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CHAPTER 1 

INTRODUCTION 



l~O INTRODUCTION 

farm In most tropical and subtropical countries, chief 

ope~ationB and rural transportation are dependant on 

power. At present, developing countries import about 80 

animal 

million 

tons of food, which is likely to increase to 100-150 million tons 

by the end of 2000 A.D. Increased food production from existing 

land would necessitate use of mare energy for ploughing, tillage, 

irrigation and other farm adjunct works. Though the pace of 

meohanization of farm sector is very fast, yet it cannot redu~e 

the gaps in energy demand and supply. This shortfall in ener9Y 

is likely to increase further and the draught an~mals will keep 

on sharing the bulk of the energy for farm in most aeveloping·· 

~ountries. 

Draught anima1s produ~e between 0.4 to 0,8 horse power on a 

sustained basis. Taking the lower conservutive figure of 0.5 HP/ 

draught animal, the power made available by 300 million animals 

at work may be of the order of 150 million "P. For purposes of 

replacement, it is usually assumed that 5 pairs of animals can be 

replaced by one tractor though it is th~oretically possible for a 

tractor to replace many more pairs. Taking the figure of five 

pairs. about 30 million tillers and tractors will be required to 

replace the existing draught animal population. Thus. replacement 

by mechanized system may need equipment worth any where between 

200 to 300 billion dollars. The recurring annual cost towards 

fuel and spares may also be around 5 billion dollars. It is well 

known that many countries using draught animals (such as India. 
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Bangladesh, Pakistan, Thailand and Ethiopia etc.' do not have 

resources of indiqenous petroleum sufficient to meet their own 

needs. In densely populated countries where the average 

cultivated area is small and number of land holding is very high. 

mechanization is not profitable and feasible particularly due to 

socio-economic condition of fa~mers. 

In India, energy for ploughing two-thirds of cUltivated area 

comes from OAP. Tractora and tillers become viable only for 
, 

holdings above 5 ha~ Marginal and small farmers cannot afford 

the initial cost of these machines. Teohnical manpower and 

maintenance facilities of agricultural machineries are inadequate 

in most developing countries. Animal drawn vehicles are suitable 

for rural areas under certain conditions. viz. uneven terra~n. 

small loads~ short distances afid where time is not criticAl 

factor. Since 50 per cent of India's villages are not connected 

by roads. animal drawn carts are the only mode of transport for 

goods and passengers. Also in India" two-thirds of rural 

transport is hauled by 13 million animal drawn vehicles. An 

estimate of National Commission on Agriculture (1976) for optimum 

output revealed that energy input to farm haa to be doubled in 

India to enhanoe farm production. Thus. such a va$t quantity of 

energy cannot be supplied from petroleum-based fuels or other 

sources of energy only and utility of draught animals will be 

inevitable and an essentiality particularly in India. 

During work r various physiological systems in body interact 

and bring about series of temporary adjustments in physiologic~l 

and biochemical proc~sses to meet the body require~ents of oxygen 

and energy and to tackle expeditiously the roetabolite$ produced 

in the processes. EvidentlYT the metabolic profiles are altered 
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and the magnitude of these changes can be interpreted to reflect 

the animals endurance for work. During la'at decades, several 

systematic studies have been conducted to measure the draught 

power, phys!ologlcal changes in working cattle and buffaloes in 

order to provide their ability to withstand the stress of 

environment work. Lately~ considerable emphasis has gone to 

understand the changes in physiological prOcesses during work and 

to find out the limits of bovine work production. An opinion 

emerged out from the work carried out at NDRI (Upadhyay and 

Madan~ 1985a; Upadhyay et ai' l 1987: UpadhyaYr 1989) at JCU, 

Townsville (Martin and Teleni, 1989) and at CTVM, Edinburg 

(Pearson and Lawrence. 1989) is that "work performance is limited 

~y various factors related to animal structure~ environment, 

thermal stress, radiant heat load and feedings. Work performing 

capacity may be sustained and improved by selection and 

modification of animal implements environment system" (Upadhyay, 

1.989). 

The environmental conditions particularly ambient tempera­

ture, humidity, solar radiation and other climat1c elements 

affect ~hysiolo9ical processes and ultimately limit work 

capacity~ It is not feasible from the existing ,information to 

give exac-t permissible limit in relation to working: environment. 

These limitations depend on the combination of different elimatie 

factors and the duration of work. Under distressful olimatic 

conditionst the body's c~paQity to store heat most often limit 

other physiological processea and sustained work output over 

p~olonged hours. Suitable work rest cycle for animals need to be 

developed for reducing work-environment stress and for proper use 

of animal power. 

In general. bullocks are preferred for light _ work. like 
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tillage, light-. carting and other farm allied jobs and buffa loes 

are used mainly for load transport and occasionally for other 

wo~ks. The use of animals, however, vary to a great extent upon 

the farmer's socio-economic status and farm size. Male buffaloes 

are qeed for pulling heavy loads in northern India. particularly 

in rice and sllgarcane belts. According to an esti'nate~ working 

bovines in India are about (69.1 million), male buffaloes (5.9 

million), cows <2.D million) and female buffaloes less than one 

million. An appraisal of the number of working buffaloes. vis-a­

vis bullocKs indicates that the buffalo power is neither fully 

utilized" nor exploited for its power Qutput. in gene~al and in 

certain states like aujarat~ Haryana, Himachal Pradesh and 

Rajasthan in particular. 

In India t males are ~referential1y used for agricultural 

operations and females are limitedly used. Feruales constitute 

only about 6.25 per ce.nt of total DAP (S~arma ~ 1982) ~ Recent 

developmen~s in farming systems have necessitated not only t~ 

reviewrthe objectives and priorities of research but also ex~lore 

the possibility of uses of females for work. A new concept: in 
. 

farming system has eroerqed out which emphasize the use of females 

(buf£~loes and cows) for draught purposes. Use of cows has been 

considered more eff~cient than bullocks as they contribute in 

terms of work at farm. > .• ' - l give milk. calf. dung and 

draught power (Dolbert r 1981: Mathe\omlan et a.l~.19a-8)~ Therefore, 

use of females need to be explored for draught purposes 

particularly at small and marginal farm levels. In the states of 

Bihar, Orissa and Rarnataka, cows having low milk yield are used 

for draught purposes. Leaving religious sentimenta aside l there 

is a need for ays:t~matic research investigation to highLight. the 

effects of work on roildh·aniroalsr their reproducti~e performance, 

physiological limits for work and fl'xtent of work 'females are 
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capable of doing without any adverse consequences on physiolo­

giea1 processes. 

Female may perform work, produee milk and. rear calves. 

However, the imposition of work on females may exacerbate thn 

negative impact. Earlier, preliminary expe~iments carried out on 

treadmill at NORI on l~w producing and long anoestrus cows have 

indicated that unproductive period of the females may be used for 

work without adversely affecting their performance. Through the 

present studYr attempts have been made to document the effects of 

work on some physiological functions and explore the possibility 

of use and compare the work capacity of bUffaloes and cows for 

field work with following specific objectives. 

1. To study comparative performance. energetic efficiency and 

physiological changes duri,ng ploughing in the buffaloes and cows. 

2. To develop work-rest cycle for buffaloes and cows. 

3. To study and quantify the effect of work and stress on 

physiological processes • . 
4. To study the inter-relationship between metabolic hormones 

and effect of work on re~roductive status of animals. 



CHAPTER 2 

REVIEW OF LITERATURE 



2.0 R2vIEW OF LITeRATURE 

-----,-------------------

Cattle and buffaloea are the integral oomponents o£ Indian 

agriculture and of Indian way of life. Advances of scienCe and 

technology in all human endeavQurs - atomio energy. electronics, 

communications, space travels~ medicine~ etc. h~ve revolutionised 

man'a life. In spite of these speotacular achievements, even 

today, two billion people in developing cauntrieQ depend On the 

draught animal powe~OAP provides energy for cultivation of 

nearly 50 per cent ot worl~s farm area under cultivation and also 

fo~ haQling over 25 million carts. 

2.1 ~p - AN APPROPRIAT2 TECHNOLOGY 

Draug~t Animal Power (DAP) refers to ~he pOWer of draught 

animal$: cattle. buffalo, horse and mule. donkey and ca.mel, 

yak and elephant. From technical and economic points of view, 

DAP is ine ..... itable in certain S!gro"'climatic oonditiona and. it is 

an a,ppropriate technology for the- farmers with limited re,sources 

at their disposal. In India, energy for ploughing two-thirds of 

oultivated area comes from OAP,and tractors and tillers become 

viable only for holdings above 5 ha. Marginal and small farmers 

under present socia-economic conditions cannot afford the initial 

cost of mO$t farm machines and implements. Further, te~hnical 

manpower and mai~tenance facilities for these agricultural 

machineries are inadequate in rural areas. To. meet the targets 

of food production from existing land area for 885" million 

population~ power availability at farms must be improved and both 
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renewable and non-~enewable eources of energy need to be used 

judicioualy. 

Small farm energy needs may be partl~ met from animals and 

for larger needs either petroleum-based or hydroelectric power 

may he used« Both males and females of bovines could be used as 

in the eases of horse, elephant~ qamel and donkey« At pre$ent~ 

in India, females of bovines are used very limitedly for farm 

work, about 6.5 per cent of females (Sharma, 1962). These females 

are used by small farmers and particularly during peak periods of 

a crQPping season (Mathewman~ 1987). However, the cows are used 

as a source of farm power in South Korea (Anon., 1978), Pakis'tan 

{Akhtar~ 1981)v Philippines (nanjan, 1983), Sri Lanka <Slangan­

tillake, 1983)1 Bangladesh (Orskov, 1984), Indonesia (Romarudin­

Ma'suro and Teleni, 1991) and in Australia (Teleni et al., 1991). 

energy needs in developing cQunt'ries were not given an 

appropriate attention till some of the International or9aniza­

tions pointed out the problem. The developing countries have not 

shown interest 0t th~ir own in the development of draught animal 

power (OAP) till recently~ Though DAP problem loo~simple, but 

it needed efforts to upgrad@ technology and its dissemination. 

emphasis on high technology needS to be given whereever 

appropriate but roodernizationa and/or introduct,lon to OAP shollid 

not longer be neglected. 

Studies on Ha~yana (Mukherjee et ai •• 1961: Singh et Bl.~ 

1968ct,1910; Devadattam and Maurya, 1978 j Upadhyay and Madan~ 

1985b; Opadhyay and Madan, 1987; Agarwal and Agarwal, 1992)¥ 

Sahiwal (Singh et al., 1968~, 19101. crossbred (Georgie et "al., 

1970; Sastry et a1 * I 1970; MaurY<'ltD-evadattam. 1982; Rao and 
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Upadhyay, 1984; Upadhyay and Rao, 1985 ; Upadhyay et dl., 1987; 

Parveen KUmar et al •• 19B7; Kaur and Rao, 1984; 'Agarwal and 

Agarwal, 1992; Anjuli. 1988) and buffaloes U<apoor. 1985: 

Upadhyay and Rao, 1985,1988; Nangia et al., 1978; Singh et al •• 

1980,1981' have been conducted. These studies have used varied 

methods and criterion for assessment of animals and their 

responses under varying conditions often may not be comparable. 

Draught capacity of different animals and related 

physiological reactions. viz. rectal temperature, heart ratel 

pulse rate~ respiration rate, haematoiogic-al and biochemical 

parameters have been studied in past and some of these have been 

correlated to the functional capabilities of animals. The 

understanding of physiological processes and the adjustment 

required for performing work)take place in coordinated fashion 

involving cardio-pulmonary, neuromuscular, thermoregulatory and 

neuroendocrine functions. Limited experiments have been carried 

out in past to correlate the physiological ,processes with graded 

level of .work. In this review, only pert,inent literature on 

draught animals has been reviewed. To correlate the physiological 

functions with work and environment, the use of data on horses 

and other mammals, whenever appropl"iille, have il1:'1o been repel"ted. 

2.2 DRAUGHT CAPACITY 

DevY\a.nt (1981) and Goe (1983) have reported that draught 

power developed by an animal is a function of force exerted and 

speed. Drau9ht animals are capable of producing maximum pull of 

about 15 to 18 per cent of their body weight £or a short period. 

But during 1 work animal perform with a su=:staii1Cible pull, which 

generally is less than 10 per cent of the body. weight. Animals 

under natural conditions often work continuously with these l~ads 

for several hours. 
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Theoretically, the Maximu~ pull animal 

per cent of its body weight (Oevnani, 

can develop is near 

18 1981'. The size. 

conditions, training, method of hitching and speed of travel of 

animal affect the maximum pulling capacity. However, the normal 

draught capacity is approximately one-tenth of its body weight 

(FAO, 1966). 

Rautaray and srivastava (1983) studied the performance of 

crossbred (Red Dane x sahiwal) bullock during tillage in 

under different draft conditions. They observed that 

bullocks could negotiate 184.4 kg draft (12.9% of body 

summer 

these 

weig'ht) 

with speed of 2.55-1.77 km/h for seven hours without any abnormal 

change. Garhe (1983~ used crossbreds in harrowing, ploughing and 

carting operations and measured some physiological, 

haematological responses together with some draught capacity 

measurements. The study indicated that 1/2 and 3/4 crossbred 

bullocks were able to perform, almost similar to indigenous 

bullocks. The study advocated that crossbred bullocks may be 

used as efficiently as other bullocks with 'some modifications o.f. 
work'timing for different agricultural operations. 

Large variations in draught capacity estimates', from 

different laboratories, have been reported due to employment of 

different loading devices and surface conditions, Probably in 

the absence of standard guidelines related to draught capacity 

measurement systems. Buffaloes,being heavie~can pull greater 

loads than light bodied oxen, but laUer can work for longer 

periods in adverse climatic conditions, i.e. summer and hot-humid 

conditions. studies on Swamp buffaloes have indicated that even 

though they are slow, heavy and strong but are well suited to 

work in muddy and submerged fields. Under such conditions they 
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are able to pull heavier loads than cattle (Naumann and Stout, 

1969; Rollinson and Nell, 1973). Gce and McDowell (1980) have 

reported estimates of t.ractive efforts of different farm animals 

which vary with body weight and speed of animal at work. Sumadl 

and KUncoro (1962) found that working capacity oftbuffalo pair in 

Klaten E. Java was 65) m2 in 180 min in wet rice field Or 284 
2 

m Ih. The capacity measurements under forestry indicate that 

buffaloes can drag the logs (0.2 ffl3 to 0.3 rn3 , of wood per pair, 

at a speed of 10 meter/min and can work for 6-7 h/day in wintetO 

and 4-5 h a day in summer (Berry, 1982). Ploughing studies have 

revealed that one pair bullock ploug~around one acre of dry land 

or one half to three-fourth acre of wet land in a h (Sivaiah. 

1983) • 

studies 00 the power output of Haryana, Sahiwal x Brown 

Swiss crossbred, Sahiwal and male buffaloes were conducted at 

National Dairr Research Institute, Karnal, using a single animal 

drawn pneumatic tyred cart (Upadhyay. 1982; Parveen Kumar et al •• 

1981; Kaur and Rao. 1984; Rao and UpadhyaYi 1985: UpadhyAy and 

Madan: 1985a,b. ; Upadhyay and Rao, 1986). The loads tested were 

2, 5, 10, 15 and 20 quintals. Haryana bullock could work longer 

and travel faster than crossbred bullocks. Continued work for a 

prolong~period decreased speed in Haryana but not in crossbred 

animals. During heavier load pulling over a sustained period of 

work, crossbred animals showed better endurance while Haryana 

animals showed a decrease in speed. Haryana bullocks produced 

0.91 hp during 10 quintals load pulling operation. Crossbred 

bullocks also generated abou~ equivalent power (Upadhyay. 1982) • 

Kaur and Rao (1984) reported 0416. 0.21 and 0.39 hp production 

during different load pulling operations. Singh et al. (l96ea . 

1910) studied the physiological responses of Haryana and Sahiwal 

bullocks while working wit~ 3 common agricult'ural implements, 
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viz. disc plough, harrow and cultivator. The horse power 

developed by Haryana during disc ploughing, harrowing and 

1 
.... 

eu t1vat1bn was 0.803. 0.974 and 0.743, respectively. The 

average horse power developed by a pair of Sahiwal bullocks 

during disc ploughing, harrowing and tilling was 0.837, 0.627 and 

0.703 respectively. During harrowing. the speed and horse power 

developed by Sahiwal bullocks were significantly lower than those 

of Haryana bullocks~ Devadattam and Maurya (19781 observed that 

optimum draft for an average pair of Haryana bullocks was about 

60 kg. 

Ploughing and carting trials on crossbred and nondescript 

cattle have indicated that the crossbreds were able to perform 

better than indigenous bullocks in Orissa condition CAcharya et 

al., 1979). The crossbred bullocks pulled a maximum load of 

1,310 kg as against 1,210 kg pulled by the indigenous bullocks. 

Maurya and Oevadattam (1982) conducted cart~ng experiments in 

summer on two Jersey x Red Sindhi bullocks and reported that 

animals develop draft between 11 to 18 per cent of their body 

weight. 

Upadhyay (1984' ob$erved that during summer and hot hu~id 

seasons both temperature." and humidity limit the performance of 

crossbred bullocks. The duration of ploughing and carting should 

not exceed over 2 h if. continuous work output is desired. A rest 

of 10 to 15 min after every 2 h is essential in order to perform 

optimum work without harmful @ffects on animals. Upadhyay 

and Madan (1967) studied the draught capacity and efficiency of 

crossbred and Haryana bullocks, while wQrking under tropical 

climate and have indicated that the optimum load for a single 

animal is 0.5 to 1. 0 ton. The work efficiency of Hary-ana bullock 

was higher than thdt of the crossbred and was affected by 
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continuous work. 

Extensive studies have been conducted on male buffaloes and 

cattle but no systematic work has been carried out on the work 

capacity of female animale. A study on use of cows for draught 

was conducted by Bhatnagar (1989), Adult cows were exercised on 

a treadmill at a speed of 2.5 km/h uphill 15.5°. This exercise 

intensity doubled oxygen consumption, increased cardiac activity 

and reduced durations of BeG intervals. The milk yield of 

lactating cows remained unaffected by this intensity of exercise. 

Martin Bnd Teleni (1989} carried out experiments on four 

female swamp buf£aloea on a treadmill at a speed of 2.5 km/h for 

a maximum of 3 h. Draught load equivalent to either O. 5, 6 or 

11 per cent of their live weight were pulled. The study has 

indicated that work per£ormance~~ limited by heat strese. 

Komarudin Ma'eurntTtl~nl (1991) conducted an experiment to compare 

the work capacity of Ongole (Bos indicus), Bali (Bo~ sondaicus) 

and Madura cows. 

Females of bovin@s becuase of their inherent nature and body 

configuration do not have capacity to sustain hard work for long 

periods and to exert fully for work, but training and feeding 

improves their work capacity. Females may be able to produce a 
• 

maximum pull of at least 10 per cent of their body weights which 

may be utilized for optimizing production and for efficient 

utilization at least of unproductive or less productive females. 

In India, attempts have been m~de to measure draught power. 

2.3 PHYSIOLOGICAL LIMITING FACTORS 

Increased metabolic activity in response to· work i. 

economical at environmental temperatures which d~s not stress 
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physiological system and d~snot require additional m~chanisms for 

heat dissipation. Both extreme cold and heat uneconomically 

utilize available energy for heat production and elirninBtion, 

respectively, instead of work. A significant difference exists 

in the mechanism for maintaining increased metabolic activity 

during work than for maintaining normal activity. The explanation 

for this difference is in the requirement of muscle at high level 

of activity. Work during low ambient temperatures do not 

increase body heat content to the same levels which reach during 

thermal stress or intense muscular work; under such conditions 

heat of work is used to maintain body temperature instead of 

causing stress. 

Work lead to adjustments in the various organ systems 

involved in the work process. Work increase muscle metabolism 

several folds the resting level, therefore, adjustments take 

place in the body which concern the upt.ake and transport of 

oxygen by the blood and its utilization in muscle tissues. 

Sustained muscular activity over prolonged hours depend mainly on 

the aerobic process and oxygen supply may be a limiting factor. 

During prolonged work. the requirement of oxygen by muscle 

increases and the significant changes which occur·with prolonged 

work period that seems important in draught animals, similar to 

marathon runners and horses are increased pulmonary ventilation 

(Upadhyay and Madan, 1985b) increased cardiac output (COl through 

increased heart rate <upadhyay and Madan, 1986) and stroke volume 

(Nangia et a1., 1980), increased peripheral circulation, 

increased blood and ·pl~sma volume (Upadbyay and Madan, 1988). 

Increased muscle activity produces greater h~at of work, which 

needs to be eliminated by various thermoregulatory proces9~s to 

maintain body temperature (Moran. 1973; Nangia et a1., 1980; 

Mathers et al., 1984; Upadhyay, 19B7; Pieterson and Ffoulkes, 
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1965).· Sustained muscular activity, besides above factors, is 

also limited due to inadequate oxygen diffusion from the lung 

alveoli into the blood (Astrand and Rodhal, 1977), oxygen 

transport from the blood to muscle tissues and capacity of muscle 

to use oxygen (Engelhardt, 1977; Upadhyay and Madan, 19B5L}. 

2.4 THERMOREGULATORY PROCESSES 

Body heat content during exercise increases in all mammalian 

species and changes in muscle temperature occur more than rectal 

temperature. Heat exchange by radiation, conduction and 

convection also. occurs under natural conditions, whereas evapora­

tion is primarily in the form of sweating and panting (Hafez. 

1968). Changes in rectal temperature have been considered to be 

affected by environmental temperature change during work when 
and. the 

heat production increase~ animal exer~extra to dissipate the 

body heat (Murray and Yeates, 1967; Grashaw, 1980). 

In working animals, rectal temperature of animals has be-en 

considered to be an index of thermoregulatory mechanisms (Harvath 

et al •• 1950; Moran, 1973). Taneja and Bhatnagar (1960) observed 

an increase 11.76%) in rectal temperature of buffalo calves after 

half 

from 

•• • an hour~exerc1se. A 

3B.20oC to 40.0BoC 

rise' of rectal temperature in buffaloes 

after running and upto 39.20o C while 

carrying load on the back 160 kg) was observed by Sodhi and Singh 

(1973)~ Rana et .91. (1978) reported a rise in rectal temperature 

from 37.SoC to 36.2o C after 1 h, 40.2o C after 2 hand 41.1
o

C 

after 3 h of exercise in buffalo calves. Nangia et al. (1980 ) 

observed 

and skin 

increase in rectal temperature, tympanic 

temperature upto 41. aOc, 39. u-soc 

temperature, 

and 
o 39.74 c, 

respective"ly from their respective initial values of 3i.56oC, 

34.07o C and 3S.12o C in working buffalo calves. Upadhyay and Raa 
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(1985) also observed a significant increase in rectal temperature 

af working buffaloes (38.03° to 41.050 C) during summer season. 

Chikamune (1987) studied thermoregulatory functions of Swamp 

buffaloes. Degree of water loss and heat dissipation through 

different channels was lower in buffaloes than in cattle in all 

the seasons, viz. summer, winter and spring. 

Martin and Teleni (1989) also observed that work load affects 

the thermoregulatory system of an animal and the rectal 

temperature increased with increase in work load. During heavier 

work load, the mean increase over pre-work value of rectal 

temperature was approximately 2.4 oC. Dang (1990) reported 

increase in reclal temperature of buffalo heifers from 37.83 + 

a.lBoe to 39.90 ~ O.l2oC after 2 h of work. One hour rest 

decreased rectal temperature to 39.0 + O.lloC. Another period of 

exercise raised rectal temperature to 39.55 + O.l30C, 

decreased to 39.05 + a.lloe after 1 h rest. 

which 

Maurya and Devadattam (1986) observed an increase in body 

temperature of Jersey x Red Sindhi crosses and in Khillari 

bullocks. Increase in body temperature has also been observed by 

Upadhyay and Madan (1985a) in Haryana and crossbred bullock 

subjected to wa=rk under heavy loads in summer. Sreekumar and 

Thomas (1989) reported change in rectal temperature of working 

crossbred and Kangayam bullocks. Rectal temperature was recorded 

before the start of work, immediately after work and after 1 h of 
we,.,: 

rest after wark,.\ 38.45 ..:: O.OL 39.73 ~ 0.03, 38.93 + 0.02, 

respectively in Kangayam and 38.70 .:. 0.02, 40.01 + 0.03 and 39.21 

in crossbred bullocks. Bhatnagar l1989) observed a .rise in 

rectal temperature in cows moving uphill at a spe~d of 2.5 km/h 
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for 30 min from 38.04 ..!. 0.19 to 39.0 .~ O.14o C and increase in 

skin temperature from 29.05·..!. 0.00 to 33~13 ..!. 1.31o,C. 

2.5 CARDIOVASCULAR CHANGES 

The famous Danish physiologist August Krogh ~ade the 

classical observations on the capillary circulation of 

experimental animals. He counted 5 capillaries per square milli­

meter in the resting muscle, and 190 per square millimeter after" 

stimulation. It was estimated that only 1/20 to 1/50 of the 

capillary bed is open in the resting state (Krogh, 1922). 

As the increase in active capillaries andthe~flow is 

approximately the same about 20 times that at rest, it follow~ 

that the velocity of flow in the capillary is much the same in 

the exercise as at rest, and the time each blood corpuscle spends 

in the capillaries is not much changed by activity. Cardio-

vascular system,in order to supply adequate amount of oxygen for 

working muscle and to transport carbon dio'xide to lungs and' to 

maintain internal milieu,increase,its aet'ivity several folds 

durin9 exe~cise/work. Increased demand of oxygen during e~ercige , 
is partially met by enhanced oxygen carriage by blood aided by an 

increased eirculation rate ~iggers, 1955}. Heart rate changes 

durinq exe~cise in horses have also been reported (Asheim et al., 

1970; Senta et aI., 1970; Steil et ai., 1976; Hornicke et ai., 

1977 ,ISB,3). At the peak demand for oxygen, the heart rate has to 

increase its output both by 'speeding up its rate of beating and 

by increasing the volume of blood pumped at each stroke. 

Aocording to the available eVidenoes, it appears that under 

moderate stress the heart may increase either its stroke volume 

or rate or both (Rushmer, 1961; ROWE'!l1, 1974; Sodhi and Singh. 

1913; Naughton, 1919). Initially. heart rate increase, due to 
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inhibition o£ parasympajbetic control over heart (Hall$ et al. ~ 

1976: Rowell, 1983) but while running oxygen supply to muscle is , 
mainly achieved by increase in rate than the cardiac output 

(Bhutani,and Nangia, 1976; Nangia et al., 1980). 

Buffalo bullocks working under heavy load during summer also 

showed a significant increase in the heart rate from 58.88 to 

97.50 bpm after exercise (Vpadhyay and Rao, 1985), Rana et dl. 

(1978 ) reported a si9nificant change in pulse rate of castrated 

and uncastrated buffalo males while pulling a stone roller at 

constant speed of about 3 km/h for 3 h. 

The increase in heart rate during moderate and submaximal 

work at normal speed dOHnot go beyond 150 to 160 bpm (Upadhyay~ 

1987). Pulmonar¥ ventilation increases to only a limited extent 

during work and this may limit work over prolonged periods in 

animals as in humans (Bye et al .• 1983; llpadhyay, 1989). The 

reasons relate to inefficiency of gas excl;sange and respiratory 

muscle £~tigue a9 a result of inadequate perfusion whe.n 

respiratory muscle compete for blood flow wit.h working muscle and 

thermoregulations .{Rowell, 1974). 

Upadhyay and Rao (199B) reported an increase in heart ~ate 

to about 150 to 160 bpm after 30 min of treadmill exercise. The 

heart rate increased immediately at start to 100 to 120 bpm which 

stabilized after 4 to 5 min and remained at these levels during 

exercise~ wachi}apakorn , and wanapat (1989) found that pulse rate 

increased in buffaloes from 43.8 to 67.7 and 77 .4 bpm after 

working for 1 and 2 h, respectively.. Pulse rate decreased to 

normal level within a period of 2 h. 

Heart rate changes during work have been studied in bullocks 



(Singh et al., 1968~jR~o et al., 1974; Devadattam and Maurya, 

1978; Acharya et al •• 1979; Upadhyay, 1982; Rao and Upadhyay, 

1985; Upadhyay and Madan, 1986; Anjuli, 1988). The increase in 

heart rate dQHnot exceed 150 to 160 bpm. The rise in pulse rate 

was reported by Rao et al. (1974), The effect of roller pulling 

(Sastry, 1969), loading (Devadattam and Maurya, 1978). treadmill 

working (Upadhyay and' Rao l 1988; Martin and Teleni, 1989. were 

also similar and rise in heart rate/pulse rate have not been 

reported to exceed levels of 150 to 160 bpm. 

Sreekumar and Thomas {1989) compared the draught capacity of 

crossbreds with Kangayam bullocks and found that the increase in 

pulse rate was more in crossbred animals. Pulse rate values were 

observed to be much higher in crossbred bullock than Haryana 

bullocks (Agarwal and Agarwal. 1990). 

2~6 PULMONARY CHANGES 

During exercise# several adaptations occur in respiratory 

system analogous to those of thermoregulatory and cardiovascular 

adaptations. During work the energy demands of muscle increase 

several folds. In order to transport greater volume of .oxygen, 

respiration rate. tidal volume and diffusion rate for oxygen must 

increase. The ventilation volume increases due to increaSing 

work loads upto the maximal levels. From a resting value of 

about 6.0 l/rnin the ventilation increases to 100 and 150. and in 

extreme cases to 200 I/min (Saltin and Astrand,1967).If pulmonary 

ventilation is expressed in relation to ma9nitude of oxygen 

upta.ke~ it is 20 to 2S 1/1 oxygen at rest and during moderately 

heavy work but increases to 30 1:..0 35 III oxygen during work. 

Pulmonary ventiiation l which is at rest 25 to 80 l/min"in cattle 
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must increase many folds to accommodate for increased requi're-

ments. Sueh increase is brought about by increase in breathing 

rate coupled with increase or decrease in tidal volume (B40dy. 

1945). 

Increase in ~espiratory rate eRR) with th~ increase of air 

temperature is one of the first prominent and viable 

physiological response of cattle. Numerous reports have been 

published indicating increase in respiratory frequency with 

increase in environmental temperature (Bianca, 1965; Thompson, 

1973) . Increased respiration rate toJith increase of relati've 

humidity (Rhoad, 1936; Sheath and Miller, 1946) and decrement in 

respiration rate with drop of temperature (Kibler and Brody, 

1949) have also been reported~ 

Increased energy demands of muscle during exercise is 

accompanied by an enhanced pulmonary activity in cattle 

(Opadhyay, 1982: Martin and Teleni. 1989) and in horses (Brody, 

1945: Pearson, 1985; Manohar, 1988). 

During agricultural work, respiration rate increases in both 

native and crossbred bullocks (Mukherjee et al., 1961: Singh et 

a1., 196Ba,1970; Sastry, 1969; Rao et al •• 1974. Aeharyact!!l979; 

Kaur and Rao, 1964; Upadhyay and Rao, 1986; Bakrie et al •• 

Anjuli, 1988; Bhatnagar, 1969; ~garwal and Agarwal, 

1987; 

1990) . 

Increase in RR ot buffaloes during work/exercise has been 

reported (Taneja and Bhatnagar. 1960; Morah, 1973; Sodhi and 
al1a Ahmact. 

Singh,1973; Aliml1975; Singh et al.,1981,1982; Rao and Upadhyay~ 

1985; Kapoor, 1985: .Bakrie et al .• 1987; Dpadhyay, 198:l,1989; 

Upadhyay and Rac, 1988; Dan9. 1990). Komarudin Ma'sum and Teleni 

(1991) compared the three breeds of cows and found that 

respiration rate increased significantly during exercise. the 
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di£ferences were significant between breeds, the highest mean 

respiration rate was observed in Bali cows while Ongole cows 

showing the lowest mean values. 

