grade A Grade B Grade C

Control 2 3 3 8

Group I A (GPG) 18 16 4 38

Group I B(GOG) 17 7 3 27

Group II A (GPG +FSH-P) 27 10 7 44

Group II B (GOG+ FSH-P) 22 24 6 52

Group III A (Low Dose 100 mg)  22 9 0 31

Group III B (High Dose 200 mg) 30 14 6 50

Table 1

Number (mean±SE) of ovarian follicles in the cows of different groups before and after treatment

Groups Sub-Group Treatment Pooled mean Pooled mean
   sub-group groups
  Before After

a bGroup I A 2.83±1.15  8.50±3.40  5.66±2.31 5.12±2.09
a b B 2.83±1.15  6.33±2.58  4.58±1.86
a bcGroup II A 3.00±1.22  9.16±3.73  6.08±2.48 5.96±2.43
a bc B 2.16±0.88  9.50±3.87  5.83±2.38
a bGroup III A 2.17±0.88  7.00±2.85  4.58±1.86 5.29±2.15
a bc B 3.00±1.22  9.00±3.67  6.00±2.44

a, b Different superscripts in a row indicate significantly different values
b, c Different superscripts in a column indicate significantly different values
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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 2

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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INTRODUCTION

 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.

REFERENCES

Al-Ani, F.K. and Vestweber, J. (2004). Parasitic diseases. In: Camel 
management and diseases. Al-Ani, F.K. (Edt.). Al-Sharq 
printing press, Jordan, pp. 419–444.

Chagas, A.C.S., Barros, L.D., Cotinguiba, F., Furlan, M., Giglioti, R., 
Oliveira, M.C.S. and Bizzo, H.R. (2012). In-vitro efficacy of 
plant extracts and synthesized substances on Rhipicephalus 
(Boophilus) microplus (Acari: Ixodidae). Parasitol. Res. 
110(1): 295-303.

Chen, Z., Van Mol, W., Vanhecke, M., Duchateau, L. a

SUMMARY

 The study was carried out to

Haryana Vet. (December, 2022) 61(2), 284-285

*Corresponding author: rashugoswami0911@gmail.com

Short Communication

How to cite: Goswami, R., Arora, N., Mrigesh, M. and Rajora, V.S. (2023). Effect of citronella oil against tick infestation in cattle. 
Haryana Vet. 62(SI): 2-2.

HV-62-22 final for print

Editors/Editorial Board Members are highly thankful to 
all the distinguished referees who helped us in the 
evaluation of articles. We request them to continue to 
extend their co-operation and be prompt in future to give 
their valuable comments on the articles for timely 
publication of the journal.

THE HARYANA VETERINARIAN

l Research/Clinical articles are invited for next issue from the Scientists/Veterinarians 
engaged in Veterinary Profession.

l Please follow strictly the format of 'The Haryana Veterinarian' for manuscript 
writing/submission.

l Please pay processing fee of Rs. 1000/- online in the account of Dean, College of 
Veterinary Sciences, along with each article.

l After revision, please return the revised manuscript and rebuttal at the earliest.

l Please mention your article reference number in all correspondence for a quick 
response.

l We solicit your co-operation.

l All correspondence should be addressed to 'The Editor', Haryana Veterinarian, 
Department of Veterinary Parasitology, College of Veterinary Sciences, LUVAS, 
Hisar-125004.

Editors

CONTRIBUTORS MAY NOTE

HV-64-22 final for press

l Research/Clinical articles are invited for next issue from the Scientists/Veterinarians 
engaged in Veterinary Profession.

l Please follow strictly the format of 'The Haryana Veterinarian' for manuscript 
writing/submission.

l Please pay processing fee of Rs. 1000/- online in the account of Dean, College of 
Veterinary Sciences, along with each article.

l After revision, please return the revised manuscript and rebuttal at the earliest.
l Please mention your article reference number in all correspondence for a quick 

response.
l We solicit your co-operation.
l All correspondence should be addressed to 'The Editor', Haryana Veterinarian, 

Department of Veterinary Parasitology, College of Veterinary Sciences, LUVAS, 
Hisar-125004.

Editors

CONTRIBUTORS MAY NOTE

218

ABSTRACT

 The present investigation was aimed to find out the occurrence of coccidiosis and evaluate the cytological and histopathological alterations in 
intestine of goats in Jaipur region of Rajasthan. In this study, a total of 504 samples of intestine were collected from goats, irrespective of age breeds 
and sex. Out of 504 samples, 98 representative samples of intestine were processed for subsequent parasitological, cytological and histopathological 
examinations. The results of the study revealed an overall occurrence of coccidiosis as 19.44 per cent. Macroscopically, small, whitish, non-
pedunculated nodules were observed in the mucosa of intestine. In cytopathology, impression smears from the intestinal mucosa showed the presence 
of oocysts, merozoites and schizonts along with degenerative changes, necrotic cells and mononuclear cell aggregations. Histopathologically, 
sections of intestine from the nodular areas revealed mild to moderate inflammatory reaction with the presence of developmental stages of Eimeria 
spp. in the epithelium of affected intestinal villi and crypts. This study indicated for the prompt diagnosis of coccidiosis in goat production of semi-
arid zone of Rajasthan such as Jaipur. This study may open the way up for using cytopathological technique as a reliable and useful diagnostic 
procedure for evaluation of infectious diseases viz. coccidiosis not only in goats but also in other animal practices.

Keywords: Coccidiosis, Cytohistopathological, Goat, Intestine, Occurrence
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 Infectious diseases are a global problem and 
considered as a major obstacle in the health and product 
performance of livestock specially goats (Nath et al., 
2014). Gastro-intestinal parasitic infection is a serious 
constraint in small ruminant that may greatly reduce the 
animals productivity levels (Benavides et al., 2015). 
Intestinal coccidiosis is one of the most important parasitic 
diseases of small ruminants worldwide. Eimeria spp. 
infection can cause weight losses in goats and severe cases 
can lead to the death of the affected animals, resulting in 
economic losses to the goat industry (Tafti and Mansourian, 
2008). The disease is more serious in 4-6-months old kids 
and lambs and also in any age when animals are kept under 
conditions of intensive husbandry. Stress factors such as 
weaning, inclement weather, dietary changes, traveling 
and regrouping have important roles in coccidiosis in 
small ruminants. In goats, sixteen species of Eimeria have 
been described from different parts of the world, of which, 
E. christenseni, E. arloingi, E. caprina and E. 
ninakohlyakimovae are reported as the most pathogenic 
species (Kheirandish et al., 2014). Coccidia can invade 
and destroy intestinal cells of the hosts, causing intestinal 
pathology (Uzal et al., 2016).

 The availability of a variety of rapid, safe and cost-
effective techniques and stains often places cytopathology 
in the forefront of diagnostic evaluations, including the 

diagnosis of infectious diseases (Sood et al., 2008). 
Although major advances have occurred in the cytological 
diagnosis of various organ pathologies, gastrointestinal 
(GI) cytology has not gained popularity and is only 
occasionally practiced in the form of brushings and 
washings. Touch imprint cytology Tis a rapid, simple and 
inexpensive method of diagnosis of GIT lesions 
(Vijayanarasimha et al., 2014).

 In Rajasthan, so far very few efforts have been made 
to study cytological and histopathological features of 
intestinal coccidiosis in goats. Therefore, looking to the 
immediate need of understanding the various cytohisto 
pathological features of intestinal coccidiosis and for 
providing timely diagnosis, the present research work was 
proposed in goats.

MATERIALS AND METHODS

Source and Collection of Samples: In the present study, a 
total of 504 samples of the intestine were collected from 
goats of either sex, irrespective of age and breeds. Out of 
504 samples, 98 representative samples of intestine were 
processed for subsequent parasitological, cytological and 
histopathological examinations. All three techniques were 
applied for every single case of goat carcasses.  The entire 
work was carried out in the Department of Veterinary 
Pathology, PGIVER, Jaipur. The organ/tissue samples for 
this study were collected from various slaughter houses, 
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carcasses of goat submitted for post-mortem examination 
to department of Veterinary Pathology, any mortality at 
Veterinary Clinical Complex, PGIVER, Jaipur and 
samples received from the field veterinarians in the 
department of Veterinary Pathology for the routine 
histopathological examination were included in this study.

Gross Examination: All the samples were examined 
grossly for alterations in morphology in terms of shape, 
size, colour, consistency, odour, location and type of the 
lesions in individual part of the intestine.

Cytological Examination: For cytological examination 
following techniques were used.

Impression Smear/Touch Imprint Cytology: Impression 
smears from tissues were collected at necropsy. At least 
four slides were prepared from each case which was used 
for histopathological examinations, by using the technique 
described by Tribe (1965) and Tseng et al. (1999). The 
prepared smears were allowed to air dry. After drying, 
smears were immediately fixed using methanol. Then 
imprints were stained with Giemsa stain (Hi Media 
Laboratories, India) and thoroughly examined under light 
microscope for various cytopathological alterations.

Wet mount Faecal Cytology: Wet mount faecal cytology 
was performed by collecting a small amount of faecal 
samples from the cases which were used for cytological 
and histopathological examinations. All faecal samples 
were first subjected to standard qualitative faecal sample 
examination by using direct smear method for detection of 
coccidian oocysts. The coccidian parasites were identified 
on the basis of the morphological features of oocysts 
described by Soulsby (1982).

Histopathological Examination: After thorough gross 
examination, representative pieces (approximately 0.5 cm 
thickness) of intestines were collected and fixed in 10% 
neutral buffered formalin. The formalin fixed tissues 
processed for paraffin embedding by acetone and benzene 
technique (Lillie, 1965). The tissue sections of 4-5micron 
thickness were cut and stained with haematoxylin and eosin 
staining method (Suvarna et al., 2008) for histopathological 
evaluation. Sections were thoroughly examined under light 
microscope for various histopathological changes. In 
addition, special stains such as Perioidic Acid Schiff (PAS) 
technique for coccidia were also performed (Culling, 1974).

RESULTS AND DISCUSSION

Occurrence of coccidiosis:

 In this study, intestine from 504 goats were 
examined and 98 samples were found to be infected with 
coccidiosis. Various prevalence rates of Eimeria infection 
(Coccidiosis) in goats have been reported in various parts 

of the world The present findings exhibited  the occurrence  
of Eimeria infection in goats (19.44%) was closely related 
to the previous studies (Sorathiya et al., 2017) as 20 
percent, and as 25.8% (Matsepe et al., 2021) in Lesotho, 
South Africa while lower as compared to that reported by 
several authors as 96.66% (Kaur et al., 2018) in Ludhiana, 
as 86.71% (Sharma et al., 2017)  in Mathura (UP) India, as 
60% (Mohamaden et al., 2018) in Egypt and as high as 
90.96% (Singh et al., 2020) in Makhdoom, Mathura, India. 
However, it was greater than that noticed in few reports as 
12.74% (Sisodia et al., 1997) in sheep, Western Rajasthan, 
India. Occurrence of coccidiosis across the country has 
been well documented as climatic conditions are most 
conductive for sporulation and survival of coccidian 
oocysts throughout the year (Singh et al., 2017). Possibly 
oocysts from previous flock were present and suitable 
conditions like high moisture contents, warmth of 25-30ºC 
and stress conditions are responsible for flaring up of 
infection resulting into a form of outbreaks resulting into 
mortalities (Kaur et al., 2018).

Cytohistopathological studies: In the present study, at 
necropsy, gross lesions were observed mostly in the distal 
part of the small intestine and caeca.  Macroscopic lesions 
included congestion and thickened mucosa along with the 
presence of scattered, small, whitish and non-pedunculated 
nodules (Fig. 1). Histopathological examination of the 
non-pedunculated nodules revealed enteritis characterized 
by mild to moderate infiltration of lymphocytes, plasma 
cells and eosinophils in the lamina propria (Fig. 2). In these 
early histopathological lesions, the presence of 
intracytoplasmic developmental stages of the parasite such 
as immature to mature schizonts were also observed. The 
most prominent microscopic lesion was proliferative 
enteritis. Few normal crypts of Lieberkühn with the majority 
of the crypts invaded with the asexual developmental stages 
(Figs. 3 and 4). The intestinal epithelium showed necrosis 
and haemorrhages (Fig. 5) and hyperplasia eventually 
developed into papillary projections of reactive epithelium. 
Gross changes like thickened and congested mucosa with 
scattered, small, whitish, non-pedunculated nodules and 
histopathological findings such as proliferation of 
intestinal villi during different developmental stages of 
coccidian life cycle in epithelial cells, have also been studied 
previously by several authors (Tafti and Mansourian, 
2008; Radad and Khalil, 2011; Hashemnia et al., 2015; 
Kaur et al., 2018; Satish et al., 2019).  On microscopic 
examination of wet mount faecal smears from the rectal 
samples, showed multiple species oocysts of Eimeria   
with E. arloingi, E. ninakohlyakimovae, E. ahsata and E. 
hirci in a single field (Fig. 6). The similar findings also 
described by Kaur et al. (2018) also postulated that 
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Fig. 1-9. (1) Photograph, showing congested and thickened mucosa along with scattered, small, whitish and non-pedunculated nodules. 
(2) Photomicrograph of intestine depicting enteritis, characterized by mild to moderate infiltration of lymphocytes, plasma cells and eosinophils in 
the lamina propria. (H&E, 100X) (3) Photomicrograph of intestine showing crypts of Lieberkühn invaded with the asexual developmental stages of 
Eimeria spp. (PAS, 100X) (4) Photomicrograph of crypts of Lieberkühn showing intracytoplasmic coccidian stages such as immature to mature 
schizonts. (PAS, 400X). (PAS, 400X) (5) Photomicrograph of intestine depicting mucosal epithelium with inflammatory reaction and necrotic-
hemorrhagic exudates in  the lumen. (H&E, 100X) (6) Direct faecal wet mount smear from the rectum, showing multiple species of Eimeria oocysts 
with E. arloingi, E. ninakohlyakimovae, E. ahsata and E. hirci in a single (400X). (7) Impression smears from the intestinal mucosa 
depicting the presence of oocyst, merozoites, schizonts and macrogametocyte  along with the, degenerative and necrotic changes. (Giemsa’s stain, 
1000X) (8) Impression smears from the intestinal mucosa showing the many macrogametocytes having a central nucleus with eosinophilic 
peripheral wall forming bodies in enterocytes and detached epithelia cells and few lymphocytes in background. (Giemsa’s stain, 400X) (9) Touch 
imprint from the intestinal mucosa showing the schizont containing merozoites in a enterocyte, crescent shape merozoites, necrotic cells and 
lymphocytic infiltration in background. (Giemsa’s stain, 1000X)
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stocking rate and togetherness of young and adults in 
intensive system of management exposes the animals to 
infection and re-infection due to poor hygienic conditions 
(Chartier and Paraud, 2012).

 In cytopathology, impression smears from the 
intestinal mucosa depicted the presence of many oocysts 
(two layered wall), merozoites and schizonts along with 
the degenerative changes, necrotic cells and mononuclear 
cell aggregations (Fig. 7). The mature macrogametocytes 
had a central nucleus with eosinophilic peripheral wall 
forming bodies (Fig. 8). The microgamonts were round 
and had peripherally located nuclei.  Touch imprint from 
the intestinal mucosa also depicted the mature schizont 
contained merozoites in a enterocyte, crescent shape 

merozoites, necrotic cells and lymphocytic infiltration in 
background (Fig. 9). Though cypathological findings 
including different stages of coccidian life cycle in 
epithelial cells of intestine have been studied previously in 
goats (Garba et al., 2020) and   other species such as dog, 
cat and rabbit (Manjunatha et al., 2019) but, in the present 
study all the developmental stages of Eimeria spp. in goats 
are demonstrated more clearly in Giemsa stained 
impression smears.

CONCLUSION

 Present study concluded that occurrence of 
intestinal coccidiosis in Jaipur district was found to be high 
in goats. Cytological alterations and pathomorphological 
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changes reported in this study can be used by field 
veterinarians as guidelines for clinical evaluation and 
disease severity assessment. Based on present results, 
utilizing the science of cytopathology particularly 
impression smear or touch imprint cytology is cost 
effective, rapid, simple and accurate. It can be used not 
only in the routine diagnosis of neoplastic growths but also 
for infectious diseases viz. coccidiosis.
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 Osmanabadi goat is widely distributed in Marathwada 
region of Maharashtra and known for their reproductive 
capacity, high twining percentage and yielding milk which 
are mainly reared for milk and meat purpose. They perform 
the best potential in the native breeding track and 
considered as one of the hardiest animals ever to be 
domesticated by man, are an important source of income 
and occupation to a sizeable population. However, apart 
from these described/recognized goat population in the 
country, a large number of non-descript goat population 
are present which does not involve in any recognized 
breeds. In Maharashtra’s marathwada region, the breeding 
tract of Sangamneri and Osmanabadi goats are adjoining 
and hence indiscriminant breeding practice over the 
decades, may develop of new goat breed with the 
admixture of these two breed. Therefore, an investigation 
was undertaken to perform baseline survey and 
record/measure the data on various body phenotypic 
parameters amongst the non-descript goat in Marathwada 
and western Maharashtra region for unique phenotypic 
characters to find out the non-descript goat as potential for 
recognition into new goat breed in state of Maharashtra.

