


  Assessment of position of centre of gravity in different physiological status in Sahiwal cattle 
Abstract: Experiment was conducted on162 purebred Sahiwal cattle were selected from Bull Mother Experimental Farm and Government Cattle Breeding Farm located at the campus of College of Veterinary Science & Animal Husbandry, Anjora, Durg (C.G.) on the basis of their physiological status viz dry cows, lactating cows, pregnant cows, heifers and calves to measure the location of centre of gravity. The comparison of centre of gravity of dry, pregnant and lactating cows was found to be significant (p<0.05) and the centre of gravity of dry, pregnant and lactating cows was found to be 16.454 ± 0.394 inches, 15.83 ± 0.301inches and 18.21 ± 0.644 inches from hind limb respectively. On other hand, the point of centre of gravity of 0-3 month calves, <1 yr calves and heifers was found to be significant (p<0.05).  The point of centre of gravity of 0-3 month calves, < 1 yr calves and heifers was found to be 7.81 ± 0.362 inches, 9.029 ± 0.235 inches and 12.419 ± 0.947 inches from hind limb respectively. 	Comment by USER: The present study	Comment by USER: space	Comment by USER: among	Comment by USER: was	Comment by USER: for	Comment by USER: was	Comment by USER: was	Comment by USER: was	Comment by USER: Result?
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1 Introduction: In India dairy is most important enterprises and most of the people of rural areas depend on dairy farm. Therefore, it is one of the sources of income generation for rural families in the developing countries. With the increase in human population, the demand for milk has also been increased [1]. Most of the cattle breeds of the tropics and subtropics are low milk yielder and slow maturing. In India, indigenous milch breeds of cattle like Sahiwal, Gir, Red Sindhi and Deoni are well adapted to the prevailing environmental conditions as well as diseases. Among all the indigenous milch breeds, Sahiwal is considered to be one of the important milch breeds and thrives well in many parts of India. Animals of this breed are known for their ability of heat tolerance, disease resistance and adaptability to low input system. The livestock sector is major allied sector in India contributing nearly 25.6% total value of output in agriculture which is nearly 4.11% of total GDP and comprised of 190.9 million cattle, out of which there are 122.9 million females and 67.9 million males [2]. The cattle contribution of milk production is by 40% of total milk production [3].  However, most of the cows suffered from number of metabolic disorders, during its lactating phase. The lameness and the problems associated with poor conformation traits are predominant one. This results in high degree of economic loss in terms of low milk yield. Lameness itself can reduce the milk production by 2.6 kg per day per animal [4]. Lameness is associated with varied aetiology where the deviation of centre of gravity could be the reason of lameness and / or associated with poor body conformation of dairy and draft cattle. Hence, it is necessary to explore the point of centre of gravity of dairy and draft cattle. In case of human being, at standing position, the location of centre of gravity is at navel. Whereas, in case of squirrels, bears & kangaroo the centre of gravity is towards the rear limb, so that forelimbs can be lifted off the ground without loss of stability. However, in case of dairy animal the centre of gravity is not known till date.                                                                                                                                                 	Comment by USER: the dairy sector	Comment by USER: increased	Comment by USER: ability to tolerate heat	Comment by USER: resist disease
The centre of gravity of the forelimbs associated with support of about 60-65% of live weight of the animal, generating greater impact during locomotion, facilitating the expansion of hooves compared to the hind limbs [5]. Positional changes of various body segments both at rest and during locomotion must alter the centre of gravity. If the centre of gravity will deviate, the chances of sliping will increase [6].  Control of lameness in dairy cattle is very critical situation which directly effects herd of animal, economics of farm as well as welfare [7].  Lameness causes huge loss in dairy farm in term of low milk production, reduced fertility, loss of appetite and treatment cost etc. It is also related to animal welfare issues like pain and discomfort to animal [8].	Comment by USER: does
2 Materials and Methods
2.1 Study area: Present experiment was conducted in a purebred Sahiwal cattle herd of Bull Mother Experimental Farm and Government Cattle Breeding Farm located at the campus of College of Veterinary Science & Animal Husbandry, Anjora, Durg (C.G.). A total of 162 purebred Sahiwal cattle were selected on the basis of their age or physiological status viz; dry cows, lactating cows, pregnant cows, heifers and calves to measure the location of centre of gravity and also to record the linear type traits of dry, lactating and pregnant cows.