Sodhi and Singh (1973) observed a respiration rate of 

~3.25/min after running and 28.17 after walking with a 60 kg load 

on the baek from a normal value of 27.50 in buffalo calves. 

a'" I1h",eQ 
AlimA(1975) recorded a respiration rate of 25.92 per minute 

in buffaloes and observed a significant relationship betw€en body 

temperature and .respiration rate. t<apoor (1985) reported an 

increaBe in respiration rate from 13 to 125 per minute after 

work, indicating a rise of 861 per cent. Upadhyay and Rao (1985) 

also observed an increase in respiration rate by 934 per cent in 

buffalo males in response to heavy work. 

In order to ensure an adequate supply of oxygen for muscles, 

the lungs provide more oxygen for haemo~lobin saturation .;tnd 

circulatory system attempti to del iver oxygen in proportion to 

tissue metabolism. Studies on human, cattle, buffalo and horse 

have indicated that all systems adjust to supply oxygen to working 

muscle within the physiological limits. 

2.6.1 PANTING 

Many lower animals have inherent ability to lose heat from 

the surface of their bodies for two reasonS. the surface arna 

usually covered with fUr, second the skin of most lower animals 

is not supplie~ with sweat glands. which prevents much 

evaporative loss of heat from the skin. Therefore, a substitute 

mechanism of panting - which is primarily dead space ventilat.ion, 

is an important temperature regulating mechanism in many species. 
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During pantin9~ the respiratory frequency is increased and the 

tidal volume is decreased so that alveolar ventilation remains 

constant. This p~oceBS often protects animals and birds from 

hyperventilation. 

A heat load evokes polypnea in many mammalian and 000-

mammalian species. and in aome the panting is fast enough to 

account for a major heat loss. Panting is usually accompanied by 

increased salivary secretion and may cause a considerable 

increase in respiratory evaporative cooling if the humidity of 

the inspired air is not too high. 

studies o~ the panting mechanism in cattle have shown that 

evaporative cooling occurs in the upper respiratory passage and 

not from cooling in the lungs. It is clear in the calf and in 

the sheep that panting is in response to raised environmental 

temperature and starts before there is an increase in the 

temperature of the blood supplying the hraip (Hales and Webster, 

1967). B~t panting may also be induced at a constant external 

temperature by a rise in body temperature or by local warming of 

the anterior hypothalamus (Hales and Bli9h, 19691. 

Biology and comparative physiology of panl:ing in different 

animals hav~been observed by Richards {1970}. When cattle w«~, 

exposed to hot environment, respiratory frequency increased and 

tidal volume decreased with net rise in respiratol'Y evaporation, 

especially from upper respiratory passage (Bianca, 1965). 

Panting is not as effective as sweating in increasing evaporative 

moistur,e loss in the heat, and in addition there is the 

possibility that the effort of panting increa~es the animal's 

heat production. Findley and Whittow (1966) observed a 3-fold 

increase in the respiJ:"atory frequency of steers after heating 
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hypothalamua but did not detect any significant increase in 

oxygen consumption. 

In severe heat stress f40/3SoC, DB/WB) when body temperature 

rises continuously, the initial respiratory pattern changes from 

high frequency and shallow breathing to a deep breathing with low 

frequency respiration. In such type of breathing. dead space 

ventilation occurs and respiratory alkalosis develops. Thi~ 

phage of breathing has a very high energy cost and the mixed 

venous blood has a high lactate values. indicating tissue hypoxia 

(Hales OlndtJC2.bsllt't'1967; Hales, 1973). 

McLean and Calvert (1972) found that increasing the relative 

humidity from 32 to 72 per cent at an environmental temperature 

of 3Soc reduced respiratory evaporation. In an environment of 

35°C, the heat loss is reduced to 38 per cent from 54 per cent at 

15°C. Chikarnune Bt ala (19B7) studied the heat loss in relation 

to evaporative water loss in Swamp buffalo and Holstein cattle in 

three different seasons in temperate region~ Evaporative water. 

loss both through respiratory and body surface was lower in 

buffaloes than in cattle in all seasons. Cattle lost a greater 

per cent of heat through evaporative channels than did buff,aloes. 

Thereby~ study sU9gested that buffaloes were not as efficient as 

cattle in heat dissipation processes. On the other hand, the 

lower respiratory volume associated with a high.rate of oxygen 

uptake in buffaloes may indicate the existence of a more 

efficient energy saving mechanism in buffaloes. 

2.7 HAEHATOLOGlCAL CHANGES 

The blood and lymph a~e responsible for transportation· of 

material between the different cells and tissues. Varioul"'l 
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products. by-product and intermediates of metabolism are trans­

ported through blood; therefore. the blood circulation has a key 

role in the maintenance of "internal milieu" and body fluid 

regulation. During exercise, the tissue demands for oxygen 

increases several times and blood has to supply oxygen to the 

tissue, if work is to be sustained for longer periods. In order 

to fulfil this need, red blood cells are mobilized from the 

spleen at the time of initiation of work as has been eVidenced by 

red blood cells increase in cattle and buffaloes {Singh et al., 

1968; Vpadhyay and Madan, 1998), 

Haernatocrit, red blood cells counts and haemoglobin concen­

tration of buffaloes are negatively correlated with the ambient 

temperature (Murty and Mullick, 1960; Raghvan and Mullick. 1962). 

Thermal stress of direct solar radiation caused a decrease in the 

haemoglobin in buffaloes and cattl~ (Shafie and Badreldin. 1962). 

At any environmental temperature. buffalo has greater content of 

haemoglobin than Egyptian native cattle ,and temperate cattle 

crosses with native, but also equal to that of pure dairy 

shorthorn (Shafie and Badreldin. 1962). Sheba ita and Kamal (1973) 

reported lower values of Hb in mature buffaloes and Friesian 

cows. 11.18 ~ 0.37 and 9.25 ~ 0.27. respectively. Mullick_(1960) 

reported higher value of Indian buffaloes than Indian cattle, 

12.3 and 10.4 9 in hot dry weather (33°C, 33% RH) and 10.4 and 

9~8 9 in less hot humid weather (2SoC r 62% RH). 

It was observed that in most cases lower values of Hb in 

cattle (Manresa et 81., 1940; Bonsoma et ai •• 1940; Pal et ai., 

1945; spealman et al •• 19491. Manresa et al. ~940) ~eported a 

lower value of Hb in imported temperate breed ~n comparison to 

Zebu which was assoeiated with. the degree of acclimatisation -and 

conclusively more variations in the Hb concentration in any breed , 
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or species due to climate changes indicates lesser capacity of 

adaptation. 

Upadhyay {lS82} reported a decrease in Hb and PCV level 

during work. continuous wQrk; over several weeks may not have 

enough red blood cells in spleen for mobilization. Decrease in 

hematocrit and Hb levels from their basic values during load 

pulling and ploughing operations in Haryana. crossbred and 

bu£faloes have been reported lUpadhyay and Madan, 1988; sastry 

et al., 1970; Singh et al., 196~:Upadhyay and Rao, 1985; Roo 

et a1., 1974; Nangia et al., 1978). 

These studies indicated that crossbred bullocks appeared to 

possess a better adaptive mechanism to meet the increased demand 

for oxygen dur.ing work by changing the FIb level in blood than in 

sahiwal bullocks (Georgie et al.t 1970). Acharya et al. (1979) 

worked on bullocks (crossbred and nondescript indigenous type) , 
and found an increase in Hb per cent, ~aqked cell volume I total 

red blood.cells, white blood cells after work. 

Bhatnagar (1989) reported no significant difference in Hb 

and pcv value either due to exercise or in recovery p~ase in 

working cows. Sreekumar and Thomas (1989) also reported signifi­

cant decreases in the levels of Hb and packed cell volume in 

crossbred and Kangayam bullocks. 

2.8 PLASMA VOLUME CHANGES 

Work in hot environment involves another perturbation to 

cardiovascular system as a result of changes in fluid volume. 

EvaJ?orative los$;in the form of sweat or water -from J;espit:<3;tory 

tract spends several litres of body water/h dur.ing work in hot 
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condi tiona. Extracellular and intra-cellular volume changes 

oocur with other physiological changes which influence thermo­

regulation in humans (Senay, 1979), But the changes in ruminants 

are undoubtedly not the same. The plasma volume rises due to 

work in the heat as a result of haemodilution in buffaloes and 

cattle (Upadhyay, 1987). Continuous working over 3 h expends 

plasma volume to an extent of 16 per cent over the initial volume 

tUpadhyay, 1982}. The magnitude of changes may be even higher in 

some of the animals. plasma volume expend greater in summer 

while performing heavy work at a higher speed. The Maryans 

bullocks have greater capacity to mobilize their water content 

and increase plasma volume more than the crossbreds under similar 

conditions. Some of the bullocks in beginning develop hemo-

concentration but continuous work result into haemodilution. 

Prolonged working produce hyper-volumia to the extent of 15 to 20 

per cent depending on load and duration of work. plasma volume 

expends to help animal system to transport greater heat of work. 

Therefore, these changes in plasma volume during work in summer 

may be regarded as "t.he single most important mechanism 

responsible foJ;" homeostasis during, work in hot environment". Mast 

likely. these changes occur through aldosterone-arginine-vaso­

pressin mechanisms to maintain fluid and electrolyte balance. 

Whether the induced hyper-volumia is an osmotic expension as a 

result of increased retention of crystalloid within the intra­

vascular space or an oncotic expansion as a result of increased 

retention of colloids is still not clear. In either case, the 

expansion of the volume must be regarded as a homeostatic 

response. 

2.9 BIOCHEMICAL ADJUSTMENT (ENERCY, OEMnND AND sU~PLYl 

The main substrates for skeletal muscle metabolism during 
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exercise and carbohydrates and free fatty acids (Dole, 1956; 

Newsholme, 1981). Three major source~, namely (I) adipose tissue, 

(il) intramuscular triacylglycerols. and (iii) circulatory tri-

acylgIycerols supply FFAts for utilization in muscle. several 

factors may influence the rate of triacylglycerol synthesis. 

Insulin is the key hormone for this process. It enhances the 

entry of glucose into the fat cells (Bjorntorp and Ostman, 1971). 

To ensure optimum delivery of fuel to exercising muscle endocrine 

control systems interact and for the ~ost part oppose the actions 
, 

or anabolic hormones, primarily insulin as is evidenced by the 

decline in pancreatic and gut blood flow (Bell et al" 1983). 

Substances elaborated as a result of high sympathetic action 

by neuro-endocrine organs, particularly catecholamines, gluoo­

corticoids and growth hormone exert anti-insulin effects and 

provide energy demands of muscle by enhancing assimilation of 

glucose from blood, glucogenolysie a-nd increased oxidation of 

fat. To compensate for these changes in' glucose homeostasis, 

hepatic glucose output and FFA metabolization from adipose tissue 

is augmented. Thus, the energy demands are met in the muscles 

via endocrine glands after stimulus from hypoxic tissue{s} orland 

action of labile humoral substances produced by ex~rciBing 

muscle. 

Vinten and Galbo(1983) studied that exercise/training modify 

the responses of the adipocytes to insulin. Adipose tis!:I-uC! 

depot$ are mobilized to provide energy for milk secretion, during 

early lactation and for work. Complete hydrolysis (lipolysis) 

yields 3 mol non-esterified fatty acids(NEFA) and 1 mol glycerol/ 

mol triacylgtycerol. 
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Studies on exercising horses (Rose et ai., 1977; Lucke and 

H~ll, 1980) and sheep {Leng, 1985} have indicated that FFA's are 

mobilized from these sources to meet energy needs. About SO to 

60 per cent of the supply is from extra-muscular depots in 

exercising dogs (Paul and Issekutz, 1967) and man (Havel et dJ., 

1967) and that remaining is contributed by the intramuscular 

triacylglycerol (Costill et ai., 1973; Essen et al., 1977l. 

Durin9 exercise adipose tissue blood flow increases several 

fold in sheep (Upadhyay and Hales. unpublished)" dog < BullPw, 

1982) and man "(BuJ..k)w, 1981)'. The fatty acids are reJeased from 

adipose tissues in association with plasma albumin (Bullow, 1983). 

The increase in blood flow has been demonstrated to enhance the 

FFA's mobilization during exercise. The aasoci~tion with albumin 

increases enormously that amount of FFA's that can be transported 

but since the free concentl'"ation is ver-y low, it limits the rate 

at which FFA's can be taken by muscl~ (Newsholme, 19au . The 

fuel availability in Marathon runners has been implicated in the 

poor performance (Goll nick, 1977; Davies and Thompson, 1979)-. 

Studies on fat depleted sheep carrying weighL on their back have 

also revealed that adipose tissue depots are perfused to drive 

FFA's and depleted animals depend on limited adipose. tissup. 

depots for energy during work (Upadhyay and Hales. unpublish~d). 

A similar _. situation is expected in under-fed oxen ploughing 

fields and covering 40 to 50 km/day in 6 to a h continuously and 

for several weeks in a cropping season. Inadequate feed availa­

bility prior to monsoon season leads to poor physical condition 

of animals. Under such condition, work is performed over 

prolonged hours on the expenses of adipose tissue depots many and 

to a lesser degree on stored glycogen (upadhY8j". J999). 

Training has a profund effect of FFA's mobilization in 
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humane (Hollos~y and Booth~ 1976) and rats (Buckowiecki et ai., 

1980). Soth sex (Despres et al.~ 19a4a) and genetic (Despres 

et Bl~, 1984b) differences in lipolytic activity have observed 

and training improves the ~referential utilization of FFA1s more 

in males than females (Desp~es et &1~. 1984a). 

The role of FFA's as an important fu~l for mli$cular work is 

directly revealed by modern techniques including the use of 

isotopes (Frit~, 1961)_ Adipose tissue depots have a large heat 

store in the adipocyte$~ At the beginning of exercise there is a 

drop in the plasma FFA due to an increased uptake in the active 

muscle. After sometime there i.s a subsequent rise in the plasma 

FFA concentration provided that the work is not extremely heavy. 

This rise is due to an enhanced mobilization at FFA from the 

adipose tis~ue~ which is probably induced by an increased 

uyropathetic activity which is. in turn, l~vel$ to a proportion­

ately increased turnover of the FFA {Armstrong et ai., 1961)~ 

studies of Kartiarso et al~ (1989} on 'four steers dnd four 

buffaloes have suggested that the fatty animals can be worked on 

their fat resources with minimal nutrient input~ These animals 

would probably do best on ~ diet of high glucogenic potential. 

The effect of exercise (work) en female CIOWS was repol"ted by 

Teleni st 41. (1991) that there were significant differences 

between breeds in the value of FFAs. ~he hiqhest concentration 

of FFA$ was recorded in the Ongole cows while lowest values were 

obser,-ved in Sali cows and Madura cows in bEetween 1.1621 0.765 and 

1.130 mM/L respectively_ Physical condition had a significant 

effect on thE'! pl'asma concentration of FFAs. Plasma concentration 

of FfAs wa$ higher in the uhtrained fl.102 mM) than trained 

(0.953 mMl. Plasma concentration of free fatty acids 'increased 

during work period. Kartiarso et ai. (1987,) and Teleni and 
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Hogan (1989) concluded that increase of plasma free fatty acids 

and glucose concentrations during work are consistent with the 

view that these are the two most im~ortant energy yielding 

substrates for the working muscle. 

2.10 RESPONSE TO HORMONM. STIMULT 

The hormonal effects ·on lipolysis have been studied in 

detail in vitro as well as in vivo (Heindel et al •• 1975; Hales 

et a1., 1978). A wide variety of hormones have ueen found to be 

lipolytic. These are catecholamines, growth hormone. ACTH, 

various pituitary hormones and intestinal hormones such as 

secretin and VIP. In hUman adipose tissue, only catecholamine 

and TSH have consistently been found to stimulate lipolysis in 

vitro. 

The effect of catecholamines and insulin on lipolysis are 

brQught via receptors located on the adipocyte cell membranes. 

Hormonal mechanism of importance for the increased lipolytic rate 

during exercise is the depressed ipsulin concentration. The 

decrease in insulin concentration in peripheral plasma is 

directly related to work intensity. (Galbo. I9S3). The . concen-

trations of FFAs and glycerol during exercise are higher in 

fasted and in fat fed animals than in normal animals while 

insulin concentration is lower (Galbo et al •• 1979). 

tn dog~ the essential hormonal changes promoting increased 

lipolysis during exercise seems to enhance sympatho-adrenaI- ~ 

adrenergic stimulation reinforced by the L-adrenergic elicited 

decrease in circulating insulin concentration; In small mammals. 

it has been found 

stimulated lipolysis 

that thyroidectomy 
~ 

(Federspi114)1975) . 

abolishes exercise 

Thyroid function may 
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not be without influence on the lipolytic response during 

exercise in man. However~ there is no evidence that thyroid 

hormones may be acute regulators of lipolysis and furthermore the 

concentrations of thyroxine and triiodothyronine do not change 

during exercise (Galbo, 1983; Bhatnagar, 1989). 

Falls (1968) suggested that growth hormone has a physiolo­

gical role in fat metabolism. Human growth hormone secretion. in 

turn, is responsive to alterations in glucose metabolistrl t 

stimulation being caused by hypo9lycem~a and suppression by 

glucose administration~ 

2.11 ENERGY SUBSTRATES 

Muscle ~referential1y use glucose for ~ner9Y supply, 

depending on energy needs in the muscle and oxygen avaiJability~ 

Glucose may be used both aerobically and/or anaerobically. though 

later process being less economic and -efficient in comparison to 

the former one. 

Judson et aJ. (1976) found that in exercising sheep the 

amount of glucose passing through the glucose peol iu the· animal 

increased, and they attributed this increase in extra-gluconeo­

genesis, however, recycling Qf glucose undoubtedly occurs to some 

ex:tent. 

Clearly. glucose is a substrate for muscle energy at rest 

and during work and long chain fatty acids become increasingly 

important with progression of work. utilization cf glucose in 

muscle is approximately 1..25 mmol/h/kg muscle if) fed. non­

producing sheep but utilization is: reduced in lactating· sheep to 

about 0.3 mmol (Pethick~ 1964}. 
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Glucose uptake by muscle increased with exercise (walking 

5 kro/h) as did the uptake of FFA (Pethick and Chong, 1985). If 

the muscle mass in a 40 kg sheep is about 25 per cent of body 

weight (i.e. 10 kg) then muscle accounts for the utilization of 

37~5 mg glucose/min (4.5 g/2 hI at rest in a fed animal. 6 rug/min 

in a fasted pregnant animal, but as much as 10.5 

mg/min (12.6 g/2 h) in a sheep walking on a treadmill at 5 km/h. 

In these physiological states, glucose passing through the body 

pool varies from 30 to 100 mg/min (Leng, 1970) and, therefore, 

the muscle when working uses a high proportion of glucose 

normally available and the animal must be mobilising glucose from 

its glycogen resources. As the liver contains about 5 9 gly~ogen/ 

100 9 and the skeletal mus~le 1 to 2 9 gly~ogen/lOO g. These 

r.esour~es could be potential sources of the glucose for muscle. 

ATP is readily available source' of energy which is 

generated by metabolism of glucose and other intermediates of 

metabolism. Exercising muscle chiefly depend upon glucos~ for 

energy supply hence require more glucose. 'Changes in the gluco"se 

level due to exercise in ruminants do not occur significantly 

(Upadhyay and Madan, 1988; Nangia et al., 1979; Singh et ai., 

1980) • 

Blood glucose in relation to environment and substrates 

availability has received considerable attention among bovineR 

(Diven et al., 1958; Bianca and findley, 1962; Raghvan and 

Mullick. 1962). Tripathi et al. (1978) concluded that the effect 

of climatic variables on blood sugar levels in animals is not 

always uniform and other factors compound in. A brief revie\y of 

glucose changes in bovines is presented here.· 

Murty and Mullick (1960) observed a positive correlation of 
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blood sugar with increase in air temperature, whereas humidity 

had no effect_ Similar thermoglycemic responses during hot and 

hot humid conditions in Haryana cattle were reported by Bhosrekar 

and Sadhu (1963) and Singh and Bhattacharyya (1986). On the 

other hand, Blincoe and Brody (1951) indicated that blood sugar 

decreased with the increase of environmental temperature. 

No significant changes in blood sugar levels of animals have 

been reported due to rise in environmental temperature (Pal 

et a 1. , 1945; Brody, 1949; Bianca and Findley, 1962) • Morn 

recently. Singh and Bhattacharyya (1991) have reported that the 

blood glucose was significantly (P < 0.05) higher at 37°C and 

22°C in all crossbred groups at 9 days and in only Brown Swiss 

animals at 19 days exposure. 

Georgie et al. (1970) observed among bullocks a decreasing 

trend in blood glucose level dUring a-utumn and winter seasons. 

In Sahiwal bullocks. blood glucose fell from a resting value of 

60.45 to 47.10 mg/lOO ml against a fall from a rest value of 

57.12 to 37.90 mg per cent in crossbred after second hour of 

work. Anjuli (1988] observed that 4.65 and 9.34 per cent 

reduction in blood glucose in growing male c-rossbred cavIes 

working on a- treadmill at different speed and gradient. 

Bhatnagar <19B91 reported that changes in blood glucose 

decreased from pre-exercise 

value of 43.4 ! 1.36 mg per cent to 36.2 ~ 0.93 mg per cent after 

30 min of exercise on treadmill. The increase of plasma glucose 

concentration during work has also been observed by Teleni and 

Hogan <l989) • Teleni et al. (1991) found that there were 

significant differences between breeds in values of glucose. The 

highest concentrations of glucose were recorded in ' Ongole cows 
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(3.755 mM) while the lowest values were observed in Bali cows 

(3.109"o\'Vand in between Madura cows <3.241 1lIM.}. Physical 

condition had a significant effect on plasma concentrations of 

glUcose in unt~ained and trained cows. 

2.11.1 LACTIC ACID 

During exercise, anaerobic breakdown of glycogen steadily 

-increases lactic acid concentration in muscles and blood. 

Accumulation of lactic acid in muscle causes fatigue and hinders 

the work performance of the animals. 

Limited studies on cattle and buffaloes have revealed that 

blDod lactate concentrations do not increase to very high levels 

and often the level remains in physiological limits. Contrary to 

horses and humans where the circulating levels of lactic acid 

rises to very high levels. which develop acidosis in muscles and 

aff@ct muscle contractile process. 

Normal blood lactic acid concentration varies from 5 to 15 

mg per cent in cattle (Georgie, 1969; Rao et al. t 1974) • Most 

hyperlactacidemic responses after intense muscular work have been 

reported in human beings and horses (Takahashi. 1961; Lucke and 

Hall~ 1980', but lowering of blood lactate levels have also been 

reported by Astrand and Rodhal, 1970; Astrand et al., 1963). 

During subrnaximal exercise, Georgie et dJ. (1970) observed 

that crossbred bullocks do not increase blood lactate level, most 

likely due to the bicarbonate buffer capacity which restricts the 

elevation of lactic acid in blood. 

In Haryana and crossbred bullock, increase. in lactic acid 
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levels from an initial value of 9.33 to 10.60 mg per cent to 

20.30 to 23.20 mg per cent after end of ploughing, respectively 

have been observed during Bummer (Rae et a1., 1974). 

Increase in blood lactic acid levels have been reported 

while work in cattle and buffaloes. Upadhyay and Madan (1988) 

r~ported moderate increase in blood lactic acid levels during 

work in different work regimes during exercise in bullocKs. 

An~i (1988) and Bhatnagar (1989) also reported increase in 

lactic acid in crossbred bullocks and cows working on treadmill. 

Sreekumar and Thomas (1989) observed increase in blood lactic 

acid level from 27.81 ~ 0.12. 30.52 ~ 0.45 to 40.37 ~ 0.19 and 

40.73 + 0.22, respectively in Kangayam and crossbred. Teleni 

et al. (1991) reported the exfect ox working Ongole, Bali and 

Madura cows and found a significant difference between breeds in 

lactic acid levels (0.935, 1.040 and 1.122 mM) respectively in 

three breeds. The mean lactate concentration in blood plasma of 

Ongole was the lowest among the breeds. Martin and Teleni (1989) 

observed an increase in lactic a,cid in working buffaloes after 

different work levels. 

Studies 00 working buffaloes have indicated that lact'ic acid 

increase in blood and blood bicarbonate levels decreases in 

response to exercise fNangia et dl., 1978). Singh et al. (l9'10) 

reported increase in lactic acid from 13.00 to 22.3 mg per cent 

after 3 h of roller pulling in buffaloes durin9 hot humid season. 

2~12 EFFECT OF WORK ON FEMALE FERTILITY AND PRODUCTIVITY 

The use of cows for draUght varies bet_ween countries, 

regions and places. An estimate of the proportion of draught 

animal power derived from cows indicate that cows contribute to 
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farm power in I"ndia (6.25%), Senegal (27%), Philippines (18.0%) 

and Thailand (61.0%). According to the Bangladesh Bureau of 

Statistics (1986), of the 11.78 million draught animals in 

Bangladesh, 3.4 million or 29 per cent are draught cows. Theore­

tically, cow can produce draught power more efficiently than oxen 

. when considering efficiency of production in individual ox and 

cow or when considering the total output from OXen and cows on a 

farm (Mathewman, 1984). 

Thermal stress, particularly in a tropical environment 

affect female reproduction either directly or indirectly through 

a reduction in feed intake ,and through reproductive hormones. 

The extent to which heat generated during work affects the chain 

of events leading to ovulation, conception, pregnancy, fetal 

development and parturition is not known clearly. Therefore. it 

better understanding of the female reproductive procpss@s is 

necessary in developing management systems which will not depress 

life time production in terms of calf crop and milk in a working 

female .. 

2 .. 13 THERMAL STRESS AND FERTILITY 

Exposure of most animals to elevated ambient temperature 

results in reduced reproductive performance, particularly in the 

tropics where thermal stress prevails dut:ing most months of year. 

Although some of the reduced fertility can be attributed to male 

infertility such as reduced libido and semen quality, much of the 

infertility is due to the effect of heat stress on female 

reproduction, particularly from oestrus to implantation 

(Jainudeen, 1976). 

Thermal stress alters the length of oestrus cycle, reduce 
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the duration and the intensity of oestrus, and if the stress is 

severe, will reduce anoestrus in cows (Bond and McDowell, 1972) • 

High environmental temperature depresses fertility of cows (Stott 

and Williams, 1962) by increasing the incidence of fertilization 

failure and embryonic motility_ High ambient temperatures at the 

time of breeding and for 72 h thereafter had a detrimental effect 

on conception (Dunlop and Vincent, 1971). High atmospheric 

temperature on the day of and the day after insemination was 

inversely associated with fertility (Gwazdauskas et ai •• 1973). 

An elevated temperature humidity index prior to breeding was 

associated with a linear decline in fertility (Ingraham et ai •• 

1974) • Heat stress reduced fetal growth in late gestation and 

conceptus function which may have carryover effects on lactation 

and postpartum reproduction (Collier et al., 1982). 

Information on the effects of thermal stress on buffalo 

reproduction is limited. During summer, when ambient temperature 

and phot.operiod effects w~rf:" <It til",; r maximum t"'olartin 

were highest (Raker- et al •• 1982) and plasma prl1ge!;;teL'one 

l~vel 

levet"s 

were lowest (Rao and Pandey, 1982). About 28 per cent of all 

reproductive failures in over 12,000 buffaloes tinder Indian 

village management were attributed to non-function o'l:aries, 

particularly in summer and autumn IRao and Sreemannarayanan, 

1982) . 

Little experimentation has been carried out on the effect of 

work on milk yield though there has been specuJations about the 

effects. In well fed animals, the effect rna.y be negligible 

(Lawrence, 1985; Munzinger, 1982; Rajapurohit, 1979) while uflder 

other circumstances there may be a nega.tive effect (Kibria. t · 

1982; Gae, 1983; Jabbar, 1980). Rizwan-ul-Muqtadir. Ahmed and 

Ahmed, 1975), carried out a tri"d in Pakistan using .cows for 3 h 
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a day for 3 weeks and no significant effect on mill.. yield or 

composition. 

Mathewrnan et 031. (198B) studied to investigate the effect of 

exercise on twelve pregnant crossbred Hereford/l?riesian suckler 

cows fed to requirement on a diet of known composition for 

maintenance, growth of concepta, normal exercise and lactation. 

Exercise reduced miJk yield, lactose yield and protein yield but 

did not reduce yield of milk fat. When animals did not walk, 

milk yield returned almost to three previous levels. The result 

demonstrated a negative effect of work on milk yield and 

composition in animals fed to requirement, and suggest that the 

supply of glucose precursors is the main limiting 'factor to milk 

yield. 

Mathewman (1986,1967) suggested that if animals are fed 

prope:dy. They will suffer no ill effect (i.e. loss of milk or 

fertility) though there would be adverse effects on animals which 

are poorly fed. 

~.:! 
Experiment was conducted hy AgyemQ.n!JA(1991J to see the 

effect of work on reproduction and productive performance of 

crossbred dairy cows and reported that after the end of second 

lactation there were no significant differenaes between draught 

and non-draught animals for milk production 11.713 + 57.4 

compared with (vsl 1,857 ~ 48.1 kg], lactation length (299 + 20.4 

vs 288 ~ 18.0 days), calf birth weight (29.6 ~ 1.0 vs 29.3 + 1.0 

kgl. number of days open (77 • 14.1 vs 83 12.9) • calving 

interval (385 ~ 14.5 vs 358 ~ 13.2 days), gestation length (2 78 

+ 1.6 vs 274 + 1.4 days) and number of servlf"'e per conception 

(1.21 vs 1.64). 



38 

The number of hours walked by each pair of crossbred cows 

was sufficient to cultivate the average small holder farm of 

However, the work done was spread over a longer time 

than that required by small holder farmers to cultivate 2.5 ha. 

It was concluded that low levels of work with improved feeding, 

management, draught or traction do not have adverse effect on 

reproductive and productive performance of crossbred dairy cows. 

2.14 ENDOCRINE RESPONsE TO EXERCISE. HEAT AND PHOTOPERIODS 

High environmental temperature depress body activities and 

metabolic processes which viewed homeostatically, are biological 

mechanism for preventing stress of over-heating. Over-heating 

crE'!atee physio1ogi.cal stress that eould have conceivable effect 

on production by promoting unfavourabl@ endocrine balance orland 

by changing metabolic processes. The thyroid ie involved in the 

regulation of metabolic activity and its activity is augmented in 

cold climate and suppressed in hot environment or work. The 

general hypofunction of the anterior pituitary may be major 

result of high temperature and exercise (Johnson, 1980'. Through 

hypothalamo-hypophyseal-90nadal axis, most of the animals mediate 

their physiological processes and respond to environment. 

2.14.1 THYROID HORMONES 

Muscular exercise changes the concentration of circulating 

thyroid hormone. Muscular exercise itaelf increases heat 

production and this may militate aqainst increasing the rate of 

utilization of thyroid hormone (Larhof et al.,1954}. Bogoroch and 

TUmiraa (1951) studied that stressing agents which activate the 

adrenals cause a loss of iodine ions into the urine' and' a 

decrease in the activity of iodine concentrating mechanism of the 
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thyroid gland. The latter may be due to a decrease or suppression 

of thyrotrophic stimulation. Irvine (1967) found that thyroxine 

fractional tUrn over rate in rdce horses increased 265 per cent 

after 12 weeks of physics"! exercise. Same worker (Irvine, 1968J 

further reported that athelets had T4 degradation rates that wer~ 

75 per cent higher than value found 3 h after exercise in 

sedentary controls. 

Terjung and Tipton (1971) found that 

concentration averaging 11 p~r cent 

an increase in total T4 

dttring exerciSe wat=; 

attributed mainly to hemoconcentration that was indicated in the 

changes in hematocrit values. An average increase in free T4 

concentration of the 20 per cent "~'as found during exen::ise \-dth a 

peak: response of 35 per cent above the control value. Manson 

et al. (1973) found a small but consistent incre8$e in plasma 

imrnunoreactiv~ thyroid stimulating hot'mone ill n\,~lI, ju~t befot'e 

they took part in exhaustive exercise on bicycle ergometer. The 

increase in me<J.O values of 3.1 to 4.0 \lU/m·l was st<J.tistically 

si9nificant~ The conclusion was that physiological stimuli could· 

induce pituitary thyroid activity in man. 