Locations of the study areas

 The present study was carried out in total 242 
villages from total eleven districts which include seven 
districts from Marathwada viz., Latur, Parbhani, Aurangabad, 
Nanded, Jalna, Osmanabad and Beed and four districts of 
western Maharashtra viz. Ahmednagar, Satara, Solapur 
and Nasikfor four years during 2018 to 2021. The villages 
were selected by four levels of sampling in each district, 2-

stage stratified sampling technique was applied, wherein 
all tahsil within each district and 2 villages in each tahsil 
was selected randomly to obtain data.Total 1070 local 
goats were surveyed which includes 389 male and 681 
female animals. The local farmers of each district were 
visited and information was recorded/collected in the 
prescribed format as per ICAR-NBAGR guidelines 
(ICAR-NBAGR, 2021). The lactation milk yield of each 
animal was calculated using the Test Interval Method 
(TIM) that is reference method by International Committee 
for Animal Recording (ICAR, 2011). The actual milk yield 
for 24 hours was recorded at the interval of 15 days.

Lactation Milk Yield (LMY) = I M +I  (M +M )/2+I  0 1 1 1 2 2

(M +M )/2+....+I -1(M -1+M )/2+I M2 3 n n n n n

Where,

M , M ….M  = actual milk yield in 24 hours of the 1 2 n

recording days (Kgs)

I , I …I -1 = the interval between recording dates (days)1 2 n

I  = the interval between the lactation period start date and 0

first recording date (days)

In = the interval between the last recording date (days)

 Least squares analysis of variance technique was 
used to study the influence of non genetic factors. The 
means were tested for those fixed effects which were found 
statistically significant by Duncan’s multiple range test 
(DMRT).

 The average production traits were studied in Udgiri 
goat. It was observed that, the average least square means 
for lactation length, average daily milk yield, total lactation 

SUMMARY

 The present investigation was carried out on Udgiri goat of Maharashtra raised under traditional management practicesto evaluate the 
productive and reproductive efficiencyduring the period 2018 to 2021.It was observed that, the least square means for average lactation length, 
average daily milk yield, total lactation milk yield, fat% and SNF% in Udgiri goat were 129.78±4.62 days, 0.79±0.025 liters, 74.56±3.54 days, 
3.29±0.13 and 10.65±1.10, respectively. The least square means for average age at first estrus is observed as 259.12±5.62 days, age at first maturity 
was 326.23±7.25 days, age at first kidding was 486.25±10.81 days, service period was 89.11±2.45 days, kidding interval was 246.95±7.10 days, dry 
period was 113.98±4.15 days, estrus duration was 29.14±2.42 days, gestation period was 151.25±6.31 days and average litter size was 1.65±0.21.
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Table 2. The average reproduction performance of Udgiri 
goat

Sr. Traits Numbers of Mean±SE Range
No.  observations

1. Age at first maturity (days) 213 326.23 ± 7.25 313 to 348

2. Age at first kidding (days) 237 486.25± 10.81 471.54 to 488.14

3. Service period (days) 98 89.11± 2.45 62.12 to 113.24

4. Kidding interval (days) 89 246.95 ± 7.10 257.12 to 263.11

5. Dry period (Days) 216 113.98± 4.15 97.91 to 138.34

6. Oestrous cycle (days) 237 29.14 ± 2.42 27.89 to 31.91

7. Gestation period (days) 237 151.25 ± 6.31 131.45 to 163.43

8. Litter size 237 1.65 ± 0.21 1.12 to 1.72

Udgiri goat are nearly similar to the other recognized goat 
breeds in the region.If proper management and scientific 
breeding is practiced, it will be possible to improve 
productive and reproductive performance of Udgiri goat in 
the breeding tract. This goat has a potential to recognize as 
distinct goat breed which possesses unique features for 
conservation and further improvement of economic traits.
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milk yield, Fat % and SNF % in Udgiri goat were 129.78 ± 
4.62 days, 0.79±0.025 liters, 74.56±3.54 days, 3.29±0.13 
and 10.65±1.10, respectively (Table 1). In accordance with 
the present findings, Sawaimul et al. (2009) reported the 
daily milk yield ranged from 700 gm to 1500 gm under 
well managed village flocks with lactation length of 130-
150 day in Osmanabadi goat. However, In Sangamneri 
goat, the average daily milk yield of 0.860 liters, lactation 
yield of 77.40 liters in about 160 days of lactation was 
reported in farm condition.

Table 1. The average production performance of Udgiri goat

Sr. Traits Numbers of Mean±SE Range
No.  observations

1 Lactation length (days) 237 129.78±4.62 120.97 to 137.34

2 Average daily milk 237 0.79±0.025 0.5 to 1.0
 yield (Lits)

3 Total Lactation milk 237 74.56±3.54 69.57 to 78.34
 yield (Lits)

4 Fat % 87 3.29±0.13 2.24 to 4.25

5 SNF % 87 10.65±1.10 08.95 to 11.45

 The least square means forage at first maturityin 
Udgiri goat is observed as 326.23±7.25 days, age at first 
kidding was 486.25±10.81 days, service period was 89.11 
±2.45 days, kidding interval was 246.95±7.10 days, dry 
period was 113.98±4.15 days, estrus duration was 29.14± 
2.42 days, gestation period was 151.25±6.31 days and 
average litter size was 1.65±0.21 (Table2). Deokar et al. 
(2007) reported that the overall age at puberty, oestrus 
cycle duration, oestrus duration age at first conception, age 
at first kidding, service period, kidding interval and 
gestation period recorded in Sangamneri goats under field 
conditions are as 9.94 months, 29.14 days, 47.96 hours, 
10.40 months, 15.52 months, 73.55 days, 218.48 days and 
148.26 days, respectively.

CONCLUSIONS

 The production and reproduction parameters of 
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 Mammary gland which provides nourishment to 

young ones in mammals isa modified sweat gland. The 

gland carries out process of milk formation, release and 

gland remodeling according to several lactational stages of 

animal. The process included replacement of damaged 

tissue during peak lactation and tissue regression while 

preparing the gland for ensuing lactations (Paramasivan et 

al., 2013). The anatomical knowledge of mammary glands 

at different stages is important for understanding its 

production physiology, genetics and management (Pandey 

et al., 2018). It is presumed that the size and morphology of 

udder varied greatly between animals and during different 

physiological stages. The superficial location of mammary 

gland makes it susceptible to trauma and injuries leading to 

infections. As the genetic arrangements have impact on 

udder characteristics the selection of milch animals 

depended greatly on the udder conformations. The shape 

and size of udder had considerable impact on milk 

production economics thereby providing important 

criteria for selection of milch animals (Bhuiyan et al., 

2004). Keeping in view the role of conformational traits of 

udder with respect to productivity in buffaloes, the gross 

morphological and biometrical study was conducted on 

mammary gland of lactating and non-lactating Murrah 

buffaloes.

 The tissue samples of mammary glands of 6 lactating 

and 6 non-lactating adult buffaloes were collected from 

different abattoirs. The whole udder was collected after de 

-skinning and was subjected to anatomical studies and 

biometrical analysis. After removal of fascia, the biometrical 

observations viz., the udder length/depth, anterior width 

(width of fore quarters) and posterior width (width of hind 

quarters), thickness of udder, anterio-posterior diameter 

(diameter measured at base of udder anterio-posteriorly) 

and circumference of udder were recorded for each specimen. 

The measurements were done by calibrated scale and inelastic 

thread. The udder length/depth was measured from the 

point of attachment of udder with body to base of teat. The 

width of udder was measured between the lateral extremities 

of udder in anterior and posterior ends. Thickness of udder 

measured width at the base of udder i.e. transverse diameter. 

The anterio-posterior diameter measured the longitudinal 

diameter of udder at base. The circumference of udder was 

taken at base level with the help of an inelastic thread 

(Fig. 1). Arithmetic mean, range, standard error and 

coefficient of variation for morphometric measurements 

were computed and statistically analyzed for their 

significance by using t-test.

 The specialized sweat glands in mammals for 

nurturing young ones were known as mammary glands. In 

buffaloes these glands were located in the inguinal region 

and were formed from four mammary units known as 

quarters. Each quarter was separately drained by a single 

appendage known as teat. A thin skin layer covered all the 

four quarters along with their teats. The skin remained 
*Corresponding author: bansal.neelam@rediff.com

SUMMARY

 The present study was conducted on mammary glands of six lactating and non-lactating buffaloes. Glands were collected from the abattoir 
immediately after sacrifice. After removal of fascia, the gross anatomical and biometrical observations of mammary glands were recorded. The 
results revealed that udder of lactating buffaloes were bowl shaped whereas the non-lactating udder was pendulous. Udder was composed of right and 
left halves, divided internally by median suspensory ligament. Each half was further divided by thin membranes into smaller fore quarters and larger 
rear quarters. The udder length or depth was measured to be 23.33±1.12 cm and 27.83±0.95 cm in fore and hind quarter of lactating buffaloes and 
14.17±0.95 cm and 17.83±0.48 cm in non-lactating buffaloes, respectively. The anterior and posterior width of udder were 47.67±0.99 cm and 
43.17±1.013 cm in lactating ones and 36.17±0.98 cm and 29.17±0.60 cm in non-lactating ones. The thickness, anterio-posterior diameter and 
circumference of udder was 44.83±0.79 cm, 45.83±0.95 cm and 121.83±1.80 cm in lactating buffaloes whereas 37.50±1.34 cm, 37.5±0.85 cm and 
99.67±1.36 cm in non-lactating buffaloes. The biometrical observations recorded for lactating and non-lactating udder showed significant 
differences.
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ligament median ligament was elastic in nature and formed 

thick layer of yellow elastic sheet partially separating the 

left and right halves of the udder (Fig. 3D). The elasticity 

and tensile strength of this ligament carried the weight of 

udder when large amount of milk was produced.

 According to Schummer et al. (1981) the suspensory 

apparatus of the udder consisted of paired suspensory band 

located between the udder halves. It consisted of elastic 

connective tissues and continued from the abdominal 

tunica flava attaching the udder to the abdominal wall. The 

suspensory apparatus of the udder consisted of medial and 

lateral laminae of connective tissue which attached the 

udder to the ventral abdominal wall and the prepubic 

tendon.

loosely attached to the glandular unit and thus slipped over 

it very easily. The presence of hair was only confined to the 

skin region adhering to the mammary glands in both 

lactating and non-lactating buffaloes. The mammary 

quarters were separated from each other laterally by 

median suspensory ligament into right and left halves (Fig. 

3A, B). The gland was divided into smaller fore and larger 

rear quarters by thin membranes. It was observed that the 

lactating animals contained bowl shaped udder whereas a 

pendulous udder was dominant feature in non-lactating 

animals. Ranjitha et al. (2021) reported most commonly 

occurring udder shape in buffalo was bowl shaped 

followed by pendulous, globular and goaty.

 The ligaments and tissues which helped in 

suspension of the udder from body played equally crucial 

role in lactation. This apparatus comprised of various 

elements imparting different functions. The suspensory 

system comprised of skin, superficial fascia and 

connective tissue layer. The lateral suspensory ligament 

was consisting of two layers superficial and deep whereas 

the median suspensory ligament was single layered. The 

skin and superficial fascia covered the udder and provided 

very little suspensory support to udder. The connective 

tissue attached the dorsal surface of the front quarters to the 

abdominal wall helped in keeping the fore quarter in 

proximity of the body wall provided some support to the 

udder. This attachment is of importance during evaluation 

of dairy cattle conformation.

 The lateral suspensory ligament originated from the 

sub-pelvic tendon and was further divided into superficial 

and deep layers (Fig. 2). The superficial lateral suspensory 

ligament with fibrous tissue stretched cranio-ventrally 

from the pubic region towards the udder and enveloped the 

udder externally running below the skin and adhered to the 

connective tissue layer. The deep layer of lateral suspensory 

ligament was also composed of mostly fibrous tissue. But 

unlike the superficial layer it formed a thicker envelop 

covering most parts of udder except at the bottom as a 

result of which centre of the milk filled udder pulled away 

from the body. Externally the deep layer was attached to 

the superficial suspensory ligament and internally 

projected lamellae into the glandular part which formed 

the interstitial framework of the udder. The lateral 

suspensory ligaments thus formed the major support 

system of udder (Fig. 3C).

 The median suspensory ligament originated from 

the abdominal wall and extended to the medial surface of 

left and right halves of udder. Unlike the lateral suspensory 

Fig. 2. Schematic diagram showing suspensory apparatus of buffalo 
udder

Fig. 1. Schematic diagram showing parameters for biometrical studies 
on lactating and non-lactating udder of buffalo
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 The biometrical observations recorded for lactating 

and non-lactating udder showed significant differences. 

The udder length was measured to be 23.33±1.12 cm and 

27.83±0.95 cm in fore and hind quarter of lactating buffaloes 

and 14.17±0.95 cm and 17.83±0.48 cm in non-lactating 

buffaloes, respectively. The fore quarter length was 

significantly less than hind quarter in both stages whereas 

length of all the lactating quarters were significantly higher 

than the non-lactating ones. The anterior and posterior 

width of udder were 47.67±0.99 cm and 43.17±1.013 cm 

in lactating ones and 36.17±0.98 cm and 29.17±0.60 cm in 

non-lactating ones (Fig. 4). There was significant 

difference between the anterior and posterior width in both 

the physiological stages. The udder length and width of 

swamp buffalo were 40.56±0.15 cm and 35.11±0.16 cm, 

respectively (Akhtar et al., 1998). This indicated the udder 

size was larger in riverine Murrah buffalo as compared to 

the swamp buffalo. Prasad et al. (2010) investigated mean 

length and width of udder to be 55.71±0.59 cm and 53.87 

±0.70 cm in Murrah buffalo, respectively which showed a 

higher value than current findings. In Surti buffalo, the 

length and width of udder were 45.0±0.7 cm, 49.4±1.4 cm, 

respectively (Lavania et al., 2011). The average udder 

length was 44.8±7.43 cm whereas the depth of fore and 

hind quarters were 23.7±3.11 cm and 23.6±3.71 cm, 

respectively in crossbred cows as reported by Deng et al. 

(2012). Naik (2015) measured the length of fore and hind 

quarters to be 20.91±0.94 cm and 11.75±0.70 cm 

respectively, whereas the width of fore quarters and hind 

quarters were 14.16±1.07cm and 12.66±0.57 cm, 

respectively in Gidda cows. In contrast to current findings 

Khatri et al. (2017) found that the buffalo udder was 

58.24±0.68 cm in length, 65.45±0.70 cm in width and 

23.06±0.34 cm in depth. These values were significantly 

higher than the present measurements. Similarly, in Gir 

cows the udder length, width and depth were measured to 

be 61.95±1.20 cm, 62.99±1.17 cm and 25.62±0.43 cm, 

respectively (Modh et al., 2017). The average udder length, 

width and depth were 48.10±0.33 cm, 42.80±0.32 cm and 

11.80±0.05 cm, respectively in Murrah buffalo (Ranjitha 

et al., 2021).

 The thickness, anterio-posterior diameter and 

circumference of udder was 44.83±0.79 cm, 45.83±0.95 

cm and 121.83±1.80 cm in lactating buffaloes, whereas 

37.50±1.34 cm, 37.5±0.85 cm and 99.67±1.36 cm in non-

lactating buffaloes (Fig. 4). The thickness, anterio-

posterior diameter and circumference of mammary gland 

of Gidda cows were 17.66±1.66 cm, 24.83±3.13 cm and 

59.00±3.88 cm, respectively as reported by Naik (2015).

 All these parameters showed significant higher 

values in lactating animals as compared to non- lactating 

ones. Further the shape of udder was found to be bowl 

shaped in lactating whereas pendulous in non-lactating 

udder. Unlike current study Patel and Trivedi (2018) 

observed the mean values for udder length, width and 

depth were higher for pendulous udder in crossbred cows 

whereas current study reported higher values for bowl 

shaped udder. These findings can be used as a marker for 

identification of physiological stage of production in 

buffalo.
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 Histopathological examination of tissues is a routine 
standard test for diagnosis of diseases. For this fixation, 
dehydration, clearing, and embedding are the four main 
steps, followed by the sectioning and staining of the tissue 
(Rahmawati et al., 2020).The process of clearing is 
essential in preparing histological sections, as it removes 
dehydrants such as alcohol/acetone from tissues prior to 
embedding in a material (usually paraffin wax). Xylene, 
chloroform, toluene, methyl salicylate, methyl benzoate, 
and cedarwood oil are some of the clearing agents used in 
tissue processing. Xylene is commonly used because it is 
miscible with both alcohol and paraffin (Chandraker et al., 
2018). Xylene (Dimethyl benzene) occurs naturally in 
petroleum as well as coal tar and can also form in small 
quantities during forest fires. It is a colourless, flammable 
liquid with a sweet smell. As per Occupational Safety and 
Health Administration (OSHA), its permissible exposure 
limits are 100 parts per million parts of air (ppm) over 8-
hours and 200 ppm for 10 minutes as a short-term exposure 
limit (Bordoloi, 2018).

 The toxic effects of “xylene” are caused by inhalation, 
ingestion, and contact with the eyes or skin (Rahmawati et 
al., 2020). Researchers have shown that laboratory 
workers exposed to xylene for 1.5 to 18 years had symptoms 
similar to general poisoning disorders including 
pancytopenia and bone marrow toxicity (Erickson et al., 
1994). Hazardous effects of xylene include depression of 
the central nervous system with symptoms such as nausea, 

headache, dizziness, and vomiting. Long-term exposure 
may lead to insomnia, irritability, extreme tiredness, 
tremors, agitation, impaired concentration and short-term 
memory (Kandyala et al., 2010). In order to improve the 
safety of the working environment in histologic 
laboratories, the health hazards of xylene exposure should 
be reduced (Dapson, 2005). There were great concerns 
about its safety with evidence that its acute neurotoxicity 
was greater than that of benzene or toluene. It acts as an 
irritant in mild form and as a carcinogen in its severe form. 
Some alternatives to “xylene” have been investigated, like 
limonene reagents, aliphatic hydrocarbons, mineral oils 
and vegetable oils on soft tissues like skin, buccal mucosa, 
salivary gland, tendon, muscle and lymph nodes. Good 
histological details were found with these alternate 
clearing agents (Sermadi et al., 2014; Saravanakumar et 
al., 2019). The natural oils (vegetables and minerals oil) 
can be a better alternative as routine chemical clearing 
agents because they are safe, readily available and less 
expensive. Therefore, the present study was designed to 
compare the efficacy of natural oils as clearing agents in 
place of chemicals for clearing during tissue processing for 
histopathological examination of animal tissues.

