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SUMMARY

 The study was carried out with the hypothesis that the luteal dynamics determined the follicular wave pattern of an oestrous cycle in crossbred 
cattle. Sequential ultrasonographic monitoring of follicular and luteal development was carried out in untreated oestrous cycles (n = 18) of crossbred 
cows. Out of 18 oestrous cycles studied, 12 cycles (66.7%) and six cycles (33.3%) exhibited three- and two-follicular waves, respectively. In cycles 
with three-follicular waves, the corpus luteum reached the maximum diameter significantly earlier and remained dominant for a significantly longer 
duration (6.9+0.6 days) when compared with cycles of two-follicular waves (5.2+0.6 days). The shorter period of luteal dominance in two-wave 
cycles would have favoured the prolonged persistence of second follicular wave dominant follicle as against the counterpart’s atresia and emergence 
of third wave in three-wave cycles. Thus, it could be concluded that the period of luteal dominance determined the follicular wave pattern of an 
oestrous cycle and thereby the fertility of the cattle.
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 When the ovarian activity is investigated in cattle, it 
is detected that folliculogenesis operate on a wave basis at 
7 to 8 day intervals throughout the oestrous cycle (Ginther 
et al., 1989). Two and three follicular wave patterns are 
common among the Indian crossbred cattle but their 
incidence during an oestrous cycle is highly variable and 
unpredictable (Sathesh Kumar, 2009). These variations in 
follicular wave patterns are one of the major contributory 
factors of fertility disturbances among the dairy cattle 
population. It was reported that oestrous cycles with three-
follicular waves have better fertility than those with two-
follicular waves (Townson et al., 2002). Various factors 
govern the wide variations in the follicular developmental 
patterns during an oestrous cycle like the plane of nutrition 
(Murphy et al., 1991), circulating endocrine status (Adams 
et al., 1992) and season (Sathesh Kumar et al., 2015). 
Ginther et al. (1989) reported that the time of luteal 
regression is one of the factors that determine the number 
of follicular waves during a cycle. In this row, we 
hypothesized that the overall luteal dynamics during an 
oestrous cycle have an important role in determining the 
numbers of follicular waves. Hence, the present research 
work was carried out to document the follicular and luteal 
turnover simultaneously during the oestrous cycle and to 
explore the possible impact of luteal dynamics over the 
incidence of various follicular wave patterns.

 Six healthy and regularly cyclic Jersey crossbred 
multiparous cows (5 to 6 yrs) in the end of lactation, 
maintained at the Centralized Embryo Biotechnology 
Unit, Department of Animal Biotechnology, Madras 
Veterinary College, Chennai, were utilized for the study. 

All the cows were maintained under identical 
managemental conditions throughout the study.

 Sequential and simultaneous ultrasonographic 
monitoring of follicular and luteal development was 
carried out in untreated oestrous cycles using a real time B-
mode ultrasound scanner equipped with 7.5 MHz linear 
array transrectal transducer (SONOVET 600, SA-600V, 
Kretz Technik AG, Austria). The ovaries of each cow were 
examined every other day throughout an oestrous cycle 
starting from the day of observed oestrus (Day 0) to 
subsequent standing oestrus. The diameter (dm) of 
follicles and corpus luteum (CL) were recorded during 
each examination and their developmental turnover were 
sequentially drafted. The follicular wave pattern was 
determined by analyzing the day-to-day data as described 
by Sathesh Kumar et al. (2012). Luteal parameters viz., 
maximum diameter (mm), day of maximum diameter, 
growth and regression phase (days), growth and regression 
rate (mm/day) and period of luteal dominance (days) were 
recorded and compared between different types of 
follicular wave patterns. A total of 18 complete oestrous 
cycles were studied. The statistical significance between 
the data on different luteal parameters was carried out as 
per standard procedure (Snedcor and Cochran, 1994).