Cer~lis et ai. (1977) reported the effect of strenuous 

dyndmio muscular exercise on serum free thyroxine tFT4) and free 

triiodothyronine (FT3' concentration in man and obse~ved ~ 

slishtly decrease in FT3 concentration. Increased free thyroxine 

concentrations developed in subjects who were physically better 

trained. Refsum and stremme (1979) reported an increase in 

triiodothyronine and thyroxine concentration in serum after 

prolonged heavy exercise. Bosella et ai.(19B3J showed that diet 

and exercise i.ncreased thyroxine significantly. 

Limited studies on cattle and buffaloes have been carried 
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out and these indicate that thyt-oid function is slightly 

depressed in buffaloes than Friesian cows due to heat stress. 

The 1
131 

uptake per 24 h at 22°C air temperature was 10.13 and 

13.75 per cent of dose in buffaloes and Friesiansr respectively. 

At 35°C. the respective values were 8.91 and 9.14. thus, a 

reduction of only 1.22 of the c.los~ occurred in buffaloes compared 

to 4.61 per cent reduction in Friesians indicating about 1/10 

reduction of activity in buffaloes as compared to 1/3 reduction 

in Friesians (KamQJ et ai., 1972J. Similarly, responses of the 

two species were also reported by Ibrahim (1968) under winter and 

summer conditions {i.e. under Egyptian climatic conditions as 

well as under controlled air temperature of 14.6, 29.0 and 42°C}. 

Mean serum content of thyroxine in summer and winter in buffaloes 

have been reported 11.16 ~ 2.04 and 11.36 ~ 1.55 ng/ml. 

respectively. The respective values of T3 were l~Ol ~ 0.11 and 

0.85 ~ 0.10 ng/ml. These seasonal changes were not significant 

{Dixit et al., 1982). 

Peripheral levels of testosterone and· thyroid hormone iri 

male buffaloes. and the temporal variation have also been 

reported by Agarwal et al. ! 1983}. Thyroid levels val-y ft"orn 20 

to 40 ng/ml which increase after work without a change in ratio 

between T3 and T4 throughout the work rest. Agarwal et al. 

(1983, studied the circulatory levels of thyroxine and tri­

iodothyronine in blood serum of mal~ buffalo calves from 1-2 

iftonths to till maturity. Thyroid hormones were low at early age 

but attained a peak at puberty followed by a dcclinp. at ftl!l 

maturity. T4 and T3 ratio more or less constant through all 

stages of development. 

Khurana (1983) observed alterations in T3 ':l1ld T4 values when 

Haryana and crossbred hul10cks r:f!l-", subjected to low (9 quintals) 
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and high (14 quintals) load pulling opera lions during hul dry and 

hot humid conditions. T3 increased from 0.27 to 0.29 ng/rol in 

Haryana bullocks during hot dry conditions, when subjected to 

pull 9 quintals ot load. There was a decrease in plasma T3 

concentration at 2 and 3 h after work. In crossbred bullocks, 

the pre-treatment values changed from 0.43 ng/ml 0.20, 0.46 and 

0.45 ng/ml after 1, 2 and 3 h of work. Heavy load pulling 

decreased T3 from 0.34 ng/ml to 0.22. 0.32 and 0.31 ng/m! at 1, 

2 and 3 h of work, respectively in Haryana bullocks~ Whereas T3 

increased in crossbred from 0.24 ng/ml to 0.32, 0.35 and 0.35 

ng/ml. Under hot humid conditions, plasma T3 concentrations 

varied from pretreatment. value of 1.06 ng/rnI to 1.19, 1.21 and 

0.97 ng/mI after 1. 2 and 3 h with high loads in Haryana 

bullocks. In crossbred bullocks. the respective values changed 

from 0.95 to 1.06, 1.09 and 1.08 ng/rnl after 1. 2 and 3 h 

treatment. 

Under_ hot humid conditions, the mean Cil-culatin9 plasma ~4 

values was 30.95 and 32:.23 ng/ml in Haryana and erossbred 

bullocks, respectively". After 1, 2 and 3 h of work, the values 

were 35.31. 30.10 and 26.B4 "g/ml in Haryana and 23.11, 16.42 and 

35.48 ng/rol in crossbred bullocks, respectively. 

Under hot humid conditions, mean plaama T4 concentrations 

were 80.22 and 100.07 ng/ml in Hilryana and crossbred bullocks. 

respectively. Under 9 qUintals loads, the pretreatment T4 values 

after 1, 2 and 3 h of treatment were 76.80, 82.16 and 60.40 ng/ml 

in Haryana and 73.74, 76.25 and 77.85 ng/ml in crossbred 

bullocks, respectively. Altl:'rations may be due tt"' heat stress 

which was existing in animals. It was argued that the. magn,itude 

of work stres.s may play secondary role when stress was imposed on 

the working animals. 
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Khurana and Madan (1985) also oQserved that T4 levels were 

negatively correlated with milk yield in both eatUe and 

buffaloea, whereas cot"relation~ of '1'.1 were po~i.tiv'" in C"!at.tle and 

negative among buffaloes. The relaUonshiEJ belwer~n T3 and '('4, 

however, was not significant. 

Borady et al. (1987) studied the seasonal variatioll 1n 

thyroid hormones and reproduction in Egyptian water buffaloes. 

Anjuli (1988) reported a rise in plasma thyroxine levels of 

crossbreLduring treadmill exercise. 

Bhatnagar and Upadhyay (1990) studied the effect of gradient 

walking on T4 and T3 hormones in crossbred cows. A significant 

reduction in T4 level after 30 min of exercise was observed from 

a pre-ekercise value 45.58 , 5.13 to 28.2 , O.BO ng/ml. Post -
exercise value of T4 was 34.4 • 2.03 ng/ml after 30 min rest . -
plasma levels increased after 5 min of exercise fronl 0.93 • 0.12 

ng/mi but with progress of exercise the value declined to 0.71 T3 

0.11 ng/rol at 30 min. During rest, the level was seen normal at 

5, 15 and 30 min post exercise. 

2.14.2 INSULIN 

The pancreas in addition to its digestive functions secrete 

two important hormones. insulin and glucagon. Insulin has been 

associated with blood sugar and it has profound effects on 

carbohydrate metahol ism mainly related to a.brlOrrnal ities of fal 

metabolism. Therefore, it is clear that insulin affects fal and 

protein metabolism aa .much as it does carbohydrate metabolism. 

According to vranic and Kawamoyi (1979). strenuous exercise can 

enhance the release of long acting insulin from a previ9usly 

injected succutaneous site into the circulation or insulin bound 
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to endogenous antibody may associate at an accelerated rate due 

to altered kinetics that may occur during exercise. 

Insulin is well recognized for it's hypogJycaemic effects. 

For a long time. ruminant tissues have been considered less 

sensitive to insulin than non-r uminanl tissues. The increment in 

plasma insulin causing 50 per cent reduction in glucose 

production is 50 to 60 uU/ml (Brockman, 19B3at whereas the 

comparable value for humans is 30 uU/ml {Rizza et ai., 1981', 

Similarly, the rate of utilization of glucose appears to be !es~ 

responsive to insulin in ruminant than in non-ruminant. The 

concentrations of insulin in pl.B~tnii <'Ire positiveJy correlated 

with food or energy intake (Bassettf.ltll19711. Paradoxically, 

insulin concentrations are high~st in the fed state when glucose 

production is g~eatest (Bergman et a1 .• 1970). 

However, in vitro studies indicate that insulin has at best 

only small effect on fatty acid !3}:"nthesis from acetate and 

glucose in sheep (Vernon, 1982; Broad et a1., 198]) and cattle 

(Yang 'and Baldwin, 1973). 

In lactating animals, particulal'ly Ilypoglyc~el"jC'-ke~Otlae"lic 

animals, 

are reduced (Hove, 1976; Lomax et a1., 1979; Bait" d. et a1.. 

1980) . The post-prandial rise in insulin is also reduc:ed (lIoVI?" 

and HaIse, 1978) and hepatic extraction of lactate is tligller tllan 

in non-lactating animals. Thus, in lactating' animals maximum 

rates of gluconeogenesis may be attained and smaller quantities 

of nutrients are take['l, up by muscle and fat. Mertsching (19811 

found no ~ignificant charlges in insulin levels in lactatillg 

cattle exposed to heat. 
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Blum and Eichinger (1988) reported a decrense in blood 

insulin levels during walking which rapidly increased 

afterwards. Blood insulin was affected by work loads. 

Bhatnagar and Upadhyay (1990) studied the effect of gradient 

walking on insulin level in crossbred cows. In order to know the 

exercise induced insulin changes, six trained lactating crossbred 

caws we~e exercised on treadmill at a speed of 2.5 km/h uphill 

15.50 for 30 m'n. M' d bl dIll d ~ ~xe venous 00 samp es were co ecte at 

5 r 15 and 30 min post exercise. Plasma insulin declined from 

7.75 ~ 2.03 uU/ml to 3.66 ~ 1.28 uU/ml after 15 min exercise but 

at 30 min the values dramatically increased to 10.25 + 2.33 

uU/ml. The insulin levels did not return to normal even after 30 

min post exercise. Gradient walking decreased insulin level. 

2.14.3 STEROID HORMONES 

Seasonal reproduction is a physiologi'cal process through 

which animals not only respond to climatic extremes but. also 

manipulate the survival of the off-spring and their own well 

beings. Particularly in India. where assured feed and fodder 

supply is often restricted to hot humid periods. animals exhibit 

such a 

northern 

phenomenon in a pronounced manner. 

India, temperature reach upto 42°c 

During summer. in 

for many days during 

the afternoon and JOoe during the night. Day length goes uplo 

13-14 h. 

Seasonality in buffalo breeding has been reported {Rife, 

1959; Bhattacharya et ai., 1970; Royet ai., 1972) . Luktuke 

et al. 

during extreme climatic conditi(ms. The important seasonal 
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reproductive problems are weak or silent oestrus, and irregular 

oestrus cycle lengths. 

Heat stress has also been shown to reduce the fertility of 

dairy and beef cows (stott and Williams, 1962; DunJqp and 

Vincent. 1971; Ingraham et ai., 1974; Gwazldauskas et al .• 

Mohammed et a 1. , 1981; Bodinga et al., 1985; Gangwar, 

Geisert et al., 1988). 

The degree of heat stress and its effect on 

1979; 

1988; 

plasma 

progesterone concentrations is influenced by the length of 

exposure (Abila~ Johnson and Madan, 1975) and by milk production 

(WoIft-Vaught et a1., 1977), The concentration of progesterone 

and oestradiol-17 ~ in the plasma of high milk yielding dairy 

cows exposed to subtropical summer conditions have been reported 

(Folman et a1., 1979b,. 

2.14.3.1 Estrogen 

The most common estrogenic substance in cows is estradiol. 

Two other estrogens, estrone and estriol are present in lesser 

concentrations and are considered to be produced from estradiol 

(Asdell. 1964) . The theca ioterna cells are considered to be 

source of estrogen. In addition to causing the behavioural mani-

festations of estrus, estrogens stimulate blood f 10\" and growt.h 

of the tubular genitalia and gUrladal hormone levels during 

different phases of estrus cycle around parturition in cattle and 

buffaloes have appeared in previous pape('"s and reviews 

(Christensen et al.·, 1971; Swanson and Hafs, 1971: Nessan and 

King, 1981; Prakash and Madan, 1984; A'\.'enell at 031.,1985: Yang 

and Wang, 1968; Agarwal at al., 1909; EHohamy (=>1: al., 1990). 
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The Serum LH levels increased as heifers approached first 

estrus (Swanson et ai., 1972) which coincided with the gradual 

rise of estradiol, 3 days before estrus suggesting that 

endogenous estrogen secretion increases (Wettemann et .al., 1972). 

Garverick et ai. (1974) observed a significant increase in plasma 

estradiol levels from 2 days pre-pa.rtum (292.6 ~ 31.7 pg/ml) to 

higher levels at parturition (544.3 ~ 63.3 pg/lnll followed by a 

precipitous drop after parturition. 

Studies carried out by HunLer e( .)1. (197{). Edquisl ahd 

Johansson (1972), Hoffman et" a}. (1973), Peterson et 031. 11975), 

Madan et al. (}983) and Prakash an.1 f"1i1dar1 (1984) indicated that 

estrogens increased at the time of approaching parturition 

reaching peak levels just befon~' paz-tum, and then show a sharp 

decline to low values immediately p01;l-pat"tum. HOWever, Ed,lqllilst 

et al. (l973), Arije et <31. (974) -'lnd Agt.he and Rolm <197::'d dn~ 

specific to point. out that under their experimental conditions 

they did not observe estrogen increase with these hormone almost 

plateauing- upto term and only declining post partum. An 

important consideration which should be taken in interpreting 

their observations is the assay system, experimental protOQol, 

specificity and sensitivity of the assay factors which must have 

obviously contributed to tremendous variability in results. 

Prakash (1983) reported a gradual rising trend in mean plasma 

estradiol-17 p in cows on day 30 pre-partum fQllowed by an abrupt 

rise in the hormone concentration to peak values by day 1 pre-

partum. 

Agarwal et al. (1989) reported serum estrogen levels in 

repea.~ breeding cows. Blood samplRs "'f.~I-e col1~ct~d from 16 caWR 

on day 0 (estrus). 2r 5, 9, 17 and 20 of an oestrQs cycle. After 

mating 8 cows returned to oestrus (repeat breeders) and a 
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conceived. In repeat breeders, blood oeslradiol concentration 

5.70 ~ 0.08, 3.60 ~ 0.30, 5.90 ~ 0.40, 3.60 ~ 0.50. 3.50 ~ 0.06 

and 3.40 ~ 0.24 pg/ml. Corresponding figures for cows that 

conceived were 9.00 ~ 1.50, 6.00 ~ 1.10. 6.50 + 1.60, 

0.60, 6.00 ~ 1.20 and 4.70 ~ 0.55 pg/ml. 

5.50 ... 

Bryner et ai. (1990) studied the patter~ of eoncentration of 

oestradiol-17P during an Oestrus cycle. Oestradiol~17 P during 

the follicular phase differed with age (P (0.05), In old cows, 

al"l earlier mid-cycle elevation of E'SH ",'as associated with an 

earlier rise and greater concentration of oestr-adioJ (p -: 

during follicular phase. 

0.05) 

Bhatnagar and Upadhyay 0990} studied the ecrect of griidicnt 

working on plasma concentration of oestrogen in ""orking co~s and 

found that gradient walking in cows dld not effect circulating 

level of oestrogen. The values before and after exercise were 

10.98 ! 4.11 pg/ml and 10.92 ~ 3.B5 pg/ml. 

Only a few studies have been carried out in case of 

buffaloes and not many are relevant to present study. Rao et al. 

(1978) observed that the total and free estrogens in serUm of 

three buffaloes from about 60 days post-partum to 4 days post­

partum found individual varialion in the levels of the estrogen 

among the three animals with values ranging between 56 to 230 

pg/ml at around 51 to 57 days prepa,rtum. Although an increasing 

trend ,in hormone level was reported in all three buffaloes from 

around 2 months prepartum, the results obtained were inconsistent 

and inconclusive. concentration of estradiol-17 p:. ,on the day of 

estrus was 19.32 =. 3.75 pg/ml which declined ,to reach a nadir 

(5.73 ~ 3.6B pg/ml) on the day 2 of the cycle. it again.increased 

during 3 day preceding estrus and attained a peak (35*5 ~ 3.48 
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pg/ml) a day before the onset of next estrus in cycling buffalo 

heifers (Bachalaus et a1., 1979). In addition. estradiol level 

of 20.31 ~ 1.14 pg/ml and lower value of B.41 pg/ml on the day of 

estrus and 2 to 18 days post-partum respectively was observed by 

Arora and Pandey (1962). 

Avenell et a1. (1985) studied the oestradiol concentration 

in peripheral plasma of 13 mature Swamp buffalo cows at 4 h 

interval from 36-40 h before until 36-40 h after the onset of 

estrus. The mean oestradiol-I7 ~ concentration lay in the ran9~ 

9-13 pg/ml from 36-40 h before until 12-16 h after the onset of 

estrus and within the range 7-9 pg/ml thereafter. 

Madan et al. (1983) conducted an experiment on 5 buffaloes 

and found that plasma oestradiol-17 ~ concentration increased 

gradually from 71.00 + 7.79 pg/ml at 30 days before calving to 

174.60 at 2 days before calving. There was a peak of 209 • 75 on 

the day before calving. Concentration on the day of calving and 

the 3 subsequent days averaged 141.65 • 65.33, 42.13 ~ 10.27, 

17.09 + 2.30 and 19.60 • 2.65 pg/ml. 

Prakash and Madan (1984) measured oest.radiol-17 r by radio­

immunoassay in the maternal jugular venous plasma of pregnant 

buffaloes on day 30, 15, 5, 2 and 1 pre-partutn on the 

on 

day 

day 

of 

4, parturition at 6 h intervals upto 72 h post-partum arid 

6, 10, 18, 34 and 80 post-partum. Tt.ft mean pJasma oestradiol 

level rose gradually froln day 30 (71 pg/ml) to day 5 pre-partum 

{IOO pg/mll and then increased to a peak \'alue of 209.75 pg/ml on 

the day before parturition. The peak levels of the hormone 

dropped sharply o'l.-er th~ fjrst; 24-72 h post.-part-urn and remained 

and Rattan (1990) reported that plasma oestradiol-I7 r level 
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comparatively high in post-natal calves, significantly low in 

young calves and maximum 26.06 ~ 3.69 rg/ml in sexually mature 

heifers. 

Eltohamy et dl. (1990) reported sertiln concentration of 

oestradiol-17 (J in buffaloes, the leVel wa~ maxim~1 during pro­

estrus. while there was a relalively high ~:QIII";I.::IILrdl.it,Hl or ~odium 

in the cervi'cal mucus. 

2.14.3.2 Progesterone 

The ovarian hormones that have been identified with the 

estrus cycle are the oestrogens and pl"ogesterone. Progesterone 

is produced mainly by the corpus luteum. This hormone is 

essential for the development of the endometrium for implantation 

and is necessary for the maintenance of pregnancy. From the 

early post-natal stimulation of gonads by the hypothalamic and 

pituitary hormone. the progesterone play ·a key role in change 

leading to.puberty in cattle. 

Donaldson et aJ. (1970) observed a fluctuation in plasma 

progesterone levels towards onset of puberty indicating. cyclic 

ovarian activity before the first observed oestrus in heifers 

with lowest concentration of 0.44 nglml at estrus and increased 

to a maximum of 6.8 ng/rol about day 14 to 21 of cycle reaching 

low level on the day of estrus. Smith et: ai. (1973) observed 

that the hormone level remains high until two days pre-partum 

(7.6 ~ 0.9 ng/ml) falling to 3.0 ~ 0.7 ng/ml at 1 day pre-pactum 

and to 0.6 ~ 0.1 ng/ml at partarition and remained near this 

level for 9 days post-pactum. 

A~l~y et ai. (1975) studied the effect of acute heat 
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exposure. on ~lasma progesterone I:espoose of Zebu and Highland 

heifers~ Plasma progesterone levels increase significantly 

during exposut"e in Highland cat.tll'! only. The differences in 

response between breed sugYE::!~t tlH~ act.. ivl:' involvpment of ddreno-

ovarian functions in the heat ac:climatisation process. Shin 

et ai. (1979) collected blood samples from 55 cows every (ive 

days froln 30 to 5 days befot"e calviTl(J and then daily until day of 

calving. The samples were radioimmunoassayed progester.one 

concentrat.ion ranged from 5.12 to 11.70 ng/rol betw!en 30 and 5 

days before calving and feD rapidly from 5.12 + 1.07 ng/rnl ::. 

days before calving to 1.48 .: 0.32 rlg/ml 24 h hC':fnrl?' c;alving. 

Prakash (1983) reported a decline trend in mean p\;'lsma 

progesterone, gradually from day 30 and day 2 pre-partum, the 

mean values at these two days recot'ded by 6.32 ann 2.59 ng/ml for 

cows and 1.82' and 1.21 ng/ml for buffaloes reRpectively. There-

after the levels fell sharply to lo~ values at calving (P 0.05 

ng/rol) in both species. 

Wise et al. (1988) reported the influence of acute exposure 

to thet"mal 'stress on the seeretiorl of progesb:!I'one in lact-<lting 

dairy cows. Eight cows were maintained through the summer in a 

refrigerated. air conditioned, tie stall barn, another 8 cows 

were maintained in outdoor corral w,ith access only to shade COl.,.S 

in the two environments had similar concentration of proges-

terone. In buffaloes, relative few studies have been conducted. 

Raa et al, ~978) reported progesterone concentration in three 

buffaloes from around 2 months prepartum to 4 days post-partum. 

The progesterone concentrat.ion varied markedly in the 3 animals 

with values of 1.6. 5.5 and 2.2 ng/ml being recorded around 50 to 

60 days pre-term. The trend observed in three animal.s was. also 

not similar with a gradual fall in the hormone levels with minor 
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fluctuat.ions being ob$~rvcd £1:<"1111 60 days prep<ll"tll!ll in an animal. 

and high ho~mone levels being maintained till 4 days pre-partum 

in the other two animols. No progesterone levels have been 

reported in these two animals till 3 to 4 days post-parLum when 

lower values were recorded. 

However, plasma progesterone level reflected age dependent 

change occurrin'g in the cyclic corf,.lus luteum in buffalo cows. PI. 

higher level of plasma progesterone 4.81 ~ 0.39 ng/ml concentra­

tion on day 13 of lhe cycle among l'1urrah buffalo, heifers and 

lower values of 0.14 ng/ml on the day of estrus has been observed 

by Arora et al. (1979). 

Rao and Pandey (I982) conducted an experiment during 

different seasons and reported plrlSlrt,l progesten.lne f:onr:entraLionH 

on day of oestrus and also in the luteal phase of cycle which 

were significantly higher (P r a.oJ) in t_he cooler (warm and 

cold) seasons than in hot and dry. and hot and humid season. 

Madan et al. (19B3) studied anoestrus nu'al buffaloes and 

cone 1 uded tha t proges t. e rone 1 e\-e I \,';1 H COilS Lant 1 y I (.lW (a. 14 .: /l. 36 

ng/ml). Jainuddin et i::IL (19B3) rr!p01'~ p.rl t.hal' mean coneentr,\\.ion 

of progesterone in plasma of S\.\'dlllp buffaloes with l'lr without 

corpus Iuteum on their ovaries wa~ 1.49 ! 0.78 and 0.14 ~ U.09 

ng/ml, respectively. Jairl and Pand~y (1983.1985) l"eported 1 'Jv,-

level of 0.3 ! 0.1 ng/ml J With a ~endency to increase ~itll 

advancing age, reaching to 0.8 + 0.1 ng/mi ill the heifers 

exhibiting esi~us at 30 months elf ~g~. Prakash and Nadan (]98S1 

studied the pg.riparturient plasma progesterone le\'els in 

buffaloes. The mean plasma progestel"one concent.ration dr-'C'I-e'i:sed 

gradually from 1.82 ng/m) on day 30 before birth to 1.2~ ng/rul on 

day 2 (P ( 0.05) falling sharplr dt parturition to 0.32 flg/ml 
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IP < 0.05) and l."emaJ.ning low upto the end of tbe sQffipling <ai>Y 50 

postpartum) ~ 

6amualim et al. (1987) conducted an exp~rimeot on 16 oon­

pregnallt buf1:a loes and blood sampl~s for pJasma progesterone were 

taken ~ time~ per week during first four weeks and last four 

weeks oI experiment, and plasma progesterone (PP) used as a 

roea$ure of ovarian ~ctivity. Thie was categorjsed a~ (a) negative 

{ < 0.5 n9 PP/ml!, (b) doubtful ( :,10 O~5 fi9 PP/nll) in two or mort!: 

samples but not in a regular pattern, and {el poeitiv-e (if there 

were regular changes in progesterone COncentration typical of 

normal cyclic ovari~n activity). The number of cows showing each 

pattern of ovarian activity during the first and last 4 weeks of: 

the experiment period, ~espectively were 2, 3~ 3 and 4~ 2, 2 as 

negative, doubtf~l. and positive.respectively. 

Jain (l98al studied the progesterolle levels in 13 age groups 

of oycling and non-cycling buffdloes and found that the progE!S-

0 • .1 5 terone conell$ntt'ation 1,",;H1ged fr(>11I 0.:27 .: 0.07 ",0 O~6j 

ng/ml, and was significantly higher itl non-cyt:ling heifers 

811 and 1,260 days than in young animals. Pr-egnant and 

dged 

non-

pregna.nt buffaloes did not difr~H· siqnific<lntJy in 

concentration of progesterone llplo 22 da)s <:tfter in!SeminaLion. 

Yang and Wang \"1968) studied the ptH"iphe.ral pl,:;smi'! lc"'el or 

p,t'ogestel:"one during normal and } 01.' bn~edjl1'J sear;on.<;; in chinest~ 

swamp buffaloes. alood concentr.:ttion of pro\fes!:('>-t'one diu-tng th(~ 

"low" breeding season (Februal'y-,1un~' f). -54 ~ 0.22 II'] /ml 1 .. ·,1S 

significantly lower than. those in t.he buff.lJoes studied during 

the normal breeoing season (O~73 .:: 0.71 ng/(1). 

Perera -et a1. (19891 studied the e[f('(;t of supplemental. 



light on growth and progesterone level in water buffalo. Fifty 

non-pregnant surti buffalo heife.l:s aged between 17 and 42 months 

were subjected to normal day light + 4 h supplemental light or 

natural day light (controls) in a study in sri Lanka. Ambient 

temperature and relative humidity during the day time generally 

were ~ 27 0 C and RH ( 70 per cent, respectively. Light 

supplemented heifers had 16.2 kg for controls but higher mean 

progeBterone concentration (0.41 vs 0.19 ng/ml. P (O.06) after 

6.S weeks than control heifers. Older heifers had 39.7 per cent 

greater body weight, but a net 4.3 per cent wei9ht 9ain, compared 

with a 10.1 per cent gain for younger heifers at 10 weeks. Older, 

light supplemental heifers had higher mean progesterone 

concentration (0.63 vs 0.19 n9/m1. P (O.07) than the otller 

groups. These weight and hormonal changes suggest that 4 h 

supplemenLal light can alter grOl .... th and endocrine function in 

buffaloes under similar pIa nes of nutrition. 

studies in relation to effect of env~ronmental stress or 

work stres_s on estrogen and progesterone have not been carried. 

out mainly due to their limited seientific relevance itS females 

are limitedly used for work. 
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MATERIALS AND METHODS 



3.0 MATERIALS AND METHODS 

3.1 EXPERIMENTAL ANIMALS 

3.1.1 SELECTION OF ANIMALS 

Apparently healthy, ten crosBbr~d cows and ten buffaloes 

were selected from the herd of National Dairy Research Institute 

(NORI) , Karnal_ Among these five araimals were dt'"y non-pregnant 

(ONP) and other five animals were lactating non-pregnant (LNP) • 

The ploughing experiments were carried out on both the groups of 

buffaloes and cows during summer (hot dry' and winter (cold 

humid) • Only dry non-pregnant animals were used for carting 

experiments during hot-humid season. 

3.1.2 MANAGEMENT OF EXPERIMENTAL ANIMALS 

All experimental animals w~re rn<:lintained under ident.ical 

conditions of feeding and management. Animals were given main­

tenance ration as per NDR! schedule. and feeds and fodders were 

fed depending on the availability from time to time, the main 

fodders being Maize. Jowar and Ber~eem. All the DNP and LNP 

animals were offered maint~nance allowance during forenoon, but 

concentrate mixture (both maintenance and production) to LNP 

animals was offered at the milking time. The average composition 

of concentrate mixture fed to experimental animals was as 

follows! 



Ingr€dient 

Groundnut cake 

Harley/maize 

Wheat bran 

Minera! mixture 

Common salt 

Quantity 

(kg/lOO kg) 

35 

28 

34 

.2 

1 

3.1.3 TRAINING OF ANIMALS FOR PLOUGHING AND CARTING 

54 

Before subjecting the animals to act.ual experimental "ork, 

all the animals were trained for ploughing and carting for 2-3 

months. 

without 

In the initial stages, animals were trained for carting 

load r and subsequently these were trained for 

ploughing. 

3.2 ENVIRONMENTAL CONDITIONSOURING EXPERIMENTAL PERIOD 

The elevation of Karna.l is 250 meter above mean sea level r 

latitude 29.43° and longitude 77°. MinimuM temperature falls 

near freezing point in winter and ma~imum goes upto 45°C in 

summer. The annual rainfall is about 70 rom. Maximum and minimum 

temper-a,ture, dry bu-lb and wet bulb temperature and vapour 

pressure, intensity of light observed during experimentlhave been 

presented in Table 3.1 and climograph in Fig. 3.1. 

3.3 EXPERIMENTAL PROTOCOL 

Both cattle and buffaloes were subjected to ·work of 

ploughing to measure work capacity, efficiency of work and extent 



rable 3.1 Climatic variables duriD9 elperilentai period 

Season Tellperature Dry bulb lIet bulb 
I'CI teliP (oC) 

, 
te.p [ C) 

----------- ------_._--_ .. --_._---------
Hal •. Min. I II I II 

---------------------

lIinter 

SUHmer 

Redny 

20.91 1.41 
+1.01 11.01 

16.21 21.21 
IU9 +2.36 

B.51 24.91 
11.23 11.42 

9.50 20.l1 8.n 11.91 
_0.91 +0.96 IO.BE 10.85 

25.13 15.I0 20.1) 22.ll 
+2.23 11.69 IUS 11.16 

26.96 H.ll 25.20 26.91 
1\.27 .!..O.95 10.19 +0.20 

Relative humidity 
III 

.. --_. __ .. -----.. -
II 

-----

92.00 
10.58 

61.00 
16.03 

86.B 
13.61 

55.11 
+ 1.45 

H.B 
17.E9 

65.61 
+4. OS 

VaPQur pressure 
(1IIH9) 

- ... _--_ ... _ .. _-_. 
1 

8.11 
!..O .35 

16.00 
+1.41 

2l.O1 
!..O.89 

II 

10.50 
I~ .29 

!l.51 
12.94 

ll.60 
10.50 

Radiat~on 
IW/. I 

_ .. _--_.-----
1 

----

m 
'92 

504 

- 16 

151 
-ll 

Light inteDsity 
(I,tll ) 

191.11 
+19.94 

118.18 
120.93 

169.36 
122 .19 
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of utilization of females for work during winter and summer 

conditions. 

3.3a! EXPERIMENT NO.1 PLOUGHING 

In order to evaluate work performance and compare their work 

capacity, 5 lactating non-pregnant and 5 dry non-pregnant cows 

and buffaloes were subjected to ploughing. Animals were hitched 

in pair in a double neck yoke and to a desi plough. Ploughing 

experiments were performed during summer and winter ~n loamy soil 

with 20 to 30 per cent humidity. The details of plough and yoke 

used in the experiment have been given in Fig. 3.2. The ploughing 

experilllents were carried out for a period of 2 to 3 h or till 

onset of fatigue whichever was earlier. Work was discontinued, 

if either of animals exhibited fatigue symptoms. The fatigue was 

assessed by the method of upadhyay and Madan (19a5~. A period of 

2 h rest was given to animals and they were again used for 

ploughing. 

The speed of animals was measured on a speedometer attached 

to plough (p~b:-. 3.1) at periodic inter.vals, the angle of plough 

was measured in relation to height at neck for work output 

calculations. The area ploughed during forenoon work session and 

afternoon session were independently measured. The depth and 

width of 

were made 

furrow was measured while ploughing. The 

~n the loamy soil when moisture content of 

ploughingR 

the soil 

ranged between 22 and 28 per cent. The soil was partly compact 

under present experimental conditions. All animals were 

monitored in field for thei~ physiological responses. standard 

methods were used to measure respirator_y rate (nost.ril air/flank 

movement), pulse rate (coccygeal), rectal temperature (clinical 

thermometer) and oxygen consumption. Expired air was collected 



3.1 (PHOTO) SPEEDOMETER ATTACHED TO PLOUGH 
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in Douglas bag and volume arid oxygen conten~ were measured on wet 

test meter and Beckman oxygen analyser. Partitioning of heat 

load due to work and envi.l-onmcnt were calculated fr'om the hody 

temperature changes, assuming a linear rise, as per Bell et ai. 