2.2 Experimental Animals: All selected animals were divided into 8 groups on the basis of their physiological status. The status ranged from 0-3 month age calves to late pregnancy cows. The physiological status wise frequency of cows is presented in Table. 1.
2.3 Procedure employed for estimating centre of gravity: A weighing machine was installed by digging 8 feet long, 6.5 feet wide and 2 feet depth pit. The level of weighing machine was adjusted with level of ground because high or low level of machine with ground can affect the location of centre of gravity. For measuring the body weight digital balance was used in the investigation. The body weight was measured in two sections, the weight of first half till umbilicus was measured first followed by the hind part i.e. from umbilicus to rest part of body and then entire body weight of the Sahiwal were also taken with the help of digital weighing machine. Distance between front legs and rear legs were measured by using measuring tape. Centre of gravity was calculated by using the following formula:
X2 = M1X1/M2   [9]
Where M1 = Mass of front legs (in kg)
X1= Distance between front and rear legs (in inches)
M2 = Mass of rear legs (in kg)
X2= Value to locate the point of centre of gravity 
2.4 Statistical analysis: The mean, standard error and coefficient of variation of data were calculated by using formula given by Snedecor and Cochran (1989) [10]. The data were analyzed by ANOVA one way classification, as per the procedure recommended by Snedecor and Cochran (1994) [11] for testing the significance of treatment difference.
3 Results and Discussion
Sahiwal is identified as one of the milch breeds of cattle in India but the information regarding to the position of centre of gravity are still unknown. The position of centre of gravity influences the locomotion and behavior of animals.  The results obtained have been presented in tabular forms and graphical representations along with photographs and discussed under the following heads and sub- heads. 
3.1Measurement of body weight of Sahiwal cows: The body weight was recorded in different sections viz. record of weight of first half body up to umbilicus and likewise, recorded the weight of second half of body.  Hence, measured total body weight of animals. Recorded the distance between front limbs to hind limbs of 162 Sahiwal cattle. The mean and standard error of body weight at forelimb, at hind limb and total body weight of Sahiwal cattle are shown in table.2:
The mean and standard error of body weight (in kg) at forelimb of Sahiwal cattle for different categories viz. 0-3 month age calves, calves less than 1 year, heifers, dry cows, early lactation, mid lactation, mid pregnancy and late pregnancy were 25.63 ± 2.31, 55.63 ± 3.43, 121.77 ± 8.66, 174.73 ± 9.49, 180.41 ± 6.78, 169.0 ± 7.98, 184.16 ± 6.85 and 182.06 ± 5.65 kg respectively (Table.2).  The mean and standard error of body weight at forelimb were found to be lower in the calves aged 0-3month of age, while the highest values were observed in cows during mid pregnancy stage. The mean and standard error of body weight at hind limb of Sahiwal cattle for different category such as, 0-3 month age calves, calves less than 1 year, heifers, dry cows, early lactation, mid lactation, mid pregnancy and late pregnancy were found to be 16.0 ± 1.30, 39.20 ± 2.56, 84.45 ± 6.02, 139.56 ± 7.52, 146.82 ± 5.95, 144.53 ± 6.26, 148.77 ± 6.05 and 159.60 ± 5.32 kg respectively (Table.2). The mean and standard error of body weight at hind limb were lower in the calves aged 0-3 month and higher in late pregnancy cows. Similarly, the mean and standard error of total body weight of Sahiwal cattle for different categories such as, 0-3 month age calves, calves less than 1 year, heifers, dry cows, early lactation, mid lactation, mid pregnancy and late pregnancy were 41.63 ± 3.57, 94.85 ± 5.94, 206.22 ± 14.64, 314.30 ± 16.96, 327.23 ± 12.54, 313.53 ± 14.09, 332.94 ± 12.66 and 341.66 ± 10.88 kg respectively (Table.2). The mean and standard error of total body weight were lower in the calves aged 0-3 month and higher in late pregnancy cows. It was evident from the Table. 