Tissue sample collection- A total of 18 liver tissue 
specimens of liver were collected from carcass of goat 
submitted for post-mortem examination in the department 
of Veterinary Pathology, College of Veterinary and Animal 
Science, Navania, Vallabhnagar, Udaipur. They were fixed 

SUMMARY

 Xylene, commonly used as a clearing agent, is highly toxic, carcinogenic and poses a threat to histopathology laboratory personnel.The aim of 
this study was to evaluate the efficacy of coconut oil, groundnut oil, liquid paraffin, mustard oil, and sesame oil at a maintained temperature (40º C) as 
compared to xylene maintained at room temperature for 30 minutes as a safer alternative to act as clearing agent during tissue processing in 
histopathological laboratories. A total of 18 tissue samples of liver  were collected from goat carcasses fixed in 10% Neutral Buffered Formalin and 
sectioned into six groups, were  made namely group 1 control (Xylene), Group 2 (Coconut oil), Group 3 (Groundnut oil), Group 4 (Liquid paraffin), 
Group 5 (Mustard oil), and Group 6 (Sesame oil). A comparison was done between xylene and natural alternative-treated specimens with regard to 
ease of sectioning, quality of staining, clarity, and overall staining quality.When cellular details and staining quality were examined, no statistically 
significant differences were observed in either section.It was observed that clearing of tissues  were achieved with oils at this temperature at par with 
xylene, so in contrast to hazardous xylene, these alternatives can be used as clearing agents without compromising histological details.
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in 10% formalin and sectioned in 6 equal parts and grouped 
as group 1, 2, 3, 4, 5, and 6 (tissues taken in triplicates for 
each group). Tissues were processed for routine paraffin 
embedding technique while clearing of tissues was done as 
Group 1- control (Xylene), Group 2-Coconut oil, Group 3- 
Groundnut oil, Group 4 -Liquid paraffin, Group 5- 
Mustard oil and Group 6- Sesame oil.

Tissue processing- The formalin fixed tissues were washed 
overnight in running tap water and processed for paraffin 
embedding technique (Lillie, 1965). After washing tissues 
were dehydrated in 70% alcohol for 1 hour and then in 
acetone for 1 hour in each change (I, II, and III). After 
dehydration, clearing was done with Xylene in Group 1(as 
a Control) - for 30 minutes in each change (I, II, and III) at 
room temperature and with natural alternatives in other 
groups (Group 2-Coconut oil, Group 3- Groundnut oil, 
Group 4 -Liquid paraffin, Group 5- Mustard oil, and Group 
6- Sesame oil) for 3 changes of 30 minutes at 40º C each as 
clearing agents. The cleared tissues were then embedded in 
4 changes of molten paraffin wax (wax I, II for 45 minutes 
and wax III, IV for 30 minutes) and blocks were prepared.

Histopathological examination- Tissue blocks were 
sectioned (4-5µm), and stained using Hematoxylin and 
Eosin (H&E) and were observed for evaluation of nuclear 
staining, cytoplasmic staining, clarity and overall quality 
of stained slide under low and high power of microscope.  
The slides were evaluated in terms of quality of staining as 
follows:

Features Score and criteria

Nuclear staining 0- Out of focus and unclear 
nuclear membrane

 1- Clear staining and nuclear 
membrane

 2- Smooth and clear staining 
with good contrast

Cytoplasmic staining 0- Out of focus

 1- Cytoplasm clear

 2- Clear smooth cytoplasm, clear 
nuclear membrane, good contrast

Clarity of staining 0- Not clear, hazy, out of focus

 1- Clear staining throughout the 
slide

 2- Crisp and contrast staining

 The data was analyzed and interpreted by using 
ANOVA and significant differences between groups were 
evaluated using Tukey post hoc test.

 It was observed in the present study, that these 

natural alternatives had ability to clear tissue and maintain 
cellular architecture, a similar property to that of xylene. 
These oils are nontoxic and can be recycled. Group 1 tissue 
specimen were taken for routine procedure with xylene as 
a clearing agent for 30 minutes at room temperature, 
whereas group 2 tissue specimen were treated with heated 
coconut oil at a temperature maintained at 40º C for 30 
minutes for clearing. Similarly group 3, 4, 5, and 6 tissue 
specimens were treated with heated groundnut oil, liquid 
paraffin, mustard oil, and sesame oil, respectively at a 
temperature maintained at 40º C for 30 minutes for clearing  
during processing. When all the stained slides were assessed 
for nuclear staining and compared with group 1 as a control 
group, all natural alternatives  (group 2, group 3, group 4, 
group 5, and group 6) were found statistically non-significant 
(Table 2) difference. Quality of staining of all stained slides 
were evaluated for cytoplasmic staining and compared with 
group 1 as a control group, all natural alternatives (group 2, 
group 3, group 4, group 5, and group 6) were also found 
statistically non- significant (Table 2) difference. When all 
the stained slides were assessed for clarity of staining and 
compared with group 1 as a control group, group 6 (sesame 
oil) showed statistically significant difference with xylene, 
whereas group 2, 3, 4, and 5 statistically non- significant 
values at (p<0.05) (Table 2). Overall quality of staining of 

Fig. 1. Histogram showing mean score of overall quality of staining of 
tissues of various groups cleared at higher temperature

Table 1

Clearing of tissues by using different clearing agents 
at room temperature and 40º C

Groups  Reagents  Temperature  Time

Group-1 Xylene  Room temp.  30 minutes
(Control)

Group-2  Coconut oil 40º C 30 minutes

Group-3  Groundnut oil  40º C 30 minutes

Group-4  Liquid paraffin  40º C 30 minutes

Group-5  Mustard oil 40º C 30 minutes

Group-6  Sesame oil 40º C 30 minutes
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all stained slides at higher temperature (group 1, group 2, 
group 3, group 4, group5, and group 6) were found 
statistically non-significant values at (p<0.05), when 
compared with group 1 as a control group (Table 2 and Fig. 1).

 The results of clearing the tissues with natural 

alternatives at higher temperature (40º C) revealed that the 
tissues were cleared and the staining quality was at par 
with control group. This suggests that high temperature 
increased the rate of penetration of the oils so better 
clearing could be achieved in reduced time. Bernoully’s 

Fig. 2. Comparison of microphotographs of Liver tissue sections cleared with (A) Group 1- xylene, (B) Group 2- Coconut oil, (C) Group 3- 
Groundnut oil, (D) Group 4- Liquid paraffin, (E) Group 5- Mustard oil and (F) Group 6- Sesame oil showing infiltration of leukocytes and 
mild degenerative changes. H & E (100x)
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principle states that fluid dynamics viscosity depends on 
temperature. As a temperature increases, viscosity decreases 
and fluid penetration increases (Rahmawati et al., 2020). 
Saravanakumar et al. (2019) and Digala et al. (2013) found 
that there was no significant difference in the quality of 
staining and tissue architecture of coconut oil and groundnut 
oil treated tissues at 60º C for 30 minutes as compared to 
xylene. They also reported that the translucency, rigidity, 
shrinkages and section cutting of coconut oil and groundnut 
oil were enhanced while compare with Xylene.

 However, Rasmussen et al. (1992) used a mixture of 
coconut oil and olive oil (at 50º C) as a clearing agent and 
noted an incomplete impregnation, leading to problems in 
cutting sections, and therefore concluded the mixture was 
ineffective. In contrast to their observation, this study found 
coconut oil to be as effective as xylene without interfering 
with further impregnation and ease of sectioning. It is 
possible that this difference occurred because olive oil present 
in the mixture preparation interacted with the properties of 
coconut oil and so adversely affected the whole process.

 Moreover, Taneeru et al. (2013) evaluated the efficiency 
of sesame oil and limonene oil as substitutes for xylene in 
tissue processing.  Their study concluded that sesame oil 
cleared tissues had all the staining quality (nuclear staining, 
cytoplasmic staining, clarity, uniformity and intensity of 
staining) which were adequate for diagnosis aspect. These 
findings were in accordance to the results of our study.

CONCLUSION

 It is concluded that all thenatural alternatives used in 
the present study, could be used as clearing agents in 
histological preparations. As they are non-hazardous, have 
pleasant odor, are easier to find, and are less expensive, as 
well as maintain good cell architecture and good staining 
quality so they can be better alternatives to xylene in tissue 
processing.
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Table 2

Mean score of Quality of H & E stained sections cleared with natural alternatives at higher temperature

Groups Reagents Nuclear staining Cytoplasmic Clarity of staining Overall quality of
  (Mean±SE) staining (Mean±SE) staining at higher
   (Mean±SE)  temperature (Mean±SE)

a a b aGroup 1 Xylene 1.67±0.33  1.67±0.33  1.49±0.25  1.61 ± 0.31
a a ab aGroup 2 Coconut oil 1.21±0.24  1.16±0.09  1.05±0.05  1.1444±0.11
a a ab aGroup 3 Groundnut oil 1.72±0.14  1.16±0.09  1.22±0.22  1.3689±0.15
a a ab aGroup 4 Liquid paraffin 1.50±0.28  1.16±0.09  1.05±0.05  1.2389±0.13
a a ab aGroup 5 Mustard oil 1.61±0.20  1.22±0.14  1.10±0.05  1.3122±0.10
a a a aGroup 6 Sesame oil 1.44±0.29  1.33±0.25  1.00±0.00  1.2578±0.18

Means with unlike superscript in each column show significant differences at p<0.05
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subgroups (n=6) and synchronized with similar protocol 

described under Group II and additionally superovulated 

with follicle stimulating hormone (FSH) @ 200 mg each. 

Group –IV cows were superstimulated with two different 

doses of FSH; @100 mg (low) and 200 mg (high). The 
stsynchronization protocol was initiated on day 0 (1  dose of 

ndGnRH), day 7 (PGF2) and day 9 (2  dose of GnRH). The 

superovulation with FSH was done on day 13,14 and 15 

with decreasing doses and OPU was undertaken on day 17. 

OPU was also undertaken in the cows from Control group. 

All the donors cows were restrained in a Travis specially 

designed for OPU. Before oocyte retrieval the cows were 

given epidural anaesthesia with Lignocaine hydrochloride 

@ 5 ml/animal. A transvaginal probe of 7.5 MHz of Exago 

IMV (France) having oocyte aspiration assembly attached 

to it which was connected with aspiration pump (WTA, 

Brazil) and 50 ml conical aspiration tube was used for 

oocyte aspiration. The follicles were aspirated by using 18 

Gdisposable needle in OPU media (IVF Biosciences, UK). 

Follicles of atleast 5 mm diameter were aspirated with 

pressure of 70 mm Hg. Total 250 follicles were aspirated 

from the Donor cows of all the groups. The data pertaining 

to the number of follicles aspirated is presented in Table 1.

 The oocytes with OPU media was filtered through 

0.75 µm embryo filter with Euroflush media (IMV, 

France) in petri dish and placed it under the stereo zoom 

microscope for counting the total number of oocytes and 

gradation. Depending upon the layers of cumulus cells the 

oocytes were graded as A (> three layers of cumulus), B 

(two-three layers of cumulus) and C (one-two layer of 

cumulus). The data generated was analyzed with standard 

statistical procedure.

RESULTS AND DISCUSSION

 The data pertaining to the number and quality of 

oocytes retrieved is summarized in the Table  2 and 3. The 

data presented in the tables revealed that the mean number 

of oocytes retrieved from the cows of Group II, Group III 

and Group IV was 5.41±2.20, 8.00±3.26 and 6.75±2.75, 

respectively. Similarly, the mean number of oocytes 

collected from subgroups II A, II B, III A, III B, IV A and IV 

B were recorded as 6.33±2.58, 4.50±1.83, 7.33±2.99, 

8.66±3.53, 5.16±2.10 and 8.33±3.40, respectively. 

However, very less number of oocytes (mean 1.33±0.54) 

retrieved from control group cows. Analysis of data further 

revealed that the mean number of oocytes recorded in 

treated groups was significantly more (P<0.05) than the 

cows received no treatment. Similarly, donor cows of all 

treated subgroups recorded significantly more number of 

oocytes (P<0.01) when compared with cows of control 

group.Furthermore, cows treated with GOG+FSH, FSH 

(high) and GPG+FSH recorded significantly higher 

(P<0.05) number of oocytes when compared with other 

treatment groups. On comparison between the subgroups, 

the number of oocytes recovered from cows treated with 

high dose was significantly more (P<0.01) than low dose. 

However, no significant difference was noticed between 

the number of oocytes of GOG and GPG synchronization 

subgroup and GPG+FSH and GOG+FSH subgroups. This 

shows that the donor cows subjected to synchronization of 

follicular wave and superovulation had a greater impact on 

recruitment and growth of ovarian follicles.

 Out of total oocytes retrieved, cows synchronized 

with GnRH, PGF2 and OB collectively yielded 65 

oocytes, cows synchronized and further superstimulated 

with FSH yielded 96 oocytes and those which are not 

synchronized but superstimulted with FSH including low 

and high dose recorded 81 oocytes.

 Distribution of oocytes according to sub-group 

revealed that highest number of oocytes were retrieved 

from the cows treated with GOG + FSH and FSH with high 

dose (200 mg). Cows treated with GPG+FSH, GPG and 

FSH with low dose (100 mg) also showed recovery of 

oocytes with substantial number. However, very less 

number of oocytes could have retrieved from the donors of 

control group. Gradation of oocytes showed that more 

number of Grade A oocytes were obtained from the cows 

treated with FSH with high and low dose, GPG+FSH and 

GOG+FSH. However, donors treated with GPG and GOG 

alone yielded relatively less number of Grade A oocytes as 

compared to earlier groups. Interestingly more number of 

Grade B oocytes were recovered from GOG+FSH group 

cows followed by the cows treated with GPG, FSH with 

high dose, GPG+FSH, FSH with low dose and GOG alone.

3

Trans-vaginally aspirated immature oocytes

 Actually gonadotropin releasing hormone is 

secreted by the hypothalamus which stimulate the anterior 

pituitary to release the FSH. Follicle stimulating hormone 

is a gonadotropin hormone commonly used for 

superovulation in cattle for embryo production in large 

numbers. Normally, it releases from the anterior pituitary 

in pulsatile manner and responsible for the follicular 

development. Exogenous administration of FSH stimulate 

the growth of more number of follicles within the estrus 

cycle that reaches to the stage of preovulatory follicle. 

Prostaglandin F2 is secreted by the myometrium in 

normal course when there is no fertilization. PGF2 is 

luteolytic in nature and causes the regression of corpus 

luteum. The follicular development is normally initiated 

after the luteolysis. Similarly, the Oestradiol 17 has also 

got some luteolytic activity and promote the further 

growth of recruited follicles.

 Recovery of more number of oocytes has always 

remained a driving force for researchers to try various 

techniques and hormonal pre-stimulation. In the present 

study 5-6-fold increase was observed in number of oocytes 

after pre-stimulation of FSH and Gonadotropin releasing 

hormone (GnRH). The findings of the present study 

corroborated with Sendag et al. (2008) who recorded more 

number of oocytes (10.3±5.0) as well as grade A oocytes per 

Holstein cow treated with FSH-Pas compared to eCG.

 Present finding is in partial agreement with 

Goodhand et al. (1999) who observed significantly more 

number of follicles of around 6-10 mm size and also A 

grade oocytes after pre-stimulation with FSH than 

untreated heifers. However, the oocyte recovery rate was 

reported as significantly lower in FSH treated heifers. 

Fernandes et al. (2020) recorded significantly more 

number of oocytes retrieved from control group (22.2±1.5) 

as compared to those treated with FSH (16.9±1.4) in 

Nellore breed of cows. Thus present finding is not in 

agreement with Fernandes et al. (2020) as mean number of 

oocyte recorded in control group cows was very poor 

(1.33±0.54) during present study. The existing variation 

may be due to difference in genetic make-up and 

nutritional base of the donor cows.