(1983). Blood samples were also collected from these animals at 

specified intervals and analysed for haemoglobin ( fib ) • 

haematocrit (Ret), plasma volume changes I A PV), glucose, lactic 

acid (LA) and plasma free fatty acid (FFA) and triiodothyronine 

IT3', thyroxine (T4>' insulin, estrogen and progesterone were 

assayed. In order to quantify the effect of work from thermal 

and heat load experiments during work. other hon-working animals 

were exposed to similar ambient conditions. ploughing 

experiments were carried out during summer'and winter seasons. 

3.3.2" EXPERIMENT No.2 • PHYSIOLOGICAL CIRCADIAN RHYTHM STUDIES 

~efore and after the completion of the trial, all the 

animals were monitored for the changes in physiological rhythms 

under natural conditions. Milk samples were collected from the 

lactating animals before, during and at the end of ploughing 

experiment to see the effect of work on the milk yield and its 

constituents, i.e. fat, protein and lactose. 

3.3.3 EXPERIMENT NO. 3 CARTING 

Carting 

buffaloes and 

experiments were carried out on 4 
,,~"" 

cowsAhilching them to a single 

dry non-pregnant 

animal pneumatic 

tyred bullock cart. In order to find out an optimum work-rest 

schedule, each animal was subjected to 5 and 10 quintal cart 

loads for a period of 3 h continuously or till fat,igue onset 

whichever was earlier during hot humid periods. Thereafter, 

animals were given a rest pause sufficient to br'ing about 75 



57 

per cent recovery in their phy!';iolnyic."ll 1·~!dC'ti(ln~. 

recovery, 

work load 

animals Were again subjected. in afternoon r to same 

'''' tillAonset of fatigue. After the end of second phase 

of work, animals were monitored for complete recovery in 

~hy8iolo9ical reactions for a period of 24 h. All physiological, 

haematologicaI, energy substrates and blood hormonal changes were 

measu~ed in the pre- and post-work conditions. 

3.3.4 WORK OUTPUT AND EFFICIENCY 

Work OUEput of animals wer~ derived on the basis of average 

draught pull of 50 kg. Cos 0 and speed of animal. 

used for calculating work output was: 

The formula 

Corrected draught pull (kg) x speed (m/min) 

Workout put (hp) = 
4,500 

'.the efficiency of work was derived from work output .!:md 

energy expended based on RQ calculations (Brody, 1945). The 

formulaLused for efficiency calculations were: 

work output (RealI 

(a) Qross energetic efficiency = --------~--------------­
Energy expended (Kcal) 

(bl Net energetic efficiency ~ 

Work output (Real) 

---------------------~------------------------------------
Energy expended Energy expended for maintenance (Rcal) 
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3.3.5 BLOOD COhLECTION ~ND PROCESSING 

Blood Was collected by venupuncture of the ~ight or left 

jugular vein. Heparin (20 to 30 IU/mI) was used as anti-

coa9ulant~ Two reI of blood was deproteinized immediately after 

collection for glucose and lactic acid determinations. Protein 

free filtrate was stored in deep freeae for analy~i8 of glucose 

and lactic acid. Remaining blood was immediately atored in ice­

water which was subsequently transferred to the laboratory for 

plas~a separation by centrifugation at 3,000 rpm for lS min in 

refrigerated centrifuge for hormone assays. The plasma obtained 

was stored in frozen state in deep freeze until estimation of 

.triiodothyronine, thyr9xine, inSUlin, estrogen and progesterone. 

3~4 METHOD OF BLOOD ANALYSIS 

3.4.1 HAEMATOLOGICAL AND ENERGY SUBSTR~TES 

Blood haemoglobin (Hb) was_estimated by Sahli's acid hematin 

method as per Cohen and Smith method (1919) described by Hawk 

(19Tl). Haematocrit (Hct) was measured in duplicate u$ing micro­

capillary tubes and centrifuging them on Remi micro-haematocrit. 

plasma volume changes during work WE~n~ ealculaLed on thc.' hiOds ur 

""". Hb and Het using the methods of -Beaumont et .31. (1961)_ 

Blood glucose was estimated by the method of Nelson-SomogyI 

(1944) in protein free filtrate which was obtained using 19 ml of 

4.5 per cent Barium hydroxide tBa(OH)2J solution, and 19 ml of 5 

per cent zinc sulphate. Lactic acid was determined in blood as 

per the method described by Barker and Summerao~ (1941). 
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Free fatty ac~d was determined by the extraction method 

(chloroform:heptane:methanol. 49:49:2) of ShipQ et al. (1980) 

after modifying copper soap extraction method. The method used 

for determination of free fatty acids in milk was standardized 

for blood plasma. 

3.4.2 METABOLIC HORMONES 

The hormones thyroxine (T4', triiodothyronine tT3' and 

insulin were estimated by radioimmunoassay in the plasma samples 

using kits as per the standard procedure specified by Bhabha 

Atomic Research Centre (BARe), Bombay. 

3.4.3 GONADAL AND PINEAL HORMONES 

3~4.3.1 Progesterone 

Blood plas~a progesterone was analysed by sensitive, direct. 

rapid radioimmunoassay procedure of Kamboj and Prakash (1992). 

Briefly, the p~ocedure was as follows. 

plasma samples before processing for hormone analysis were 

thawed at 37°C in a water bath and duplicate 20 ul of plasma 

samples and plasma standards(containing progesterone ranging from 

4 P9 to 250 pg per 20 ul of hormone free plasma), 300 u! of 

phosphate buffered saline (PBS: 2.68 9 of KH2P04, 8.3 9 Na2HP04. 

8.5 9 NaC!, 0.1 9 thiroersol and 1 9 gelatin dissolved in 1,000 ml 

of distilled water, pH 7.2) was added. This was followed by the 

addition to 100 ul of progesterone specifiC antiserum (1:12 7 000) 

and 100 ul of 3H progesterone (101 Ci/mmol. Mis. Radio Chemical 

Centre" Amersham. U.K.) to each tube at room temperature. All 

these were then incubated for immune reaction at roo~ temperature 
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(ra'nging from 20° to 25°C for 2 h. free and 3I1tisera.- hound 

hormone was separated by the addition of 0.5 ml of freshly 

charcoal plus 0.0625% dextran in PBS). The tubes were then 

stirred, incubated at OoC in ice water bath for 10 min and 

centrifuged at 2,000 9 at 4°C for 15 Inin. The 5Upl::!rnatant 

containing the bound progesterone was decanted into scintillation 

vials and counted in 5 rol of scintillation fluid contaitling 4 9 

of 2,5-diphenyl-oxazole and 0.1 9 of l,4[bis-2(S-phenyloxazolyl») 

benzene in 100 ml toluene. 

The sensitivity of the assay calculated on the basis of 

different stan~ard curves for progesterone in plasma was 4 

pg/tube which corresponded to 0.2 ng/ml plasma with 50 per cent 

binding sensitivity being 3.2 ng/ml plasma. 

Intra-assay and inter-assay coeffici.ents of variation for 

progesterQne assay in buffalo plasma samples containing 0.74 and 

2.03 ng/ml were 11 and 10 per cent and 13.5 and 11.5 per cent, 

respectively. 

3.4.3.2 Estrogen 

Estrogen in blood plasma was determined by RIA technique as 

described by Echternkamp et a1. (1976) with some modifications. 

Briefly. the procedure wag as follows. 

Duplicate plasma samples (1.0 mIl were placed into 15x125 mm 

glass test tubes and extracted for one minute with 5 ml of 

diethyl ether. The lower aqueoUs layer was frozen in ice salt 

mixture and the upper organic layer was decanted in 12 x 100 mm 

glass tubes and was evaporated to dryness in a water bath. The 
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walls of the tubes were washed with 2.0 roI diethyl ether and 

dried again. The residue was dissolved in 0.5 ml of 0.1 M sodium 

pho.phate buffer. pH 7.0 (0.1 M N~2HP04.2H20 and 0.1 M NaH2HP04" 

2H20 mixed in a proportion to give pH 7.0) containing 0.1 per 

cent gelatin and and 0.1 per cent sodium azide and vortexed for 

60 sec. The tubes containing estrogen were warmed in water bath 

at 40°C for 30 min to ensure complete solubilization of steroids. 

After removing the tubes from lhe ,·,'ater bath. 0.1 ml tracer 

(10,000 cpm) was added and vortexed for 15 sec and incubateu at 

refrigerator temperature (4°C) overnight. 

This was -followed by the addition of 0.1 tnl antisera 

(1:36,000) to all tubes. The tubes were then vortexed for 30 sec 

und incubated at 40°C in water bath exactly for 30 min. The 

tubes were then transferred to ice water to incubate for 90 min. 

Five hundred ul of cold charcoal mixture of 0.625 ~er cent 

activated charcoal (625 mg in 100 ml) and "0.0625 per cent (62.5 

mg in 100 rid) dextran suspension in 0.1 M so"dium phosphate buffer 

pH 7.0} under constant stirring was added rapidly to each tube 

(keeping the tubes and charcoal mixture in ic~ water). All the 

tubes after gentle shaking were kept in ice water for 10 min. 

The tubes- were then centrifuged in refrigerated centrifuge at 

3.000 rpm for 10 min at 4 DC. The supernatant containing the 

antisera bound estrogen was decanted inLo the glass !3cintillation 

vials. Ten ml of scintillation fluid to.1 9 POPOP and 4.0 9 PPO 

in 1,000 ml toluene) was poured in all the vials and tightly 

ea~d. The mixture was left OVernight at room temperature. The 

radioactivity and" hormone concentration in each vial was 

determined by the liquid scintillation counter (LKB) programmed 

for rnicroquantitation of hormone. 
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Along with unknown assay tubes, a set of tubes (each in 

t~iplicate) containing known quantity of standard ranging between 

2.5 to 640 pg in 0.1 ml sodium phosphate buffer were taken to 

which 0.4 ml, of 0.1 M sodium phosphate buffer (pH 7.0) was 

added. 

tubes. 

All the tubes were then processed with unknown sample 

In addition, five sets of tubes were also taken and run 

along with assay as follows. 

1. Three blank tubes containing 0.6 ml of 0.1 M Na2P04 buffer 

(pH 7.0) and 0.1 ml tracer (10,000 cpm) to observe the non­

specific binding of charcoal separation procedure. 

2. six maximum binding tubes containing 0.5 m! of 0.1 M Na2P04 

buffer (pH 1.0), 0.1 rol tracer and 0.1 ml antisera to obt,;lin 

the percentage binding of tracer by the antibody. 

3. Three tubes containing 0.1 ml, tracer diluted to 1.2 ml with 

0.1 M Na2po4 buffer (pH 7.0) to obtain total counts of 

4. 

tracer added. The contents of lubes were decanted into 

scintillation vials directly without any charcoal addition. 

Recovery tubes containing known amounts of hormone 

(different levels, in tripl icate). Tht> volume was suhjected 

to 1 ml with charcoal stripped plasma and extracted with 

diethyl ether in the same fashion as plasma samples. 

5. Extraction efficiency tubes containing 0.1 ml tracer in 

0.9 ml plasma and extracted with diethyl ether in the same 

fashion as unknown plasma sample. The extracted tracer l"'a9 

di9so1 ved in 1.2 rol assay buffer 1 ike unknown sam.pl es, 

decanted directly into scintillation vial and counted by 

adding 10 rol scintillation fluid. 
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All the tubes considered for standard curve, lion-specific 

binding, maximum binding, recovery and extraction efficiency were 

previously washed with 7 ml diethyl ether to dryness in water 

bath at 40°C. 

3.4.3.3 Melatonin 

For determination of plasma melatonin, method of Arendt 

(1975) was followed. 

Melatonin tracer [N-acetyl-5-methoxy-tryptamine (3H-melato-

ninll of Dupoint, USA was used which did not bind with 

supplied by Arendtee'YSatch No. G/S/704-6483) and 

antiserum 

antiserum 

supplied by Niswender G.D.(RI05S). The results for binding have 

been given here indicating that antigen and antisera did not 

bind. Therefore. RIA of melatonin could not be done in plasma 

samples. 

(e) Experiment 1 

Different dilutions of antibody (1:8000, 1:16,000; 1:32,000) 

were tried for binding with tracer using phosphate buffer salin~ 

of 7.1 pH, tricine buffered and EDTA-PBS buffer 0.5 ml with anti­

body. The procedure of Arendt was followed. One hundred ul of 

antibody was incubated at 4°C for overnight, next day 0.1 ml of 

tracer was added to all the tubes. 

Hormone was precipitated by 0.5 ml dextran coated charcoal 

and centrifuged for 10 to 12 min at 40 C at 3,000 rpm. 

Supernatant was decanted in the scintillation vials and 5 ml 

scintillation fluid was added to t.he vials and then counts wer~ 

taken by Beckman Instruments, Inc. LS Analyser 3" . But hormone 
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was not precipitated by usiJJ9 charcoal. The re!'>1I1ls found ilre 

given below: 

Tube Dilution Counts per rni n Disintegl";ltion 

No. (cpm) per minute (dpm) 

1 Total count 7569.00 11896.00 

2 {Tel 7099.QO 11067.28 

3 6382.00 10222.31 

4 Non-specific 9680.00 15458.61 

5 binding (NSB) 9737.00 15340.44 

6 Dilution 9390.00 14979.21 
'I , , . 

H{,~~i7-7 '1:8,000 ~'l5"' 00 

8 Dilution 9642.00 15176.37 

9 1:16,000 9694 •. 00 15236.98 

10 Dilution 9609.J)0 15305.03 

11 1:32,000 10397.00 16328.43 

(b) Exper~ment 2 

Same buffer (phosphate buffer saline) was used and satur~ted 

ammonium sulphate solution was used as precipitant and other 

steps were similar to as described earlier. The results obtained 

were as follows. 
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Tube Dilution Counts per m," DisihtetJ1"ation 
No. (cpm) per minute (dpm) 

1 Total count 1067 1672.36 
2 (TC) 873 1389.09 

3 Non-specific 1175 1831.76 
4 binding (NSB) 1063 1663.35 

5 Dilution 1296 2018.72 
6 1:8,000 1404 2170.94 

7 Dilution 1197 1911.30 
8 1:16.000 1384 2174.77 

9 Dilution 1608 2494.79 
10 1:32,000 1212 1934.64 

Ie) Experiment 3 

EDTA buffer was used in place of tricine, EDTA/PBS buffer 
keeping other steps similar. 

Tube Dilution Counts per min Disintegration 
No. (cpm) per minute (dpm) 

1 Total count 1067 1672.36 
2 (TC) 873 1389.09 

3 Non-specific 1175 1831.76 
4 binding (NSB) 1063 1663.35 

5 Dilution 1345 2144.32 
6 1:8,000 1395 2230.92 

7 Dilution 1462 2306.46 
8 1:16,000 1352 2130.64 

9 Dilution 1482 2365.01 
10 1: 32', 000 144B 2304.36 



(d' Experiment 4 

In this attempt, tricine buffer saline was used 

precipitant was dextran coated charcoal. 

Tube 

No. 

Dilution Counts per min 

(cpm) 

Disintegration 

per minute (dpm) 
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and 

----------------------------------------------------------------
1 

2 

3 

4 

5 

6 

7 

Total count 

(TCI 

Dilution 

1:8,000 

Dilution 

1:16,000 

Dilution 

1,32.000 

6972.00 

511. 00 

448.00 

256.00 

395.00 

325.00 

288.00 

11 065.69 

819.85 

710.68 

412.48 

627.80 

516.49 

457.30 

Tricine buffer precipitated all the hormones. All these 

attempts proved futile as antiserum and tracer did not show any 

binding. RIA of melatonin in blood plasma samples collected, 

therefore, was not possible under present circumstances. 

3.5 STATISTICAL ANALYSIS 

The results for physiological responses w~re analysed for 

mean. correlation coefficient and analysis of variance· as per 

Snedeoor and Cochran (1967). 
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RESULTS 



4.0 RESULTS 

The ~resent study aimed to explQre the possibility and 

extent of use of bovine females in farming system was conducted 

on cows and buffaloes in summert winter and hot humid seasons. 

The results for the experiments involving ploughing in summer and 

winter have been presented in Tables 4.1.1 to 4.1.9, Figs. 

4.1.5.1 to 4.1.8.7 and statistical analysis in Tables 4.1.5.2, 

4.1.5.6 and 4.1.7.4. The results of the carting experiments with 

5 and 10 quintals loads have been presented in Tables 4.3.1 to 

4.3.4.5, Figs. 4.3.1.1 to 4.3.4.5 and statistical analysis in 

Tables 4.3.1.2, 4.3.1.5 and 4.3.4.2. 

4.1 PLOUGHING EXPERIMENTS 

Ploughing in the loam soil was done using a wooden plough .. 

Both dry non-pregnant (ONP) and lactating non-pregnant (LNP) cows 

and buffaloes were used for ploughing during summer and winter 

seasons. The results for work output, area ploughed, changes in 

physiological reactions, haematological. ehergy substrates and 

hormones~ etc. with their statistical analysis have been 

presented in Tables 4.1.1 to 4.1.8.5. 

4.1.1 'WORK PERFORMANCE 

The work performance of both dry non-pregnant buffaloes and 

cows during summer and winter seasons in terms-of draft output. 

speed of work during ploughing and work performed in terms of 

area ploughed have been presented in Tables 4.1.1 and 4.1.2. 



Table 4.1.1 Pover output of DIP and tIP buffaloes during saller and vinter geaSoDs 

Anilals Hame of Working Average Avenge Cost 0 Corrected SUIler Kinter 
the tool lIidth depth draft draft ---._ ... _----....... _--------------- ---.------------.. -.. __ .. _--------

(em) Ikgl Ikgl Ikgl Average Area Avenge Average Average Area A~era~e Average 
~orking covered ~peed pOller vorking cClvered speed pover 
time Ih.1 Ik'lhl output tillie Ih.1 Ih/hl output 
(mim) !hI Ihpl (Iiol HI Ihpl 

DR! HOH-PREOIAl! 

I DeBi 18 1I 25 0.'04 22.60 5) 0.252 ).26 0.59 50 1.205 3.06 0.18 
plough 

II -do- 18 21 25 o.m n.29 45 o.m 2.60 0.11 50 I. II) ).06 0.49 
III -do- 18 21 IS 0.882 21.05 SO 0.1Il 3.51 0.55 " 0.195 2.52 0.40 

IV -do- 18 11 25 o.m n.1l 53 0.244 3.2) 0.40 51 1.179 2.52 O.ll , -do- 18 21 25 o.m 21.n 58 o.m 2.'1 0.49 51 0.221 3.06 8.48 

averal I 0.891 22.35 52 0.262 ).11 8.49 SO 1.205 1.84 0.44 
average +0.004 10.09 ~O.O2 ~O.O30 +0.15 +0.04 1D,04 +UOS 10.13 ~O.22 

- -

L!C!AfIHG BONIlEGR!HI 

I Desi 18 21 25 0.888 n.19 53 0.1I8 ).06 0.39 58 0.267 3.18 0.52 
plClug~ 

II -do- 18 11 25 0.904 22.60 4l o.m 3.00 0.45 51 1.232 2.84 0.48 

III -do- 18 21 25 0.888 22.01 IS 0.101 2.81 0.40 58 1.262 3.18 0.51 

IV -do· 18 11 25 0.900 2l.J8 n 0.116 2.12 0.45 61 I.m 2.84 0.47 
V . -do- 18 II 15 0.882 2U5 45 0.1Il 3.00 0.55 61 1.132 2.81 0.48 

Overall o.m 22.21 46 0.224 U3 0.45 60 0.215 1.98 0-49 
3.'ftraqe '0.004 .UI .1.00 ~UIl '0.13 '0.03 '0.01 '0.068 :U8 :0.01 - -

--------



Table 4.1.2 POller output of DIP and bliP COliS dtlriD9 saller and vinler senon& 

ADiDals Hallie of Working Avera9~ Average Cost 0 Corrected Sumler 'IIinler 
the too] width deptn draft .draft ._-------_.------------------------- -------------._._-----------_._---

[CI) [CID) Ikgl Ikgl Average Am Average Average Average Am Average Average 
ilorking covered speed power ilorking covered speed pOller 
tile Ib, I Ihlhl ClUtput tile Ih" Ik./nl output 
fllini 6 bl ,"pi (illin) 6 hi Ihpl 

------------------------------------------------------.----------------------------------------_ .. --_._-----.------.----

DRY WO]-PREGRAJT 

Desi 18 II IS o,m no lJ 0.189 J,OO 0.61 51 0,159 3.11 0, II 
plough 

II -do- 18 1I IS 0,901 22.10 JC o.m 1,60 0,60 51 0,2\9 3.11 0,11 
III -do - 18 11 15 0,093 22.34 19 0,438 U3 0.69 10 0,116 1,69 0.44 

IV -d{l- 10 11 11 0,901 11,60 10 0,116 1.11 0.49 18 o,m 1.19 0,44 
V -do - 18 II II 0,893 12.11 19 0.300 1.11 0, II 18 0.119 3.21 0.11 

Overall 0,898 12.11 19 O. ISO 1.1] 0.51 16 0,141 1,00 O,H 
lveuge 10.002 !:O.08 !,O.OJ ,0.028 10.32 ,0.04 '0.01 10.011 +0.13 !,O.21 - -

LACTATI~G IOH-PRIGllit 

Desi 18 11 21 o.m 11.11 16 o.m 1.49 0.10 18 0.261 3.06 0.11 
plough 

II ·do- li 11 25 0.902 11.55 14 0.195 1.53 ' 0.40 15 0.101 3.98 0.62 
III -do- 18 II 25 0.911 21.71 38 0.195 1.16 0.51 51 ~, III 3.00 0.50 

IV -do- 18 II 15 0.884 11.10 31 0.271 1.12 0.56 15 0.261 1.06 0.51 
V -do- lB- II IS 0.902 11.55 13 0.1ll 1.15 0.18 53 o.m 1.98 0.50 

Overall 8,m 22.41 II 0.156 1.93 0.51 19 8.m 1.41 0.55 
.1'eta~ 'UOI !.B.ll ~o.OI '0.031 +0.11 10.06 '0.02 ,0.01l ,0.11 ~0.01 - -
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4.1.1.1 Draft power, speed of work and area ploughed 

The width of furrow cut by the plough was 18 em and average 

dep~h of operation was 21 cm~ The average draft exerted by a 

pair of working bullocks while pulling a traditional plough is 

about 50 kg, the corrected draft for individual working groups 

and work output in terms of horse power have been given in Table 

4·'·lo.l'}clll.+1... While ploughing DNP cows travelled at an average 

speed of 3.22 ~ 0.21 km/h and LNP cows at an average speed of· 

3.19 + 0.26 km/h. The speeds were 2.9B ..:!:: 0.14 km/h for DNP 

buffaloes and 2.96 + 0.03 kro/h for LNP buffaloes. 

Average area cov~red by DNP and LNP buffaloes were 0.262 , 

0.03 and 0.224 + 0.12 ha/6 h. The .speed and area plouyhed by DNP 

buffaloes was more Ulan the lactdting non-pregnant buffaloe!'; 

(Table 4.1.1) '. The average worlsk:mt:::'put of a pair of DNP and LNP 

buffaloes respectively was 0.49 !. 0.04 hp and '0.45 + 0.03 hp. 

The pe,.-formance of DNP animals in terms of work output (hpj was 

more than LNP buffaloes implying that the DNP buffaloes performed 

at higher rates than LNP. The areaS ploughed by ONP and LNP 

buffaloes during winler se<!.s{)11 WdS 0.205 _~ O.UOB and 0.245 <-

0.008 h'respectively. Average speed and horse power developed by 

the LNP buffaloes were 2.96 ~ O.OB km/h and 0.49 !:- 0.01 hp during 

winter season; the respective values for DNP buffaloes were 2.84 

+ 0.13 km/h and 0.44 ..:: 0.02 hp during summer. The average area 

ploughed by DNP cows was more during summer, being 0.35 ~ 0.028 

ha/6 h as compared to LNP cows, 0.256 .2:. 0.032 ha/6 h. Area 

plou9hed by DNP cows was on an average more£ indicating that DNP 

cows were able to travel at fast speeds and worked eff·icien,tly. 

'fhe speed and horse power developed by DNP cows. during summer 
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season were 3,"43 !. 0.32 km/h ,"lnd O.!;7 + 0.04 hp rlnli hy LNP f':O'\o\'~ 

were 2.93 .!:. 0.21 km/h and 0.51 .!.. O.TH) hp 1"f:'SfH'!et.ively. 

Area covered by DNP COWI'l .-luri.ng winte)" ~'H"'ilSnn \';;IF; t<plat:ivl"ly 

less than their performance during summer season. The average 

speed and work output during winter in DNP cows was 3.00 km!h and 

0.49 ..t 0.021 hp (Table 4.1.2). Results obtained during summer 

and wintel," seasons from the DNP and LNP buffaloes and co~s show 

thaI: cows may be able to work at a higher speed ,than the 

buffaloes. 

buffaloes. 

The cows also dev.;::loped higher output than the 

4.1.2 ENERGETIC EFFICIENCY 

Results for the experiments of ploughing for buffaloes and 

cows have been presented in Tables 4.1.1 to 4.1.9. 

DNP buffaloes while ploughing worked at an average rate of 

0.49 + 0.04- hp and produced energy at a rate of 165 ~ 0.08 Kca¥h: 

These working animals were consuming TON equivalent to 15128 ~ 

170.83 Kcal/day. since these animals were DNP, therefot"e. \-,.ter~ 

offered only maintenance ration ilnd their TDN consumption was 

3.78 + 0.04 kg_ These animals \.,:ere on an average getting feen 

which was sufficient to ma,inUd.n their body weights. The animals 

during winter worked at lower rates of 150 ~ 7.3 Kca 1 and 

consumed energy in the fOl"m of TON, 12576 !:. 65.24 Keitl/day. The 

work output of laclaliny non-pregnant buffaloes during summer wal'> 

154.60 + 3.25 Keal and 160.8 + 2.4 Keal and during wintert.:tc"l..b(a.tHY). 

The DNP cows dUJ:"ing summer \,,:ol'ked at a rate of 182.0 ..: 16.48 

Kcal with a TDN intake of 3.99 kg. During winter these animal~ 



table 4.1.3 Knern eJpeDditure and efficiellt'1 of vork in COW! aDd buffaloes 

OIn" III Corrected value Value of true: Value of ltue Re ~'p1 y'Q.1,Q>'o Bnerqey elpenditure 
in ex ~ended of elpeodeo air C02 in elpendec 02, in elpencec q~otient [eal/liDl 
air Uitles} ail (LJ • IRQ) 

~.~ ... ~ .... -.. ......... -.. ~ .... . ....... _- ..... -. ................ . ••...•......... .._-.. --_ .. ----•.. 
Before After Before After Before After Before: After Before ~fter Before Hter 
work work work lIork IIork !lork Mork vork lIork WClfk \lork \fork 

----------------------------------------------~-- --------- -----------

DK? COifS 11.27 18.51 
,o.01 10.11 

UP COlo'S 11.98 18.51 
10.1& 10.08 

DIP buffaloes 11.21 IS.C3 
+O.U '0.43 

tNI bullaloes 11.51 18.18 
'0.10 .0.22 

50.65 81.16 
!,S.29 ,S.t5 

13.'J 12.61 
!,4.H ,un 

51.10 1U2 
,4.68 '12.10 

51.39 12.56 
,5.95 '1. j7 

1.18 1.59 
!,.O.15 !,O.06 

I.n 1.68 
10.14 !,.O.ll 

1.91 1.01 
10.45 !..o.5a 

!.62 1. 11 
.O.ll ,0.1I 

SUHH!! 

1.41 1.91 0.84 0.81 
IQ.11 10.05 +O.ll 10.02 -
1.65 .1.04 0.81 0.82 

!,.O.16 !,.o.12 !,Ml !.4.?5 

1.18 2.41 0.38 0.85 
.0.41 '0.52 :0.02 .0.02 

1.11 1.19 0.86 1.15 
.O.li .O.ll .0.01 .0.11 

6.81 
~o .&1 

8.02 
!,G.n 

IU9 
,2.16 

9.41 
+0.29 

9.8J 
.0.50 

11.85 
:3.03 

U8 10.55 
:01.31 '1.67 

----------------------

Gross 
eDergetic 
efficiency 
on R~ 
basis 

2UI 
'1.18 

27.6J 
tI.16 

15.52 
,5.48 

25.85 
'2.11 



Table 4.1.4 Intake of DM and rDX during sUller aDd winter in COW! and buffaloes 

ONP buffalo 
( sUllied 

DNP buffalo 
[\linted 

LNP buffalo 
(summer) 

LNP buffJlo 
lllil'lterl 

UHP cow 
(slimmer) 

GNP COli 

{llinted 

~~p COli 

[sulllilerf 

1NP COli 

(winter) 

Body lit 

Ikgl 

519.50>lB.J5 

566.00'16.00 

501.10'11.15 

605.10·n.61 

110.10.11.41 

IB1.I00]5.B5 

11l.60'15.ll 

166.10>19.11 

Bod] ,lO.15 
Ikgl 

119.51'1.07 

116.00'1.55 

121.1I:1.7J 

11U5.5.ll 

102.64+ 3. 93 

91.10:5.95 

101.11'1.09 

100.29'1.15 

------------

TDN intake 
(k~J 

1.1B:0.01 

1.14'0.01 

4.56+0.J4 

1.17.U6 

1.19.0 .05 

3.01IU,02 

UN .01 

1.10'0.01 

OM int.Jke 
Ikgl 

10.15,0.07 

10.59.0.24 

11.51.0.10 

11.61.0.16 

1.09.0.16 

9.99.0.01 

9.5100.09 

10.01.0.11 

Energyelpended 
1"lIdl 

151IB:ilU.Bl 

12S15~ 55.11 

ImO~155.17 

11I61~IIB.15 

1J511~101.11 

12m: %.66 

15811:180.11 

16100: 78.91 

work output 
(Icall 

155.00, 0.00 

150.00' 7.10 

151.60. 1.15 

160.BO' 1.42 

i!2.00~16.10 

159.10' 6.15 

m.OO:ll.H 

1B1.80'12.1I 

Gross efficiencT 
[on TDR basis) 

26.21'1.l5 

10.00~0.00 

10.3100.15 

22.10.0.12 

ll.IJol.Ol 

11.71>1.10 

22.11>1.18 

16.51'1.01 
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produced lower work, i.e. 159.40 ~ 6.15 Keal. Lactating non-

pregnant cows during summer produced work equivalent to 156 Keal 

but output during winter was higher {lSI.S0 Real}. The respective 

'l'ON consumptions were 4.20 and 4.10 kg- The energetic efficiency 

of work output calculated from energy expended during work as 

measured from the R.Q. calculations indicated that buffaloes and 

cows worked at an average efficiency of 20 to 28 per cent with ~ 

net energetic efficiency of about 38 ~ 5.00 per cent depending on 

the speed and work output from individuals (Tables 4.1.3 and 

4.1.4) . 

4.1.3 PHYSIOLOGICAL RESPONSES 

The results for effects of ploughing on physiological 

reactions of cows and buffaloes and their statistical analysi1; 

have been presented in Tables 4.1.3.1 to 4.1.3.4 and Figs.4.1.3.1 

to 4.1.3.3. 

DUring present study. it wa~ obse-I-ved that the longer tbe 

animals worked. the higher were the body temperature. heart rat~ 

and respiration rate (Tables 4.1.3.1 to 4.1.3.4). The results 

for ploughing experiments during 5llmmer and wintf"r have been 

presented. 

4.1.3.1 Respiration rate (RR) 

The results for the changes in the respil-ation rate of DNP 

and LNP cows and buffaloes as influenced by ploughing during 

summer and winter have been presented in Table.4.1.5.1 and Fig. 