 Out of 18 oestrous cycles studied, 12 cycles (66.7%) 
exhibited three-follicular waves, while the remaining six 
cycles (33.3%) had two-follicular waves. In general, the 
CL grew progressively until it attained the maximum 
diameter during the mid of the cycle and remained 
fluctuating around that size for a certain period (period of 
luteal dominance) before it started regressing constantly 
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towards the end of the cycle. The luteal characteristics in 
oestrous cycles with two-follicular waves and three- 
follicular waves were represented in Table 1 and Fig. 1. 
Perusal of the data revealed that the maximum diameter of 
CL was significantly (P<0.05) larger in three-follicular 
wave cycles than that of two-follicular wave cycles. In 
cycles with three-follicular waves, the CL reached the 
maximum dm significantly (P<0.05) earlier, remained 
dominant for a significantly (P<0.05) longer duration and 
started to regress non-significantly (P>0.05) later when 
compared with cycles of two-follicular waves. Thus, the 
period of luteal dominance was significantly (P<0.05) 
longer in three-follicular wave cycles than the two-
follicular wave cycles.

 The incidence rates of three- and two-follicular 

waves during a cycle in the present study were 66.7 and 
33.3% for, respectively. However, the authors in their 
previous study recorded 77.8 and 16.7% three- and two-
follicular waves respectively in crossbred cows (Sathesh 
Kumar et al., 2012).  Thus, it is obvious that incidence of 
follicular wave pattern during a cycle is highly variable. 
CL is dynamic in that it exhibits regular episodes of 
growth, persistence and regression throughout the fertile 
reproductive phases. The mean maximum dm of CL 
recorded in our crossbred cows was in accordance with the 
observations of Taponen et al. (2000) in Finnish Ayrshire 
breed cows and heifers. Similar to our study, they also 
observed fluctuation around this dm till Days 14 or 15 
before the initiation of constant luteal regression.

 The early attainment of maximum dm and late 
regression of CL during a three-follicular wave cycle 
assured a significantly increased period of luteal 
dominance than the two-follicular wave cycles. Similarly, 
Townson et al. (2002) also observed that the length of the 
entire luteal phase (based on the progesterone concentration) 
was two days shorter in two- follicular wave cows than in 
three-follicular wave cows. It was observed that the CL 
was non-significantly larger in three-follicular wave 
cycles than that of two-follicular wave cycles. A positive 
association between plasma progesterone (P ) 4

concentration and CL size in the mid-luteal phase of dairy 
cows has been reported (Luttgenau et al., 2011). Thus, the 
smaller CL in two-follicular wave cycles could be 
correlated with low circulating concentrations of P4 
during mid luteal phase and vice versa in three-follicular 
wave cycles. Townson et al. (2002) recorded a high peak P  4

concentration in three-wave cycles than two-wave cycles 
which could be corroborated with luteal morphological 
findings of our study.

 P  secreted by the CL negatively regulate pulsatile 4

LH release from pituitary gland and inhibits the maturation 
and ovulation of the dominant follicle (DF) (Endo et al., 
2012). Thus the P  activity during the mid-luteal phase is a 4

crucial factor that regulates the follicular development. It 
was observed that the CL was comparatively smaller and 
period of luteal dominance was significantly shorter in 
two-follicular wave cycles. Thus, it could be assumed that, 
under low P  concentrations (as observed by smaller CL), 4

the increased LH pulsatile secretion would have supported 
prolonged sustenance of second wave DF in two-follicular 
wave cycles. Further, the endocrine environment due to 
early initiation of luteolysis would have favoured the 
second wave follicle to remain persistent and reach the 
ovulation stage in two-wave cycles. On the contrary, high 
P  concentrations (as observed by larger CL) and the 4

ensuing LH suppression would have caused the regression 

Table 1

Characteristics of corpus luteum during two- and three-
follicular waves

S.No. Luteal parameters Follicular wave patterns Overall

  Three- Two-
  waves waves
  (n = 12) (n = 6)

a b  1 Day of maximum 9.0±0.5 10.8±0.7 9.5±0.4
 diameter

b a 2 Maximum diameter 22.1±0.4 20.8±0.7 21.7±0.4
 (mm)

3 Growth phase (days) 7.0±0.6 7.6±1.2 7.2±0.8

4 Growth rate (mm/day) 1.6±0.2 1.2±0.2 1.5±0.2
b a 5 Period of luteal 6.9±0.6  5.2±0.6 5.7±0.6

 dominance  (days)