Table 2

Number of oocyte (mean, ±SE) recovered from donor cows 
of Controland different treatment groups (Synchronization 

and/or superovulation)

Groups Pooled mean Group Mean
 sub-group

a aControl 1.33±0.54  1.33±0.54
b bGroup I A (GPG) 6.33±2.58  5.41±2.20
bGroup I B (GOG) 4.50±1.83  
bc bGroup II A (GPG +FSH-P) 7.33±2.99  8.00±3.26
bcGroup II B (GOG+ FSH-P) 8.66±3.53  
b bGroup III A (FSH-P-100 mg) 5.16±2.10  6.75±2.75
bcGroup III B (FSH-P-200 mg) 8.33±3.40

(a,b,c) Means in the same column differed significantly (P<0.05; 
P<0.01)

Table 3

Gradation of oocytes recovered from donor cows of 
Control and different treatment groups (Synchronization 

and/or superovulation)

Groups OPU retrieved oocytes Total

 Grade A Grade B Grade C

Control 2 3 3 8

Group I A (GPG) 18 16 4 38

Group I B(GOG) 17 7 3 27

Group II A (GPG +FSH-P) 27 10 7 44

Group II B (GOG+ FSH-P) 22 24 6 52

Group III A (Low Dose 100 mg)  22 9 0 31

Group III B (High Dose 200 mg) 30 14 6 50

Table 1

Number (mean±SE) of ovarian follicles in the cows of different groups before and after treatment

Groups Sub-Group Treatment Pooled mean Pooled mean
   sub-group groups
  Before After

a bGroup I A 2.83±1.15  8.50±3.40  5.66±2.31 5.12±2.09
a b B 2.83±1.15  6.33±2.58  4.58±1.86
a bcGroup II A 3.00±1.22  9.16±3.73  6.08±2.48 5.96±2.43
a bc B 2.16±0.88  9.50±3.87  5.83±2.38
a bGroup III A 2.17±0.88  7.00±2.85  4.58±1.86 5.29±2.15
a bc B 3.00±1.22  9.00±3.67  6.00±2.44

a, b Different superscripts in a row indicate significantly different values
b, c Different superscripts in a column indicate significantly different values
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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 2

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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Marinelli, L., Adamelli, S., Normando, S. and Bono, G. 
(2007). Quality of life of the pet dog: Influence of 
owner and dog’s characteristics. Appl. Anim. Behav. 
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INTRODUCTION

 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

 The present investigation was aimed to find out the occurrence of coccidiosis and evaluate the cytological and histopathological alterations in 
intestine of goats in Jaipur region of Rajasthan. In this study, a total of 504 samples of intestine were collected from goats, irrespective of age breeds 
and sex. Out of 504 samples, 98 representative samples of intestine were processed for subsequent parasitological, cytological and histopathological 
examinations. The results of the study revealed an overall occurrence of coccidiosis as 19.44 per cent. Macroscopically, small, whitish, non-
pedunculated nodules were observed in the mucosa of intestine. In cytopathology, impression smears from the intestinal mucosa showed the presence 
of oocysts, merozoites and schizonts along with degenerative changes, necrotic cells and mononuclear cell aggregations. Histopathologically, 
sections of intestine from the nodular areas revealed mild to moderate inflammatory reaction with the presence of developmental stages of Eimeria 
spp. in the epithelium of affected intestinal villi and crypts. This study indicated for the prompt diagnosis of coccidiosis in goat production of semi-
arid zone of Rajasthan such as Jaipur. This study may open the way up for using cytopathological technique as a reliable and useful diagnostic 
procedure for evaluation of infectious diseases viz. coccidiosis not only in goats but also in other animal practices.

Keywords: Coccidiosis, Cytohistopathological, Goat, Intestine, Occurrence
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 Infectious diseases are a global problem and 
considered as a major obstacle in the health and product 
performance of livestock specially goats (Nath et al., 
2014). Gastro-intestinal parasitic infection is a serious 
constraint in small ruminant that may greatly reduce the 
animals productivity levels (Benavides et al., 2015). 
Intestinal coccidiosis is one of the most important parasitic 
diseases of small ruminants worldwide. Eimeria spp. 
infection can cause weight losses in goats and severe cases 
can lead to the death of the affected animals, resulting in 
economic losses to the goat industry (Tafti and Mansourian, 
2008). The disease is more serious in 4-6-months old kids 
and lambs and also in any age when animals are kept under 
conditions of intensive husbandry. Stress factors such as 
weaning, inclement weather, dietary changes, traveling 
and regrouping have important roles in coccidiosis in 
small ruminants. In goats, sixteen species of Eimeria have 
been described from different parts of the world, of which, 
E. christenseni, E. arloingi, E. caprina and E. 
ninakohlyakimovae are reported as the most pathogenic 
species (Kheirandish et al., 2014). Coccidia can invade 
and destroy intestinal cells of the hosts, causing intestinal 
pathology (Uzal et al., 2016).

 The availability of a variety of rapid, safe and cost-
effective techniques and stains often places cytopathology 
in the forefront of diagnostic evaluations, including the 

diagnosis of infectious diseases (Sood et al., 2008). 
Although major advances have occurred in the cytological 
diagnosis of various organ pathologies, gastrointestinal 
(GI) cytology has not gained popularity and is only 
occasionally practiced in the form of brushings and 
washings. Touch imprint cytology Tis a rapid, simple and 
inexpensive method of diagnosis of GIT lesions 
(Vijayanarasimha et al., 2014).

 In Rajasthan, so far very few efforts have been made 
to study cytological and histopathological features of 
intestinal coccidiosis in goats. Therefore, looking to the 
immediate need of understanding the various cytohisto 
pathological features of intestinal coccidiosis and for 
providing timely diagnosis, the present research work was 
proposed in goats.

MATERIALS AND METHODS

Source and Collection of Samples: In the present study, a 
total of 504 samples of the intestine were collected from 
goats of either sex, irrespective of age and breeds. Out of 
504 samples, 98 representative samples of intestine were 
processed for subsequent parasitological, cytological and 
histopathological examinations. All three techniques were 
applied for every single case of goat carcasses.  The entire 
work was carried out in the Department of Veterinary 
Pathology, PGIVER, Jaipur. The organ/tissue samples for 
this study were collected from various slaughter houses, 
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carcasses of goat submitted for post-mortem examination 
to department of Veterinary Pathology, any mortality at 
Veterinary Clinical Complex, PGIVER, Jaipur and 
samples received from the field veterinarians in the 
department of Veterinary Pathology for the routine 
histopathological examination were included in this study.

Gross Examination: All the samples were examined 
grossly for alterations in morphology in terms of shape, 
size, colour, consistency, odour, location and type of the 
lesions in individual part of the intestine.

Cytological Examination: For cytological examination 
following techniques were used.

Impression Smear/Touch Imprint Cytology: Impression 
smears from tissues were collected at necropsy. At least 
four slides were prepared from each case which was used 
for histopathological examinations, by using the technique 
described by Tribe (1965) and Tseng et al. (1999). The 
prepared smears were allowed to air dry. After drying, 
smears were immediately fixed using methanol. Then 
imprints were stained with Giemsa stain (Hi Media 
Laboratories, India) and thoroughly examined under light 
microscope for various cytopathological alterations.

Wet mount Faecal Cytology: Wet mount faecal cytology 
was performed by collecting a small amount of faecal 
samples from the cases which were used for cytological 
and histopathological examinations. All faecal samples 
were first subjected to standard qualitative faecal sample 
examination by using direct smear method for detection of 
coccidian oocysts. The coccidian parasites were identified 
on the basis of the morphological features of oocysts 
described by Soulsby (1982).

Histopathological Examination: After thorough gross 
examination, representative pieces (approximately 0.5 cm 
thickness) of intestines were collected and fixed in 10% 
neutral buffered formalin. The formalin fixed tissues 
processed for paraffin embedding by acetone and benzene 
technique (Lillie, 1965). The tissue sections of 4-5micron 
thickness were cut and stained with haematoxylin and eosin 
staining method (Suvarna et al., 2008) for histopathological 
evaluation. Sections were thoroughly examined under light 
microscope for various histopathological changes. In 
addition, special stains such as Perioidic Acid Schiff (PAS) 
technique for coccidia were also performed (Culling, 1974).

RESULTS AND DISCUSSION

Occurrence of coccidiosis:

 In this study, intestine from 504 goats were 
examined and 98 samples were found to be infected with 
coccidiosis. Various prevalence rates of Eimeria infection 
(Coccidiosis) in goats have been reported in various parts 

of the world The present findings exhibited  the occurrence  
of Eimeria infection in goats (19.44%) was closely related 
to the previous studies (Sorathiya et al., 2017) as 20 
percent, and as 25.8% (Matsepe et al., 2021) in Lesotho, 
South Africa while lower as compared to that reported by 
several authors as 96.66% (Kaur et al., 2018) in Ludhiana, 
as 86.71% (Sharma et al., 2017)  in Mathura (UP) India, as 
60% (Mohamaden et al., 2018) in Egypt and as high as 
90.96% (Singh et al., 2020) in Makhdoom, Mathura, India. 
However, it was greater than that noticed in few reports as 
12.74% (Sisodia et al., 1997) in sheep, Western Rajasthan, 
India. Occurrence of coccidiosis across the country has 
been well documented as climatic conditions are most 
conductive for sporulation and survival of coccidian 
oocysts throughout the year (Singh et al., 2017). Possibly 
oocysts from previous flock were present and suitable 
conditions like high moisture contents, warmth of 25-30ºC 
and stress conditions are responsible for flaring up of 
infection resulting into a form of outbreaks resulting into 
mortalities (Kaur et al., 2018).

Cytohistopathological studies: In the present study, at 
necropsy, gross lesions were observed mostly in the distal 
part of the small intestine and caeca.  Macroscopic lesions 
included congestion and thickened mucosa along with the 
presence of scattered, small, whitish and non-pedunculated 
nodules (Fig. 1). Histopathological examination of the 
non-pedunculated nodules revealed enteritis characterized 
by mild to moderate infiltration of lymphocytes, plasma 
cells and eosinophils in the lamina propria (Fig. 2). In these 
early histopathological lesions, the presence of 
intracytoplasmic developmental stages of the parasite such 
as immature to mature schizonts were also observed. The 
most prominent microscopic lesion was proliferative 
enteritis. Few normal crypts of Lieberkühn with the majority 
of the crypts invaded with the asexual developmental stages 
(Figs. 3 and 4). The intestinal epithelium showed necrosis 
and haemorrhages (Fig. 5) and hyperplasia eventually 
developed into papillary projections of reactive epithelium. 
Gross changes like thickened and congested mucosa with 
scattered, small, whitish, non-pedunculated nodules and 
histopathological findings such as proliferation of 
intestinal villi during different developmental stages of 
coccidian life cycle in epithelial cells, have also been studied 
previously by several authors (Tafti and Mansourian, 
2008; Radad and Khalil, 2011; Hashemnia et al., 2015; 
Kaur et al., 2018; Satish et al., 2019).  On microscopic 
examination of wet mount faecal smears from the rectal 
samples, showed multiple species oocysts of Eimeria   
with E. arloingi, E. ninakohlyakimovae, E. ahsata and E. 
hirci in a single field (Fig. 6). The similar findings also 
described by Kaur et al. (2018) also postulated that 
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Fig. 1-9. (1) Photograph, showing congested and thickened mucosa along with scattered, small, whitish and non-pedunculated nodules. 
(2) Photomicrograph of intestine depicting enteritis, characterized by mild to moderate infiltration of lymphocytes, plasma cells and eosinophils in 
the lamina propria. (H&E, 100X) (3) Photomicrograph of intestine showing crypts of Lieberkühn invaded with the asexual developmental stages of 
Eimeria spp. (PAS, 100X) (4) Photomicrograph of crypts of Lieberkühn showing intracytoplasmic coccidian stages such as immature to mature 
schizonts. (PAS, 400X). (PAS, 400X) (5) Photomicrograph of intestine depicting mucosal epithelium with inflammatory reaction and necrotic-
hemorrhagic exudates in  the lumen. (H&E, 100X) (6) Direct faecal wet mount smear from the rectum, showing multiple species of Eimeria oocysts 
with E. arloingi, E. ninakohlyakimovae, E. ahsata and E. hirci in a single (400X). (7) Impression smears from the intestinal mucosa 
depicting the presence of oocyst, merozoites, schizonts and macrogametocyte  along with the, degenerative and necrotic changes. (Giemsa’s stain, 
1000X) (8) Impression smears from the intestinal mucosa showing the many macrogametocytes having a central nucleus with eosinophilic 
peripheral wall forming bodies in enterocytes and detached epithelia cells and few lymphocytes in background. (Giemsa’s stain, 400X) (9) Touch 
imprint from the intestinal mucosa showing the schizont containing merozoites in a enterocyte, crescent shape merozoites, necrotic cells and 
lymphocytic infiltration in background. (Giemsa’s stain, 1000X)
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stocking rate and togetherness of young and adults in 
intensive system of management exposes the animals to 
infection and re-infection due to poor hygienic conditions 
(Chartier and Paraud, 2012).

 In cytopathology, impression smears from the 
intestinal mucosa depicted the presence of many oocysts 
(two layered wall), merozoites and schizonts along with 
the degenerative changes, necrotic cells and mononuclear 
cell aggregations (Fig. 7). The mature macrogametocytes 
had a central nucleus with eosinophilic peripheral wall 
forming bodies (Fig. 8). The microgamonts were round 
and had peripherally located nuclei.  Touch imprint from 
the intestinal mucosa also depicted the mature schizont 
contained merozoites in a enterocyte, crescent shape 

merozoites, necrotic cells and lymphocytic infiltration in 
background (Fig. 9). Though cypathological findings 
including different stages of coccidian life cycle in 
epithelial cells of intestine have been studied previously in 
goats (Garba et al., 2020) and   other species such as dog, 
cat and rabbit (Manjunatha et al., 2019) but, in the present 
study all the developmental stages of Eimeria spp. in goats 
are demonstrated more clearly in Giemsa stained 
impression smears.

CONCLUSION

 Present study concluded that occurrence of 
intestinal coccidiosis in Jaipur district was found to be high 
in goats. Cytological alterations and pathomorphological 
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changes reported in this study can be used by field 
veterinarians as guidelines for clinical evaluation and 
disease severity assessment. Based on present results, 
utilizing the science of cytopathology particularly 
impression smear or touch imprint cytology is cost 
effective, rapid, simple and accurate. It can be used not 
only in the routine diagnosis of neoplastic growths but also 
for infectious diseases viz. coccidiosis.
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 Osmanabadi goat is widely distributed in Marathwada 
region of Maharashtra and known for their reproductive 
capacity, high twining percentage and yielding milk which 
are mainly reared for milk and meat purpose. They perform 
the best potential in the native breeding track and 
considered as one of the hardiest animals ever to be 
domesticated by man, are an important source of income 
and occupation to a sizeable population. However, apart 
from these described/recognized goat population in the 
country, a large number of non-descript goat population 
are present which does not involve in any recognized 
breeds. In Maharashtra’s marathwada region, the breeding 
tract of Sangamneri and Osmanabadi goats are adjoining 
and hence indiscriminant breeding practice over the 
decades, may develop of new goat breed with the 
admixture of these two breed. Therefore, an investigation 
was undertaken to perform baseline survey and 
record/measure the data on various body phenotypic 
parameters amongst the non-descript goat in Marathwada 
and western Maharashtra region for unique phenotypic 
characters to find out the non-descript goat as potential for 
recognition into new goat breed in state of Maharashtra.

Locations of the study areas

 The present study was carried out in total 242 
villages from total eleven districts which include seven 
districts from Marathwada viz., Latur, Parbhani, Aurangabad, 
Nanded, Jalna, Osmanabad and Beed and four districts of 
western Maharashtra viz. Ahmednagar, Satara, Solapur 
and Nasikfor four years during 2018 to 2021. The villages 
were selected by four levels of sampling in each district, 2-

stage stratified sampling technique was applied, wherein 
all tahsil within each district and 2 villages in each tahsil 
was selected randomly to obtain data.Total 1070 local 
goats were surveyed which includes 389 male and 681 
female animals. The local farmers of each district were 
visited and information was recorded/collected in the 
prescribed format as per ICAR-NBAGR guidelines 
(ICAR-NBAGR, 2021). The lactation milk yield of each 
animal was calculated using the Test Interval Method 
(TIM) that is reference method by International Committee 
for Animal Recording (ICAR, 2011). The actual milk yield 
for 24 hours was recorded at the interval of 15 days.

Lactation Milk Yield (LMY) = I M +I  (M +M )/2+I  0 1 1 1 2 2

(M +M )/2+....+I -1(M -1+M )/2+I M2 3 n n n n n

Where,

M , M ….M  = actual milk yield in 24 hours of the 1 2 n

recording days (Kgs)

I , I …I -1 = the interval between recording dates (days)1 2 n

I  = the interval between the lactation period start date and 0

first recording date (days)

In = the interval between the last recording date (days)

 Least squares analysis of variance technique was 
used to study the influence of non genetic factors. The 
means were tested for those fixed effects which were found 
statistically significant by Duncan’s multiple range test 
(DMRT).

 The average production traits were studied in Udgiri 
goat. It was observed that, the average least square means 
for lactation length, average daily milk yield, total lactation 

SUMMARY

 The present investigation was carried out on Udgiri goat of Maharashtra raised under traditional management practicesto evaluate the 
productive and reproductive efficiencyduring the period 2018 to 2021.It was observed that, the least square means for average lactation length, 
average daily milk yield, total lactation milk yield, fat% and SNF% in Udgiri goat were 129.78±4.62 days, 0.79±0.025 liters, 74.56±3.54 days, 
3.29±0.13 and 10.65±1.10, respectively. The least square means for average age at first estrus is observed as 259.12±5.62 days, age at first maturity 
was 326.23±7.25 days, age at first kidding was 486.25±10.81 days, service period was 89.11±2.45 days, kidding interval was 246.95±7.10 days, dry 
period was 113.98±4.15 days, estrus duration was 29.14±2.42 days, gestation period was 151.25±6.31 days and average litter size was 1.65±0.21.

Keywords: Gestation period, Lactation length, Maharashtra state, Marathwada, Udgiri goat
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Table 2. The average reproduction performance of Udgiri 
goat

Sr. Traits Numbers of Mean±SE Range
No.  observations

1. Age at first maturity (days) 213 326.23 ± 7.25 313 to 348

2. Age at first kidding (days) 237 486.25± 10.81 471.54 to 488.14

3. Service period (days) 98 89.11± 2.45 62.12 to 113.24

4. Kidding interval (days) 89 246.95 ± 7.10 257.12 to 263.11

5. Dry period (Days) 216 113.98± 4.15 97.91 to 138.34

6. Oestrous cycle (days) 237 29.14 ± 2.42 27.89 to 31.91

7. Gestation period (days) 237 151.25 ± 6.31 131.45 to 163.43

8. Litter size 237 1.65 ± 0.21 1.12 to 1.72

Udgiri goat are nearly similar to the other recognized goat 
breeds in the region.If proper management and scientific 
breeding is practiced, it will be possible to improve 
productive and reproductive performance of Udgiri goat in 
the breeding tract. This goat has a potential to recognize as 
distinct goat breed which possesses unique features for 
conservation and further improvement of economic traits.
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milk yield, Fat % and SNF % in Udgiri goat were 129.78 ± 
4.62 days, 0.79±0.025 liters, 74.56±3.54 days, 3.29±0.13 
and 10.65±1.10, respectively (Table 1). In accordance with 
the present findings, Sawaimul et al. (2009) reported the 
daily milk yield ranged from 700 gm to 1500 gm under 
well managed village flocks with lactation length of 130-
150 day in Osmanabadi goat. However, In Sangamneri 
goat, the average daily milk yield of 0.860 liters, lactation 
yield of 77.40 liters in about 160 days of lactation was 
reported in farm condition.