4.1.5.1 and statistical analysis in Tables 4.1.5.2· and 4.1.5.6. 



Table' 4.1.5.1 Respiration rate changes in working buffaloes and cows 
during SI.lITIrer and winter seasons 

---------~---------------

Periods Dry non-pregnant Lactating non-pregnant 

Sunrrer Winter SllIlm!!r tVintet" 

BUFFAlOES 

15.40 + 1.12 9.40 ... 0.68 21.60 ! 3.90 11.20 !: 0.37 -

69.20 + 1.77 63.00 + 3.67 76.60 + 9.05 53.40 + 8.86 - - -

Rest 1 70.80 .:!: 7.93 42.00 + 7.90 72.40 +12.23 24.80 + 3.42 -

59.80:,: 7.99 24.40 + 0.81 66.00 ;,:11.97 23.00 + 3.08 - -Rest 2 

79.nO + 6.61 72.00 + 6.79 85.60 cO 8.49 50.80 + 9.38 -EW 

o:JWS 

BW 30.00 :': 6.89 13.20 + 0.58 29.80 :': 5.65 17.00 ! 1.09 -

81.60 .: 8.45 86.80 + - 4.47 81.00 + 7.51 6L80 :!:. 9.82 

Rest 1 71.80 + 7.21 16.80 ! 1.46 67.60 + 5.48 30.20 + 3.00 - - -

Rest 2 59.40 .: 3.91 15.00 + - 1.12 66.40 !. 5.90 20.60 ! 1.47 

EW 79.00 ~ 8.36 66.00 +10.60 92.80 ~ 2.81 42.20 :!:. 8.25 

The values are mean .: SSM based on two replicates on 5 animals 



l=i~.4.1-St: RESPIRATION RATE IN WORKING BUFFALOES 
& COWS DURING SUMM ER A WINTER 

- DNP(SI -+- DNP(wl -----*-- LNP(SJ -- LNP(W' 
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ra~le 4.1.5.2 Analysis of vatiance of physiological, hae.at~logical aod hi~cbelieaJ paraleters 

Silurce of d.!. I'ftysiolo9ieal llll;s.s.) Rae1atologieal Im.s.s.l Bil)chuical ' •• s.s.) 
variation 

~~ ___ ~_~~ ____ ~_.~ __ .w.~ _____ ._. ___________ 
._----------------_._------ ~.-----------------.. ---------

RR PR RT Hb PC' Glucose Lactic acid 

ABitals m.w 8.82 1.J1u l.!2' 12.60 11 11.62 11 H.WI 
Seasons 35321.82" 159.92' 187.21 H J2.26 t1 182.41 11 2.06 n.90" 
Spede! 192.0S 1067.221\ 0.01 9.67" 117.05 11 109.50" 1.08 1 

Grollps 18o.l0' 1.12 IO.Wi 6.00J 0.41 n.71lt ilL j9tt 

Periods I I11f9.91" 2W.24H 99.35" 6.53" 79.68 H tal.96H 943.11u 

SeasollS 1 spedes I m.18 lU2 13.aQu 9.25 1i 19.85u Ul 60.55 11 

Seasons z groups I m.Il' 9.J2 0.18 1.25 51.W' o .n 10.441 
SeaSObS x periods I Im,48 tJ 10.11 LW 0.16 1.21 16.58 t1 4.13 1 

SpEcies l groups I 61.98 824.18H 17. Htl 0.09 0.41 28.1611 11.IS" 
SFecies ! periods I 601.12' H.16 2.S)!! 0.32 0.61 1.18 0.12 
Groups I periuds I I56.W G9.n 0.11 UJ U2 0.08 ;,481 
Seasons I species I I 524.88 159.28 0.99 0.08 6.13 5.ll ~5.4J" 

qroups 
Seasons J species 1 111.82 48.02 0.61 o .f2 0.88 2.81 1.11 

periods 
Sea!ons x groups ~ H9.01 11.81 0.62 0.11 0.61 UI UI 

periods 
SFecies i groups x 4 l18.12 23.81 1.72u 0.~8 o .l9 n,52 :,16 

periods 

All ef(ects 121.82 9~. 54 O. f9 0.08 0.44 \.SO 1.58 

Error f56 101.11 50.10 0.1I 8.42 2.49 1.16 1.10 

-----------

t p ( n.05: II p ( 0.61 
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Ploughing increased respiration raLe (PRJ of DNP and LNP 

buffaloes and cows in summer and winter. DUring summer. the pl-e­

work mean RR of',DNP and LNP bufrillor~s, respecLively \,,(!rc 15.40 

1.12 and 21.60 + 3.90/min which jn':t""'.'~H:ied to fi9.:.!n + 1.77 and 

76.60 ~ 9.05 after work. The rest pause of 2 h after first phase 

of work decreased RR to 59.80 .::. 7.99 eind 66.00 + 11.97. Second 

phase of work raised RR to 79.00 ~ G.Gl and 86.60 ~ 8.49 in DNP 

and LNP buffaloes respectively over the rest pause respiration 

values (Table 4.1.5.1). The increage in RR over pre-work value 

was 349.35 per cent irA DNP buffaloes and 254.63 per cent in LNP 

buffaloes, 

The pre-work average values for RR in DNP and LNP <:O\o,'S 

respectively were 30.00 .:t 6.89 and 29.80 .!. 5.65 during !nunroer-. 

Ploughing increased RR to Bl.60 ~ 8.45 and 81.00 + 7.S1 in D~P 

and -LNP cows. The rest pause of 2 h decreased RR to 27.21 and 

18.02 per cent in DNP and LNP cows, respectively. The decline in 

RR o.f DNP was faster than LNP co\vs. Further' worf{ after 2 h rest 

raised RR to 79.00 ~ 8.36 and 92.80 ~ 2.81/min in ONP and LNP­

cows. The ma9nitude of increase after second work was lower as 

compared to the first work phase but the absolute average ~alues 

were higher (Table 4.1.5.1). 

During winter, the average pre-work RR values were lower 

than the summer in both of the groups. Cows had higher values of 

RR not only at pre-work hut also at post-work periods. ih~ pre­

work mean values of RR were 9.40 and 11.20 in DNP and LNP 

buffaloes during 

mean of 63.00 + 

winter season. The rise after work was 

3.67 and 53.40 + 8.86/min in DNP and 

to a 

LNP 

buffaloes. During rest, RR decreased to 24.40 + '0.81 and 23.00 ~ 

3.08 in DNP and LNP buffaloes respectively. The per cent 

increase after first work was 510.21 and 376.79 in" DNP and LNP 
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buffaloes. Second round of ploughing increased RR but the 

changes were almost similar to that observed during first phase. 

The pre-work values of RR during lv-inter were 13.20 .:: 0.58 

and 17.00 ~ 1.09/min in DNP and LNP cows, respectively (Table 

4.1.5.1). The respective per cent increase in RR due to \.;ork was 

557.58 and 263.53 in DNP and LNP Cb1.\'s. The increase in RR of DNP 

cows was higher than LNP cows. Two hOUl"S rest decreased RR to 

almost pre-work levels in both the groups of cows. S~cond period 

of work increased RR to 66.60 + 10.60 and 42.20 ~ 8.25/min in DNP 

and LNP COws, respectively. 

The correlation coefficient of RR with pulse rate (r = 0.56) 

and rectal temperature (r '" 0.77) indicated a significant ( P (, 

O.Oll correlation implying that .RR is influenced by pulse "ate 

and rectal temperature during work. RR was negatively correlated 

(p < O.()l) to Hct l.l",~.41) and glucose (J.' : .... 0.33). 

~nalysis of variance of RR indicates that season had 

significant IP < 0.01] effect on the RR. RR a160 varied signifi­

cantly (P < O.Ol) at different periods and interaction of ~eason 

x groups, season x periods, and breed x period also had 

significant effect {P ( 0.01) on the RR. 

4.1.3.2 Pulse rate (PR) 

During summer. the pre-work mean PR of DNP and LNP b~ffaloes 

were 69460 + 2.61 and 69.80 + 3.49/min respectively which 

increased to 90.80 ~ 2.98 and 90.20 ~ 3.11 after work (Table 

4.1.5.3). The per cent increase of PR over pre-work was 30.46 

and 29.23 in DNP and LNP buffaloes (Fig. 4.1.5.;;2-). The magnitude 

of increase due to work was similar in both the groups. The rest 
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OI 2 h decreased pulse to 82.00 ~ 2.95/min in DNP buffaloes and 

79.80 + 1.59/min in LNP buffaloes. Further work after rest 

raised pulse to 91.20 ~ 1.59 and 82.80 ~ 3.44/min in DNP and LNP 

buffaloes, respectively. During:2 h rest period, PR decreased 

and exhibited almost similar changes in both the groups. 

The pre-work mean values of PR during SUmmel" in DNP a.nd LNP 

cows were 77.00..:. 3.90 and 73.80 t 3.23/tnin l·espectively. The 

pre-work means were highet· in DNP and LNP cows than the 

buffaloes during summer (Table 4.1.5.3). The PH i.ncreased to 

respective values of 92.00 + 2.94 and 91.40 + 3.87fmin after 

work. The magnitude of incre;UH": It! pulse due tu work was 8101.,- in 

cows than buffaloes in h,)th the groups. The rest of 2 h 

decreased pulse by 12.39 pel' cent in ONP and 14.07 per cent in 

LNP froIn their post-work PRo Th", dt~r'lint".1n PH of LNP was tastel" 

than DNP cows. Second work period raised PR to 86.00 :: 3.11 and 

97.20.!.. 3.38/min in DNP and LNP C"ows ,respectively. The magnitude 

of increase in PR after secnnd work ~'as lower a", compared trJ the 

first work phase but the absolute a.veragr~ values were higher 

(Table 4.1.5.3), 

During winter the pre-work mean values of .t?ulse were 71.80.:. 

2.29 and 60.QO ~ O.95/min in ONP and LNP buffaloes. The increase 

in the PR due to work was to R9.2D ~ 2.91 ~nJ 81.20 ~ 5.20/min in 

DNP and LNP buffaloes. The increase in the PR due to work ,,'as 

limited to 35.33 per cent in LNP cows and 24.23 per cent in DNP 

cows. Afte~ rest, PR decreased to 74.20 + 1.74/min in DNP 

buffaloes and 74.60 ~ 3.36 in LNP buffaloes. Second round of 

plo~9hing increa$ed PR to 88.40 + 3.72/min in DNP and 84.20 

2.53 in LNP buffaloes. 



Table 4.1.5.3 Pulse rate changes in buffaloes and cows during summer and 
winter seasons 

Periods Dry non-pregnant Lactating non-pregnant 

Winter Suntrer Winter 

BUFFAlDES 

I3W 69.60 + 2.61 71.80 ~ 2.29 69.80 + 3.49 60.00 + 0.95 

90.80 1: 2.98 69.20 1: 2.6l 90.20 + 3.ll 81.20 + 5.20 

Rest 1 

Rest 2 

EW 

cn<s 

BW 77.00 ~ 3.90 72.60 + 2.65 73.80 1: 3.23 75.00 + 3.11 -

AW 92.00 + 2.94 92.20 + 5.06 91.40 + 3.87 96.20 + 1.02 -

Rest 1 66.60 • 3.43 79.40 + 3.76 86.60 ! 2.63 67.00 + 2.66 _. - -

Rest 2 60.60 + 1.88 72.20 + 2.50 86.001:1.92 63.60 + 4.12 - -

EW 86.00 + 3.11 90.20 + 3.81 - 97.20 + 3.38 93.00 + 1.58 - -

The values are the mean + SEM based on two replicat.es on 5 an.:4nals 



Fi9_~_1.S"_Z: PULSE RATE IN WORKING BUFFALOES & 
COWS DURING SUMMER & WINTER 

- DNP(S) ---1- DNP(W) --*- LNP(S) -H- LNP(W) 
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The pre-work mean values of PR during wint~r in DNP and LNP 

cows have been presented in Trlhle 4.1.5.3. The pre-work mean 

valuel3 were 72.60 ~ 2.65 and 75.001:. 3.11/min in DN? and LNP 

cows, respectively. Work increased pulse to an average value of 

92.20 ~ 5.06 and 98.20 ~ 1.20/min indicating respective increase 

of 27.0 and. 31.0 per cent in DNP and LNP cows. Two hours rest: 

decreased pulse to near normal pre-work values (Table 4.1.5.3). 

The correlation coefficient analysis of PR indicated a 

si9nificant (P < 0.01) positiv~ correlation with PR (e 0.56) 

and RT (r = 0.77i. PR waS negatively correlated (P < 0.011 with 

Rb, Het and glucose (r ~-O.33). 

Analysis of variance of PR indicates that pulse rate was 

significantly affected hy s~ason {P < O.OS}, and species and 

periods (P < 0.01). The interaction of species x 9~'oups had also 

signif icant (P < 0.01) ef feet on the. PJ.3:. 

4.1.3.3 'Thermoregulatory changes 

The results for changes in n~etal temp€ri:iLut"e (RT) of DNP 

and LNP buffaloes and cows during Summel" and Io.'inter have been 

presented in Table 4.1.5.4 and Pig. 4.1.5.3. Tile statistical 

analysis in terms of correlC!.tion coeffici~nt and analysis of 

variance have been presented in Tables 4.1.5.6 and 4.1..5.2. 

The rectal temperature (DCl of experimental animals ranged 

from 37.1 to 41.0o C during winter season in working cows and 

buffaloes •. 

to 

The rectal temperature «(.JCl during summer ranged from 38.2 

o 42.2 C. in buffaloes and 38.7 to 42.1
o

C in cows with a pre-



Table 4.1.5.4 Rectal temperature (DC) changes in working buffaloes and 
CQ\o,/S during surm-er and winter seasons 

Periods Dry non-pregnant Lactating non-pregnant 

Surrtner winter Surrtner Winter 

BUFFALOES 

BW 38.50 + 0.15 37.41 + 0.13 38.16 ... 0.15 37.78 • 0.10 - -

41.01 + 0.25 40.36 + 0.28 40.78 + 0.14 40.32 + 0.19 - - -

Rest 1 40.55 !. 0.38 39.76 + 0.23 40.56 + 0.17 39.90 + 0.18 - -

Rest 2 40.15 ! 0.47 39.39 + 0.18 39.99 -! 0.19 39.10 + 0.19 

40.56 + 0.37 40.12 + 0.19 40.64 ! 0.28 39.75 ~ 0.20 

o::ms 

BW 39.11 + 0.06 37. 92 ~ 0.14 39.13 .!: 0.21 38.20. + 0.07 

AI< 40.83 + 0.23 39.62 ~ 0.07 41.29 + 0.15 40.13 + 0.19 -

Rest 1 40.21 + 0.09 38.88 + 
-

0.06 41.09 .!: 0.14 39:49 + 0.14 -

Rest 2 39.79 :!. 0.17 38.59 .!. 0.14 40.94 -l 0.12 39.04 ! 0.09 

lIE 40.69 ! 0.27 39.40 ! O.OB 41. 7B + 0.11 39.74 + 0.15 -



I=i'j' ~.\5.!: RECTAL TEMPERATURE IN WORKINO BUFFALOES 
& COWS DURING SUMMER & WINTER 

-- DNP(S) --\- DNPIW) -.- LNP(S) --<>-- LNP(W) 
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Table 4.1.5.6 Oyerall correhtion ('oefficient between RR, PR, RT, Rb, pev, gli!(!ose 
and lactic ~cid durin.g plou~hin~ etperillu!:!ll 

Par~meler RR PR RT Hb 

Respiration 1.00 
rale/lDin 

Pulse/.in 6,56H
. 1.00 

Rectal temp. 0.77" 
(oCI 

o .~1' I I. 00 

Haelloglobin -O.49~ -0.40H -0.49 t 1.00 
1\1 

Haellatocrit -0.S51t ·O.WI -O.S8t! 0.8JIt 1.00 
1\1 

Glucos~ 
(.q/ll] ) 

Lactic 3('id 
l.ql.1I 

-O.32tt -O.W' -0.291t O.22t1 0.26 11 

Glu('ose Ladic 
acid 

I. 00 

---~-;...-----~---------~~--------------------------------------------------

It P (0.01; • p ( fj.n~ 
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exerci,se mean of 39.11 + a.06oe and 39.13 During 

summer, the respective pre-work mean RT of DNP and LNP buffaloes 

were 38.50 + 0.15 and 38.16 ~ O.15f)respectively. Work increased 

RT of DNP and LNP buffaloes and cows in sUltlm.er: and wint.er 

seasons. The RT after work increased to 41.01 + O.2S o c and 

40.78 ~ O.14°c in DNP and LNP buffaloes. The increase in RT due 

to work was 2.51o C and 2.62 o C in LNP and DNP buffaloes, 

respectively. The average heat slorage in DNP and LNP buffaloes 

during summer respectively wee 73.15 + 7.09 and 73.50 + 5.36 

kJ/min after first phase of \ ... ork. Rest pause of 1 h had no 

effect on the RT and RT remained almost at same levels in most 

animals, but rest period of 2 h decl-eased RT to 40.15.: 0.47 and 

39.99 + 0.190 C in DNP and LNP buffaloes. Two hours of l"est was 

not sufficient to bring down the body temperature in summer. 

Further work after rest raised n1' to 40.56 t O.37 uC arId 40.64 

0.2SoC in DNP and LNP buffaloes, resp~ctively. The heat storage 

in terms of kJ/roin were 7B.37 ~ 10.59 and o 67.44 + 5.24 in DNP an~ 

LNP buffaloes after second phase of work. 

The pre-work mean values ()f RT duro"ing summer in DNP and LNP 

cows were 39.11 + 0.06 and 39.13 + 0.21 respectively. The 

average initial RT was almost similar tn both tbe yrou[Js 

4.1.5.4' as compared to RT of DNP and LNP. After work, the RT °of 

DNP and LNP cows in summer illf.'l"r.·a~'wd ") 40.83 ! 11.:.!:~.c"J(' ':)'fld 41.~9 

~ O.150 C respectively. h
' ~. 0 

T e lnccese in RT over , pre-w(.)!·k values 

was 1.72 and 2.16 D C in DNP and LNP CD)¢ and the heat storage of 

these animals w~-- 44.67 ~ 2.43 and 56.77 ..:!:. 3.61 kJ/min dut"ing 

summer season. The rest period of 1 h resulted ill lowering of RT 

of DNP and LNP cows to 40.21 ~ 0.09 and 41.09 

respectively. After another hour of rest, the decline in RT Df 

DNP cows was much greater than thr-: LNP cows -he.lng 39.79 0.17 

and 40.94 + O.12 o C. The RT of LNP CQWS remained ma.rkedly higher 
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than the DNP cows being at the levels of 4t.78 ~ 0.11 and 40.69 ~ 

0.27 respectively. The heat storage after second phase of work 

was higher (69.92 + 6.76 kJ/min} in LNP than in DNP cows (43.04 + 

8.23 kJ/min). 

During winter. the mean RT of DNP and LNP buffaloes was less 

than the summer RT and rem~ined at lower levels after work. 

Aftp.r 1 h of reat:, the mean RT "f DNP ;.Hld LNP l)urralof:!s W<'l8 3q~76 

+ 0.23 and 39.90 ~ O.laoe respectively. Another 11 of rest 

decreased RT in both the groups. At the end of the work, the 

mean RT values were 40.12 + 0.19 and 39.752:. O.O:!O in DNP and LNP 

buffaloes, respectively. The increment in RT oVer pre-work 

levels was 2.71 o C in ONP and 1.97o C in LNP buffdloes during 

winter aLter second phase of work. The heat storage in DNP was 

higher (88.32 -.!: 3.94 k.J/min' 'Hi ,·olul'dn·,f to I.NP (71. 7fi 

kJ/min) buffaloes. When heat loads were par-tioned to eliminate 

effects of ambient conditions. heal ~torage due t.o work effects 

was 53.Gl'!. 0.36 kJ/min in DNP CONS and '102.03..:. 46.72 kJ/min 'in 

DNP buffaloes. The respective figures for heat loads in LNP 

cattle and buffa'loes due to work were 136.98 + 77.78 kJ/~and 

105.60 kf~durin9 summer. The heat loads during winter were lower 

than observed during summer in cows and buffaloes. 

In winter, the mean RT of ONP and LNP cows were :n.92 + 0.14 -
and 38.20 , O.07°C respectively. The increasP.' ill RT of the two 

-

groups was 1.70 and 1. 93 0 c aft.er first phase of work in DNP and 

LNP cows respectively. The heat stored by the DNP cows was lower 

46.19 + 6.48 kJ/min than heat stored by LNP'52.19 + 5.72 kJ/min 

during winter season. After 2 h of rest, the'mean decline in RT 

of DNP and LNP cows was 1.20 and 1.030C which increased by 2.66
o

C 

and 1.090C at the end of the work in DNP ~nd LNP cows· 

respectively. 



Table 4.1.5.5 Heat storage O{.]/min) by working DNP and. :uqp buffaloes and 
cows during different seasons 

Body weight Sumrer Body weight Winter 
(kg) -------------------- (kg) ------------------

I II I II 

BUFFALOES 
DNP 

572.4 73.15 80.05 566.0 96.31 88.32 
.!17.7 +7.09 +0.36 .!,17.0 +6.07 +3.94 

INP 

587.2 73.50 67.47 619.4 92.10 71.76 
.!34.9 .!S.36 .!.5.24 !:36.7 !:10.07 +9.00 

DNP 

469.0 44.67 43.04 464.4 46.19 40.35 
!32.1 .:1:2 •43 +8.23 ~35.2· !6.4B +6.82 

LNP 

457.6 56.77 69.92 462.0 52.19 40.54 
+19.9 .:':3.61 +6.78 .!,2l.2 .!,5.72 !:2.59 

The values are the mean .!, SEM based on two replicates on 5 animals 

Heat storage OW-/min) by DNP cows and buffaloes at loads I and II 

Body 
weight 
(kg) 

569.3 
+13.B 

Load I Load II 

I II I II 

102.15 103.48 B7.37 72.17 
.:!:16.37 !. 9.79 .,!11.56 +16.07 

[]ody 
,,'eight 
(kg) Load r wad II 

I 

449.5 62.06 
;32.9 ~8.63 

II I II 

66.81 47.34 55.17 
~7.20 +11.32 ~10.76 

The values are the means + SEl-I based on two replicates on 4 ani.m3ls 
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The fluctuations in RT \-;ere highly cOl'['elab~n to RR (r = 

0.77) and PR (r ~ 0.61) in both cows and buffaloes (P < 0..0.11 • 

SimilarlYr positive correlation (0.57) was reearded between RT 

and lactic acid corrt:"lation (P < D.Oll. 

correlated to Hb in the blood (r = -0.15). 

RT was negatively 

Highly significant 

negative correlation was noted between RT and Het (r = -0.431. 

Similar trend was noted for glucose also. 

4.1.4 HAEMATOLOGY 

The results for haernatology in terms of haemoglobin and 

haematocrit for DNP and LNP buffaloes and cows during summer and 

winter, their analysis have been presented in Tables 4.1.61 and 

4.1.6.2, Figs. 4.1.6.1 and 4.1.6.2 and their statistical 

analysis in Tables 4.1.5.2 and 4.1.5.6. 

4.1.4.1 HAEMOGLOBIN 

,The result!! for haemoglobin (Ab) content of blood for 

different groups and seasons are vresented in Fig. 4.1.6.1, Table 

4.1.6.1 and st~tistical analysis in Tables 4.1.5.2 and 4.1.5.6. 

Ploughing slighty decreased haemoglobin (Hb) content in DNP 

and LNP buffaloes and cows. During sutnmer·, th~ pre-wot"k mean Hb 

content of ONP and LNP buffaloes re~pectively were 1.1.98 ~ 0.16 

and 11.66! 0.19 per cent. The d~crease in Hb content occurred 

due to work and the mean values wp.re 11.62 • 0.07 and 11.26 + 

0.19 per cent, respectively for DNp alld LNP buffaloes. The rest 

pause of 2 hMo.":I not enough to brlnq h.1Ck the Hb (.-ont.ent to nannal 

levels. Another period of wod< art,el" rest further decreased Hb 

in LNP and ONP buffaloes during !,;lImmer season (Ta.Ll~ 4.l.6.11. 



Table 4. J.. 6.1 Haemoglobin {g % 1 changes in working buffaloes and cows 
during summer and winter seasons 

Periods Dry non-pregnant Lactating non-p~egnant 
-------------------------- ----------------------------

Sumner Winter Sunn-er Winter 

BUFFAIJJES 

BW 11.9B + 0.16 12.00 + 0.20 11.66 + 0.19 12.20 + 0.13 - - -

AW 11.62 + 0.07 11.34 + 0.29 11.26 + 0.19 11.16 + 0.27 - -

Rest 1 11.24 + 0.23 11.18 + - 0.35 11.10 • 0.21 11.42 .:: 0.26 -

RestZ 11.30 + 0.29 10.76 + 0.45 11.16 + 0.22 11.58 + 0.23 - - -

EW 10.40 • 0.14 10.60 + 0.37 10.60 • 0.17 10.74 + 0.22 - - - -

ro'IS 

BW 10.88 + - 0.20 11. 70 ~ 0.32 10.94 + 0.28 10.72 • 0.19 -

AW 10.52 + 0.21 11. 26 + 0.33 10.32 • 0.35 11.06 + 0.40 -

Rest 1 10.38 • 0.21 11.12 + 0.36 10.08 + 0.43 11.48 • 0.40 
-

Rest 2 10.50 + 0.91 11.24 + 0.37 10.22 ~ 0.50 1l.54 + 0.32 
-

9.96 • 0.13 10.72 +- 0.45 9.88 + 0.43 10.84 + 0.34 --

The values are the mean .:: SEM based on two replicates on 5 animals 
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The prf~-work mean values of tlb 1.-0 DNf' and t.NP buffaloes 

during winter season Wf2crtt 11.00 , 0.20 iilHl 12.20 .!.. (I~13 Y pel' 

cent .. Th~ mean Hb content during wint.er was higher than summer 

in both the groups of buffaloe~ (Table 4.1.6.1) which decreased 

to 11.34 "" 0.29 and 11.16 .:!.. 0.27 per cent in DNP and LNP 

buffaloes after work. The rest pause or 2 II slighlly increaged 

the Hb content and mean values were 11.58 + 0.23 in LNP 

buffaloes, but in case of DNP buffaloes the trend was reverse. 

The absolute mean values of Hb content aiter sec-and pause of "'-'ark 

was slightly higher during winter season than summer season in 

both the groups of buffaloes. 

The pre-work mean values of Hb in cows in both of the 

grou·ps, i.e., DNP and LNP during summer and winter were slightly 

lower than buffaloes. The pre-work mean values of Hb during 

summer were 10.88 ~ 0.20 and 10.94 + 0.28 9 per cent in DNP and 

LNP cows, respectively. Ploughing decreased Hb to 10.52 + 0.21 

and 10.32 ~ 0.35 9 per cent in DNP and LN~ cows. After 2 h rest 

pause, the Hb further decreased to the level of 10.50 + 0.19 in 

DNP and 10.22 ~ 0.50 9 in I,NI? cows, respectively. ub in working 

DNP and LNP cows further decreased, due to second pause of work, 

to 9.96 ~ 0.13 and 9.88 ~ 0.43 9 in DNp and LNP cows. 

The mean Hb content dllr.ing winter was higher than summer 

season in both 0 the groups of cows. The pre-work mean values 

were 11.70 + 0.32 and 11.72 ~ 0.19 9 in DNP and LNP cows, 

respectively, which decreased to 11.26 + 0.33 and 11.06 ~ 0.40 9 

after work in DNP and LNP cows. Rest pause of 2 h increased Hb 

levels to 11.54 9 in LNP cO\ ... s but in ONP cows the HB decreased 

slightly to 11.24 + ().37 g. Further work after ·rest· pause 

decreased Hb to 10.72 ... 0.45 and 10.84 + 0.34 9 per cent in DNP 

and LNP cows. Statistical an~lysis in terms of analysis of 
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variance shows that Hb varied significantly (P ( 0.011 ar.Jong 

seasons, groups, species and periods and interaction of seasons x 

species alMO had 

uegative correlation (P < O.Oll with RR (r = -0.49), 

-0.50) and RT (r = -0.49). 

4.1.4.2 "aematocrit 

.. 
PR (r = 

The results for the effects of work on haematocrit (Hct) of 

cows and buffaloes during SUmmel" and \"inter have been presented 

in Table 4.1.6.2. Fig. 4.1.6.2 and statsitical analysis in terms 

of correlation coefficient and analysis of variance in Tables 

4.1.5.6 and 4.1.5.2. 

Ploughing decreased Het Qf DNP and LNP buffa10es and cows 

during summer and winter. During summer, the pre-work mean Hct 

of DNP and LN~ buffaloes respectively -were 35.60 + 0.75 and 35.20 

+ 0.66 which ci6creased to 34.20.: 0.37 and 33.40 -t. O.Bl after 

work. The Hct decreased in DNP aud LNP buffaloes after 2 h rest 

to 32.40. Furth@r work decreased Hct to 31.60 + 0.60 and 30.80 • 

0.58 in DNP and LNP buffaloes, respectively. 

During summer, the pre-work mean values for Bet in DNP and 

LNP cows were lower than i.n buffaloes. The pre-wurk me-<l.n Bet [or 

DNP and LNP cows during summer were 34.00 ~ 0.55 and 32.20 ~ 0.66 

per cent, respectively. The rest pause of 2 h helped in 

regaining of Hct to the original levels of 32.00 + 0.32 and 29.80 

..:!:. 1.11 in DNP and LNP cows. Work after rest further lowered Hct 

to 29.20 ..!. 0.66 and 20.80 ..:!:. 0.97, l'espectively in DNP <:'lnd LNP 

cows during summer. 



Table 4.1.6.2 Haeroatocrit (\) changes in oorking buffaloes and cows during 
summer and winter seasons 

Periods Dry non-pregnant Lactating non-pregnant 

Sunmer Winter Sll!ll1ler Winter 

BUFFALOES 

BW 35.60 + 0.75 36.20 + 0.66 - 35.20 + 0.66 36.60 + 0.51 - -
34.20 :!: 0.37 34.20 + 1.07 33.40 :!: 0.81 34.20 + 0.58 - -

Rest 1 33.20 + 0.86 33.60 + 0.B1 32.20 ~ 0.66 34.80 + 0.80 

Rest 2 32.40 + 0.6S 35.00 + 1.67 32.40 + 0.68 35.20 + 0.50 - -

31.60 + 0.60 32.20 :!: 0.66 30.80 + 0.58 33.00 4- 0.63 - -

CU"IS 

BW 34.00.: 0.55 35.20 ~ 0.66 32.20 :!: 0.66 36.00 + 0.45 

I>.W 31.60 + 0.81 32.80 + 0.86 30.40 + 0.81 33.60 + 0.40 

Rest 1 31. 20 ~ 0.73 32.40 .: 0.98 29.60 .:: 0.67 34.40 + 0.93 

Rest 2 32.00 + 0.32 32.80 + 0.97 29.80 :!:- 1.11 34.40 + 0.81 

29.20 + 0.66 31.20 + 0.80 28.80! 0.97 32.20 + 0.66 -

The values are the mean + SEM based on two replicates on 5 an~ls 



~1~.4.l..C:1:. HAEMATOCRIT· (%) IN WORKtNG BUFFALOES AND COWS 
DURING DIFFERENT .s (;ASoN.s 

-ONP(S) -+-- ONP(W) -*- LNP(S) ......g.- LNP(W) 

Hot C\J BUFFALOES 
as 

.a 

•• 
3. 

30 

2S 
f 2 3 • " 

H"c~t~(':.~I __________ ~C~Q~W~S~ _________________ ___ 
'Sr 

36 

L __ -~---------"~--7----··-··-----
.2B1 .2 3 4 5 



80 

The pre-work mea.n values of Het were higher in bu£faloes 

during winter than summer. The initial values of Hct were 36.20 

+ 0.66 and 36.60 ~ 0.51 in DNP and LNP buffaloes. Ploughing 

decreased Ret to 34.20 ... 1.07 and 34.20 ~ 0.58 per cent in DNP 

and LNP buffaloes. The Hct remained at these low levels even 

after 2 h of rest period. Further wOl-k decreased the Ret to 

lower values of 32.20 + 0.66 in ONP and 3a.SO + 0.68 in LNP 

butfaloes, respectively. 