6 Day of initiation of 16.2±0.7  15.2±0.4 15.2±0.8
 constant regression

7 Regression phase 5.9±0.8 6.2±0.2 6.1±0.5
 (days)

8 Regression rate 1.9±0.2 1.5±0.2 1.7±0.2
 (mm/day)

Values with different superscripts in each row differ significantly 
(P<0.05)

Fig.1. Luteal developmental patterns in two- and three-follicular wave 
oestrous cycles
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Fig 2: Transmission electron photomicrograph of monocyte of dog 
showing heterochromatin (a), euchromatin (b), cytoplasmic process (c), 
 Vacuole and nuclear membrane.
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Figure 1: Cyclic conditions for PCR profiling for detection of 
Salmonella genes
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Fig. 1. Histogram depicting frequency distribution of animal
right score of respondents
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Research Article

 The estrus 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 synchronisation protocols in 
crossbred postpartum cows.

MATERIAL AND METHODS

 A total of 20 healthy crossbred cows at 60-90 days 
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ABSTRACT

 The objective of present research work was to study the efficacy of two different synchronization protocols for improving the fertility in 
postpartum crossbred cows. A totah protocol induces better estrus response and first service conception rate in postpartum cows. 
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named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync

Fig. 1. Semilogarithmic plot of plasma concentration time profile of 
amoxicillin and cloxacillin following single dose (10 mg/kg) i.v. and 
i.m. administration in sheep (n=4)
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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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ABSTRACT

 Present study comprised of 72 crossbred cows (group I= 60 endometritic and group II=12 healthy) at 30±2days postpartum. The 
polymorphonuclear neutrophils (PMN) cell coun
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SUMMARY

 The study was carried out with the hypothesis that the luteal dynamics determined the follicular wave pattern of an oestrous cycle in crossbred 
cattle. Sequential ultrasonographic monitoring of follicular and luteal development was carried out in untreated oestrous cycles (n = 18) of crossbred 
cows. Out of 18 oestrous cycles studied, 12 cycles (66.7%) and six cycles (33.3%) exhibited three- and two-follicular waves, respectively. In cycles 
with three-follicular waves, the corpus luteum reached the maximum diameter significantly earlier and remained dominant for a significantly longer 
duration (6.9+0.6 days) when compared with cycles of two-follicular waves (5.2+0.6 days). The shorter period of luteal dominance in two-wave 
cycles would have favoured the prolonged persistence of second follicular wave dominant follicle as against the counterpart’s atresia and emergence 
of third wave in three-wave cycles. Thus, it could be concluded that the period of luteal dominance determined the follicular wave pattern of an 
oestrous cycle and thereby the fertility of the cattle.

Keywords: Crossbred cattle, Follicular wave, Luteal dominance
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 When the ovarian activity is investigated in cattle, it 
is detected that folliculogenesis operate on a wave basis at 
7 to 8 day intervals throughout the oestrous cycle (Ginther 
et al., 1989). Two and three follicular wave patterns are 
common among the Indian crossbred cattle but their 
incidence during an oestrous cycle is highly variable and 
unpredictable (Sathesh Kumar, 2009). These variations in 
follicular wave patterns are one of the major contributory 
factors of fertility disturbances among the dairy cattle 
population. It was reported that oestrous cycles with three-
follicular waves have better fertility than those with two-
follicular waves (Townson et al., 2002). Various factors 
govern the wide variations in the follicular developmental 
patterns during an oestrous cycle like the plane of nutrition 
(Murphy et al., 1991), circulating endocrine status (Adams 
et al., 1992) and season (Sathesh Kumar et al., 2015). 
Ginther et al. (1989) reported that the time of luteal 
regression is one of the factors that determine the number 
of follicular waves during a cycle. In this row, we 
hypothesized that the overall luteal dynamics during an 
oestrous cycle have an important role in determining the 
numbers of follicular waves. Hence, the present research 
work was carried out to document the follicular and luteal 
turnover simultaneously during the oestrous cycle and to 
explore the possible impact of luteal dynamics over the 
incidence of various follicular wave patterns.