Table 1. The average production performance of Udgiri goat

Sr. Traits Numbers of Mean±SE Range
No.  observations

1 Lactation length (days) 237 129.78±4.62 120.97 to 137.34

2 Average daily milk 237 0.79±0.025 0.5 to 1.0
 yield (Lits)

3 Total Lactation milk 237 74.56±3.54 69.57 to 78.34
 yield (Lits)

4 Fat % 87 3.29±0.13 2.24 to 4.25

5 SNF % 87 10.65±1.10 08.95 to 11.45

 The least square means forage at first maturityin 
Udgiri goat is observed as 326.23±7.25 days, age at first 
kidding was 486.25±10.81 days, service period was 89.11 
±2.45 days, kidding interval was 246.95±7.10 days, dry 
period was 113.98±4.15 days, estrus duration was 29.14± 
2.42 days, gestation period was 151.25±6.31 days and 
average litter size was 1.65±0.21 (Table2). Deokar et al. 
(2007) reported that the overall age at puberty, oestrus 
cycle duration, oestrus duration age at first conception, age 
at first kidding, service period, kidding interval and 
gestation period recorded in Sangamneri goats under field 
conditions are as 9.94 months, 29.14 days, 47.96 hours, 
10.40 months, 15.52 months, 73.55 days, 218.48 days and 
148.26 days, respectively.

CONCLUSIONS

 The production and reproduction parameters of 
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 Mammary gland which provides nourishment to 

young ones in mammals isa modified sweat gland. The 

gland carries out process of milk formation, release and 

gland remodeling according to several lactational stages of 

animal. The process included replacement of damaged 

tissue during peak lactation and tissue regression while 

preparing the gland for ensuing lactations (Paramasivan et 

al., 2013). The anatomical knowledge of mammary glands 

at different stages is important for understanding its 

production physiology, genetics and management (Pandey 

et al., 2018). It is presumed that the size and morphology of 

udder varied greatly between animals and during different 

physiological stages. The superficial location of mammary 

gland makes it susceptible to trauma and injuries leading to 

infections. As the genetic arrangements have impact on 

udder characteristics the selection of milch animals 

depended greatly on the udder conformations. The shape 

and size of udder had considerable impact on milk 

production economics thereby providing important 

criteria for selection of milch animals (Bhuiyan et al., 

2004). Keeping in view the role of conformational traits of 

udder with respect to productivity in buffaloes, the gross 

morphological and biometrical study was conducted on 

mammary gland of lactating and non-lactating Murrah 

buffaloes.

 The tissue samples of mammary glands of 6 lactating 

and 6 non-lactating adult buffaloes were collected from 

different abattoirs. The whole udder was collected after de 

-skinning and was subjected to anatomical studies and 

biometrical analysis. After removal of fascia, the biometrical 

observations viz., the udder length/depth, anterior width 

(width of fore quarters) and posterior width (width of hind 

quarters), thickness of udder, anterio-posterior diameter 

(diameter measured at base of udder anterio-posteriorly) 

and circumference of udder were recorded for each specimen. 

The measurements were done by calibrated scale and inelastic 

thread. The udder length/depth was measured from the 

point of attachment of udder with body to base of teat. The 

width of udder was measured between the lateral extremities 

of udder in anterior and posterior ends. Thickness of udder 

measured width at the base of udder i.e. transverse diameter. 

The anterio-posterior diameter measured the longitudinal 

diameter of udder at base. The circumference of udder was 

taken at base level with the help of an inelastic thread 

(Fig. 1). Arithmetic mean, range, standard error and 

coefficient of variation for morphometric measurements 

were computed and statistically analyzed for their 

significance by using t-test.

 The specialized sweat glands in mammals for 

nurturing young ones were known as mammary glands. In 

buffaloes these glands were located in the inguinal region 

and were formed from four mammary units known as 

quarters. Each quarter was separately drained by a single 

appendage known as teat. A thin skin layer covered all the 

four quarters along with their teats. The skin remained 
*Corresponding author: bansal.neelam@rediff.com

SUMMARY

 The present study was conducted on mammary glands of six lactating and non-lactating buffaloes. Glands were collected from the abattoir 
immediately after sacrifice. After removal of fascia, the gross anatomical and biometrical observations of mammary glands were recorded. The 
results revealed that udder of lactating buffaloes were bowl shaped whereas the non-lactating udder was pendulous. Udder was composed of right and 
left halves, divided internally by median suspensory ligament. Each half was further divided by thin membranes into smaller fore quarters and larger 
rear quarters. The udder length or depth was measured to be 23.33±1.12 cm and 27.83±0.95 cm in fore and hind quarter of lactating buffaloes and 
14.17±0.95 cm and 17.83±0.48 cm in non-lactating buffaloes, respectively. The anterior and posterior width of udder were 47.67±0.99 cm and 
43.17±1.013 cm in lactating ones and 36.17±0.98 cm and 29.17±0.60 cm in non-lactating ones. The thickness, anterio-posterior diameter and 
circumference of udder was 44.83±0.79 cm, 45.83±0.95 cm and 121.83±1.80 cm in lactating buffaloes whereas 37.50±1.34 cm, 37.5±0.85 cm and 
99.67±1.36 cm in non-lactating buffaloes. The biometrical observations recorded for lactating and non-lactating udder showed significant 
differences.
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ligament median ligament was elastic in nature and formed 

thick layer of yellow elastic sheet partially separating the 

left and right halves of the udder (Fig. 3D). The elasticity 

and tensile strength of this ligament carried the weight of 

udder when large amount of milk was produced.

 According to Schummer et al. (1981) the suspensory 

apparatus of the udder consisted of paired suspensory band 

located between the udder halves. It consisted of elastic 

connective tissues and continued from the abdominal 

tunica flava attaching the udder to the abdominal wall. The 

suspensory apparatus of the udder consisted of medial and 

lateral laminae of connective tissue which attached the 

udder to the ventral abdominal wall and the prepubic 

tendon.

loosely attached to the glandular unit and thus slipped over 

it very easily. The presence of hair was only confined to the 

skin region adhering to the mammary glands in both 

lactating and non-lactating buffaloes. The mammary 

quarters were separated from each other laterally by 

median suspensory ligament into right and left halves (Fig. 

3A, B). The gland was divided into smaller fore and larger 

rear quarters by thin membranes. It was observed that the 

lactating animals contained bowl shaped udder whereas a 

pendulous udder was dominant feature in non-lactating 

animals. Ranjitha et al. (2021) reported most commonly 

occurring udder shape in buffalo was bowl shaped 

followed by pendulous, globular and goaty.

 The ligaments and tissues which helped in 

suspension of the udder from body played equally crucial 

role in lactation. This apparatus comprised of various 

elements imparting different functions. The suspensory 

system comprised of skin, superficial fascia and 

connective tissue layer. The lateral suspensory ligament 

was consisting of two layers superficial and deep whereas 

the median suspensory ligament was single layered. The 

skin and superficial fascia covered the udder and provided 

very little suspensory support to udder. The connective 

tissue attached the dorsal surface of the front quarters to the 

abdominal wall helped in keeping the fore quarter in 

proximity of the body wall provided some support to the 

udder. This attachment is of importance during evaluation 

of dairy cattle conformation.

 The lateral suspensory ligament originated from the 

sub-pelvic tendon and was further divided into superficial 

and deep layers (Fig. 2). The superficial lateral suspensory 

ligament with fibrous tissue stretched cranio-ventrally 

from the pubic region towards the udder and enveloped the 

udder externally running below the skin and adhered to the 

connective tissue layer. The deep layer of lateral suspensory 

ligament was also composed of mostly fibrous tissue. But 

unlike the superficial layer it formed a thicker envelop 

covering most parts of udder except at the bottom as a 

result of which centre of the milk filled udder pulled away 

from the body. Externally the deep layer was attached to 

the superficial suspensory ligament and internally 

projected lamellae into the glandular part which formed 

the interstitial framework of the udder. The lateral 

suspensory ligaments thus formed the major support 

system of udder (Fig. 3C).

 The median suspensory ligament originated from 

the abdominal wall and extended to the medial surface of 

left and right halves of udder. Unlike the lateral suspensory 

Fig. 2. Schematic diagram showing suspensory apparatus of buffalo 
udder

Fig. 1. Schematic diagram showing parameters for biometrical studies 
on lactating and non-lactating udder of buffalo
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 The biometrical observations recorded for lactating 

and non-lactating udder showed significant differences. 

The udder length was measured to be 23.33±1.12 cm and 

27.83±0.95 cm in fore and hind quarter of lactating buffaloes 

and 14.17±0.95 cm and 17.83±0.48 cm in non-lactating 

buffaloes, respectively. The fore quarter length was 

significantly less than hind quarter in both stages whereas 

length of all the lactating quarters were significantly higher 

than the non-lactating ones. The anterior and posterior 

width of udder were 47.67±0.99 cm and 43.17±1.013 cm 

in lactating ones and 36.17±0.98 cm and 29.17±0.60 cm in 

non-lactating ones (Fig. 4). There was significant 

difference between the anterior and posterior width in both 

the physiological stages. The udder length and width of 

swamp buffalo were 40.56±0.15 cm and 35.11±0.16 cm, 

respectively (Akhtar et al., 1998). This indicated the udder 

size was larger in riverine Murrah buffalo as compared to 

the swamp buffalo. Prasad et al. (2010) investigated mean 

length and width of udder to be 55.71±0.59 cm and 53.87 

±0.70 cm in Murrah buffalo, respectively which showed a 

higher value than current findings. In Surti buffalo, the 

length and width of udder were 45.0±0.7 cm, 49.4±1.4 cm, 

respectively (Lavania et al., 2011). The average udder 

length was 44.8±7.43 cm whereas the depth of fore and 

hind quarters were 23.7±3.11 cm and 23.6±3.71 cm, 

respectively in crossbred cows as reported by Deng et al. 

(2012). Naik (2015) measured the length of fore and hind 

quarters to be 20.91±0.94 cm and 11.75±0.70 cm 

respectively, whereas the width of fore quarters and hind 

quarters were 14.16±1.07cm and 12.66±0.57 cm, 

respectively in Gidda cows. In contrast to current findings 

Khatri et al. (2017) found that the buffalo udder was 

58.24±0.68 cm in length, 65.45±0.70 cm in width and 

23.06±0.34 cm in depth. These values were significantly 

higher than the present measurements. Similarly, in Gir 

cows the udder length, width and depth were measured to 

be 61.95±1.20 cm, 62.99±1.17 cm and 25.62±0.43 cm, 

respectively (Modh et al., 2017). The average udder length, 

width and depth were 48.10±0.33 cm, 42.80±0.32 cm and 

11.80±0.05 cm, respectively in Murrah buffalo (Ranjitha 

et al., 2021).

 The thickness, anterio-posterior diameter and 

circumference of udder was 44.83±0.79 cm, 45.83±0.95 

cm and 121.83±1.80 cm in lactating buffaloes, whereas 

37.50±1.34 cm, 37.5±0.85 cm and 99.67±1.36 cm in non-

lactating buffaloes (Fig. 4). The thickness, anterio-

posterior diameter and circumference of mammary gland 

of Gidda cows were 17.66±1.66 cm, 24.83±3.13 cm and 

59.00±3.88 cm, respectively as reported by Naik (2015).

 All these parameters showed significant higher 

values in lactating animals as compared to non- lactating 

ones. Further the shape of udder was found to be bowl 

shaped in lactating whereas pendulous in non-lactating 

udder. Unlike current study Patel and Trivedi (2018) 

observed the mean values for udder length, width and 

depth were higher for pendulous udder in crossbred cows 

whereas current study reported higher values for bowl 

shaped udder. These findings can be used as a marker for 

identification of physiological stage of production in 

buffalo.
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 Histopathological examination of tissues is a routine 
standard test for diagnosis of diseases. For this fixation, 
dehydration, clearing, and embedding are the four main 
steps, followed by the sectioning and staining of the tissue 
(Rahmawati et al., 2020).The process of clearing is 
essential in preparing histological sections, as it removes 
dehydrants such as alcohol/acetone from tissues prior to 
embedding in a material (usually paraffin wax). Xylene, 
chloroform, toluene, methyl salicylate, methyl benzoate, 
and cedarwood oil are some of the clearing agents used in 
tissue processing. Xylene is commonly used because it is 
miscible with both alcohol and paraffin (Chandraker et al., 
2018). Xylene (Dimethyl benzene) occurs naturally in 
petroleum as well as coal tar and can also form in small 
quantities during forest fires. It is a colourless, flammable 
liquid with a sweet smell. As per Occupational Safety and 
Health Administration (OSHA), its permissible exposure 
limits are 100 parts per million parts of air (ppm) over 8-
hours and 200 ppm for 10 minutes as a short-term exposure 
limit (Bordoloi, 2018).

 The toxic effects of “xylene” are caused by inhalation, 
ingestion, and contact with the eyes or skin (Rahmawati et 
al., 2020). Researchers have shown that laboratory 
workers exposed to xylene for 1.5 to 18 years had symptoms 
similar to general poisoning disorders including 
pancytopenia and bone marrow toxicity (Erickson et al., 
1994). Hazardous effects of xylene include depression of 
the central nervous system with symptoms such as nausea, 

headache, dizziness, and vomiting. Long-term exposure 
may lead to insomnia, irritability, extreme tiredness, 
tremors, agitation, impaired concentration and short-term 
memory (Kandyala et al., 2010). In order to improve the 
safety of the working environment in histologic 
laboratories, the health hazards of xylene exposure should 
be reduced (Dapson, 2005). There were great concerns 
about its safety with evidence that its acute neurotoxicity 
was greater than that of benzene or toluene. It acts as an 
irritant in mild form and as a carcinogen in its severe form. 
Some alternatives to “xylene” have been investigated, like 
limonene reagents, aliphatic hydrocarbons, mineral oils 
and vegetable oils on soft tissues like skin, buccal mucosa, 
salivary gland, tendon, muscle and lymph nodes. Good 
histological details were found with these alternate 
clearing agents (Sermadi et al., 2014; Saravanakumar et 
al., 2019). The natural oils (vegetables and minerals oil) 
can be a better alternative as routine chemical clearing 
agents because they are safe, readily available and less 
expensive. Therefore, the present study was designed to 
compare the efficacy of natural oils as clearing agents in 
place of chemicals for clearing during tissue processing for 
histopathological examination of animal tissues.

Tissue sample collection- A total of 18 liver tissue 
specimens of liver were collected from carcass of goat 
submitted for post-mortem examination in the department 
of Veterinary Pathology, College of Veterinary and Animal 
Science, Navania, Vallabhnagar, Udaipur. They were fixed 

SUMMARY

 Xylene, commonly used as a clearing agent, is highly toxic, carcinogenic and poses a threat to histopathology laboratory personnel.The aim of 
this study was to evaluate the efficacy of coconut oil, groundnut oil, liquid paraffin, mustard oil, and sesame oil at a maintained temperature (40º C) as 
compared to xylene maintained at room temperature for 30 minutes as a safer alternative to act as clearing agent during tissue processing in 
histopathological laboratories. A total of 18 tissue samples of liver  were collected from goat carcasses fixed in 10% Neutral Buffered Formalin and 
sectioned into six groups, were  made namely group 1 control (Xylene), Group 2 (Coconut oil), Group 3 (Groundnut oil), Group 4 (Liquid paraffin), 
Group 5 (Mustard oil), and Group 6 (Sesame oil). A comparison was done between xylene and natural alternative-treated specimens with regard to 
ease of sectioning, quality of staining, clarity, and overall staining quality.When cellular details and staining quality were examined, no statistically 
significant differences were observed in either section.It was observed that clearing of tissues  were achieved with oils at this temperature at par with 
xylene, so in contrast to hazardous xylene, these alternatives can be used as clearing agents without compromising histological details.

Keywords: Clearing, Coconut oil, Groundnut oil, Liquid paraffin, Mustard oil, Sesame oil, Tissue processing, Xylene.
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in 10% formalin and sectioned in 6 equal parts and grouped 
as group 1, 2, 3, 4, 5, and 6 (tissues taken in triplicates for 
each group). Tissues were processed for routine paraffin 
embedding technique while clearing of tissues was done as 
Group 1- control (Xylene), Group 2-Coconut oil, Group 3- 
Groundnut oil, Group 4 -Liquid paraffin, Group 5- 
Mustard oil and Group 6- Sesame oil.

Tissue processing- The formalin fixed tissues were washed 
overnight in running tap water and processed for paraffin 
embedding technique (Lillie, 1965). After washing tissues 
were dehydrated in 70% alcohol for 1 hour and then in 
acetone for 1 hour in each change (I, II, and III). After 
dehydration, clearing was done with Xylene in Group 1(as 
a Control) - for 30 minutes in each change (I, II, and III) at 
room temperature and with natural alternatives in other 
groups (Group 2-Coconut oil, Group 3- Groundnut oil, 
Group 4 -Liquid paraffin, Group 5- Mustard oil, and Group 
6- Sesame oil) for 3 changes of 30 minutes at 40º C each as 
clearing agents. The cleared tissues were then embedded in 
4 changes of molten paraffin wax (wax I, II for 45 minutes 
and wax III, IV for 30 minutes) and blocks were prepared.