The pre-work mean values of lIet during winter \oJe:re 35.20 "I-

0.66 and 36.00 ... 0.45 in DNP alld "Nfl ("ows. Ploughing drc-reasC?t1 

Het to 32.80 + 0.86 and 33.60 ~ 0.40 in DNP and LNP cows, 

respectively. Hct remained at these levels even after a rf"'Rt. 

pause of 2 h. Het decreased to 31.20 ~ 0.80 and 32.20 ~ 0.66 per 

cent in DNP and LNP cows after second paus~ of work. Analysis of. 

variance showed that Hct differ signIficantly between animals, 

seasons, periods and interaction of seasons x species and seasons 

x groups also have significant effect. 'Hct showed a negative 

correlatidn with RR Ir '" -0.55), PR (r '" -0.50) and RT (r = 

-0.5S). 

4.1.4.3 Plasma volume changes 

The results for the plasma volume changes in DNP and LNP 

buffaloes: and cows during summer and winter, after "first and 

second period of work have been presented in Table 4.1.6.3. 

The plasma volume changes in LNP buffaloes wag pronounced 

than DNP buffaloes during summer. The plasma volume changed due 

to work to a mean value of 5.99 + 1.10 per cent in DNP and 6.34 ~ 

0.96 per cent in LNP buffaloes. The mean values' of plasma 

changes were 22.93 + 1.90 and 20.39 ~ 4.18 per cent in DNP and 



Table 4.1.6.3 plasma. volune changes (%) in working animals during 
ploughing and carting experiments 

Periods 
between 

B\'I-AW 

BE-E,W 

8W-AW 

BE-AW 

Periods 

BE-AE 

BE-Em 

BE-last 

Dry non-pregnant lactating non-pregrlant 
-------------------------- ----------------------------

Surrroer Winter Sumner Winter 

BUFFAIDES 

5.99 + 1.10 9.39 + 2.97 6.34 .:': 0.96 13.59 + 3.62 

22.93 + 1.90 20.86 + 4.04 17.57 • 2.39 20.39 + 4.18 

7.23 + 1.70 7.33 + 0.88 8.79 .! 1.73 10.35 .. 3.11 

16.00 + 2.80 14.17 + 2.56 16.72 ~ 3.36 14.B8 .. 3.::!O 

---------
Dry non-pregnant Lactating nOI1-pregllallt 

-------------------------- ----------------------------
5 gtls 10 gtls 5 gtls 10 gtls 

10.57 + 1.34 8.57 + 1.05 10.58 + 1.28 8.90 + 2.85 - -

21.05 + 5.08 10.44 + 2.57 15.33 + 2.81 13.30 • 2.80_ -

7.62 + 4.12 10.33 + 0.10 11.27 + 2.79 4.69 + 0.63 - - - -
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LNP buffaloes during winter. Plasma volume changes in LNP 

buffaloes and cows during summer and winter were mor~ as compared 

to DNP buffaloes and cows <Table 4.1.6.3), 

The mean plasma volume change in DNP cows, during summer 

after first phase of work, was 7.23 ~ 1.70 per cent ;~nd 8.79 + 

1.73 per cent. Changes in plasma volume after second period of 

work were 16.00 ~ 2.80 and 16.72 per cent in DNP and LNP cows 

duriho:f summer season. Post9re st Nork effects were more prominent 

in plasma volume. The mean plasma volume changes in DNP and LNP 

buffaloes during winter were to th@ levels of 9.39 ~ 2.97 and 

13.59 ~ 3.62 per cent. respectiveJy. After a rest period ot 2 II, 

plasma volume was still higher· than Lhe pre-work levels aud 

further work, after resl, e]evat~rl ttlP plasma volulne to 20.86 

4.04 in DNP and 20.39 pel' cent jrl J,NP l'lIff~~l,ws:, 

After first round of work, the pJ,1.sma volumr..o change was 7.33 

+ 0.88 per cent and 10.35 ~ 3.11 pel" cent in ONP alld LNP cows 

during winter season4 

4.1.5 ENERG~ SUBSTRATES 

The results for energy substrates and their statistical 

analysis have been presented in Tables 4.1.7.1 to 4.1.7.3 and 

Figs. 441.7.1 to 4.1.7.3. 

4.1.5.1 Blood glucose 

The glucose concentration before onset of work showed much 

variations in both buffaloes and cows. The results for the 

changes in the glucose concentrations of DNP and LNP buffaloes 

and cows during summer and ldnLel' have been presented in Table 
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4.1.7.1 and Fig. 4.1.7.1. The statistical analysis also 

presented in Tables 4.1.5.2 and 4.1.5.6. 

Due to ploughing, a slight decrease in the glucose concen­

tration was observed in all the working animals during both the 

seasons. The per cent change in hlood glucose concentration due 

to work was less (-2.Bl%) in DNP buffaloes during summer than 

(-12.23%1 in LNP cows during winter season. These changes 

indicate only a minor decline in glucose levels due to work in 

buffaloes. 

The pre-work mean glucose concentrations of DNP and LNP 

buffaloes during summer were 42.42 ~ 0.87 and 42.86 ~ 0.33 ffig 

respectively which decreased to 41.23 ~ 0.69 and 41.80 ~ 0.25 mg 

after work. After 1 h of rest. the glucose concentration remained 

~lmost similar to that observed after work, but further rest of 

1 h increased the glucose to 42.26 .:+:. 0-.68 and 42.43 .:!:. 0.29 rng per 

cent in DNP and LNP buffaloes. The inCI'ease in glucose was by 

2.50 and 1.51 per cent during summer in DNp· and LNP buffaloes due 

to rest pause of 2 h. Further- \ ... :o!"l< after rest decreased blood 

glucose to 39.16 ~ 0.50 and 39.93 j 0.32 mg per cent in DNP and 

LNP buffaloes. 

Ploughing decreased the glucose concentration of DNP and LNP 

cows during summer. During summer, the pre-work mean values of 

blood glucose in DNP and LNP cows were 41.49 ~ 0.59 and 42.09 , 

0.25 mg/lOO ml of blood. respectively. The decrease in glucose 

concentration was to levels of 39.84 + 0.20 and 41.05 + 0.25 due 

to ploughing work. Rest pause of 2 h increased glucose concen­

tration ~o 40.57 ~ 0.39 and 42.07 + 0.12 mq per cent in DNP and 

LNP cows, respectively. Purther work, after rest pause, 

decreased glucose levels to 37.56 + 0.35 and 39.22 rug per cent in 



Table 4.1.7.1 Glucoge (mg/lOO rol) changes in ,working buffaloes and COW9 
during S\.lITIOer and winter seasons 

Periods Dry non-pregnant Lactating non-pregnant 

------------------------~~ ----------------------------
8UITtrer Winter Surm>er Winter 

BUFFALOES 

BW 42.42 + 0.87 43.68 + 0.21 42.86 + 0.33 43.82 + 0.37 - - -

AW 41.23 + 0.89 40.75 + 0.70 41.00 • 0.25 39.63 + 0.47 - -

Rest 1 41.23 ::!: 0.82 41.19 + 0.46 41.86 + 0.15 41.63 + 1.34 -

Rest 2 42.26.!. 0.68 44.57 • 0.98 42.43 0.2g 45.07 + 1. 21 -

hW 39.16 + 0.50 38.38 + 0.66 39.93 + 0.32 38.21 + 1.23 - - -

<::0.'18 

BW 41.49 .: 0.59 40.63 .! 0.35 42.09 + 0.25 43.69 + 0.60 -

AW 39.84.: 0.20 36.66 + 0.29 41.05 + 0.25 39.38 + 1.50 -

Rest 1 39.33 .:!: 0.70 39.32 + 0.19 40.96 ~ 0.31 40.G3 + 1.07 -

Hest :2 40.57 • 0.39 40.43 ~ 0.31 42.07 ! 0.12 42.45 + 0.90 -

37.56 + 0.35 36.76 + 0.43 39.22 .: 0.37 38.38 + 0.98 -

The values are the mean ::!: SEM based on two replicate~ on 5 animals 
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DNP and LNP cows, respectively. The decrease over pre-work 

accounted for 9.47 and 6.82 per cent in DNP and LNP cows. 

During winter. the mp. .. n glllt':ose concentration was higher, 

being 43.68 ~ 0.21 and 43.82 ~ 0.37 mg per cent in DNP and LNP 

buffaloes. The glucose levels dropped by 9.37 and 13.73 per cent 

in ONP and LNP buffaloes. these changes were higher than the 

changes observed during summer under identical conditions. 

During 'Winter. 

normal values. 

2 h rest pause returned the glucose levels to 

Fu~ther work, after rest pause, lowered glucose 

concentrations to 38.38 4 0.66 and 38.21 ~ 1.23 rog per cent, 

respectively in DNP and LNP buffaloes. 

Correlation coefficient of glucose with other parameters 

revealed that glucose was significantly Ip , 0.01 1 neg.;l:tively 

correlated to RR I r = -0.33) , PR I r = -0.39) , RT I r = -0.29 ) and 

positively correlated (P ( 0.01) to flb (0.52) <~nd Bct (O.39). 

Analysis of variance sho .... ' that ·glucose significan·tly 

differed (p 0.01 ) bet .... ·een animals, sp~cies. groups and 

different intervals. Illtel·actions of seaSOllS x periods and 

species x groups had also !';ignifjpOttltiy o..ffec1.ed {P < n.Oll t.he 

ylucose levels. 

4.1.5.2 Lactic acid 

The average blood lactic acid levels during different 

seasons and in ONP and LNP buffaloes and cows have been 

represented graphically (Fig.4.1.7.2) and also presented in Table 

4.1.7.2. The statistical analysis is presente~ in Tables 4.1.5.2 

and 4.1.5.6. 
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Table 4.1.7.2 Lactic acid (mg/l00 ml) changes in buffaloes and cows 
during surrmer and winter seasons 

Periods Dry non-pregnant Lactating non-pregnant 
-------------------------- ----------------------------

Sunrner Winter Sunner Ninter 

BUFFALOES 

BW 11.07 + 0.46 12.02 + 0.32 11.67 + 0.30 12.22 + 0.58 - -

AW 20.78 + 0.60 24.12 + 0.55 24.84 + 0.33 25.73 + 1.48 - - -

Rest 1 18.47 + 0.77 21.59 + 0.55 22.35 + 0.58 23.28 + 0.79 - - - -

Rest 2 16.35 + 0.61 18.53 + 0.91 19.49 + 0.49 20.5U 0.6U - -

19.30 + 0.41 23.27 + 0.72 22.85 + 0.29 26.14 + 1.03 - - - -

CX:MS 

12.53 + 0.48 11. 78 .:!:. 0.23 11.86 + 0.32 13.11 + 0.67 

AW 24.95 -:!: 1.05 23.40 + 0.28 24.03 + 0.51 25.08 + 0.73 - -

Rest 1 22.35 .:!: 0.84 19.79.:!:. 0.22 20.85 + 0.58 23.00 + 0.28 -

Rest 2 19.86 + 0.98 - 17.19 + 0.14 - 10.73 + 0.73 - 19.46 + 0.55 -

23.68 + 0.82 22.35 + 0.17 23.06 + 0.36 25.01 + 0.16 - --

The values are the mean .:!:. SEM based on two replicates on 5 animals 
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Lactic acid concentration increased due to ploughing during 

different Seasons in buffaloes and cows, howevet", lhe changes in 

LA were not uniform at different periods of work. 

The pre-work mean lactic acid content in DNP and LNP 

buffaloes during summer were 11.07 + 0.46 and 11.67 ~ 0.30 mg, 

resp@ctively. The! inerea.se in. rtlt:':art lactic at.;id WaS observed 

after first period of work to 20.78 ~ 0.60 and 24.84 ~ 0.33 mg 

per cent (Table 4.1.7.2). This increase in the lactic acid was 

87.11 and 112.85 per cent over pre-work values in DNP and LNP 

buffaloes .. respectively. The rest pause of 2 h decreased lactic 

acid to 16.35 + 0.61 mg in DN? and 19.49 ~ 0.49 mg in LNP 

buffaloes .. Two hours of rest WiiS not sufficient to bring back 

the LA to normal pre-work levels. Further work. after rest, 

increased LA to 19.30 ~ 0.41 and 22.85 ~ 0.29 ffig in DNP and LNP 

buffaloes. The pre-work mean lacLic acid content.s dllring summer 

in cows were 12.53 ~ 0.48 and 11.86 + 0.342 mg which increased 

due to work to 24.95 + 1.05 dnd 24.03 ~ 0.51 mg per cent in DNP 

and LNP ·cows. The rest pause decreased lactic acid levels ·by 

25.63 and 28.30 per cent in DNP and LNP cows. Further work afte)' 

2 h rest increased the lactic acid content to 23.68 + 0.B2 and 

23.06..: 0.36 mg in DNP and T..I:-1p co .... ·s, respectively. 

The pre-work mean values of LA in DNP and LNP buffaloes 

during winter were 12.02 !.. 0.32 and 12.22 !:. 0.58 mg. ploughing 

iocrEHised these levels to 24.12 .:. 0.55 and 25.73 + 1.48 rug per 

cent (Table 4.1.7.2). Duriu9 n~sl, L111' lact.ic .. H.:ju df::.'ct·~·!dS(~d to 

21.59 + 0.55 and 23.28 + 0.79 mg after 1 h rest dud 18.53 ~ 0.91 

and 20.50 ... 0.68 reg per cent af!,t.:r 2 h Q! rest i.n I)NP and LNP 

respectivelyw Further work l'a.i5~d lactic acio c:onLenl to 23.'27 + 

0.72 and 26·.14 + 1.03 mg per cen l in ONP and J.NP cows. 
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The pre-work mean lactic acid contents during winter in DNP 

and LNP cows were 11.78 ~ 0.23 and 13.11 ! 0.67 mg per cent. The 

ploughing for a mean duration of 1.23 h increased lactic acid 

levels to 23.40 ~ 0.28 mg in DNP cows. LNP cows travelled to a 

mean duration of 1.17 h and exhibited a similar change in lactic 

acid. A rest pause of 2 h decreased lactic acid content by 36.13 

and 28.90 per cent in DNP and LNP cows. Work after 2 h rest 

fUrther increased the lactic acid content to 22.35 + 0.17 and 

25.01 + 0.16 mg in DNP .;:ond LNP COh'S (Table 4.1.7.2), 

Analysis of variance of data on jactic acid revealed that 

values for lactic acid significantly differed (P ~ 0.01) betweell 

animals. seasons, groups and due to periods of sampling. 

Interactions of seasons x species. species x grollps and seasons x 

speoies X periods also had significant (P < 0.01) 

lactic acid .. 

effect on 

Correlation of lactic acid with other parameters indicated 

that lactic acid had a positive correlation ~p (0.01) with RR 

(r = 0.48). PH (r :: 0.57), RT (r ;;;. 0.57) and was negatively 

correlated (P < O.OI) with Hb (r = -0.40), Bct Cr = -o.:n) and 

glucose (r '= -0;32). 

4.1.5.3 Free fatty acids 

The results for the changes in the free fatty acid (FFA) of 

DNP and LNP cows and buffaloes during summer and winter have been 

presented in Table 4.1.7.3 and fig. 4.1.7.3. 

Ploughing generally increased blood FFA levels ~n buffaloes 

and cows during summer and winter. During summer, the pre-work 
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mean FFA and DNP and LNP buffaloes were 315.77 ~ 73.26 and 256.83 

+ 15.11 umol/l respectively which increased to 455.80 + 122.30 

umol!l in LNP buffaloes, but a decrease in FFA was observed in 

DNP buffaloes (Table 4.1.7.3). During rest, FFA decreased to 

247.76 ~ 10.66 and 230.53 ~ 24.17 umol/! in DNP and LNP buffaloes 

during summer. Second phase of work raised FFA to 284.93 ~ 29.70 

and 282.77 ~ 36.33 umol/l in DNP and LNP buffaloes. The per cent 

decrease in the concentration of FFA after 2 h of rest was 21.54 

in DNP and 10.24 in LNP buffaloes (Fig. 4.1.7.3). 

The pre-work average FFA values in DNP and LNP cows during 

summer were 302.23 + 22.52 and 276.17 + 24.01 umol!I, 

respectively. Ploughing increased these values to 346.67 + 8.89 

and 299.70 ~ 21.76 umol/l in ON? and LNP cows. During rest 

pause, FFA respectively increased to. 358.53 ~ 79.56 and 403.90 + 

155.12 umoi/i. Further 1 h rest did not exhibit any significant 

change in FFA level. Second work period raised FFA to 337.80 + 

42.01 umol/l in ONP cows (Table 4.1.7.3).· 

The pre-work FFA in DNP and LNP buffaloes \",ere 285.73 + 

33.90 and 317.03 + 41.80 umol/! in winter, respectively, which 

increased to 320.93 ~ 18.60 in DNP buffaloes and 346.67 ~ 23.52 

umol/l in LNP buffaloes after work. FFA ·further increased during 

2 h of rest pause. Second work period further raised FFA to 

430.13 + 82.67 umoi/i. During winter season, in LNP and ONP 

buffaloes, ~he pre-work concentrations of free fatLy acid were , 
observed to be higher than in summer 5eason. Dllr~ to work 1" ise in 

the concentration of FFA was higher during winter season than 

summer season <Table 4.1.7.3). 

. . 
DNP and LNP cows during winter season showed a reverse trend 

in the concentration of Ff'A as compared to DNP and LNP buffaloes 
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during winter. Slightly lower values of FFA were observed in 

cows during winter (Table 4.1.7.3). The pre-work mean values of 

FFA were 268.57 ~ 5.93 and 272.50 !. 22.38 umo] 11 in DNP and LNP 

cows, respectively. After work, ETA increased by 57.39 per cent 

and 46.76 per cent over pre-work levt:ls in DNP and LNP cows," 

respectively. 

ploughing were 

131.94 umol!l 

The mean values of PFA after first 

422.70 .:. 153.11 umol/L in DNP cows and 

in LNP cows. FFA exhibited a further 

phase of 

399.90 ~ 

increase 

after first and second hour of rest pause (Fig. 4.1.7.3). 

4.1.6 HORMONAL CHANGES 

4.1.6.1 Triiodothyronine 

Blood hormonal changes in working cows and buffaloes were 

carried out by RIA and results for the analysis have been 

presented in Tables 4.1.6.1 to 4.1.8.5, Figs. 4.1.e.1 to 4.1.8.7 

and statistical analysis in Table 4.1.7.4. 

The results for the changes in levels of triiodothyronine 

( ng/ro)} in DNP and LNP cows and buffaloes during summer and 

winter at different intervals of work and rest have been 

presented in Table 4.1.8.1 and Fig. 4.1.8.1. 

The pre-work mean values of triiodothyronine (T3' ranged 

from 0.47 + 0.17 to 1.41 ~ 0.57 ng/ml in cows and buffaloes. The 

mean value~ of T3 were 0.86 ~ 0.50 and 0.48 ~ 0.11 in DNP and LNP 

buffaloes, respectively. T3 levels increased to 0.97 4 0.44 and 

1.47 ~ 1.09 ng/ml in DNP and LNP buffaloes after 1 h of rest. 

Further rest for 1 h decreased the T3 levels to 0.87 ~. 0.09. and 

0.99 + 0.44 ng/rnl respectively • .in DNP dnd LNP buffaloes. Second 



Table 4.1.8.1 

Periods 

BW 0.86 

AW 0.56 

Rest 1 0.97 

Rest 2 0.87 

Triiodothyronine (ng/mll changes in buffaloes and cows 
during SUlmler and winter seasons 

Dry nun-pregnant l.a.ctating rl()n-pl'egnant 

l"Jinter SUlTlner i'iinter 

BUFFALOES 

+ 0.50 0.82 .;. 0.34 0.48 + 0.11 0.69 ... 0.12 

.;. 0.19 0.40 .;. 0.01 0.40 + 0.05 O.BO .;- 0.29 

+ 0.44 0.90 + 0.26 1.47 + 1.09 0.72 + 0.10 

+ 0.09 0.86 + 0.19 0.99 + 0.44 0.87 + 0.16 

EW 0.57 + 0.03 0.47 ... 0.01 0.41 + 0.12 0.95 + 0.15 

aMS 

BW l.41 .;. 0.57 0.47 + 0.17 0.57 + 0.26 0.60 + 0.17 

AW 0.79 + 0.12 l.18 + 0.11 0.81 + 0.11 0.59 + 0.02 

Rest 1 0.49 + 0.13 0.75 + 0.24 0.51 + 0.08 0.52 ... 0.03 

Rest 2 0.22 + 0.04 0.53 + 0.08 0.67 + 0.05 0.60 + 0.04 

0.47 + 0.01 0.48 + 0.13 0.45 + O.OB 0.52 .f- 0.03 

The values are the mean + SEM based on two replicates on 3 animals 
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Table 4.1.7.4 Analysis of variance of FFJ\, T3. T4 and insulin during 
ploughing 

Source of d.f. I'1.S.S. d.f. H.S.S. 
variation -----------------------------

FFA T4 T3 Insulin 

Ani..mals 2 343.06 187.09 0.300 1 0.66 
Seasons 1 21000.35 1335.32~'" 0.004 1 0.05 
S[)eCies 1 15473.99 768.70*'" 0.447 1 94.97"'* 
Groups 1 15526.07 945.72""" 0.015 1 375.15""" 
Periods 4 19197.20 87.67 0.211 4 30.80"'* 
Seasons x 1 5317.61 727.11"'''' 0.000 1 9.90 

Species 
Seasons x 1 445.65 1769.64""* 0.014 1 3.23 

Groups 
Seasons x 4 6392.74 29.38 0.121 4 8.25 

Periods 
Species x 1 4824.86 7S6.65*'" 0.154 1 32.92 

Groups 
species x 4 15212.70 62.84 0.587 4 2.75 

Periods 
Groups x 4 6368.49 29.98 0.196 4 12.22 

Periods 
Seasons x 1 581.49 1783.75** 0.055 1 15.15 

species x 
Groups 

Seasons x 4 14510.22 25.68 0.244 4 0.35 
Species x 
Periods 

Seasons x 4 10003.30 49.38 0.285 4 5.24 
Groups x 
Periods 

Species x 4 14559.71 28.99 0.075 4 0.63 
Groups x 
T!eriods 

All effect 4 4562.18 121. 74 0.220 4 2.84 

Error 78 13482.92 26.239 0.187 39 5.81 
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work period decreased T3 levels by 33.72 and 14.5a per cenL in 

ONP and ~NP buffaloes. 

The pre-work mean values of triiodothyronine in DNP and LNP 

CQWll during summer were: 1.4, .::. c.!, and o.§f +- 6.:).6 ng/ro}. 

respect~vely. The$e values are lower than the pre-work values of 

buffaloe$ during same season. The pre-work mean values during 

summer in cows were higher than the T3 values during wint~r 

season. After first round of work~ T3 decreased in DNP cows but 

there was an increase in LNP cows. The absolute mean values 

after first I:'ound of ploughing were 0.79 .!. O~12 and 0.81 -+ O~11 

ng/ml in DNP and LNP cowa~ During rest, T3 levels further 
, 

decreased to O~49! 0.13 and 0.51 + 0.08 'ng/ml in DNP and LN~ 

cows. Another hour of rest to DNP cows during summer decreased 

'1'3 levels to o.n • 0.04 - ng/ml but in LNP cows the values 

\'l\.creased to a mean of 0.67 + 0.05 ng/ml. Second round of work 

increased T3 levels to 0.47 + 0.01 - in nNP and 0.45 + 0.08 ng/mt -
in LNP cows. These results do not indicate any specific pattern 

of change in T3 levels due to work. 

The pre-work mean values of T3 were 0.82 ~ 0.34 in ONP and 

O~69 + 0.12 "g/ml in LNP buffaloes. After first plou9hing. the 

avera.ge v'alues of T3 were 0.40 !. OsOl and O.SO .:t, O~29 ng/ml in 

DNP and LNP buffaloes. Two hours of ~est pe4iod was provided to 

the- working animals for recovery after first round (")i work during 

this period. The mean T3 levels increased to 0.66 ~ O~19 and 

O~81 ,!: O~16 n~/ml in ONP and LNP huffaloes. Thereafter T.) level. 

increased in LNP buffaloes and d0creased to 0.47 + O~Ol ng!ml in· 

ONP buffaloes (table 4.1.8.1). 

The pre-work mean values of T3 ill ONt' a.nd LNP cows d urin9 

winter were 0.47 .. 0.17 and 0.60 -+ 0.17 ng/ml. respectively. Due 
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to wot"k period, an increase in T3 content was observed in DNP 

cows, but the T3 con ten t r'._~ma i 11(!d it 1 !lItist at same 1 ev~ 1 sin r~NP 

cows. One hour of rest decreased the T3 content to 0.75 + 0.24 

and 0.52 + 0.03 ng/ml, respectively, in ONP and LNP cows. 

Further work period afber' 2 h of rest decreased T3 

4.1.8.11. 

(Table 

Statistical analysis in terms of correlation coefficient and 

analysis of variance did not shm." any signiicant effect. 

4.1.6.2 Thyroxine 

The results for thyroxine iT4) in dry non-pregnant and 

lactating non-pregnant animals during summer and winter have been 

presented in Table 4.1.8.2 and Fig. 4.1.8.2. 

The pre-work mean thyroxine levels were 21.47 ~ 1.26 and 

25.13' ng/ml in DNP and LNP buffaloes during summer~ respectively. 

In DNP buffaloes. T4 levels increased due to work but levels 

decreased in" LNP buffaloes (Table 4.1.8.2). The rest period 

increased T4 levels to 37.10 ~ 10.18 and 23,30 ~ 2.17 ng/ml in 

DNP and LNP buffaloes. second phase of work further deer"eased T4 

levels to 21.96 ~ 1.46 and 18.55 ~ 7.20 ng/ml in DNP and LNP 

buffaloes, respectively (Table 4.1.8.2). 

The pre-work mean values of T4 were 23.70 ~ 2.04 and 20.94 ~ 

1.60 ng/ml in ONP and LNP cows during summer season (Table 

4.1.8.2>. These pre-work mean values of T4 in ONP and LNP caws 

were almost similar to those recorded in DNP and" LNP buffaloes 

during summer season (Table 4.1.8.2), During" summer, dry non­

pregnant cows did not show any difference in T4 level but an 

increase to 24.90.:. 1.61 og/ml \ .. as observed in LNP cows after 



Table 4.1.8.2 Thyroxine (ng/m!) changes in buffaloes ;Hld cows during 
summer and winter seasons 

Periods Dry non-pregnant Lactating non-pregnant 

Sumner winter Sunner Winter 

BUFFAWES 

BW 21.47 + 1.26 22.93 + 2.66 25.13 + 2.B8 44.33 + 15.15 -

AW 24.22 + 0.94 16.60 + 2.10 19.29 + 5.25 56.00 + 21.60 

Rest 1 23.90 + 0.26 22.82 + 4.65 19.11 + 4.22 44.73 + 14.23 -

Rest 2 , 37.10 +10.18 25.93 + 5.14 23.30 + 2.77 53.83 + 20.69 -

21. 96 .!. 1.46 21.39 + 2.66 - 18.55 + 7.20 51.33 + 7.71 -

o::<-IS 

23.70 + 2.04 22.19 2: 0.55 20.94 + 1.60 25.762: 1.60 -

AW 23.12 + 4.79 26.54 + - 2.17 24.90 2: 1.61 25.13 + 1.95 -

Rest 1 22.69 + 3.82 24.96 + - 2.67 23.75.! 3.40 24.75 + 1.30 

Rest 2 21. 77 ~ 5.65 25.63 + 1.56 24.24 2: 1.69 25.06 + 2.57 

23.53 + 4.79 24.36 , - 1.73 23.78 .:!:. 4.66 26.48 + 1.57 

The values are the mean + SEM based on two replicates' on 3 ao~ls 
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first phase of work. After 2 h of rest period, the T4 levels 

decreased to 21.77 ~ 5.65 and 24.24 + 1.89 ngiml over the mean 

values recorded after first phase work period (Pig. 4.1.8.2), 

Higher levels of T4 content in LNP buffaloes were observed 

at different intervals of work and rest as compared to DNP 

buffaloes. The pre-work mean values of T4 levels were 22.93 + 

2.66 and 44.33!. 15.15 ng/ml in DNP and LNP buffaloes during 

winter season. 

The pre-work mean values of T4 content in DNP and LNP cows 

were 22.19..:!:. 0.55 and 25.78.:. 1.80 flg/ml durin9 winter season. 

The T4 contents during pre-wOI'k r>lbsL~rved in ONP and LNP cow!'; 

during winter were almost similar to the values observed during 

summer season (Table 4.1.8.2). Ploughing inct"eased the T4 

content to 26.54 ~ 2.17 ng/ml in ONP cows but the T4 levels in 

~NP Cows were not affected by work. Statistical analysis showed 

that T4 differed significantly (P < 0.01) between seasons, 

species, groups and interaction of seasons ·x species, seasons x 

groups, species x groups and seasons x species x groups. 

4.1.6.3 Insulin 

The results for changes in insulin level due to work and 

rest in cattle and bu: [faloes have been presented in Table 

4.1.8.3 and Fig. 4.1.6.3. 

At the beginning of experim~nt, the insulin levels wet"e 

13.10.! 1.10 and 20.89 uU/ml in DNP and r~NP buffaloes. Ploughing 

decreased the levels of insulin in DNP dnd LNP buffaloes.to 12~15 

~ 0.26 and 19.56 ~ 2.25 uD/ml. respectively. The work decreased 

insulin to a slight level (0.95 uU/mI) in buffalo over pre-work 



Table 4.1.8.3 Insulin CuD/mIl changes in buffaloes and cows during sunrrer 
and winter seasons 

Periods Dry non-pregnant Lactatin~ noT\-pregnalll 

Winter &llmler Winter 

BUFFAIDES 

BW 13.10 ! 1.10 16.30 ! 1.91 20.89 + 0.17 23.98 + 1.19 -

AW 12.15 + 0.26 14.85 + 0.45 19.56 + 2.25 17.49 + 0.80 

Rest 1 13.50 ! 1.71 IS.BO .: 0.40 22.26 + 2.46 21. 39 + 0.25 

Rest 2 15.57 :': 0.91 17.70 ! 0.30 23.68 + 3.87 20.53 + 3.48 

14.74:,: 0.26 14.20 :': 0.60 17.26 '" 1.81 17.17 + 0.30 -

CUdS 

BW 14.10 -{- 0.30 14.20 + 1.00 17.75 '" 0.25 20.61 + 1.53 -

13.90 + 0.90 11.10 + 0.30 14.75 + 0.45 14.32 + 4.06 -

Rest 1 15.20 .:!:. 0.20 13.10 + - 0.30 17.83 ~ 1.60 19.22 + 3.20 

Rest 2 15.00 + 1.20 14.60 ~ 0.40 19.25 ~ 0.95 14.99 + 0.14 

14.40 + 1.60 13.50 + 1.30 15.93 • 2.77 19.95 + 1. 75 - --

The values are the mean ~ s8M based on t~D replicates on 3 animals 
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mean values but decrease was more in LNP buffaloes ~1.33 uU/ml}. 

During ' rest period~ rise in the insulin was observed. At one 

hour rest. the mean values were 13.50~O.71 and 22.26~2.46 uU/ml 

in ONP and LNP buffaloes. Rest of one more hour increased the 

level' of insulin by 3.42 uU/rnl and 4.12 uU/ml in DNP and LNP 

buffaloes. respectively. Second work after 2 h of rest dropped 

insulin level to 14.74 + 0.26 and 17.26 + 1.81 uU/ml in DNP and 

LNP buffaloes. 