 Six healthy and regularly cyclic Jersey crossbred 
multiparous cows (5 to 6 yrs) in the end of lactation, 
maintained at the Centralized Embryo Biotechnology 
Unit, Department of Animal Biotechnology, Madras 
Veterinary College, Chennai, were utilized for the study. 

All the cows were maintained under identical 
managemental conditions throughout the study.

 Sequential and simultaneous ultrasonographic 
monitoring of follicular and luteal development was 
carried out in untreated oestrous cycles using a real time B-
mode ultrasound scanner equipped with 7.5 MHz linear 
array transrectal transducer (SONOVET 600, SA-600V, 
Kretz Technik AG, Austria). The ovaries of each cow were 
examined every other day throughout an oestrous cycle 
starting from the day of observed oestrus (Day 0) to 
subsequent standing oestrus. The diameter (dm) of 
follicles and corpus luteum (CL) were recorded during 
each examination and their developmental turnover were 
sequentially drafted. The follicular wave pattern was 
determined by analyzing the day-to-day data as described 
by Sathesh Kumar et al. (2012). Luteal parameters viz., 
maximum diameter (mm), day of maximum diameter, 
growth and regression phase (days), growth and regression 
rate (mm/day) and period of luteal dominance (days) were 
recorded and compared between different types of 
follicular wave patterns. A total of 18 complete oestrous 
cycles were studied. The statistical significance between 
the data on different luteal parameters was carried out as 
per standard procedure (Snedcor and Cochran, 1994).

 Out of 18 oestrous cycles studied, 12 cycles (66.7%) 
exhibited three-follicular waves, while the remaining six 
cycles (33.3%) had two-follicular waves. In general, the 
CL grew progressively until it attained the maximum 
diameter during the mid of the cycle and remained 
fluctuating around that size for a certain period (period of 
luteal dominance) before it started regressing constantly 
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towards the end of the cycle. The luteal characteristics in 
oestrous cycles with two-follicular waves and three- 
follicular waves were represented in Table 1 and Fig. 1. 
Perusal of the data revealed that the maximum diameter of 
CL was significantly (P<0.05) larger in three-follicular 
wave cycles than that of two-follicular wave cycles. In 
cycles with three-follicular waves, the CL reached the 
maximum dm significantly (P<0.05) earlier, remained 
dominant for a significantly (P<0.05) longer duration and 
started to regress non-significantly (P>0.05) later when 
compared with cycles of two-follicular waves. Thus, the 
period of luteal dominance was significantly (P<0.05) 
longer in three-follicular wave cycles than the two-
follicular wave cycles.

 The incidence rates of three- and two-follicular 

waves during a cycle in the present study were 66.7 and 
33.3% for, respectively. However, the authors in their 
previous study recorded 77.8 and 16.7% three- and two-
follicular waves respectively in crossbred cows (Sathesh 
Kumar et al., 2012).  Thus, it is obvious that incidence of 
follicular wave pattern during a cycle is highly variable. 
CL is dynamic in that it exhibits regular episodes of 
growth, persistence and regression throughout the fertile 
reproductive phases. The mean maximum dm of CL 
recorded in our crossbred cows was in accordance with the 
observations of Taponen et al. (2000) in Finnish Ayrshire 
breed cows and heifers. Similar to our study, they also 
observed fluctuation around this dm till Days 14 or 15 
before the initiation of constant luteal regression.

 The early attainment of maximum dm and late 
regression of CL during a three-follicular wave cycle 
assured a significantly increased period of luteal 
dominance than the two-follicular wave cycles. Similarly, 
Townson et al. (2002) also observed that the length of the 
entire luteal phase (based on the progesterone concentration) 
was two days shorter in two- follicular wave cows than in 
three-follicular wave cows. It was observed that the CL 
was non-significantly larger in three-follicular wave 
cycles than that of two-follicular wave cycles. A positive 
association between plasma progesterone (P ) 4

concentration and CL size in the mid-luteal phase of dairy 
cows has been reported (Luttgenau et al., 2011). Thus, the 
smaller CL in two-follicular wave cycles could be 
correlated with low circulating concentrations of P4 
during mid luteal phase and vice versa in three-follicular 
wave cycles. Townson et al. (2002) recorded a high peak P  4

concentration in three-wave cycles than two-wave cycles 
which could be corroborated with luteal morphological 
findings of our study.