Histopathological examination- Tissue blocks were 
sectioned (4-5µm), and stained using Hematoxylin and 
Eosin (H&E) and were observed for evaluation of nuclear 
staining, cytoplasmic staining, clarity and overall quality 
of stained slide under low and high power of microscope.  
The slides were evaluated in terms of quality of staining as 
follows:

Features Score and criteria

Nuclear staining 0- Out of focus and unclear 
nuclear membrane

 1- Clear staining and nuclear 
membrane

 2- Smooth and clear staining 
with good contrast

Cytoplasmic staining 0- Out of focus

 1- Cytoplasm clear

 2- Clear smooth cytoplasm, clear 
nuclear membrane, good contrast

Clarity of staining 0- Not clear, hazy, out of focus

 1- Clear staining throughout the 
slide

 2- Crisp and contrast staining

 The data was analyzed and interpreted by using 
ANOVA and significant differences between groups were 
evaluated using Tukey post hoc test.

 It was observed in the present study, that these 

natural alternatives had ability to clear tissue and maintain 
cellular architecture, a similar property to that of xylene. 
These oils are nontoxic and can be recycled. Group 1 tissue 
specimen were taken for routine procedure with xylene as 
a clearing agent for 30 minutes at room temperature, 
whereas group 2 tissue specimen were treated with heated 
coconut oil at a temperature maintained at 40º C for 30 
minutes for clearing. Similarly group 3, 4, 5, and 6 tissue 
specimens were treated with heated groundnut oil, liquid 
paraffin, mustard oil, and sesame oil, respectively at a 
temperature maintained at 40º C for 30 minutes for clearing  
during processing. When all the stained slides were assessed 
for nuclear staining and compared with group 1 as a control 
group, all natural alternatives  (group 2, group 3, group 4, 
group 5, and group 6) were found statistically non-significant 
(Table 2) difference. Quality of staining of all stained slides 
were evaluated for cytoplasmic staining and compared with 
group 1 as a control group, all natural alternatives (group 2, 
group 3, group 4, group 5, and group 6) were also found 
statistically non- significant (Table 2) difference. When all 
the stained slides were assessed for clarity of staining and 
compared with group 1 as a control group, group 6 (sesame 
oil) showed statistically significant difference with xylene, 
whereas group 2, 3, 4, and 5 statistically non- significant 
values at (p<0.05) (Table 2). Overall quality of staining of 

Fig. 1. Histogram showing mean score of overall quality of staining of 
tissues of various groups cleared at higher temperature

Table 1

Clearing of tissues by using different clearing agents 
at room temperature and 40º C

Groups  Reagents  Temperature  Time

Group-1 Xylene  Room temp.  30 minutes
(Control)

Group-2  Coconut oil 40º C 30 minutes

Group-3  Groundnut oil  40º C 30 minutes

Group-4  Liquid paraffin  40º C 30 minutes

Group-5  Mustard oil 40º C 30 minutes

Group-6  Sesame oil 40º C 30 minutes
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all stained slides at higher temperature (group 1, group 2, 
group 3, group 4, group5, and group 6) were found 
statistically non-significant values at (p<0.05), when 
compared with group 1 as a control group (Table 2 and Fig. 1).

 The results of clearing the tissues with natural 

alternatives at higher temperature (40º C) revealed that the 
tissues were cleared and the staining quality was at par 
with control group. This suggests that high temperature 
increased the rate of penetration of the oils so better 
clearing could be achieved in reduced time. Bernoully’s 

Fig. 2. Comparison of microphotographs of Liver tissue sections cleared with (A) Group 1- xylene, (B) Group 2- Coconut oil, (C) Group 3- 
Groundnut oil, (D) Group 4- Liquid paraffin, (E) Group 5- Mustard oil and (F) Group 6- Sesame oil showing infiltration of leukocytes and 
mild degenerative changes. H & E (100x)

13

principle states that fluid dynamics viscosity depends on 
temperature. As a temperature increases, viscosity decreases 
and fluid penetration increases (Rahmawati et al., 2020). 
Saravanakumar et al. (2019) and Digala et al. (2013) found 
that there was no significant difference in the quality of 
staining and tissue architecture of coconut oil and groundnut 
oil treated tissues at 60º C for 30 minutes as compared to 
xylene. They also reported that the translucency, rigidity, 
shrinkages and section cutting of coconut oil and groundnut 
oil were enhanced while compare with Xylene.

 However, Rasmussen et al. (1992) used a mixture of 
coconut oil and olive oil (at 50º C) as a clearing agent and 
noted an incomplete impregnation, leading to problems in 
cutting sections, and therefore concluded the mixture was 
ineffective. In contrast to their observation, this study found 
coconut oil to be as effective as xylene without interfering 
with further impregnation and ease of sectioning. It is 
possible that this difference occurred because olive oil present 
in the mixture preparation interacted with the properties of 
coconut oil and so adversely affected the whole process.

 Moreover, Taneeru et al. (2013) evaluated the efficiency 
of sesame oil and limonene oil as substitutes for xylene in 
tissue processing.  Their study concluded that sesame oil 
cleared tissues had all the staining quality (nuclear staining, 
cytoplasmic staining, clarity, uniformity and intensity of 
staining) which were adequate for diagnosis aspect. These 
findings were in accordance to the results of our study.

CONCLUSION

 It is concluded that all thenatural alternatives used in 
the present study, could be used as clearing agents in 
histological preparations. As they are non-hazardous, have 
pleasant odor, are easier to find, and are less expensive, as 
well as maintain good cell architecture and good staining 
quality so they can be better alternatives to xylene in tissue 
processing.
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 Malhi et al. (2008) studied the effect of coasting 

period and LH administration alongwith FSH on oocyte 

recovery and reported that four doses of FSH and longer 

coasting effect (48 hrs vs 33 hrs) resulted in greater 

percentage of 5-10 mm follicles with recovery of 8.5 and 

11.0 mean number of oocytes with and without 

supplementation of LH, respectively. In present study the 

coasting period was 52 hrs which might have led to 

increase in the number of medium sized follicles and 

subsequently the recovery of large number of oocytes 

particularly in the group of cows treated with FSH. The 

results of present study are thus comparable with Malhi et 

al. (2008).

 Petrovas et al. (2020) studied the effect of two 

different doses of FSH in buffaloes which further 

subjected to OPU with different coasting time and reported 

that the dose of 240 mg FSH was more effective than 120 

mg as significantly more number of oocytes as well as 

good quality of oocytes were recovered with dose of 240 

mg FSH. The results obtained with higher dose of FSH in 

the present study corroborates with Petrovas et al. (2020). 

Getz et al. (2011) tried different synchronization protocols 

viz. PGF2 with and without removal of dominant follicle 

and Crestar implant + injection along with FSH in 

Simmental heifers and observed no significant difference 

in number of follicles and recovery of oocytes. Goodhand 

et al. (2000) observed that treatment with steroid had no 

significant effect on number and quality of oocytes, 

however, administration of FSH significantly increased 

the number of medium and large size follicles and grade 1 

oocytes. The report further stated that the total number of 

oocytes were also increased from no FSH to single or 

multiple doses of FSH. Thus the results of present study are 

in partial agreement with Goodhand et al. (2000).

 In present study the number and good quality of 

oocytes harvested was comparatively more in the cows 

pre-stimulated with FSH@200 mg with or without 

synchronization protocol. This shows that the FSH 

stimulated the ovarian activity more effectively, without 

compromising the oocyte quality than single dose (Walsh 

et al., 1993). The better oocyte quality may be associated 

with increased follicle size and development potential of 

oocyte following FSH treatment.The use of treatment that 

synchronize follicle wave emergence and superovulation 

with FSH is useful to increase the recovery and quality of 

oocyte. It is concluded that synchronization of donor cows 

with GPG and GOG can have increased the recovery of 

total no. of oocytes, however, the use of FSH @ 200 mg is 

much beneficial to increase the number as well as quality 

of oocytes.
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ABSTRACT

 Sahiwal cows being one of the best indigenous milch and climatic resilient breed required to be propagated at a faster rate particularly in 
region having limited feed resources and rain-fed area like Bihar. The study showed that multiple ovulation embryo transfer could be successful 
model in propagating Sahiwal germ plasm in Bihar.
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 Sahiwal cow is one of the best milch indigenous 
breed with an adaptability to flourish under the diverse 
Indian climatic conditions. However, the average milk 
productivity of indigenous cattle is about 3-4 kg/day yet 
some elite Sahiwal cattle have more than 3500 kg per 
lactation length in 305 days (DAHD, 2021). This data itself 
showed the potential of Sahiwal milk production and 
scope of per animal productivity improvement, which 
could be possible by multiplying the elite germ plasm at a 
faster rate by utilizing the multiple ovulation embryo 
transfer (MOET) technology. MOET is being applied for 
genetic improvement of livestock with varying level of 
success. Since the inception of Rastriya Gokul Mission, 
Government of India (GoI) have incurred huge budget to 
popularize the MOET and other related assisted reproductive 
techniques for the indigenous cattle particularity for 
Sahiwal and one such project was started in Pusa, Bihar. In 
Bihar, the average milk productivity per cattle is very less 
compared to many states and country’s average milk yield. 
The MOET has proved to improve the dairy (Sartori et al., 
2002) and meat husbandry (Carter et al., 2008) in foreign 
countries. But the limited success of embryo transfer in 
indigenous cattle was reported due to variable superovulatory 
response, less embryo recovery and low ET conception 
rate (Baruselli et al., 2006). Therefore, the present study 
was conducted to explore the potential and success of 
MOET in Sahiwal in Bihar.

MATERIALS AND METHODS

Selection of experimental Sahiwal cattle: A study was 
carried out on Sahiwal cattle at Dairy Farm, Rajendra 
Prasad Central Agriculture University, Pusa, Bihar. The 
cattle were clinically healthy and normal cycling aged between 
4-9 years. Their history and genitalia were thoroughly 

checked to avoid any reproductive problems, like abortion, 
dystocia, endometritis, metritis and pyometra etc. 
Gynaeco-clinical examinations of animals revealed 
functional ovaries, normal uterine horns and patent cervix 
during diestrus. All the Sahiwal cattle were kept under 
uniform conditions of feeding and managemental 
practices.

Estrus induction and detection of base heat: The 
animals were either natural cyclic or induced to estrus with 
2 ml intramuscular injection of Cloprostenol Sodium 
(Estrumate®, MSD) in the animals having mature corpus 
luteum. The estrus detection was done morning and 
evening by close observation for external signs, such as 
bellowing, mucus discharge from vulva, mounting, 
frequent micturation, swollen and edematous vulva and 
confirmed by rectal palpation.

Experimental Design and Superovulatory Treatment: 
Sahiwal cattle (n=12) were selected and subjected for the 
superstimulatory protocol as per the protocol given in 
Table 1.

Insemination of donors during superovulatory estrus: 
During the superovulatory estrus, the cattle were artificially 
inseminated with frozen semen of Sahiwal bull at fixed 
time 48 hr after the prostaglandin injection for three times 
at 12 hr interval.

Embryo Collection: The embryos were collected non-
surgically on day-7 of first artificial insemination using 18 
G Rusch catheter (75 cm length) as per detail methodology 
(Singhal et al., 2020). Briefly, per-rectal back racking, 
epidural anaesthesia (2% Lignocaine hydrochloride), 
cleaning of perineal area was done to avoid straining & 
contamination. About 400 ml of flushing medium 
(Euroflush®, IMV) was used for flushing of each uterine 
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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 2

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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INTRODUCTION

 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

 The present investigation was aimed to find out the occurrence of coccidiosis and evaluate the cytological and histopathological alterations in 
intestine of goats in Jaipur region of Rajasthan. In this study, a total of 504 samples of intestine were collected from goats, irrespective of age breeds 
and sex. Out of 504 samples, 98 representative samples of intestine were processed for subsequent parasitological, cytological and histopathological 
examinations. The results of the study revealed an overall occurrence of coccidiosis as 19.44 per cent. Macroscopically, small, whitish, non-
pedunculated nodules were observed in the mucosa of intestine. In cytopathology, impression smears from the intestinal mucosa showed the presence 
of oocysts, merozoites and schizonts along with degenerative changes, necrotic cells and mononuclear cell aggregations. Histopathologically, 
sections of intestine from the nodular areas revealed mild to moderate inflammatory reaction with the presence of developmental stages of Eimeria 
spp. in the epithelium of affected intestinal villi and crypts. This study indicated for the prompt diagnosis of coccidiosis in goat production of semi-
arid zone of Rajasthan such as Jaipur. This study may open the way up for using cytopathological technique as a reliable and useful diagnostic 
procedure for evaluation of infectious diseases viz. coccidiosis not only in goats but also in other animal practices.

Keywords: Coccidiosis, Cytohistopathological, Goat, Intestine, Occurrence
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 Infectious diseases are a global problem and 
considered as a major obstacle in the health and product 
performance of livestock specially goats (Nath et al., 
2014). Gastro-intestinal parasitic infection is a serious 
constraint in small ruminant that may greatly reduce the 
animals productivity levels (Benavides et al., 2015). 
Intestinal coccidiosis is one of the most important parasitic 
diseases of small ruminants worldwide. Eimeria spp. 
infection can cause weight losses in goats and severe cases 
can lead to the death of the affected animals, resulting in 
economic losses to the goat industry (Tafti and Mansourian, 
2008). The disease is more serious in 4-6-months old kids 
and lambs and also in any age when animals are kept under 
conditions of intensive husbandry. Stress factors such as 
weaning, inclement weather, dietary changes, traveling 
and regrouping have important roles in coccidiosis in 
small ruminants. In goats, sixteen species of Eimeria have 
been described from different parts of the world, of which, 
E. christenseni, E. arloingi, E. caprina and E. 
ninakohlyakimovae are reported as the most pathogenic 
species (Kheirandish et al., 2014). Coccidia can invade 
and destroy intestinal cells of the hosts, causing intestinal 
pathology (Uzal et al., 2016).

 The availability of a variety of rapid, safe and cost-
effective techniques and stains often places cytopathology 
in the forefront of diagnostic evaluations, including the 

diagnosis of infectious diseases (Sood et al., 2008). 
Although major advances have occurred in the cytological 
diagnosis of various organ pathologies, gastrointestinal 
(GI) cytology has not gained popularity and is only 
occasionally practiced in the form of brushings and 
washings. Touch imprint cytology Tis a rapid, simple and 
inexpensive method of diagnosis of GIT lesions 
(Vijayanarasimha et al., 2014).

 In Rajasthan, so far very few efforts have been made 
to study cytological and histopathological features of 
intestinal coccidiosis in goats. Therefore, looking to the 
immediate need of understanding the various cytohisto 
pathological features of intestinal coccidiosis and for 
providing timely diagnosis, the present research work was 
proposed in goats.

MATERIALS AND METHODS

Source and Collection of Samples: In the present study, a 
total of 504 samples of the intestine were collected from 
goats of either sex, irrespective of age and breeds. Out of 
504 samples, 98 representative samples of intestine were 
processed for subsequent parasitological, cytological and 
histopathological examinations. All three techniques were 
applied for every single case of goat carcasses.  The entire 
work was carried out in the Department of Veterinary 
Pathology, PGIVER, Jaipur. The organ/tissue samples for 
this study were collected from various slaughter houses, 
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carcasses of goat submitted for post-mortem examination 
to department of Veterinary Pathology, any mortality at 
Veterinary Clinical Complex, PGIVER, Jaipur and 
samples received from the field veterinarians in the 
department of Veterinary Pathology for the routine 
histopathological examination were included in this study.

Gross Examination: All the samples were examined 
grossly for alterations in morphology in terms of shape, 
size, colour, consistency, odour, location and type of the 
lesions in individual part of the intestine.

Cytological Examination: For cytological examination 
following techniques were used.

Impression Smear/Touch Imprint Cytology: Impression 
smears from tissues were collected at necropsy. At least 
four slides were prepared from each case which was used 
for histopathological examinations, by using the technique 
described by Tribe (1965) and Tseng et al. (1999). The 
prepared smears were allowed to air dry. After drying, 
smears were immediately fixed using methanol. Then 
imprints were stained with Giemsa stain (Hi Media 
Laboratories, India) and thoroughly examined under light 
microscope for various cytopathological alterations.

Wet mount Faecal Cytology: Wet mount faecal cytology 
was performed by collecting a small amount of faecal 
samples from the cases which were used for cytological 
and histopathological examinations. All faecal samples 
were first subjected to standard qualitative faecal sample 
examination by using direct smear method for detection of 
coccidian oocysts. The coccidian parasites were identified 
on the basis of the morphological features of oocysts 
described by Soulsby (1982).

Histopathological Examination: After thorough gross 
examination, representative pieces (approximately 0.5 cm 
thickness) of intestines were collected and fixed in 10% 
neutral buffered formalin. The formalin fixed tissues 
processed for paraffin embedding by acetone and benzene 
technique (Lillie, 1965). The tissue sections of 4-5micron 
thickness were cut and stained with haematoxylin and eosin 
staining method (Suvarna et al., 2008) for histopathological 
evaluation. Sections were thoroughly examined under light 
microscope for various histopathological changes. In 
addition, special stains such as Perioidic Acid Schiff (PAS) 
technique for coccidia were also performed (Culling, 1974).