During winter. pre-work inSUlin values were higher than 

summer in both of the 9roups. In DNP and LNP buffaloes. the pre­

work mean insulin levels were 16.30 ~ 1.91 and 23.98 + 1.19 

during winter which decreased to 14.85 ~ 0.45 and 17.49 + 0.80 

uU/ml after work. During rest, insulin level increased to 15.80~ 

0.40 and 21.39 "" 0.25 uU/rol in DNP and t,N'P buffaloes, 

respectively. Second round of ploughing decreased insulin. but 

the changes were almost similar to that observed during first 

phase of work (Table 4.1.8.3 and Fig. 4.1.'a.3}. 

Similar trend in DNP and LNP cows was found during summer 

and winter s';ason. The pre-work mean values of insulin 

respectively were 14.10 ~ 0.30 and 17.75 ~ 0.25 uU/ml in bNP and 

LNP cows. The respective decrease in insul~n due to work was 

0 .. 20 and 3.00 uU/ml in DNP and I,NP cows during Rummer sea,f'l'3n. 

Rest period of 1 h raised the level or insulin to 19.25 .. 0.95 in 

LNP cows but levels were maintained in DNP cows (Tdble 4.1.8.3). 

Further work after 2 h of rest dropped level of insulin to 14.40~ 

1.60 and 15.93 + 2.77 uU/ml in DNP and LNP cows (Fig. 4.1.8.3). 

During winter. the resting mean values were 14.20 t 1.00 and 

20.61 + 1.53 uU/ml in DNP and LNP cows. ploughing decreased 

insulin by 27.93 and 20.34 per cent in DNP and LNP cows (fig. 
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4.1.6.3) . The rest pause o£ 2 h incre,,!-sed insulin to 14.60 

0.40 3nd 14.99 ~ 0.14 uU/ml in DNP and LNP cows. Further work 

aft~r 2 h of rest again declined the level of insulin to 13.50 

1.30 and 19.95!. 1.75 uU/ml j,n DNP and LNP cows (Ta.ble 4.1.8.3). 

Statistical analysis showed significant (P < 0.01) difference 

between groups. species and periods and no 

cor~e~tion was observed with T3. FFA and insulin. 

significant 

4.1.6.4 Estrogen and progesterone 

The results for the changes in circulating levels of proges­

terone and estrogen hormones in working cows and buffaloes have 

been presented in Tables 4.1.8.4 and 4.1.8.5, and Figs. 

to 4.1.B.7. 

4.1.8.4 

The pre-work concentration of progesterone and estl"ogen 

varied in different animals which were dependant on the state of 

reproductive cycle. The concentrations of progesterone during 

summer in two buffaloes were 0.40 and ( 0.05 ng/rul (Fig.4.1.0.4l. 

The respect;ive estradiol concentrations duri.ng summer were 12.8,0 

and 13.87 pg/ml. Circulating leVels of estradiol during winter 

in two working animals were 19.20 and 1.87 pg/rnl {Table 4.1.8.4}. 

The pre-wo~k levels of estradiol and progesterone thus clearly 

indicate that these animals were at diffe~ent stages of 

reproductive cycle since we did not inseminate them to avoid 

effects of pregnancy. The pattern of changes in prQgesterone and 

estrogen either due to work or rest were not uniform and varied 

to a great extent in different animals (Figs.4.1.8.4 to 4.1.8.7). 

4 .. L 7 MILK YIEI .. D AND COMPOSITION 

The results for av~rdge weekly milk yield and composition of 

milk in terms of fat., protein and lacLose (%) hd',f: been presented 



'table 4.1.B.4 Plasma progesterone (ng/ro!) and plasma estradiol-171 (pg/ml) 
in lactating buffaloes and cows during S1.lImler and winter 
seasons 

Periods SU>MER WnITER 

-------------------~---------- -----------------------------
Progesterone Estradiol-l? ~ progesterone Estradiol-l7 f3 
------------ ------------ ------------ ------------

Animals Aniroals Aniroals Animals 
1 2 1 2 1 2 1 2 

BUFFAWES 

BW 0.40 0.05 12.80 l3.87 0.88 0.05 19.20 1.87 

Ai'! 0.05 0.05 13.87 13.B4 2.69 0.05 1.27 4.80 

Rest 1 0.05 0.05 13.87 17.07 1.52 0.06 5.07 1.00 

Rest 2 0.05 0.06 13.87 14.93 2.22 0.05 4.80 1.73 

EW 0.05 0.05 13.80 12.BO 1.28 0.06 4.80 0.67 

ID"IS 

BW 1.12 0.05 11.20 4.00 0.05 0.06 1.00 1.20 

AW 0.96 0.06 4.00 2.00 0.05 0.05 1.00 . 5.60 

Rest 1 0.10 0.05 5.60 7.40 0.06 0.05 7.20 4.00 

Rest 2 0.20 0.06 B.OO 9.60 0.05 0.06 1.00 2.60 

EW 1.20 0.05 1.00 1.00 0.06 0.05 1.00 10.00 

Observation of 2 aninals 



Table 4.1.8.5 Plasna progesterone (ng/ml) and plasma estradiol-17fJ (pg/ml) 
in dry non-pregnant buffaloes and cows during suttlter and 
winter seasons 

Periods S\M1ER WINTER 
------------------------------ -----------------------------
Progesterone Estradiol-17 F Progesterone Estradio 1-17 p 
------------ ------------ ------------ ------------

Animals Ani..Jnrlls Anima.] s Anjmal s 
1 2 1 2 1 2 1 2 

BUFFAIDES 

BW 0.05 0.06 4.58 8.50 0.05 1.91 1.00 

1>.01 0.06 0.05 5.53 6.80 0.05 2.22 1.20 

Rest 1 0.05 0.04 1. 73 Q.60 0.05 2.07 1.00 

Rest 2 0.06. 0.05 5.73 9.60 0.05 2.22 1.00 

E.W 0.05 0.05 3.20 5.50 0.06 2.53 1.4(J 

ca<s 

BW 0.08 0.48 10.40 6.80 0.50 1.20 10.73 10.13 

1>.01 0.15 1.12 12.00 9.60 0.96 0.88 27.27 27.27 

Rest 1 0.07 0.72 24.00 3.80 0.22 0.12 18.13 14.93 

Hest 2 0.88 0.50 14.40 3.20 0.22 0.22 21.33 21.33 

EX< 0.10 0.52 17.10 1.00 0.48 0.56 18.~3 18.83 

Observation of 2 an~ls 
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in Table 4.1.9; Figs. 4.1.9 and 4.1.9.1. and lheit" slatistical 

analysis in Table 4.1.9.1. 

The pre-work average milk yield for I~NP huffa,lc)es lJtH'ill9 

summer was 4.43 .:. 0.39 l(day. The mean fat, protein and lactose 

contents during pre-work phase were 7.91, 5.55 and 5.05 per cent, 

respectively. A drop in the milk yield was recorded due t.o 

effects of ploughing_ Work decreased milk yield to 4.23 ~ 0.26, 

4.11~ 0.24, 4.26,.::0.23 and 3.62!.O.22 l/day Cllid- corresponding 

avera¥ge fat, protein and lactose contents were 7.91 ~ 0.51, 5.55 

+ 0.41 and 4.70 ~ 0.19 per cent during summer season in LNP 

buffaloes. The fat per cent in buffaloes ~emained similar during 

work period but lactose decreased and pr?tein content increased 

during exercise (Table 4.1.9.1.. The milk yield during post-work 

period were not similar to pre-work values. Post-work average 

values of milk yields were 4.07 ~ 0.19, 3.98 ~ O.18~ 4.11 ~ 0.23 

and 3.62 + 0.22 l/day afte~ lst~ 2nd, 3rd and 4th week of rest. 

After work, the aver~ge value of fat in milk was 7.82 • 0.38 per 

oC cent which was slighltly lower than pre-work .values. Content 

protein in milk was 4.29 ~ 0.26 per cent, which is almost similar 

to that observed during pre-work phase. Lactose cpntent in milk 

was 4.54.:!:. 0.30 per cent indicating a decline after work phase. 

Overall average milk yield dUl"ing summer in DNP cOW$: wa~ higher 

than LNP buffaloes. The decrease in the milk yield was 1.33 

litres after four weeks. CorreSlponding average values of milk 

fat, protein and lactose during pre-work period were 4.59 ~ 0.34, 

3.95 .:. 0.36 and -\.59 ::..- 0.10 pel- cent, rel'lpectively. 

From the data presented in Table 4.1.9, it could be observed 

that milk yield decreased at faster rate in LNP cows than 

buffaloes during summer. The average milk composition in terms 

of fat, protein and lactose was 4.76 ~ 0.22, 3.09 ~ 0.15 dnd 



Table 4.1.9 Changes in milk yield and its composition during work in 
cows and buffaloes 

Periods Lactating non-pregnant buffa1oe~ l.actating non-pregnant cows 
between -----------------------

S""""'r winter Winter 

MILK YIElD"" 

BW I 4.84 + 0.33 4.20 .. 0.30 6.08 ... 0.53 4.24 .. 0.50 
II 4.43 ~ 0.36 4.26! 0.31 5.38 + 0.41 4.08 + 0.56 -

1M I 4.26 + 0.23 3.75 "'" 0.25 5.11 , 0.34 3.66 + 0.75 
3.62 ~ 0.22 3.53 "+ -II 0.30 5.06 + 0.36 4.16 + 0.79 - -

I 4.11 + 0.23 3.43 .. 0.11 4.59 + 0.31 3.B5 ~ 0.79 
3.84 ! -

II 3.91 + 0.18 0.19 4.61 + 0.32 3.40 + 0.81 - -

FAT PER CENT""'" 

BW 7.91 + 0.60 6.95 .:!: 0.47 4.59 + 0.34 4.49 .:!: 0.51 -
7.91 + 0.51 7.71 + 0.39 4. 76 ~ 0.22 6.16 + 0.69 - -

7.82 + 0.33 7.63 + 0.38 4.06 .:!: 0.23 5.47 + 0.17 - -

PROI'EIN PER CENI''''''' 

4.30 .: 0.40 4.01 .:!: 0.21 3.95 .:!: 0.38 3.20 .:!: 0 .. 11 

5.55 .!. 0.41 4.36 + 0.25 3.89 .:: 0.15 3.81 .!. 0 .. 14 

'" 4.29 .:!:. 0.26 4.08 ~ 0.15 3.69,:, 0.17 3.43 .:!: 0.14 

IAClOSE pm CENI'** 

5.05 + 0.17 4.89 .:!: 0.26 4.59 .:!: 0.10 4.65 .:!: 0.08 
-BW 

4.70 .. 0.19 4.55 + 0.22 4.63 ~ 0.04 4.57 ~ 0.13 

'" 4.54 + 0.30 4.90 ~ 0.15 4.86 .. 0.05 4.94 "" 0.14 -

'" The values are means of 2 weeks of ITlilk yield 
U The values are the means of two observations each 
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Table 4.1.9.1 Analysis of variance of fat, protein and lactose in WCJrking 
buffaloes and oows during summer and winter seasons 

Source qf 
variation 

Animals 

Seasons 

Species 

Periods 

Seasons x Species 

Seasons x Periods 

Species x Periods 

All effect 
interaction 

Error 

d.£. 

4 

1 

1 

2 

1 

2 

2 

44 

M.S.S. 

Fat Protein lactose 

2.74w 0.33 0.34* 

0.79 3.191<111 0.01 

111.79** 8.93** 0.07 

2.14 1.89u 0.24 

6.93*" 0.14 0.00 

2.17 0.21 0.15 

0.55 0.42 0.36 

0.23 0.83 0.08 

0.79 0.32 0.13 

• p < 0.05; ** P < 0.01 
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4.63~ 0.04 in LNP cows during work in summer season. Slight 

inorease in fat and lactose was observed due to work effects 

(Table 4.1.1.9). Average milk yield during recovery period wa~ 

found to be 4.86 ~ 0.32, 4.34 2 O~2?, 4.59 + 0.31 and 4.61 + 

O.32L respectively after 1, 2, 3 and 4 weeks. The values of fat, 

protein and lactose were 4.06, 3.69 and 4.86 per cent at the 

start of work. A decrease in milk fat and protein and a slight 

increase in milk lactose was ObSel"Ved due to work (Table 4.1.9.. '). 

The weekly milk yield of LNP huffaloes during winter ilnd 

their composition in terms of fat, protein and lactose have been 

presented in Table 4.1.9.1. The pre-work mean milk yield was 

4.28 + 0.31 litres. Corresponding fat, protein and lactose were 

6.95 + 0.47, 4.01 ! 0.21 and 4.89 ~ 0.26 .per cent, respectively. 

Ploughin9 dec~eased milk yield to 3.75 + 0.25 and 3.53 ~ 0.30 

litres after 1 and 2 weeks of wOl"k. The corresponding average 

fat. protein and lactose levels in milk were 7.71 + 0.39. ~.J6 + 

0.25 and 4.55 ~ 0.22 per cent, respectively. 

After co~pletion of ploughing animals were maintained for 

about 3 weeks for measurement of work effect.s and recovery. 

Post-work milk yields were lower than pre-work milk yield· values 

(Table 4.1.9). 

The milk yield and composition of milk during winter have 

been presented in Table 4.1.9. The pre-work mean values of milk 

yield after 1st and 2nd weeks, respectively were 4.24 ~ 0.50 and 

4.08 ~ O.56Land their respective mean figures of fat, protein and 

lactose were 4.49 ~ 0."51, 3.20 -.!. 0.11 and 4.65 ~ 0.08 per cetlt. 

Work decreased milk yield during first week to an average 

value of 3.66 + 0.75 and 4~16 + 0.79 l/day after 1st and 2nd week 
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of work. Average milk fat , ... as 6.16 -.!.. 0.69 per eent, protein 3.81 
, 

+ 0.14 per cent·and lactose was 4.57 per cent. After ploughing 

experiment, animals Were maintained iot" recovery in milk yield 

and composition. The average milk yield was 3.85 .. 0.79 and 3.48 

+ 0.81 l/day during winter season, a slight decrease in fat 

during rest period was observed to it level of: 5.47'" 0 .17 per 

cent and the average protein dnd lactose were 3.43 + 0.14 and 

4.94 .!. 0.14 per cent. respectively. Analysis of variance of fat. 

protein and lactose showed significant (p < 0.011 differencp. 

between animals. species and interaction of seasons x species in 

fat, protein differs between seasons, species and periods. and 

lactose showed a significant difference (P < 0.05) 

animals. 

4.2 CIRCADIAN RHYTHM VARIATIONS 

between 

In order to observe circadian rhy~hm in physiological, 

haematolog~cal~ biochemical and circulating hormones, animals 

were ,kept under natural environmental conditions and 

moni'tored at two hourly intervals for 24 h. 

4.2.1 PHYSIOLOGICAL REACTIONS 

were 

The results for changes in RR, PR and RT in buffaloes and 

cows at 2 h intervals have been presented in Table 4.2.1.1. 

Respiration rate, pulse rate and rectal temperature during 

24 h did not show any marked variation. Respective means for RR. 

PR and RT fbr buffaloes at 8 A.M. were 19.25.~ 1.70. 74. 00 -+ 

2.SS/min and 38.46 ~ O.lOoe, respectively, whereas the ~espective 

values for crossbred cows were 19.00 ~ 3.70, 69.50 + 5.12/min and 

Initial values in both of the species were 



fable 4.2.1.1 CireadiaD variativDs in p)llsioJogiC'.lJ re.1ctioDJ io buffaloes and cova 

Sp~::e5 Buffaloes Cows 
-.- -- ~~--~~--------.--------.-~--------.---~-----.---------. --------~--~--.---------~--------~-----------... ---"'il' ..... e,. ink,INAI Respir.1ti[l1l Puht' rat~1 Rectal Respiration Pulse rale' R~ctal 
O.h) rateilin mill le,lp /()C) rate/.in liD teo, I'tl 

19.21 , 1.7~ 74.00 , 1.18 11.48 , 0.1~ 19.00 ~ 1.70 89.10 , 1.11 11.11 , 0.06 
I! 22.10 , 2.ll n.oo ; 1.79 31.\6 ; O.ll 14.10 , l.10 13.00 ; 4.91 lU6 , 0.~8 

rr: 16.\0' 3.91 80.10; 1.71 38.69; 0.08 11.71;- 5.96 71.75;- 5.16 18.16' 0.06 
It n.oo' 2.89 14.71;- \.89 l8.99 , O.ll l3.DO; 1.73 Bl.IO ;- l.ll 39.81;- 0.10 , 11.25' 1.29 73.00; PI 39.11 ;- 0.11 11.75 i 1.41 18.15;- 0.C8 19.15;- 0.00 
V! 11.50;- 0.96 11.\0;- 2.25 39.21' 0.03 16.00;- 1.41 76.50" 0.96 19.21; O.OC 

VI! 16.25 .. l.91 61.58, 1.06 19.21, O.OJ 21.21 ; 2.11 12.00;- 1.11 19.06 , 0.03 
VIII 14.00' 1.15 61.00;- 1,48 39.11 , 0.01 29.00;- 1.1/ noo , 1.25 lI.06 , 0.03 

II 11.50' 1.19 U.ll' 2.29 11.06 ;- 0.01 H.II' 2.H 10.00;- 0.12 lUI I U6 
11.00 I 0.41 60.21' 1.65 11." , 0.06 12.50 ; 1.10 69.50 , 1.71 18.74 'o.oC 

Xl 11.11;: UI 60.50' 1.11 18.n;- 0.04 21.21 , 2.10 71.25' 2.'1 38.n'Ul 
m 13.10:;: 0.9i 61.50; 2.81 18.71 ; 0.06 21.15:;: 1.65 14.15 :;: 3.15 18.66 :;: 0.08 

The nhes are lean ~ S!tl b~sed DD bo rl.'plicatioDS 011 5 animals 
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almost similar. RR. PR and RT increased with the increase in 

environmental temperature. At 12.00 noon, RR, PH and RT of 

buffaloes increased to 26.50 ~ 3.95, 80.50 ~ 1.711rnin and 38.69 ~ 

O~08°c, the increase was 7 breaths in RR, 7 beats in PR and 

O.230 C in RT. The corresponding increaae in cows was 15, 8 and 

The changes in crossbred cows were more pronounced as 

the temperature increased. RR, PH and RT in buffaloes and COWH 

remains at about these. levels up to 6 P.M. but the values 

decrease to 16.25 + 1.93, 67.50 ~ 2.06/min and 39.28 ~ O.030 C at 

o P.M. in buffaloes and in cows the RR, PR and RT were 25.25 -f-

2.43, 72.00 .:!:. 1.41 and 39.06..:. O.03 0 C respectively during summer 

season. These physiological parameters decreased to 1:;:.50 I· 

1.19/min,60.75 .. 2.29 bpm and 39.Q6 .!. O.03 0 C in buffaloe-s and 

24.00 ~ 2.94, 70.00 ~ O.82!roin and 38.81 ~ 0.06o C in crossbreds. 

Because last observations were taken from these animals in the 

morning at 6 A.M., the values t'em;lincd Il~al' stal'I,ing Inean \'alue~ 

(Table 4.2.1.1). 

4.2.2 HAEMATOLOGICAL CHANGES 

The results for Hb and Rct for rhythmic changes have been 

presented in Table 4.2.1.2. 

The Hb and Bet values of buffaloes and crossbred cows 

remained almost at the basal levels throughout 24 h. The Hb and 

Het in buffaloes and cows at the start of sampling were 11.45 + 

0.37 9 per cent, 35.00 + 0.70 per cent and 11.85 + 0.17 9 per 

cent and 33.00 ~ 1.08 per cent, respectively. As the time 

progressed and environmental temperature rose up and radiant heat 

load increased, a slight variation in Hb and Hct was observed 

(Table 4.2.1.2), The values of nb and IIct recorded at 4 P.M. were 

10.78 ~ 0.38 9 per cent and 32.50 ~ 1.04 per cent in buffaloes 



Table 4e2.1e2 Circadian variations in Hb and Bet in cows and buffaloes 

Periods BUFFALOES 

Hb (g %) PC\1 (%) Hb (g %) PCV (%) 

I 11.45 + 0.37 35.00 ~ 0.70 11.85 ~ 0.17 33.00 + 1.08 - -

II 11.13 + 0.28 33.75 + 0.63 11.35 ~ 0.36 33.75 + 2.10 - -
III 10.80 + 0.28 33.50 + 0.29 11.35 .: 0.26 34.50 + 1.26 -

IV 10.85 + 0.42 34.00 + 0.91 11. 25 !: 0.15 33.75 + 1.44 
~ 

V 10.78 ~ 0.38 32.50 ~ 1.04 11.00 .!: 0.23 34.00 + 1.35 -

VI 10.80 + 0.41 34.00 ~ 0.71 10.93 .!: 0.39 33.50 + 1.35 -

VII -11.05 + 0.39 34.00 + 0.00 11.10 .!: 0.26 33.75 + 0.65 

VIII 11.03 + 0.31 34.25 + 0.75 11.23 :!: 0.20 33.00 + 1.00 

IX 11,10 !: 0.34 34.00 + 0.41 11.45 .!: 0.26 33.75 + 0.63 

X 10.95 2: 0.21 33.00 :: 0.00 11.60 + 0.32 33.75 + 1.11 -

XI 10.85 1. 0.33 33.00 + 0.58 11.28 + - 0.15 34.75 + 0.8'5 -

xII 10.50 ! 0.31 32.25 .!: 0.95 11.20 ! 0.09 34.50 i: 1.00 

The values are mean + SEM based on two r'eplicates on 5 animals 
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and re.spective values in cows were 11.00 ~ 0.23 9 per cent and 

Hct 34.00 ~ 1.34 per cent, these values remain almost similar at 

the end oL 24 h observation. 

4.2.3 ENERGY SUBSTRATES 

The blood 9lucose and lactic acid in buffaloes varied from 

44.20 + 1.10 to 48.52 ~ 1.55 mg per cent and 10.37 + 0.49 to 

11.99 mg per cent respectively. In cows, the blood glucose 

ranges from 42.71 ~ 0.91 to 44.91 ~ 0.62 mg per cent and lactic 

acid 9.50 + 0.33 to 11.94 ~ 0.51 mg per cent. These values 

remained at almost similar levels at different hours. The values 

of Hb and Het .at mid night were 44.20 + 1.10 and 43.61 ~ 1.27 mg 

per cent glucose in buffaloes and cows. respectively. the 

corresponding lactic acid contents were 10.85 + 0.46 and 11.33 + 

0.36 mg per cent. The values of bluod glucose at mid night were 

slightly higher and lactic acid were lo.wer as C'ompar@d to values 

found at B PM and durtng further sampling the values rp.mained aL 

similar levels. 

The FFA levels ranged from 271.12 

buffaloes and 301.11 ~ 1.11 to 474.45 

, 4.45 to 400.56 umo!!! in 

~ 226.23 umolll in cows. 

The FFA did not show any specific trend of changes but fluctuated 

during experimental period (Tdbl~ 4.2.1.3), The v~lues of FFA 

during night hours at 4 AM were almost similar at a mean level of 

400.56 + 150.95 and 325.56 ;. 41.24 umolll in buffaloes and cows 

respectively. 

4.2.4 HORMONAL CU1\NGES 

The results for hormonal ~hanges during different hout"s' of 

sampling "have been presented in Table 4,2.!.3~ Insulin level 
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during 24 h of sampling ranged from 16.70 ~ 0.50 to 18.90 ~ 0.50 

uU/ml in buffaloes and 17.60 ~ 0.20 to 19.20 ~ 1.40 uD/rol in 

cows. The levels' of T3 and T4 did exhibit some changes during 

experimental period (Table 4.2.1.3), 

At the beginning. the Taand T4 levels in buffaloes were 

O.34~ 0.00 and 27.65 ~ 6.45 ng/ml respectively and corresponding 

levels in cows were 0.24 ~ 0.10 and 27.30 ~ 11.31 ng/m}. The 

first values of T4 for both species were almost similar. During 

next sampling at 12 noon, the values of T4 decreased to 11.25 ~ 

1.06 and 20.82 ~ 16.95 ng/ml in buffaloes and cows, respectively 

but T3 level iocr-eased to 0.65 ,! 0.45 and 0.36 -!- 0.08 ng/m!. 

These values remained near basal levels during different periods 

and the values at the end of sampli.ng were almost similar to that 

observed at the beginning of sampling schedule (Table 4.2.1.31. 

4.3 CARTING EXPERlMENTS 

While. pulling 5 qtls cart load, DNP buffaJoes t.t'avelled at 

an average speed of 3.08 km/h for about 2 hours~tr)~ at 10 qtl 

load the speed of buffalo remained almost similar to that of 

5 qtl load but work time was reducf'!d to 1. 4 h. The cows while 

pulling 5 qtl load _.travelled faster i::It a speed of 3.38 km/h but 

were able to work for about 1.3 h only. When cows were subjected 

to pull 10 qtl load, the speed slightly decreased <3.19 km/h) and 

were able to work for about 1-1/2 h only. 

4.3.1 PHYSIOLOGICAL REACTION 

Dry non-pregnant (ONP) buffaloes and cows were subjected to 

cart load o£ 5 quintals {5 q} and 10 quintals 00 q) iri a 'cart 

weighing 340 kg and 60 kg drive~ during hot humid seasons. The 
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" results of physi~lo9ical responses during different intervals 

while pulling loads have been presented in Tables 4.3.1.1 to 

4.3.1.4, statistical analysis in T~bles 4.3.1.2 and 4.3.1.5 and 

Figs. 4.3.1.1 to 4.3.1.4. 

4.3.1.1 Respiration rate 

The results for the changes in r e spi1"ation t"ate of ONP 

buffaloes and cows at 5 and 10 qlIs cart loads have been 

presented in Table Y.3.1.1 and Fig. ~.3.1.1. Resting RR in the 

DNP buffaloes and cows ranged respectively between 11 and 24 and 

18 and 39/min with a mean of 16.75 ~ 2.69 and 28.75 ~ 4.46/min. 

Both work conditions and continued hours of work increased the 

rate of respiration but per cent change was characteristically 

different among buffaloes and CO'''$ (Table't.3.1.1), Five quintal 

load (load I) increased RR by 392.54 per cent in DNP buffaloes as 

compared to 232.17 pet' ~:ent incrJ::!dse among DNP cnws (fly. 

4.3.1.1). After work animals were ~ivetl a rest pause, to returri 

back to 75 per cent~normal in their RR, thel-eaftlc'l" animals were 

again subjected to another period of work. Further work aftel' 

rel3t pause increased: RR by 5S2.2:? pt:'r cent in the DNP buffaloes 

and by 325.22 per cent in LNP cows. Though the magnitude of 

change was similar but the absolute mean values were higher 

during first round of work. The final mean values after second 

work wel:"e 109.75 ~ 2.7B and 122.25 ! 3.92 in buffaloes and COIo.·S. 

After the end of work, RR decreased at faster r",toes dUl"log fir-st, 

2 h but thereafter decrease was slow. After second p~use of 

work. animals took about 18 h to come back to pre-work values of 

HR. The mean values observed after 12 h of rest were 18.25 

1.49 in buffaloes and 35.00 ~ 9.37 in cows. All the animals were 

monitored for recovery for 24 h after second round of work (Tablr. 

4.3.1.3) • 



Table 4.3 Time and distance covered by working r:t:IP buffaloes and cows at 
5 and 10 qtl loads 

Animal Repli- 5 quintals 10 quintals 
nwOOer cates ------------------------ -------------------------

TiJce Distance Avera.ge Tine Dist.ance Average 
(h) Oan) speed (h l (km) speed 

(km/h) (km/h) 

BUFFAlOES 

2238 I 2.38 6.5u 2.47 1.45 4.48 2.50 
II 2.13 5.75 2.59 1.25 4.00 2.82 

2918 I 1.55 7.U3 2.72 1.30 3.50 2.3.1 
II 1.27 5.75 3.97 2.00 6.5U 3.25 

E-12 I 2.45 8.25 3.00 1.25 4.63 3.27 
II 1.45 7.05 4.00 1.22 4.63 3.39 

3136 I 1.48 4.75 2.64 2.05 7.00 3.31 
II 1.37 5.25 3.25 2.15 5.UO 2.22 

Average 2.01 6.29 3.UB 1.43 4.97 2.89 
.:0.10 !0.40 +0.22 +0.74 +0.04 +0.17 

CD'IS 

4482 I 1.30 5.63 3.75 1.30 4.50 3.011 

II 1.37 5.25 3.25 1.27 4.SI} 3.10 

4591 I 1.2B 5.50 3.75 1.3D 5.:J1I 3.b7 
II 1.45 6.25. 3.57 1.48 6.UU 3.33 

4770 I 1.30 5.25 3.50 1.35 4.25 2.68 
II 1.35 5.00 3.16 1.23 4.75 3.43 

4924 I 1.37 5.00 3.09 1.1U 3.5U J.UU 
II 1.45 5.15 2.94 1.30 5.0U 3.33 

Average 1.36 5.38 3.38 1.29 4.75 3.19 
+0.02 +0.15 +0.11 +0.03 +U.27 +U.27 

----_ .. _-- .- ---- -_. __ . ._--- -----



Table 4.3.1.1 Respiration rate/min changes in working buffaloes and cows 
during different cart loads 

Periods Dry non-pregnant buffaloes Dry non-pregnant cows 
--------------------------- -----------------------------

5 qtls 10 qtls 5,qUs 10 qtls 

BW 16.75 • 2.69 14.75 + 0.75 28.75 !: 4.46 25.00 • 4.34 - -

AW-I 82.50 ..:t13.68 81.25 +13.90 95.50 +17.25 108.50 :!:10.50 

Recovery 40.50 .: 4.35 45.00 !15.43 sa.DO :tl2.3O 46.25 • 4.19 -
(75%) 

1\W-II 109.75 :!: 2.78 80.25 .!.11.05 122.25 ~ 3.92 110.75 • 9.36 

Rest after 
hours 

1 65.50 +10.21 50.00 +10.16 94.00 ~19.11 60.75 +13.12 

2 48.00 !10.21 38.25 + 8.11 79.25 +15.92 40.25 • 7.47 

3 33.75 + 7.08 30.75:!:. 9.24 63.75 .+11.35 33.50 + 6.24 -

6 23.75 + 4.19 24.75 .!. 6.22 42.00 + 6.76 31.00 + 5.43 -

9 20.75 + 2.29 21.00 .:!: 4.92 40.50 + 7.05 29.25 .:!: 4.99 

12 18.50 + 1.19 16.25 + 2.93 38.00 + 5.99 24.25 + 3.38 -

18 18.25 + 1.49 16.00 .:!: 0.91 35.00 + 9.37 26.50 + 2.22 

24 27.50 + 3.30 16.75 ~ 1.65 58.00 .: 8.07 55.50 .:!. 5.19 

The valuE:8 are rtean :!: SEM based on two replicates on 4 ani..nals 



Fi~. '4->.11'. RESPIRATION RATE IN WORKING BUFFALoes" 
cows DURING DIFFERENT LOADS 

-- I) QII.(BUFFALOES) --+- 10 QtI.(BUFFALOES) 

-*- I) Qtl. (COWS) -- .10 Qtl.( COWS) 

RESPIRATION RATE Imin 
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Table ~.3,1.2 Analysis of urianee of phrgioiogieai, bil:el:ahio,iea.l aDd hioehe.ieal parlileters dlltillg t.ilCLiDg elperiJellt 

SOllrc~ of variatiob U. K.S,S, M.S,S, II.S.S. 
_ •• '*_ •• _ ••••• ,_ ••• " •••• __ ••• __ • 

--.----------~.-.. -------.--.- _._. --0. _. __ ~ _________ .. _ .. ___ . 
HI PI RT Hb Ret GJ ucose T.actieacid 

Anilals lOJLW' m.w i.nlt O,W 2U,1t 35,W t 0.28 

Wei9bts 4553.26" U4.l8H 29.06- 1 9,Utl 75.ooH 56.~1 It 28.96tt 

Speeie~ U1S3.26 11 Im.l7i1 7.0911 10.41" 6U511 11.11 48053" 

Periods 11 12161.99" 1212.4111 45,6811 2.4411 21.86" 16.89" 331.2611 

Weight I Species 124 .63" 51.05 0.11 3.55 11 IB.HII 209.401' 0.51 

Wet~ht I Periods 11 161.W t 21.68 I.W 0.6&11 1.2J 1.14 5.12' 

S~cies I Periods 11 lBl.lI 11.12 0.95 4.1511 ] .1Sf 1.34 l.W 

All effect interaction 11 llUS lB.SS 0.11 0.1211 1.41 1.11 1.51 

Error 111 nUl 19.1' a.~l 1.26 1.36 I.UR 2.19 

u p < 0.01; '" p < 0.05 



100 

Carting increased respiration Qf cows similar to buffaloes 

observed while pulling 5 qtl load. At the onset of 10 qtl work, 

pre-work mean values of RR for buffaloes and cows were 14.75 + 

0.75 and 25.00 ~ 4.34/min, respectively. Subjecting of animals 

to 10 qtl load, increased RR to Bl.25 ~ 13.90/min in buffaloes 

and 108.50 + IO.SO/min in cows. continued work of 2.18 h 

increased RR by 450.85 per cent in buffaloes and 334.00 per cent 

in cows. Rest of 1.25 and 1.24 h decreased the RR to about 75 

per cent and values at the end of rest were 45.00 + 15.43 and 

46.25/min in buffaloes and cows, respectively. Work after rest 

increased RR to 80.25 + 11.05 and 110.75 ~ 9.38/min in buffaloes 

and cows. The respective per cent increases were 544.07 ~ 343.0~ 

per cent in DNP buffaloes and cows. After discontinuation of 

work. animals reached their normal values after about 12 h. The 

decrease in RR of the cows was quicker than the decrease in 

buffaloes. The mean values for the changes in RR dUring recovery 

have been presented in Table 4.3.1.1. 

statistical analysis in terms of analysis of variance and 

correlation with other parameters showed that RR was positi .... ely 

correlated (P ( 0.01) with PH (r = 0.81), RT Cr ~ 0.84) but 

negatively correlated (P < 0.01) with Hb (r = -0.39), Hct (r 

-O.29l and glucose (r = -0.36). Analysis of variance indicated 

that RR differed significantly (P ( O.OI) between animals, 

weights, species and sampling intervals. 