2 that as the age of cattle increases, there was proportionate and steady increase in the body weight at forelimb. This increase in body weight remained almost constant within a range on adulthood stage. This might be due to the fact that with the increase in age, there is also proportionate increase in growth of bones and muscles along with development of various internal organs, whereas on reaching the adulthood stage, this development was more or less fully completed [12]. Thus, meager differences have been observed in the mean body weight at forelimb in adulthood stage as compared to that of early stages of development. The mean body weight at forelimb in early lactation was higher than that of mid lactation. This may either be due to structural changes in the body of Sahiwal cattle at forelimb as it is associated with higher volume of blood pumped from heart to udder during early lactation [13] leading to increase in the weight at forelimb during early lactation. Likewise, the mean body weight at forelimb during late pregnancy was lower in comparison to that of mid pregnancy cows. It might be due to the fact that the maximum development of fetus occurs at this stage and the developing fetus is pushed toward pelvic region [14], thus, decreasing the mean body weight at forelimb. The mean body weight at hind limb in early lactation was higher as compared to that of mid lactation. Since, the early lactation is associated with peak milk yield production of an animal [13], hence higher supply of blood to the mammary gland for achieving the peak milk yield might be one of the reasons for higher body weight at hind limb during early lactation as compared to that of mid lactation.
Likewise the mean body weight at hind limb in late pregnancy cows was high in comparison to that of mid pregnancy cows. It is well known that the fetus during it’s various stages of development goes down and forward in the pelvic cavity during mid stage of pregnancy, while it comes upwards and backwards during later stage of pregnancy [14], this may be one of the reasons for higher mean body weight at hind limb in late pregnancy cows as compared to that of mid pregnancy cows. The mean total body weight was early lactation was higher than mid lactation. Since, during the early stages of pregnancy, the animal is having sufficient body fat reserves to recoup with the low dry matter intake, negative energy balance and peak milk production of an animal, which gets on depleted towards the end of early stages [15,16]. Due to such metabolic and physiological changes, negative energy balance is clearly reflected during mid stage of lactation as compared to early lactation in terms of mean total body weight of cattle. 
Like wise the mean total body weight in late pregnancy cows was high in comparison mid pregnancy cows. It might be due to the fact that growth of foetus remains incomplete during mid stage of pregnancy and gets completed during last/later stages of pregnancy [17, 18]. Thus, the additional weight of fully grown foetus in uterus of a cow might be one of the reasons for higher total body weight in late pregnancy as compared to that of mid pregnancy.
3.2 Point of centre of gravity in different physiological status: The mean and standard error of point of centre of gravity of Sahiwal cattle for different categories such as 0-3 month age calves, calves less than 1 year, heifers, dry cows, early lactation, mid lactation, mid pregnancy and late pregnancy were 7.81 ± 0.36, 9.02 ± 0.23, 12.41 ± 0.44, 16.45 ± 0.39, 18.63 ± 0.83, 17.67 ± 1.02, 16.58 ± 0.39 and 14.94 ± 0.35 inches respectively from hind quarter (Table.3). The mean and standard error of point of centre of gravity were lower in calves at 0-3month and higher in early lactation cows. The mean point of centre of gravity in early lactation was lower as compared to mean centre of gravity in mid lactation. Likewise the mean of point of centre of gravity in late pregnancy cows was lower in comparison mid pregnancy cows.
3.3 Mean centre of gravity of dry cows, pregnant cows and lactating cows of   Sahiwal cattle: The comparison of centre of gravity of dry, pregnant and lactating cows was found to be significant (p<0.05 level). As shown in table.4, the centre of gravity of dry, pregnant and lactating cows was found to be 16.454 ± 0.394 inches, 15.83 ± 0.301inches and 18.21 ± 0.644 inches from hindlimb respectively. 
3.4 Mean centre of gravity of 0-3month age calves, <1yr calves and heifers of Sahiwal cattle: Table.5 shows the comparision of the point of centre of gravity of 0-3 month calves, <1 yr calves and heifers was significant (p<0.05).  The point of centre of gravity of 0-3 month calves, < 1 yr calves and heifers was found to be 7.81 ± 0.362 inches, 9.029 ± 0.235 inches and 12.419 ± 0.947 inches from hind limb respectively (Table.5). 
The point of centre of gravity in lactating cows tends to be more backward in comparison to dry and pregnant ones. It might be due to the fact that during this phase, there is increased blood flow (about 28 per cent) on the rear quarter of the animal’s body i.e. on mammary gland [13], with higher engorgement of milk in udder (Table.4). Similarly, centre of gravity of pregnant cows was less as compared to dry cows, which may be due to increase in weight of hind quarter because of foetal development [19]. Hence, to manage the increased weight and to balance the body during movements, the pregnant cows tend to reduce the distance between forelimb and hind limb that shifts the centre of gravity more backward in comparison to dry cows.