 P  secreted by the CL negatively regulate pulsatile 4

LH release from pituitary gland and inhibits the maturation 
and ovulation of the dominant follicle (DF) (Endo et al., 
2012). Thus the P  activity during the mid-luteal phase is a 4

crucial factor that regulates the follicular development. It 
was observed that the CL was comparatively smaller and 
period of luteal dominance was significantly shorter in 
two-follicular wave cycles. Thus, it could be assumed that, 
under low P  concentrations (as observed by smaller CL), 4

the increased LH pulsatile secretion would have supported 
prolonged sustenance of second wave DF in two-follicular 
wave cycles. Further, the endocrine environment due to 
early initiation of luteolysis would have favoured the 
second wave follicle to remain persistent and reach the 
ovulation stage in two-wave cycles. On the contrary, high 
P  concentrations (as observed by larger CL) and the 4

ensuing LH suppression would have caused the regression 

Table 1

Characteristics of corpus luteum during two- and three-
follicular waves

S.No. Luteal parameters Follicular wave patterns Overall

  Three- Two-
  waves waves
  (n = 12) (n = 6)

a b  1 Day of maximum 9.0±0.5 10.8±0.7 9.5±0.4
 diameter

b a 2 Maximum diameter 22.1±0.4 20.8±0.7 21.7±0.4
 (mm)

3 Growth phase (days) 7.0±0.6 7.6±1.2 7.2±0.8

4 Growth rate (mm/day) 1.6±0.2 1.2±0.2 1.5±0.2
b a 5 Period of luteal 6.9±0.6  5.2±0.6 5.7±0.6

 dominance  (days)

6 Day of initiation of 16.2±0.7  15.2±0.4 15.2±0.8
 constant regression

7 Regression phase 5.9±0.8 6.2±0.2 6.1±0.5
 (days)

8 Regression rate 1.9±0.2 1.5±0.2 1.7±0.2
 (mm/day)

Values with different superscripts in each row differ significantly 
(P<0.05)

Fig.1. Luteal developmental patterns in two- and three-follicular wave 
oestrous cycles
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Fig 2: Transmission electron photomicrograph of monocyte of dog 
showing heterochromatin (a), euchromatin (b), cytoplasmic process (c), 
 Vacuole and nuclear membrane.
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Figure 1: Cyclic conditions for PCR profiling for detection of 
Salmonella genes
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Fig. 1. Histogram depicting frequency distribution of animal
right score of respondents
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 The estrus 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 synchronisation protocols in 
crossbred postpartum cows.
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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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of second wave DF and initiated the emergence of third 
wave in the three-follicular wave cycles.  The third wave 
DF was benefitted from luteolysis and the consequent 
increasing LH pulse frequencies would have promoted 
final maturation and ovulation (Mihm and Austin, 2002).

 Thus, it could be concluded that the period of luteal 
dominance and the associated luteal endocrine activity 
have a possible control over follicular turnover during 
spontaneous oestrous cycle in crossbred cows. Taking into 
consideration of the importance of mid cycle luteal support 
on embryonic sustenance and establishment of pregnancy, 
it is very obvious to associate the luteal insufficiency and 
prolonged persistence of second wave DF with the poor 
fertility in cows with two-follicular wave cycles.
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SUMMARY

 The study was conducted to assess the role of area specific mineral mixture supplementation as a therapy for anestrous dairy animals of sub- 
mountainous zone of Punjab. Fifty dairy animals (25 cattle and 25 buffaloes) suffering from anestrous were randomly selected and plasma 

th thprogesterone level was estimated on 0, 7  and 14  day by RIA (Radio-Immune-Assay) technique. Animals with plasma progesterone level <0.5 ng/ml 
were diagnosed as being non-cyclic and were divided into two groups. Animals in the treatment group were fed area specific mineral mixture for 2 
months and blood samples were collected at 3 weeks’ interval before and after feeding and plasma progesterone levels were estimated by RIA. It was 
concluded from the present study that feeding of area specific mineral mixture had a non-significant effect on the reproductive performance of dairy 
animals.