RESULTS AND DISCUSSION

Occurrence of coccidiosis:

 In this study, intestine from 504 goats were 
examined and 98 samples were found to be infected with 
coccidiosis. Various prevalence rates of Eimeria infection 
(Coccidiosis) in goats have been reported in various parts 

of the world The present findings exhibited  the occurrence  
of Eimeria infection in goats (19.44%) was closely related 
to the previous studies (Sorathiya et al., 2017) as 20 
percent, and as 25.8% (Matsepe et al., 2021) in Lesotho, 
South Africa while lower as compared to that reported by 
several authors as 96.66% (Kaur et al., 2018) in Ludhiana, 
as 86.71% (Sharma et al., 2017)  in Mathura (UP) India, as 
60% (Mohamaden et al., 2018) in Egypt and as high as 
90.96% (Singh et al., 2020) in Makhdoom, Mathura, India. 
However, it was greater than that noticed in few reports as 
12.74% (Sisodia et al., 1997) in sheep, Western Rajasthan, 
India. Occurrence of coccidiosis across the country has 
been well documented as climatic conditions are most 
conductive for sporulation and survival of coccidian 
oocysts throughout the year (Singh et al., 2017). Possibly 
oocysts from previous flock were present and suitable 
conditions like high moisture contents, warmth of 25-30ºC 
and stress conditions are responsible for flaring up of 
infection resulting into a form of outbreaks resulting into 
mortalities (Kaur et al., 2018).

Cytohistopathological studies: In the present study, at 
necropsy, gross lesions were observed mostly in the distal 
part of the small intestine and caeca.  Macroscopic lesions 
included congestion and thickened mucosa along with the 
presence of scattered, small, whitish and non-pedunculated 
nodules (Fig. 1). Histopathological examination of the 
non-pedunculated nodules revealed enteritis characterized 
by mild to moderate infiltration of lymphocytes, plasma 
cells and eosinophils in the lamina propria (Fig. 2). In these 
early histopathological lesions, the presence of 
intracytoplasmic developmental stages of the parasite such 
as immature to mature schizonts were also observed. The 
most prominent microscopic lesion was proliferative 
enteritis. Few normal crypts of Lieberkühn with the majority 
of the crypts invaded with the asexual developmental stages 
(Figs. 3 and 4). The intestinal epithelium showed necrosis 
and haemorrhages (Fig. 5) and hyperplasia eventually 
developed into papillary projections of reactive epithelium. 
Gross changes like thickened and congested mucosa with 
scattered, small, whitish, non-pedunculated nodules and 
histopathological findings such as proliferation of 
intestinal villi during different developmental stages of 
coccidian life cycle in epithelial cells, have also been studied 
previously by several authors (Tafti and Mansourian, 
2008; Radad and Khalil, 2011; Hashemnia et al., 2015; 
Kaur et al., 2018; Satish et al., 2019).  On microscopic 
examination of wet mount faecal smears from the rectal 
samples, showed multiple species oocysts of Eimeria   
with E. arloingi, E. ninakohlyakimovae, E. ahsata and E. 
hirci in a single field (Fig. 6). The similar findings also 
described by Kaur et al. (2018) also postulated that 
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Fig. 1-9. (1) Photograph, showing congested and thickened mucosa along with scattered, small, whitish and non-pedunculated nodules. 
(2) Photomicrograph of intestine depicting enteritis, characterized by mild to moderate infiltration of lymphocytes, plasma cells and eosinophils in 
the lamina propria. (H&E, 100X) (3) Photomicrograph of intestine showing crypts of Lieberkühn invaded with the asexual developmental stages of 
Eimeria spp. (PAS, 100X) (4) Photomicrograph of crypts of Lieberkühn showing intracytoplasmic coccidian stages such as immature to mature 
schizonts. (PAS, 400X). (PAS, 400X) (5) Photomicrograph of intestine depicting mucosal epithelium with inflammatory reaction and necrotic-
hemorrhagic exudates in  the lumen. (H&E, 100X) (6) Direct faecal wet mount smear from the rectum, showing multiple species of Eimeria oocysts 
with E. arloingi, E. ninakohlyakimovae, E. ahsata and E. hirci in a single (400X). (7) Impression smears from the intestinal mucosa 
depicting the presence of oocyst, merozoites, schizonts and macrogametocyte  along with the, degenerative and necrotic changes. (Giemsa’s stain, 
1000X) (8) Impression smears from the intestinal mucosa showing the many macrogametocytes having a central nucleus with eosinophilic 
peripheral wall forming bodies in enterocytes and detached epithelia cells and few lymphocytes in background. (Giemsa’s stain, 400X) (9) Touch 
imprint from the intestinal mucosa showing the schizont containing merozoites in a enterocyte, crescent shape merozoites, necrotic cells and 
lymphocytic infiltration in background. (Giemsa’s stain, 1000X)
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stocking rate and togetherness of young and adults in 
intensive system of management exposes the animals to 
infection and re-infection due to poor hygienic conditions 
(Chartier and Paraud, 2012).

 In cytopathology, impression smears from the 
intestinal mucosa depicted the presence of many oocysts 
(two layered wall), merozoites and schizonts along with 
the degenerative changes, necrotic cells and mononuclear 
cell aggregations (Fig. 7). The mature macrogametocytes 
had a central nucleus with eosinophilic peripheral wall 
forming bodies (Fig. 8). The microgamonts were round 
and had peripherally located nuclei.  Touch imprint from 
the intestinal mucosa also depicted the mature schizont 
contained merozoites in a enterocyte, crescent shape 

merozoites, necrotic cells and lymphocytic infiltration in 
background (Fig. 9). Though cypathological findings 
including different stages of coccidian life cycle in 
epithelial cells of intestine have been studied previously in 
goats (Garba et al., 2020) and   other species such as dog, 
cat and rabbit (Manjunatha et al., 2019) but, in the present 
study all the developmental stages of Eimeria spp. in goats 
are demonstrated more clearly in Giemsa stained 
impression smears.

CONCLUSION

 Present study concluded that occurrence of 
intestinal coccidiosis in Jaipur district was found to be high 
in goats. Cytological alterations and pathomorphological 
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changes reported in this study can be used by field 
veterinarians as guidelines for clinical evaluation and 
disease severity assessment. Based on present results, 
utilizing the science of cytopathology particularly 
impression smear or touch imprint cytology is cost 
effective, rapid, simple and accurate. It can be used not 
only in the routine diagnosis of neoplastic growths but also 
for infectious diseases viz. coccidiosis.
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 Osmanabadi goat is widely distributed in Marathwada 
region of Maharashtra and known for their reproductive 
capacity, high twining percentage and yielding milk which 
are mainly reared for milk and meat purpose. They perform 
the best potential in the native breeding track and 
considered as one of the hardiest animals ever to be 
domesticated by man, are an important source of income 
and occupation to a sizeable population. However, apart 
from these described/recognized goat population in the 
country, a large number of non-descript goat population 
are present which does not involve in any recognized 
breeds. In Maharashtra’s marathwada region, the breeding 
tract of Sangamneri and Osmanabadi goats are adjoining 
and hence indiscriminant breeding practice over the 
decades, may develop of new goat breed with the 
admixture of these two breed. Therefore, an investigation 
was undertaken to perform baseline survey and 
record/measure the data on various body phenotypic 
parameters amongst the non-descript goat in Marathwada 
and western Maharashtra region for unique phenotypic 
characters to find out the non-descript goat as potential for 
recognition into new goat breed in state of Maharashtra.

Locations of the study areas

 The present study was carried out in total 242 
villages from total eleven districts which include seven 
districts from Marathwada viz., Latur, Parbhani, Aurangabad, 
Nanded, Jalna, Osmanabad and Beed and four districts of 
western Maharashtra viz. Ahmednagar, Satara, Solapur 
and Nasikfor four years during 2018 to 2021. The villages 
were selected by four levels of sampling in each district, 2-

stage stratified sampling technique was applied, wherein 
all tahsil within each district and 2 villages in each tahsil 
was selected randomly to obtain data.Total 1070 local 
goats were surveyed which includes 389 male and 681 
female animals. The local farmers of each district were 
visited and information was recorded/collected in the 
prescribed format as per ICAR-NBAGR guidelines 
(ICAR-NBAGR, 2021). The lactation milk yield of each 
animal was calculated using the Test Interval Method 
(TIM) that is reference method by International Committee 
for Animal Recording (ICAR, 2011). The actual milk yield 
for 24 hours was recorded at the interval of 15 days.

Lactation Milk Yield (LMY) = I M +I  (M +M )/2+I  0 1 1 1 2 2

(M +M )/2+....+I -1(M -1+M )/2+I M2 3 n n n n n

Where,

M , M ….M  = actual milk yield in 24 hours of the 1 2 n

recording days (Kgs)

I , I …I -1 = the interval between recording dates (days)1 2 n

I  = the interval between the lactation period start date and 0

first recording date (days)

In = the interval between the last recording date (days)

 Least squares analysis of variance technique was 
used to study the influence of non genetic factors. The 
means were tested for those fixed effects which were found 
statistically significant by Duncan’s multiple range test 
(DMRT).

 The average production traits were studied in Udgiri 
goat. It was observed that, the average least square means 
for lactation length, average daily milk yield, total lactation 

SUMMARY

 The present investigation was carried out on Udgiri goat of Maharashtra raised under traditional management practicesto evaluate the 
productive and reproductive efficiencyduring the period 2018 to 2021.It was observed that, the least square means for average lactation length, 
average daily milk yield, total lactation milk yield, fat% and SNF% in Udgiri goat were 129.78±4.62 days, 0.79±0.025 liters, 74.56±3.54 days, 
3.29±0.13 and 10.65±1.10, respectively. The least square means for average age at first estrus is observed as 259.12±5.62 days, age at first maturity 
was 326.23±7.25 days, age at first kidding was 486.25±10.81 days, service period was 89.11±2.45 days, kidding interval was 246.95±7.10 days, dry 
period was 113.98±4.15 days, estrus duration was 29.14±2.42 days, gestation period was 151.25±6.31 days and average litter size was 1.65±0.21.

Keywords: Gestation period, Lactation length, Maharashtra state, Marathwada, Udgiri goat
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Table 2. The average reproduction performance of Udgiri 
goat

Sr. Traits Numbers of Mean±SE Range
No.  observations

1. Age at first maturity (days) 213 326.23 ± 7.25 313 to 348

2. Age at first kidding (days) 237 486.25± 10.81 471.54 to 488.14

3. Service period (days) 98 89.11± 2.45 62.12 to 113.24

4. Kidding interval (days) 89 246.95 ± 7.10 257.12 to 263.11

5. Dry period (Days) 216 113.98± 4.15 97.91 to 138.34

6. Oestrous cycle (days) 237 29.14 ± 2.42 27.89 to 31.91

7. Gestation period (days) 237 151.25 ± 6.31 131.45 to 163.43

8. Litter size 237 1.65 ± 0.21 1.12 to 1.72

Udgiri goat are nearly similar to the other recognized goat 
breeds in the region.If proper management and scientific 
breeding is practiced, it will be possible to improve 
productive and reproductive performance of Udgiri goat in 
the breeding tract. This goat has a potential to recognize as 
distinct goat breed which possesses unique features for 
conservation and further improvement of economic traits.
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milk yield, Fat % and SNF % in Udgiri goat were 129.78 ± 
4.62 days, 0.79±0.025 liters, 74.56±3.54 days, 3.29±0.13 
and 10.65±1.10, respectively (Table 1). In accordance with 
the present findings, Sawaimul et al. (2009) reported the 
daily milk yield ranged from 700 gm to 1500 gm under 
well managed village flocks with lactation length of 130-
150 day in Osmanabadi goat. However, In Sangamneri 
goat, the average daily milk yield of 0.860 liters, lactation 
yield of 77.40 liters in about 160 days of lactation was 
reported in farm condition.

Table 1. The average production performance of Udgiri goat

Sr. Traits Numbers of Mean±SE Range
No.  observations

1 Lactation length (days) 237 129.78±4.62 120.97 to 137.34

2 Average daily milk 237 0.79±0.025 0.5 to 1.0
 yield (Lits)

3 Total Lactation milk 237 74.56±3.54 69.57 to 78.34
 yield (Lits)

4 Fat % 87 3.29±0.13 2.24 to 4.25

5 SNF % 87 10.65±1.10 08.95 to 11.45

 The least square means forage at first maturityin 
Udgiri goat is observed as 326.23±7.25 days, age at first 
kidding was 486.25±10.81 days, service period was 89.11 
±2.45 days, kidding interval was 246.95±7.10 days, dry 
period was 113.98±4.15 days, estrus duration was 29.14± 
2.42 days, gestation period was 151.25±6.31 days and 
average litter size was 1.65±0.21 (Table2). Deokar et al. 
(2007) reported that the overall age at puberty, oestrus 
cycle duration, oestrus duration age at first conception, age 
at first kidding, service period, kidding interval and 
gestation period recorded in Sangamneri goats under field 
conditions are as 9.94 months, 29.14 days, 47.96 hours, 
10.40 months, 15.52 months, 73.55 days, 218.48 days and 
148.26 days, respectively.

CONCLUSIONS

 The production and reproduction parameters of 
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 Mammary gland which provides nourishment to 

young ones in mammals isa modified sweat gland. The 

gland carries out process of milk formation, release and 

gland remodeling according to several lactational stages of 

animal. The process included replacement of damaged 

tissue during peak lactation and tissue regression while 

preparing the gland for ensuing lactations (Paramasivan et 

al., 2013). The anatomical knowledge of mammary glands 

at different stages is important for understanding its 

production physiology, genetics and management (Pandey 

et al., 2018). It is presumed that the size and morphology of 

udder varied greatly between animals and during different 

physiological stages. The superficial location of mammary 

gland makes it susceptible to trauma and injuries leading to 

infections. As the genetic arrangements have impact on 

udder characteristics the selection of milch animals 

depended greatly on the udder conformations. The shape 

and size of udder had considerable impact on milk 

production economics thereby providing important 

criteria for selection of milch animals (Bhuiyan et al., 

2004). Keeping in view the role of conformational traits of 

udder with respect to productivity in buffaloes, the gross 

morphological and biometrical study was conducted on 

mammary gland of lactating and non-lactating Murrah 

buffaloes.

 The tissue samples of mammary glands of 6 lactating 

and 6 non-lactating adult buffaloes were collected from 

different abattoirs. The whole udder was collected after de 

-skinning and was subjected to anatomical studies and 

biometrical analysis. After removal of fascia, the biometrical 

observations viz., the udder length/depth, anterior width 

(width of fore quarters) and posterior width (width of hind 

quarters), thickness of udder, anterio-posterior diameter 

(diameter measured at base of udder anterio-posteriorly) 

and circumference of udder were recorded for each specimen. 

The measurements were done by calibrated scale and inelastic 

thread. The udder length/depth was measured from the 

point of attachment of udder with body to base of teat. The 

width of udder was measured between the lateral extremities 

of udder in anterior and posterior ends. Thickness of udder 

measured width at the base of udder i.e. transverse diameter. 

The anterio-posterior diameter measured the longitudinal 

diameter of udder at base. The circumference of udder was 

taken at base level with the help of an inelastic thread 

(Fig. 1). Arithmetic mean, range, standard error and 

coefficient of variation for morphometric measurements 

were computed and statistically analyzed for their 

significance by using t-test.

 The specialized sweat glands in mammals for 

nurturing young ones were known as mammary glands. In 

buffaloes these glands were located in the inguinal region 

and were formed from four mammary units known as 

quarters. Each quarter was separately drained by a single 

appendage known as teat. A thin skin layer covered all the 

four quarters along with their teats. The skin remained 
*Corresponding author: bansal.neelam@rediff.com

SUMMARY

 The present study was conducted on mammary glands of six lactating and non-lactating buffaloes. Glands were collected from the abattoir 
immediately after sacrifice. After removal of fascia, the gross anatomical and biometrical observations of mammary glands were recorded. The 
results revealed that udder of lactating buffaloes were bowl shaped whereas the non-lactating udder was pendulous. Udder was composed of right and 
left halves, divided internally by median suspensory ligament. Each half was further divided by thin membranes into smaller fore quarters and larger 
rear quarters. The udder length or depth was measured to be 23.33±1.12 cm and 27.83±0.95 cm in fore and hind quarter of lactating buffaloes and 
14.17±0.95 cm and 17.83±0.48 cm in non-lactating buffaloes, respectively. The anterior and posterior width of udder were 47.67±0.99 cm and 
43.17±1.013 cm in lactating ones and 36.17±0.98 cm and 29.17±0.60 cm in non-lactating ones. The thickness, anterio-posterior diameter and 
circumference of udder was 44.83±0.79 cm, 45.83±0.95 cm and 121.83±1.80 cm in lactating buffaloes whereas 37.50±1.34 cm, 37.5±0.85 cm and 
99.67±1.36 cm in non-lactating buffaloes. The biometrical observations recorded for lactating and non-lactating udder showed significant 
differences.
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ligament median ligament was elastic in nature and formed 

thick layer of yellow elastic sheet partially separating the 

left and right halves of the udder (Fig. 3D). The elasticity 

and tensile strength of this ligament carried the weight of 

udder when large amount of milk was produced.

 According to Schummer et al. (1981) the suspensory 

apparatus of the udder consisted of paired suspensory band 

located between the udder halves. It consisted of elastic 

connective tissues and continued from the abdominal 

tunica flava attaching the udder to the abdominal wall. The 

suspensory apparatus of the udder consisted of medial and 

lateral laminae of connective tissue which attached the 

udder to the ventral abdominal wall and the prepubic 

tendon.

loosely attached to the glandular unit and thus slipped over 

it very easily. The presence of hair was only confined to the 

skin region adhering to the mammary glands in both 

lactating and non-lactating buffaloes. The mammary 

quarters were separated from each other laterally by 

median suspensory ligament into right and left halves (Fig. 