Thus, it can be assumed that the point of centre of gravity is not static and is subjected to change with changes in the physiological status of an animal (Fig.1). This fluctuation in centre of gravity might be the reason that dry cow run fast as compared to pregnant and lactating cows. Moreover, this may be one of the reasons for increase in the incidences of lameness in late gestation [20] and early lactation [21]. As in normal standing position, there should be an equal distribution of weight among both forelimbs and both hind limbs. However, during any injury or change in physiological conditions like late pregnancy and early lactation, causes the disturbances in maintaining the balance among different legs viz. shifting of weight on legs, thus, changing the location of centre of gravity towards weight shifted hence posing animals for greater chances of lameness. Hence, the point of centre of gravity increases with advancement of the age of animals. The reason for such finding could be due to fact that there is shifting of weight towards the hind limb along with increase in distance between forelimbs and hind limbs. The minimum value of point of centre of gravity was at 0-3 month age calves (7.81 ± 0.362 inches) and maximum was for heifers (12.419 ± 0.947 inches). There was shifting in the point of centre of gravity towards the hind quarter with increase of age as well as weight of the animal (fig.2). The 0-3 month’s age calves are able to run faster in comparison to < 1 years old calves and heifers which could be due to fact that location of point of centre of gravity in calves is more near to the fore limbs as compared to < 1 years old calves and heifers and hence, 0-3 months age calves are more stable as compared to < 1 years old calves and heifers.
This graph showed that the location of point of centre of gravity of 0-3 month aged calves was near to forelimb, which might be due to reason that the weight of head and neck was more in comparison other part of the body. While, in < 1 year’s old calves and heifers the point of centre of gravity move towards the rear which might be due to development of rumen and other pelvic organs, hence increasing the weight of hindquarters.            
3.5 The change in position of centre of gravity occurs throughout the pregnancy period: The fluctuation in point of centre of gravity with advancement in period of pregnancy in Sahiwal cows was observed (Fig. 3). The point of centre of gravity is 18.39, 17.42, 16.37, 16.30, 15.08 and 13.46 inches for 3 to 4, 4 to 5, 5 to 6, 6 to 7, 7 to 8, 8 to 9 months of pregnancy respectively. As the pregnancy period is increased, the point of centre of gravity gets shifted towards rear. 
3.6 The change in position of centre of gravity occurs throughout the lactation period: The position of centre of gravity of cow varied with change in stage of lactation (Fig. 4). The point of centre of gravity was 20.68, 17.36, 14.28, 14.13, 16.30 and 18.90 inches for 0 to 1, 1 to 2, 2 to 3, 3 to 4, 4 to 5 and 5 to 6 months of lactation respectively. The centre of gravity moved towards the rear quarter until to achieve peak milk yield (2 to 3 month of lactation).  This might be due to greater flow of blood towards mammary gland during peak milk yield with engorgement of udder with milk. Moreover, as peak milk yield was reached the centre of gravity moved towards its normal position i.e. towards fore limbs, which may be due to decreased flow of blood towards mammary gland following peak yield [22]. Thus, the rate of movement of centre of gravity was slow in dairy cows particularly at 2 to 4 months of lactation period (Fig. 4). Hence, such cows which are having centre of gravity at rear tend to balance its body by slow movements. 
During 3 to 6 months of pregnancy, it moved steadily towards rear, whereas, in cows with more than 7 months of pregnancy (late pregnancy stage) (Fig.3), the centre of gravity shifted rapidly toward the rear portion of the body. This might be due to the fact that maximum growth and development of foetus occurs at last trimester of pregnancy [14], thus causing increase in the weight of rear portion of cows body. Hence, the movement of pregnant cows would be slow with the increase in the months of pregnancy period. 
Conclusion:
It is concluded that the point of centre of gravity varied with different physiological conditions of the Sahiwal cows creating imbalance in the body. There are number of reasons of lameness in cattle. Whereas, lameness due to imbalance developed due to deviation of point of centre of gravity from its normal position could be one. It could be narrated that the point of centre of gravity varied with different physiological conditions of the Sahiwal cows creating imbalance in the body. There are number of reasons of lameness in cattle. Whereas, lameness due to imbalance developed due to deviation of point of centre of gravity from its normal position could be one.
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	Physiological status
	      Number of Animals