Keywords: Anestrous, Area specific mineral mixture, Dairy animals, Progesterone
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 Minerals are essential for growth, health, 
reproduction and normal physiological functions of 
animal’s body (Chew, 2000). The supplementation of Area 
Specif ic  Mineral  Mixture  (ASMM) increased 
reproductive efficiency in buffaloes and 70 percent 
buffaloes showed normal cyclicity (Annual Reports, 
DARE, 2008–2009). Dietary deficiencies result in failure 
of the mineral homeostasis mechanism, which affects the 
productive and reproductive potential of the animal. 
Reproduction is an important productive parameter 
affecting the profitability of dairy industry. Higher 
conception rates are achieved with the help of adequate 
concentration of trace minerals (Rabiee et al., 2010).Trace 
minerals help in improving the reproductive performance 
of cattle (Kumar et al., 2011; Grace and Knowles, 2012). 
Keeping in view of these facts and findings, the present 
study was designed to determine the effect of area specific 
mineral mixture supplementation on the reproductive 
performance of dairy animals.

 Fifty anestrus dairy animals (25 cattle and 25 
buffaloes) were selected from four villages of two districts 
(Hoshiarpur and Nawanshahar) of Sub- mountainous zone 
of Punjab. Selection was based on owner’s history and 
estimation of plasma progesterone on days 0,7 and 14. 
Animals with plasma progesterone levels <0.5 ng/ml were 
diagnosed as being non-cyclic animals. These animals 
were divided into two groups with 13 cattle and 20 
buffaloes kept as treatment group and 12 cattle and 5 
buffaloes kept as control group. Animals in the treatment 
group were fed with area specific mineral mixture for 2 
months and blood samples were collected from these 
animals at 3 weeks’ interval before and after feeding and 
plasma progesterone levels were estimated by RIA. 

Animals having plasma progesterone levels >0.5 ng/ml 
were considered to be cyclic. Data was analyzed 
statistically using SPSS for Windows (version16.0; 
Microsoft).

 In treatment group of cattle, 76.92% animals 
regained cyclicity i.e. had plasma progesterone level >0.5 
ng/ml, whereas, 23% animals remained non-cyclic. In 
control group, out of 12 cows selected, 8 animals regained 
cyclicity, whereas, 4 remained non-cyclic. On statistical 
comparison, non-significant difference was observed 
between the treatment and control groups. Contrary to 
these findings, Singh (2013) recorded that after mineral 
supplementation, out of 10 cattle, 8 animals regained 
cyclicity, whereas, 2 animals remained non-cyclic and in 
control group, 1 out of 6 animals became cyclic during the 
period of trial and the results were found to be significant.

 In treatment group of buffaloes, 60% animals 
regained cyclicity i.e. had plasma progesterone level >0.5 
ng/ml, whereas, 40% remained acyclic. In control group, 
40% animals regained cyclicity, whereas, 60% animals 
remained acyclic. The results were found to be non-
significant on statistical comparison. However, Singh 
(2013) recorded that out of 10 buffaloes that were fed area 
specific mineral mixture, 9 animals regained cyclicity and 
in control group, 2 out of 6 buffaloes regained cyclicity 
without feeding of area specific mineral mixture and the 
results were statistically significant.

 Average time taken by the animals to return to 
normal cyclicity was 55.00±2.68 and 51.00±3.64 days in 
buffaloes and cattle, respectively. These findings were 
comparable to those of Singh (2013) who recorded the 
average values to be 53.40±2.7 and 48.9±2.1 days in 
buffaloes and cattle, respectively.
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Fig 2: Transmission electron photomicrograph of monocyte of dog 
showing heterochromatin (a), euchromatin (b), cytoplasmic process (c), 
 Vacuole and nuclear membrane.
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Figure 1: Cyclic conditions for PCR profiling for detection of 
Salmonella genes
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Fig. 1. Histogram depicting frequency distribution of animal
right score of respondents
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Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
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