3A, B). The gland was divided into smaller fore and larger 

rear quarters by thin membranes. It was observed that the 

lactating animals contained bowl shaped udder whereas a 

pendulous udder was dominant feature in non-lactating 

animals. Ranjitha et al. (2021) reported most commonly 

occurring udder shape in buffalo was bowl shaped 

followed by pendulous, globular and goaty.

 The ligaments and tissues which helped in 

suspension of the udder from body played equally crucial 

role in lactation. This apparatus comprised of various 

elements imparting different functions. The suspensory 

system comprised of skin, superficial fascia and 

connective tissue layer. The lateral suspensory ligament 

was consisting of two layers superficial and deep whereas 

the median suspensory ligament was single layered. The 

skin and superficial fascia covered the udder and provided 

very little suspensory support to udder. The connective 

tissue attached the dorsal surface of the front quarters to the 

abdominal wall helped in keeping the fore quarter in 

proximity of the body wall provided some support to the 

udder. This attachment is of importance during evaluation 

of dairy cattle conformation.

 The lateral suspensory ligament originated from the 

sub-pelvic tendon and was further divided into superficial 

and deep layers (Fig. 2). The superficial lateral suspensory 

ligament with fibrous tissue stretched cranio-ventrally 

from the pubic region towards the udder and enveloped the 

udder externally running below the skin and adhered to the 

connective tissue layer. The deep layer of lateral suspensory 

ligament was also composed of mostly fibrous tissue. But 

unlike the superficial layer it formed a thicker envelop 

covering most parts of udder except at the bottom as a 

result of which centre of the milk filled udder pulled away 

from the body. Externally the deep layer was attached to 

the superficial suspensory ligament and internally 

projected lamellae into the glandular part which formed 

the interstitial framework of the udder. The lateral 

suspensory ligaments thus formed the major support 

system of udder (Fig. 3C).

 The median suspensory ligament originated from 

the abdominal wall and extended to the medial surface of 

left and right halves of udder. Unlike the lateral suspensory 

Fig. 2. Schematic diagram showing suspensory apparatus of buffalo 
udder

Fig. 1. Schematic diagram showing parameters for biometrical studies 
on lactating and non-lactating udder of buffalo
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 The biometrical observations recorded for lactating 

and non-lactating udder showed significant differences. 

The udder length was measured to be 23.33±1.12 cm and 

27.83±0.95 cm in fore and hind quarter of lactating buffaloes 

and 14.17±0.95 cm and 17.83±0.48 cm in non-lactating 

buffaloes, respectively. The fore quarter length was 

significantly less than hind quarter in both stages whereas 

length of all the lactating quarters were significantly higher 

than the non-lactating ones. The anterior and posterior 

width of udder were 47.67±0.99 cm and 43.17±1.013 cm 

in lactating ones and 36.17±0.98 cm and 29.17±0.60 cm in 

non-lactating ones (Fig. 4). There was significant 

difference between the anterior and posterior width in both 

the physiological stages. The udder length and width of 

swamp buffalo were 40.56±0.15 cm and 35.11±0.16 cm, 

respectively (Akhtar et al., 1998). This indicated the udder 

size was larger in riverine Murrah buffalo as compared to 

the swamp buffalo. Prasad et al. (2010) investigated mean 

length and width of udder to be 55.71±0.59 cm and 53.87 

±0.70 cm in Murrah buffalo, respectively which showed a 

higher value than current findings. In Surti buffalo, the 

length and width of udder were 45.0±0.7 cm, 49.4±1.4 cm, 

respectively (Lavania et al., 2011). The average udder 

length was 44.8±7.43 cm whereas the depth of fore and 

hind quarters were 23.7±3.11 cm and 23.6±3.71 cm, 

respectively in crossbred cows as reported by Deng et al. 

(2012). Naik (2015) measured the length of fore and hind 

quarters to be 20.91±0.94 cm and 11.75±0.70 cm 

respectively, whereas the width of fore quarters and hind 

quarters were 14.16±1.07cm and 12.66±0.57 cm, 

respectively in Gidda cows. In contrast to current findings 

Khatri et al. (2017) found that the buffalo udder was 

58.24±0.68 cm in length, 65.45±0.70 cm in width and 

23.06±0.34 cm in depth. These values were significantly 

higher than the present measurements. Similarly, in Gir 

cows the udder length, width and depth were measured to 

be 61.95±1.20 cm, 62.99±1.17 cm and 25.62±0.43 cm, 

respectively (Modh et al., 2017). The average udder length, 

width and depth were 48.10±0.33 cm, 42.80±0.32 cm and 

11.80±0.05 cm, respectively in Murrah buffalo (Ranjitha 

et al., 2021).

 The thickness, anterio-posterior diameter and 

circumference of udder was 44.83±0.79 cm, 45.83±0.95 

cm and 121.83±1.80 cm in lactating buffaloes, whereas 

37.50±1.34 cm, 37.5±0.85 cm and 99.67±1.36 cm in non-

lactating buffaloes (Fig. 4). The thickness, anterio-

posterior diameter and circumference of mammary gland 

of Gidda cows were 17.66±1.66 cm, 24.83±3.13 cm and 

59.00±3.88 cm, respectively as reported by Naik (2015).

 All these parameters showed significant higher 

values in lactating animals as compared to non- lactating 

ones. Further the shape of udder was found to be bowl 

shaped in lactating whereas pendulous in non-lactating 

udder. Unlike current study Patel and Trivedi (2018) 

observed the mean values for udder length, width and 

depth were higher for pendulous udder in crossbred cows 

whereas current study reported higher values for bowl 

shaped udder. These findings can be used as a marker for 

identification of physiological stage of production in 

buffalo.
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 Histopathological examination of tissues is a routine 
standard test for diagnosis of diseases. For this fixation, 
dehydration, clearing, and embedding are the four main 
steps, followed by the sectioning and staining of the tissue 
(Rahmawati et al., 2020).The process of clearing is 
essential in preparing histological sections, as it removes 
dehydrants such as alcohol/acetone from tissues prior to 
embedding in a material (usually paraffin wax). Xylene, 
chloroform, toluene, methyl salicylate, methyl benzoate, 
and cedarwood oil are some of the clearing agents used in 
tissue processing. Xylene is commonly used because it is 
miscible with both alcohol and paraffin (Chandraker et al., 
2018). Xylene (Dimethyl benzene) occurs naturally in 
petroleum as well as coal tar and can also form in small 
quantities during forest fires. It is a colourless, flammable 
liquid with a sweet smell. As per Occupational Safety and 
Health Administration (OSHA), its permissible exposure 
limits are 100 parts per million parts of air (ppm) over 8-
hours and 200 ppm for 10 minutes as a short-term exposure 
limit (Bordoloi, 2018).

 The toxic effects of “xylene” are caused by inhalation, 
ingestion, and contact with the eyes or skin (Rahmawati et 
al., 2020). Researchers have shown that laboratory 
workers exposed to xylene for 1.5 to 18 years had symptoms 
similar to general poisoning disorders including 
pancytopenia and bone marrow toxicity (Erickson et al., 
1994). Hazardous effects of xylene include depression of 
the central nervous system with symptoms such as nausea, 

headache, dizziness, and vomiting. Long-term exposure 
may lead to insomnia, irritability, extreme tiredness, 
tremors, agitation, impaired concentration and short-term 
memory (Kandyala et al., 2010). In order to improve the 
safety of the working environment in histologic 
laboratories, the health hazards of xylene exposure should 
be reduced (Dapson, 2005). There were great concerns 
about its safety with evidence that its acute neurotoxicity 
was greater than that of benzene or toluene. It acts as an 
irritant in mild form and as a carcinogen in its severe form. 
Some alternatives to “xylene” have been investigated, like 
limonene reagents, aliphatic hydrocarbons, mineral oils 
and vegetable oils on soft tissues like skin, buccal mucosa, 
salivary gland, tendon, muscle and lymph nodes. Good 
histological details were found with these alternate 
clearing agents (Sermadi et al., 2014; Saravanakumar et 
al., 2019). The natural oils (vegetables and minerals oil) 
can be a better alternative as routine chemical clearing 
agents because they are safe, readily available and less 
expensive. Therefore, the present study was designed to 
compare the efficacy of natural oils as clearing agents in 
place of chemicals for clearing during tissue processing for 
histopathological examination of animal tissues.

Tissue sample collection- A total of 18 liver tissue 
specimens of liver were collected from carcass of goat 
submitted for post-mortem examination in the department 
of Veterinary Pathology, College of Veterinary and Animal 
Science, Navania, Vallabhnagar, Udaipur. They were fixed 

SUMMARY

 Xylene, commonly used as a clearing agent, is highly toxic, carcinogenic and poses a threat to histopathology laboratory personnel.The aim of 
this study was to evaluate the efficacy of coconut oil, groundnut oil, liquid paraffin, mustard oil, and sesame oil at a maintained temperature (40º C) as 
compared to xylene maintained at room temperature for 30 minutes as a safer alternative to act as clearing agent during tissue processing in 
histopathological laboratories. A total of 18 tissue samples of liver  were collected from goat carcasses fixed in 10% Neutral Buffered Formalin and 
sectioned into six groups, were  made namely group 1 control (Xylene), Group 2 (Coconut oil), Group 3 (Groundnut oil), Group 4 (Liquid paraffin), 
Group 5 (Mustard oil), and Group 6 (Sesame oil). A comparison was done between xylene and natural alternative-treated specimens with regard to 
ease of sectioning, quality of staining, clarity, and overall staining quality.When cellular details and staining quality were examined, no statistically 
significant differences were observed in either section.It was observed that clearing of tissues  were achieved with oils at this temperature at par with 
xylene, so in contrast to hazardous xylene, these alternatives can be used as clearing agents without compromising histological details.

Keywords: Clearing, Coconut oil, Groundnut oil, Liquid paraffin, Mustard oil, Sesame oil, Tissue processing, Xylene.
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in 10% formalin and sectioned in 6 equal parts and grouped 
as group 1, 2, 3, 4, 5, and 6 (tissues taken in triplicates for 
each group). Tissues were processed for routine paraffin 
embedding technique while clearing of tissues was done as 
Group 1- control (Xylene), Group 2-Coconut oil, Group 3- 
Groundnut oil, Group 4 -Liquid paraffin, Group 5- 
Mustard oil and Group 6- Sesame oil.

Tissue processing- The formalin fixed tissues were washed 
overnight in running tap water and processed for paraffin 
embedding technique (Lillie, 1965). After washing tissues 
were dehydrated in 70% alcohol for 1 hour and then in 
acetone for 1 hour in each change (I, II, and III). After 
dehydration, clearing was done with Xylene in Group 1(as 
a Control) - for 30 minutes in each change (I, II, and III) at 
room temperature and with natural alternatives in other 
groups (Group 2-Coconut oil, Group 3- Groundnut oil, 
Group 4 -Liquid paraffin, Group 5- Mustard oil, and Group 
6- Sesame oil) for 3 changes of 30 minutes at 40º C each as 
clearing agents. The cleared tissues were then embedded in 
4 changes of molten paraffin wax (wax I, II for 45 minutes 
and wax III, IV for 30 minutes) and blocks were prepared.

Histopathological examination- Tissue blocks were 
sectioned (4-5µm), and stained using Hematoxylin and 
Eosin (H&E) and were observed for evaluation of nuclear 
staining, cytoplasmic staining, clarity and overall quality 
of stained slide under low and high power of microscope.  
The slides were evaluated in terms of quality of staining as 
follows:

Features Score and criteria

Nuclear staining 0- Out of focus and unclear 
nuclear membrane

 1- Clear staining and nuclear 
membrane

 2- Smooth and clear staining 
with good contrast

Cytoplasmic staining 0- Out of focus

 1- Cytoplasm clear

 2- Clear smooth cytoplasm, clear 
nuclear membrane, good contrast

Clarity of staining 0- Not clear, hazy, out of focus

 1- Clear staining throughout the 
slide

 2- Crisp and contrast staining

 The data was analyzed and interpreted by using 
ANOVA and significant differences between groups were 
evaluated using Tukey post hoc test.

 It was observed in the present study, that these 

natural alternatives had ability to clear tissue and maintain 
cellular architecture, a similar property to that of xylene. 
These oils are nontoxic and can be recycled. Group 1 tissue 
specimen were taken for routine procedure with xylene as 
a clearing agent for 30 minutes at room temperature, 
whereas group 2 tissue specimen were treated with heated 
coconut oil at a temperature maintained at 40º C for 30 
minutes for clearing. Similarly group 3, 4, 5, and 6 tissue 
specimens were treated with heated groundnut oil, liquid 
paraffin, mustard oil, and sesame oil, respectively at a 
temperature maintained at 40º C for 30 minutes for clearing  
during processing. When all the stained slides were assessed 
for nuclear staining and compared with group 1 as a control 
group, all natural alternatives  (group 2, group 3, group 4, 
group 5, and group 6) were found statistically non-significant 
(Table 2) difference. Quality of staining of all stained slides 
were evaluated for cytoplasmic staining and compared with 
group 1 as a control group, all natural alternatives (group 2, 
group 3, group 4, group 5, and group 6) were also found 
statistically non- significant (Table 2) difference. When all 
the stained slides were assessed for clarity of staining and 
compared with group 1 as a control group, group 6 (sesame 
oil) showed statistically significant difference with xylene, 
whereas group 2, 3, 4, and 5 statistically non- significant 
values at (p<0.05) (Table 2). Overall quality of staining of 

Fig. 1. Histogram showing mean score of overall quality of staining of 
tissues of various groups cleared at higher temperature

Table 1

Clearing of tissues by using different clearing agents 
at room temperature and 40º C

Groups  Reagents  Temperature  Time

Group-1 Xylene  Room temp.  30 minutes
(Control)

Group-2  Coconut oil 40º C 30 minutes

Group-3  Groundnut oil  40º C 30 minutes

Group-4  Liquid paraffin  40º C 30 minutes

Group-5  Mustard oil 40º C 30 minutes

Group-6  Sesame oil 40º C 30 minutes
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all stained slides at higher temperature (group 1, group 2, 
group 3, group 4, group5, and group 6) were found 
statistically non-significant values at (p<0.05), when 
compared with group 1 as a control group (Table 2 and Fig. 1).

 The results of clearing the tissues with natural 

alternatives at higher temperature (40º C) revealed that the 
tissues were cleared and the staining quality was at par 
with control group. This suggests that high temperature 
increased the rate of penetration of the oils so better 
clearing could be achieved in reduced time. Bernoully’s 

Fig. 2. Comparison of microphotographs of Liver tissue sections cleared with (A) Group 1- xylene, (B) Group 2- Coconut oil, (C) Group 3- 
Groundnut oil, (D) Group 4- Liquid paraffin, (E) Group 5- Mustard oil and (F) Group 6- Sesame oil showing infiltration of leukocytes and 
mild degenerative changes. H & E (100x)
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principle states that fluid dynamics viscosity depends on 
temperature. As a temperature increases, viscosity decreases 
and fluid penetration increases (Rahmawati et al., 2020). 
Saravanakumar et al. (2019) and Digala et al. (2013) found 
that there was no significant difference in the quality of 
staining and tissue architecture of coconut oil and groundnut 
oil treated tissues at 60º C for 30 minutes as compared to 
xylene. They also reported that the translucency, rigidity, 
shrinkages and section cutting of coconut oil and groundnut 
oil were enhanced while compare with Xylene.

 However, Rasmussen et al. (1992) used a mixture of 
coconut oil and olive oil (at 50º C) as a clearing agent and 
noted an incomplete impregnation, leading to problems in 
cutting sections, and therefore concluded the mixture was 
ineffective. In contrast to their observation, this study found 
coconut oil to be as effective as xylene without interfering 
with further impregnation and ease of sectioning. It is 
possible that this difference occurred because olive oil present 
in the mixture preparation interacted with the properties of 
coconut oil and so adversely affected the whole process.

 Moreover, Taneeru et al. (2013) evaluated the efficiency 
of sesame oil and limonene oil as substitutes for xylene in 
tissue processing.  Their study concluded that sesame oil 
cleared tissues had all the staining quality (nuclear staining, 
cytoplasmic staining, clarity, uniformity and intensity of 
staining) which were adequate for diagnosis aspect. These 
findings were in accordance to the results of our study.

CONCLUSION

 It is concluded that all thenatural alternatives used in 
the present study, could be used as clearing agents in 
histological preparations. As they are non-hazardous, have 
pleasant odor, are easier to find, and are less expensive, as 
well as maintain good cell architecture and good staining 
quality so they can be better alternatives to xylene in tissue 
processing.
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Table 2

Mean score of Quality of H & E stained sections cleared with natural alternatives at higher temperature

Groups Reagents Nuclear staining Cytoplasmic Clarity of staining Overall quality of
  (Mean±SE) staining (Mean±SE) staining at higher
   (Mean±SE)  temperature (Mean±SE)

a a b aGroup 1 Xylene 1.67±0.33  1.67±0.33  1.49±0.25  1.61 ± 0.31
a a ab aGroup 2 Coconut oil 1.21±0.24  1.16±0.09  1.05±0.05  1.1444±0.11
a a ab aGroup 3 Groundnut oil 1.72±0.14  1.16±0.09  1.22±0.22  1.3689±0.15
a a ab aGroup 4 Liquid paraffin 1.50±0.28  1.16±0.09  1.05±0.05  1.2389±0.13
a a ab aGroup 5 Mustard oil 1.61±0.20  1.22±0.14  1.10±0.05  1.3122±0.10
a a a aGroup 6 Sesame oil 1.44±0.29  1.33±0.25  1.00±0.00  1.2578±0.18

Means with unlike superscript in each column show significant differences at p<0.05
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