	0-3 month age calves
	11

	<1 year calves
	33

	Heifers
	32

	Dry cows
	21

	Early lactation
	17

	Mid lactation
	15

	Mid pregnancy
	18

	Late pregnancy
	15

	Total 
	162









Table.1 Physiological status wise distribution of Animals



	Categories
	Mean ± SE body weight   at forelimb (in kg)
	Mean ± SE body weight at hind limb (in kg)
	Mean ± SE of total body weight (in kg)

	0-3 month calves (N=11)
	25.63 ± 2.31
	16.00 ± 1.30
	41.63 ± 3.57

	< 1 year calves (N=33)
	55.63 ± 3.43
	39.20 ± 2.56
	94.85 ± 5.94

	Heifer (N=32)
	121.77 ± 8.66
	84.45 ± 6.02
	206.22 ± 14.64

	Dry cow  (N =21)
	174.73 ± 9.49
	139.56 ± 7.52
	314.30 ± 16.96

	Early lactation (N =17)
	180.41 ± 6.78
	146.82 ± 5.95
	327.23±12.54

	Mid lactation (N =15)
	169.00 ± 7.98
	144.53 ± 6.26
	313.53 ± 14.09

	Mid pregnancy (N =18)
	184.16 ±  6.85
	148.77 ±  6.05
	332.94 ± 12.66

	Late pregnancy (N =15)
	182.06 ± 5.65
	159.60 ± 5.32
	341.66 ± 10.88


Table.2. Mean, Standard Error of body weight at forelimb, at hind limbs and total body weight of different physiological status of Sahiwal cattle

	Categories
	Mean ± SE of point of centre of gravity  (in inches)

	0-3 month calves (N=11)
	7.81 ± 0.36

	< 1 year calves (N=33)
	9.02 ± 0.23

	Heifer (N=32)
	12.41 ± 0.44

	Dry cow (N =21)
	16.45 ± 0.39

	Early lactation  (N =17)
	18.63 ± 0.83

	Mid lactation  (N =15)
	17.67 ± 1.02

	Mid pregnancy  (N =18)
	16.58 ± 0.39

	Late pregnancy  (N =15)
	14.94 ± 0.35


Table.3. Mean Standard Error and coefficient of variation of point of centre of gravity of Sahiwal cattle

	Groups
	Significant 

	T 1 (Dry cows) (N=21)
	T2  (Pregnant cows) (N=33)
	T3  (Lactating cows) (N=32)
	

	16.454 ± 0.394a inches
	15.838 ± 0.301a inches
	18.21 ± 0.644b inches
	*


* Significant at p<0.05 level
Table.4. Mean centre of gravity of dry cow, pregnant and lactating cow of Sahiwal cattle
	Groups
	Significant

	T1 (0-3 month age calves) (N=11)
	T2 (< 1 yr calves) (N=33)
	T3 (Heifers) (N=32))
	

	7.81 ± 0.362a inches
	9.029 ± 0.235a inches
	12.419 ± 0.947b inches
	*


  *Significant at p<0.05 level
Table.5. Mean centre of gravity of 0-3month age calves, <1yr calves and heifers of Sahiwal cattle

Fig.1 The change in centre of gravity according to the physiological status of Sahiwal cows

 Fig. 2 The increase in the point of centre of gravity with advancement of age in Sahiwal cattle




Fig. 3 Fluctuation in position of centre of gravity in throughout the pregnancy period of Sahiwal cows



Fig. 4 Fluctuation in position of centre of gravity in throughout the lactation period of Sahiwal cows


Point of centre of gravity in dry, pregnant and lactating cows
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centre of gravity (inches)
Point of centre of gravity in 0-3 months calves, < 1year calves and heifers
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