4.3.1.2 Pulse rate 

The results for the changes in pulse rate (PR) of buffaloes 

and cows at 5 and 10 qtl loads and subsequently during recovery. 

have been presented in Table 4.3.1.3 and Fig. 4.3.1.2. 



Table 4.3.1.3 Pulse rate/min changes in working buffaloes and cows during 
different cart loads 

Periods Dry non-pregnant buffaloes Dry non-pregnant cows 
----------------------- -----------------------------

5 qtls 10 qtls S gUs 10 qtls 

64.50 :!: 6.14 64.50 .:!: 4.33 63.50 ! 3.12 65.50 .:!:: 1.85 

AW-I 84.00 '" 3.16 84.75 + 1.84 95.75 .:: 3.04 89.25:!: 1.89 

Recovery 76.25 2: 1.65 71.75 ! 3.61 85.25 ! 0.85 81.25 .! 2.50 
(75%) 

lIW-lI 87.25 ! 1.11 82.25 '" 0.48 96.75 !: 3.77 93.00 '" 1.22 

Rest after 
hours 

1 81.50 .! 2.90 79.50 ! 1.50 90.00 + 2.64 80.25 ! 2.46 

2 76.00 ~ 1.47 76.25 '" 0.75 82-.75 + 2.50 75.75 ! 1.60 

3 71.00 ! 1.08 73.75", 1.80 79.00 + 3.02 73.25 ~ loll -

6 72.25 .:!: 1.80 69.75 .:!: 2.09 76.25 + 2.63 71.50 ..! 0.87 

9 68.25 ! 0.25 62.00 ..! 1.08 75.50 + 1.55 70.00 !: 0.41 -
12 66.25 .:!: 1.03 59.75!: 1.55 72.50 ! 2.20 67.75 + 0,63 

18 62.50.: 2.72 61.00.:. 0.71 67.75 !. 1.31 68.00 + 1.47 

24 68.00 !. 2.74 61.25 ! 1.55 79.00 .! 3.29 72.50 .: 1.71 

The 'Values are mean .! SEM based on two replicates on 4 animals 



F"~ 4H~·. PULSE RATE IN WORKING BUFFALOES Ii 
COWS DURING DIFFERENT LOADS 

- 5 QtJ.(BUFFAI.OES) -+- 10 QtI.(BUFFAI.OES) 

-;?- 5 Qtl.( COWS) -- 10 Qtl(COWS) 

PULSE RATE (tmin) 
100ri--------~--------------------------------, 
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50i~~_L __ ~ ____ ~ __ ~ __ ~ __ _L __ _i __ ~ ____ ~ __ ~ __ ~ 
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In general. loading increased PR at different hours of work 

in cows and buffaloes but the increase was of higher magnitude in 

DNP cows than DNP buffaloes. The pre-work PR ranged from 50 to 

80 in ONP buffaloes and 55 to 70/rnin in DNP cows, with a mean of 

64.50 ~ 6.14 and 63.50 ~ 3.12/min. Pulse rate increased to 84.00 

~3.16 and 95.75~3.04/min in DNP buffaloes and cowe, respectively 

indicating a greater change in PH of cows than bu£faloes. 

The rest pa~se was allowed to all the working animals for 

recovery to about 75 per cent in their phys1oIogicai processes 

and the values of PR after 2.10 hand 2.13 were 76.25 ~ 1.64 and 

85.25 2 O.aS/min, respectively in buffaloes ana cows. After a 

rest -pause. animals again worked till fatigue onset and fati9ue 

was observed after 1_26 h in DNP cows as compared to DNP 

buffaloes and they worked for 2.0 h before onset of fatigue. The 

average mean PR after second period of work was 87.25 ~ 1.11 in 

DNP buffaloes and 96.75 ! 3.77/min in cows. The rise in PR in 

DNP cows due to second ~ound of work was higher. about 1.5 ti~es 

than in DNP buffaloes. Animals were assessed for ~ecove~y in p~ 

for 24 h and pulse rate declined at slow rate during post-work 

period and normal resting values were reached afte~ about 12 h in 

buffaloes but the crossbred cows took longer time to corne- back to 

pre-work normal values. SinCe the animals were monitored for the 

recovery up to next day~ pulse rate exhibited an increase due to 

no~mal higher ambient temperatures at that time. 

The mean pre-work values of pulse while pullin9 10 qtl load 

were 64.50 ~ 4.33 and 65.50 ~ I.BS/min in DNP buffaloes and cows. 

Work of 10 qtl increased pulse in cattle and buffaloes (Table 

Thereafterl animals were allowed to recover to about 

75 per cent. and at the end of rest pause. the mean values were 

71.75 + 3.61 and 81.25 + 2.50/min. Further work raised PR to 
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82.25 + 0.48 and 93.00 + 1.22/rnin in buffaloes and cows 

respectively. 

normal. 

statistical 

In these animals, PR took about 9 h to return to 

analysis indicated that PR significantly 

Ip < 0.01) differed between weight, species and during intervals 

of sampling. PR also exhibited a positive correlation (P < 0.01) 

with RR (e 0.81) and, RT Ir : 0.64) but was negatively 

correlated (P < 0.0l) with Hb. l;ct and glucose (Table 4.3.1.3). 

4.3.1.3 Rectal temperature 

The results for the changes in rectal temperature (RT) of 

working buffaloes and cows at different cart loads have been 

presented in Table 4.3.1.4 and statistical analysis in Tables 

4.3.1.2 and 4.3.1.5. 

Pre-wo~k RT ranged from 37.7 to 38.7o C· in DNP buffaloes and 

38.3 to 39·.0 oc in cows with a mean of 38.08 .:!:. 0.31 and 38.65 ... 

0.14°C respectively. When both buffaloes and cows were subjected 

to 5 qtl load (load 1)6 their RT increased to 41.21" 0.44 and 

41.02 ~ O.230 C, respectively. The increase in RT due to work over 

pre-work value was 3.130 C in buffaloes ahd 2.37o C in cows. The 

rest period decreased RT to 39.54 ~ 0.13. in buffaloes, and to 

39.53 + O.lSoC in cawS. The values of RT increased after second 

work to 41.22 ~ O.30o e in DNP buffaloes and 41.23 ~ O.190C in DNP 

cows. After second round of carting r animals were assessed for 

recovery in rectal temperature (Fi9' 4.3.1.3l. DNP cows recovered 

earlier in their RT than buffaloes. DNP cows took about 6 h to 

return to p~e-work RT (38.55 ~ O.14oC) but buffaloes took longer 
Q . 

time of 9 h to return to 38.38 ~ O.lOe. The patterns of recovery 

for these animals have been presented in Fi9' 4.3~·1.3~ 



Table 4.3.1.4 Rectal t..enperatur-e (oCl changes in working buffaloes and 
cows during different cal"t loads 

Periods Dry non-pregnant buffaloes Dry non-pregnant cows 
-----------------------------

5 qtls 10 qtls 5 qtls 10 qUs 

BW 38.08 .:!: 0.31 37.99 ~ 0.15 38.65 .:!: 0.11 3a.32 ... O.ll 

AW-I 41.21 ~ 0.44 40.67 !. 0.53 41.02.:!: 0.23 40.14 .. 0.37 

Recovery 39.54 ~ 0.13 38.95 ..:!: 0.19 39.53 ! 0.16 39.21 ! 0.26 
(75%1 

AW-II 41.22 + 0.30 40.24 ~ 0.59 41.23 .:!: 0.19 40.39 .:!: 0.17 

Rest aft~r • hours 
1 40.10 .:!: 0.31 39.33 !. 0.22 40.50 ':'0.30 39.43 ! 0.10 

2 39.37 ! 0.25 38.84 ... 0.19 39.79 .: 0.29 39.27 ... 0.20 

3 38.72 .:!: 0.18 38.60 ! 0.14 39.09 .:!: 0.20 38.82 ! 0.08 

6 38.50 .. 0.09 38.28 !. 0.09 38.55 .: 0.11 38.50 ..:!: 0.13 

9 38.38 ! 0.10 38.22 ! 0.09 38.32 .:!: 0.11 38.35 ~ 0.15 

12 38.09 .:!:. 0.15 37.86 :: 0.24 38.44 :!. 0.06 38.17 .:!:. 0,11 

18 38.18 ~ 0.16 38.08 .:!: 0.15 38.53 ! 0.09 38.18 .:!:. 0.01 

24 38.61 ..:. 0.28 38.12 ..:!: 0.20 39.42 ! 0.22 39.72 !. 0.15 

The values are mean ! SEM based on two replicates on 4 animals 



Fi~ 4.3J3:RECTAL TEMPERATURE IN WORKINQ BUFFAl.OES 
& COWS DURINQ DIFFERENT l.OADS 

- /; Qtl.(BUFFALOES) 

4- /; Qtl.(COWS) 

-I- 10 QtI.(BUFFALOES) 

-<>-- 10 QII.( COWS) 

RECTAL TEMP.( F} Cc) 
108 i i 4'l.'2. 

106 4H 

104 4o,0 

102 389 

100 37·g 

98 I . 136·/ 

1 2 S 456 7 8 9 ro n ~ 
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The RT ranged from 37.6 to 38.2oC in DNP buffaloes and 38.1 

to 38.6o C in ONP cows while pulling 10 qtl load with a mean of 

37.99 ~ 0.15 and 38.32 ~ O.14oC. The work of 2.18 h increased RT 

to 40.67 ~ 0.53 in DNP buffaloes at load II, with an increase of 

2.6SoC over pre-work'h' When heat loads, both due to work and 

environment were partioned, cows stored heat of work at a rate • • 
-29.21 ~ 0.70 kJ/min while pulling load I and at a rate of 25~lO ~ 

2.70 kJ/min while pulling load II. The respective values in 
buffaloes were 47.92 ~ 5.98 kJ/min and 41.77 + 2.89 kJ/min for 

load I and load II. DNP cows fatigued after a work of 2 h were 

given a rest pause of about 2 h 30 min to return to 75 per .cent 

of their normal values. The mean values of RT after rest were 

38.95 + O.190 C in DNP buffaloes and 39.2 + O.26°C in DNP cows. 

The,rest period of about 2' h 30 min was not enough to bring back 

the RT in both cows and buffaloes. Further increase in the RT 

was noted after another period of work, the mean values of RT 

being 40.24 ~ 0.590 C in buffaloes and 40.39 ~ 0.17 in DNP cows 

after work (Table 4.'3.1.4 ). Animals took about 12 h to come back 

to normal (Fig. 4.3.1.3). 

statistical analysis revealed that RT is positively 

correlated {P < O.OI> to RE (r ~ 0.84)( PR (r : 0.811 and 

negatively correlated to Hb (r = -0.39), lie.t (r :; -0.29) and 

glucose (r c -0.36). ANOVA indicated that RT differed signifi­

cantly between animals, weights, species and intervals of 

sampling (P < 0.01). 

4.3~2 BAEMATOLOGICAL CHANGES 

4.3.2.1 Haemoglobin <Ubl 

The haemoglobin (ab) changes in the working DNP cows and 

buffaloes during load I and load II, and at different hours of 

work have been presented in Table 4.3.2.1 and statistical, 

analysis in Tables 4.3.1.2 and 4.3.1.5. 



Tab!"" 4.3.2.1 Haenoglobin (g %) changes in ~rk.ing buffaloes and cows 
during different cart loads 

Periods Dry non-pt"e9nant buffaloes Dry nDn-pr~nant cows 

--------------------------- -----------------------------
5 gUs 10 qtls 5 qtls 10 qtls 

12.26 .:.': 0.15 12.30 .! 0.24 11.25 .: 0.13 11.83 , 0.09 -

AW-I 11.68 .:: 0.13 11.65 .! 0.26 10.50 .! 0.10 11.10 , 0.31 -

Recovery 11.75 
175%) 

.-: 0.17 11.50 ! 0.19 10.43 + 0.15 10.9B • 0.23 -

AW-II 10.88 • 0.51 11.20 • 0.25 10.03 + 0.13 10.70 ! 0.30 -

Rest after 
hours 

1 10.66 !. 0.43 11.50 ! 0.26 10~23 ! 0.14 11.00 :!: 0.36 

2 10.60 ~ 0.36 11.35 :!: 0.22 10.65 ;:'0.10 11.23 .:!: 0.35 

3 11.00 + 0.37 11. 73 ! 0.14 10.75! 0.09 11.25 ! 0.36 

6 11.63 ! 0.14 11.70.:!: 0.16 10.93 ! Q.09 11.28 :!: 0.37 

9 11. 75 !:. 0.10 lL7Q :!: 0.20 11.03 .! 0.09 11.35 1- 0.46 

12 11.75 + 0.06 11.95 ! 0.10 10.98 .! 0.06 11.53 + 0.38 

16 12.15 + 0.17 12.05 !: 0.10 11.03 :: 0.17 11.65 + 0.29 

24 11.66 : 0.39 11.70.:!: 0.17 10.53 .:!: 0.17 11.48 :!: 0.13 

Th"" values are mean .:!: 8EM based on two replicates on 4 animals 
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The pre-work mean Hb respectively were 12.28 + 0.15 and 

11.25 + 0.13 9 per cent in DNP buffaloes and cows. Pre-work Hb 

was higher in buffaloes than cows. The Hb in DNP buffaloes 

ranged from 11.9 to 12.2 9 per cent and in DNP cows from 11.0 to 

11.6 9 per cent. Hb levels decreased due to work effects to 

11.68 + 0.13 9 per cent in DNP buffaloes and 10.50 + 0.10 9 

per cent in DNP COWS, respectively (Table 4.3.2.1). 

Aqout 100 per cent recovery in Hb concentration was observed 

after 18 h of rest, the mean values wer~ 12.05 ~ 0.10 9 per cent 

in DNP buffaloes and 11.65 ~ 0.29 9 per cent in DNP cows. A rise 

in Hb concentration has also been reported after second period of 

work. statistical analysis of H» in terms of analysis of 

variance showed that Hb differs significantly (p < 0.01) between 

animals, weights, species and periods. The interaction of 

weights x species and species x periods also had significant (p < 
0.01) effect on Hb and correlation coeffi~cient of Hb with RR (r 

~ 

:; 0.42)., PH {r "" -O.53} and RT (r = -0.44) showed significant 

positive (P < 0.01) correlation, and a positive correlation (P < 
0.01) with Hct was found. 

4.3.2.2 Haematocrit (Bet) 

The changes in the haernatocrit (Het) in DNP buffaloes and 

cows at load I and load II at different periods have been 

presented in Table 4.3.2.2, Fig_ 4.3.2.1 and statistical analysis 

in Ta,bles 4.3.1.2 and 4.3.1.5. 

The pre-work mean value of Hot in cows was lower than 

buffaloes. ~he same trend was observed during different periods 

of interval$:. The Het ranged from 36 to 38 pe'r cent in DNP 



Table 4.3.2.2 Haematocrit (%) changes in working buffaloes and cows during 
different cart loads 

Periods Dry ocm-pregnant buffaloes Dry non-pregnant cows 

10 qtls 5 qtls 10 qtls 

BW 37.00 + 0.41 36.75 :' 1.11 34.50 + 0.65 35.25 + 0.48 

AW-I 33.75 .!. 0.63 35.00 .:!: 0.71 32.25 .. 0.85 33.50 ~ 0.65 

Recovery 33.00 .:: 0.22 34.25 :' 0.95 31.00.:: 0.41 33.00 .:. 0.41 
(75%) 

AW-II 32.00 :' 0.91 33.25 .!. 0.95 30.00 .. 0.41 32.00 + 0.41 

Rest after 
hours 

1 32.75:, 0.75 34.75 :' 1.25 3i.50 + 0.96 32.50 .:: 0.29 

2 32.75:, 0.75 33.50 .:. 1.08 32.25 + 0.83 34.00 + 0.41 

3 34.00:, 1.35 34.50 ! 1.04 32.75 + 0.63 35.00 :!: 0.41 

6 33.75 .!. 1.03 34.50 :!: 1.19 33.00 + 0.41 33.38 .!. 0.37 

9 35.00 ! 0.71 35.00 :' 1.22 33.75 :!: 0.63 35.75 .!. 0.48 

12 34.50 .:!: 0.50 35.50! 0.96 33.50 ~ 0.50 36.25 .!. 0.86 

18 36.75:, 0.25 35.50 :' 0.65 33.25 :' 1.26 35.25 .!. 0.75 

24 35.75:,: 0.48 35.50 :: 0.98 31.75 + 0.48 34.25 !: 0.48 

The values are ~ .!. SEM based on two replicates on 4 animals 
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buffaloes with a mean value of 37.0 per cent and 34 to 36 

per cent in ONP cows with the average values of 34.50 ~ 0.65 

per cent, respectively. During recovery, Het did not reach to 

pre-work value, but values decreased further to 33.00 ~ 0.22 

per cent in DNP buffaloes and 31.00 ~ 0.41 per cent in ONP cows 

with a range from 31 to 35 per cent and 30 to 32 per cent. 

Another work further decreased Ret; the difference between pre­

work and after second work in Hct was 4 in DNP buffaloes but in 

ONP cows was 4.50. 

The pre-work mean Hot during load It carting, respectively 

were 36.75 ~ 1.11 per cent in DNP buffaloes and 35.25 ~ 0.48 per 

cent in DNP cows which decreased to 35.00 ~ 0.71 and 33.50 ~ 0.65 

after work. During rest, Het further decreased to 33.25 ~ 0.95 

per cent in DNP buffaloes and 32.00 ~ 0.41 per cent in DNP cows. 

DNP cows took about 9 h to recover fully in their Hot values but 

buffaloes took slight_ly longer period to return back to pre-work 

values. The values for recovery at different hours have been 

presented in Table 4.3 .. 2.2 and Fig. 4.3.2.1; 

Statistical analysis of Ret in terms of analysis of variance 

indicated that Het differs significantly (p < 0.01) between 

animals, weights. species, periods and interaction of we~s x 

species and species x periods. Correlation coefficient of Het 

indicated that the Hct was negatively correlated (P < O.Ol) with 

RR Ir ~ -0.40), P:R Ir =-0.54), RT (r :'. -0.47) and lactic acid 

(r = -0.34' and positively correlated (P < 0.01> with the Hb Ir ~ 

+0.70). 

4.3.2.3 Plasma volume changes 

The plasma volume changes in DNP cows were more than 



106 

buffaloes (Table 4.1.6.3) during carting. Afta~ Lirst phase of 

work.' mean volume ohange in ONP buffaloes was 10.57 + 1~34 

per cent and in cows 10.58 + 1~2S per cent. 

The plasma volume changes wer~ mQre during second round of 

cartin9 than ob~erved at first work. When animals were 8ubjectea 

to load II~ the plasma volume changed by 8.51 ~ 1.05 per cent and 

8~9 ~ 2.85 per cent in DNP b~f£aloes and Cows after first phase 

of work. The change in plasma volume waS higher in cows than 

buffaloes (Table 4.1.6.3} ... 

4~3.3 ENERG~ SUBS7RATES 

The results for blood glucose and la.cti,c acid in buffa.loes 

and cows du~in9 different intervals of work and at different cart 

loads have been presented in Tahles 4~3.3.1 and 4.3~3.2. Fig!!. 

4.3.3~1 and 4.3.3~2 and statistical analysis in Tables 4.3.1.2 

and 4.3.1.5. 

Blood glucose concentratio~before onset of work $howed 

variations in both buffaloe~ and cows. The pre-work levels of 

blood glucose in ONP buffaloes ranged between 44.30 to 51.27 mg 

per cent and ranged between 38.75 to 47.77 mg per cent in DNP 

cows. The glucose levels showed a variable trend and nQ 

characteristic or uniform change was observed during work in cows 

and buffaloes. Imposition of 5 qtl load (load I) during hot-humid 

season in DNP buffaloe$ and cows reduced glucose concentrations to 

45.98 + O~17 and 4~.gg ~ Q~3t ~ pe~ cent from their respective 

pre-work values of 47.95 .! 0 .. 69 and 45~06 .! 0.35 mg pe..r cent. 

Slight inerease in the mean sugar level was observed during rest 
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pause in buffaloes and cows. Another work period further reduced 

the gluoose concentrations to mean values of 44.30 + O.Sl and 

41.91 ~ 0.18 mg per cent in DNP buffaloes and cows. Decline in 

the glucose concentration in buffaloes was much faster than cows, 

During the long rest pause, after end of work, glucose 

concentration increased and animals recovered their blood sugar 

levels after about 2-3 h of rest (Table 4.3.3.1). 

The pre-work glucose concentrations in ONP buffaJoes and 

cows were about similar, the mean values being 48.90 + 1.08 and 

48.84 + 0.87 mg per cent in DNP buffaloes and cows. Imposition 

of heavy load dropped blood sugar levels by 6.20 per cent in DNP 

buffaloes and 5.76 per cent in DNP cows. Rest period after work 

slightly recovered glucose concentration {Table 4.3.3.1)4 After 

second work, animals were assessed for recovery and it was found 

that pre-work levels were attained in 3 to 4 h in cows but 

buffaloes took long time to come back to pre-exercise values 

(Table 4.3.3.1). 

Analysis of variance of data indicated that differences in 

glucose were significant between animals (P < 0.01), loads (p < 

0.01), periods (p < O.Ol) and values were significantly affected 

by interaction of weight x species. 

The lactic acid content of blood during rest varied from 

10.17 to 15.44 rog per cent in ONP buffaloes and from 10.77 to 

16.43 mg per cent in DNP cows. Lactic ~cid concentration 

increased due to load I in both buffaloes and cows. However, the 

changes were not uniform at different hours of' work .(Tabl.e 

4.3.3.21. The overall pre-work mean lactic acid content was 



Table 4.3.3.1 Blood glucose frog %) changes in working buffaloes and cows 
during different cart loads 

Periods Dry non-pregnant buffaloes Dry non-pregnant cows 

5 qtls 10 qtls 5 gtls 10 gtJs 

47.95 !. 0.69 48.90 .! 1.08 45.06 .! 0.35 48.83 , 0.87 -
AW-I 45.9B!. 0.77 45.87 !. 0.63 42.98 :. 0.37 46.06 + 0.84 -

Recovery 47.00 ! 0.54 46.90 ~ 0.68 44.29 ~ 0.48 47.38 .: 0.95 
(75%) _II 44.33 !. 0.81 44.92 ! 0.57 41.91 .!. 0.18 46.25 .:!: 2.32 

R~st after 
hours 

1 45.54 :. 0 .. 94 44.97 .! 1.40 44.24 + 0.74 47.08 .! 1.12 

2 45.86 ! 0.76 42.97 + 1.77 44.82:. 0.60 47.39 ! 1.47 

3 46.34 1:. 0.65 43.90 .! 1.50. 44.88 .! 0.41 48.31 ! 1.37 

6 46.45 + 0.61 43.74 C \.60 45.91 + 0.29 48.70 ! 1.30 

9 46.82 .! 0.51 44.99 .! 1.51 46.00 .: 0.53 47.54 + 2.10 -
12 46.18 , 0.66 45.78 .! 1.26 46.48 .:. 0.3? 48.91 + 1.62 -

18 45.70 + 0.84 46.09 .:!: 1.52 46.48 .! 0.25 49.22 + 1.41 - -
24 47.93 + 0.54 47.02 .! 1.41 45.21 .: 1.62 49.83 • 1.42 - -

The values are nea.n .! SEM based on two replicates on 4 animals 
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12.99 ~ 0.63 mg per cent in DNP buffaloes and 14.06 ~ 0.60 rog per 

cent in DNP cows. Load I increased lactic acid content to 25.72~ 

0.96 mg per cent and 25.57 ! 0.74 mg per cent after first phase 

of work. A rest period in between decreased lactic acid to 23.88~ 

0.98 mg in bUffaloes and 23.44 ~ 0.79 mg per cent in cows and 

recovery in LA was incomplete. 

Lactic acid in DNP buffaloes and cows increased to 27.18 + 

0.59 mg per cent and 25.57 ~ 0.80 rng per cent. respectively. Due 

to second round of work, the increase in the lactic acid occurred 

by 109.24 per cent ~n DNP buffaloes and 81.61 per cent in ONP 

cows. This incre~se over pre-work was of higher magnitude than 

after first round of work. Longer rest was required to come back 

to normal level in lactic acid and complete recovery took about 

18 h (Table 4.3.3.2). 

The rise in the lactic acid content over pre-work was much 

~ore during load II as compared to load I. The pre-work avera9~ 

LA values of 12.88 + 0.43 and 12.84 ~ 0.53 increased to 25.54 ~ 

0.64 and 25.19 ~ 0.71 mg per cent after work in DNP buffaloes and 

cows, respectively. During rest, LA decreased by 82.01 per cent 

in DNP cows. The lactic acid during rest period decreased to 

23.07 ~ 0.66 mg in DNP buffaloes and 23.37 ~ 0.89 mg in DNP cows. 

~he increase in the blood lactic acid due to second phase of work 

was to 25.83 + 0.67 mg in DNP buffaloes and 25.47 ~ 0.86 mg in 

DNP cows. 

Statistical analysis of results revealed a significant 

variation {P < O.Ol} between loads, spec~es and intervals (Tabln 

4.3.1.2). 



Table 4.3.3.2 Lactic acid hug %} changes in working buffaloes and COWS 
during different cart loads 

Periods Dry non-pregnant buffaloes Dry non-pregnant cows 
-----------------------------

5 gtls 10 gUs 5 gtls 10 gtls 

"' 12.99 .:t. 0.63 12.88 .!. 0.43 14.00 t 0.60 12.84 + 0.53 

AW-I 25.72 :!: 0.96 25.54 ! 0.64 25.57! 0.74 25.19 ! 0.71 

Rocov<>ry 23.88 :!: 0.98 23.07:!: 0.66 23.44 ;: 0.79 23.37 + 0.89 
<75%1 

AW-II 27.18 ;: 0.59 25.83 ;: 0.67 25.57 !;. 0.80 25.47 !: 0.86 

Rest a£ter 
hours 

I 25.38 .:!: 0.60 24.47 + 0.54 25.56 .:t. 1.10 24.63 ! 1.10 

2 23.51 .:!: 0.58 23.20 ! 0.62 20.69 ! 1.14 23.51 .:!: 0.58 

3 21.82 + 0.52 22.47 -+ 0.62 1B.25.!:. 1.30 21.43 + 0.87 

6 19.53 !: 0.89 21.93 !;. 0.80 17.30!. 1.30 19.37 .!. 0.78 

9 16.71 .!. 0.72 20.49 ! 0.59 17.11 ;: 1.10 18.41 .!. 0.79 

12 16.33 !: 0.65 16.67 .:!: 0.67 15.19 !;. 0.26 16.35 .!. 0.56 

18 15.03 .:!: 0.49 16.31 !: 0.84 14.66! 0.70 14.85 .: 0.56 

24 13.51 ;: 0.82 14.68 .:!: 0.27 13.66 .: 0.46 13.35 + 0.17 

The values are mean .:!: SEM based on two rep] icates on 4 ani.m31s 



Fi~.4,:"~=i.·. LACTIC ACID IN WORKING BUFFALOES 11 
COWS DURING DIFFERENT LOADS 
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The correlation coefficient of lactic acid with other 

parameters showed a significant positive correlation (P < 0.01) 

with RR (1' a.56}, PR (r ~ 0.63), RT (r ~ 0.66.; RR was 

negatively correJated (P ( 0.01) to Hb fr = 0.23) ~~d act {~ 

0.34 •• Lactic acid differed significantly (P < O.Ol) between 

work loads, species and periods. 

4.3.3.3 F~ee fatty acids 

The l;'esults for plasma free fat~acid8 tFFA) in dry noo-

pregnant (DNP) huffaloes and cows at different cart loads hav~ 

been presented in Table 4.3.3.3 and Fig. 4.3.3.3. 

The pre-work average values of FFA were 331.33 + 113.88 and 

296.93 ~ 41.81 umol/l in DNP buffaloes and cows~ respectively. 

The FFA increased to 351.17 ~ 88.44 umol/l in ONP buffaloes and 

342.40 ~ 78.92 ~rool/l, while pulling 5 qtl (load II cart load. 

The increase in the FFA was more pronounced in DNP cows than 

buffaloes, ·rise in FFA over pre-work in absolute terms was 19.84 

in DNP buffaloes whereas in cows was 45.47 u~ol/l. During rest 

period, FFA further increased to 419.66 + 135.09 umol/l in 

buffaloes and 480.96 ~ 123.30 uIDol/l in cows. Second period of 

work reduced level of FFA in blood (Table 4.3.3.3). FFA levels 

fluctuated during recovery period and no uniform pattern was 

observed. The mean values after 24 h of rest were 255.50 ~ 1.98 

in DNP buffaloes, but higher values were observed in DNP cows 

(Table 4.3.3.3). 

Similar pattern of rise in the plasma free fatty acid after 

work was observed during 10 qtl cart load (Table 4.3.3.3). Pre­

work: FE-A values were lower in cows than puffaloes(Table '4.3.3 .. 3). 

A rise in the FFA content was seen upto 489.92 ~ 116.97 and 



Table 4.3~3.3 Free fatty acid {umoI/l} changes in working buffaloes and 
cows during different cart loads 

Periods Dry non-pregnant buffaloes Ory non-pregnant cows 

5 qtls 10 qtls 5 qtls 10. qtls 

331. 33.!1l.3. 88 486.80. ... 110..48 296.93~ 41-81 3S6.59,:!: 48.79 

AW-1 351.17! 88.44 489. 92:!:1l6. 97 342.40..! 78.92 409.30! 70.52 

Recovery 419.66+135.09 288.40+ 27.9B 480.%.!123.30 354.27+ 74.25 
(75%) 

AN-II 267.40.! 26.11 446.531124.02 393.60!: 67.79 274.0.0.: 23.92 

Rest after 
hours 

3 255.33.: 13.54 496.10..:161.79 280.62" 19.19 347.39;:. 43.79 

12 395 •. 10.:138.03 437.90.!161.79 434.90.: 84.9B 313.20. 29.6J 

24 255.50+ 1.98 294.57+ 34.57 334.671 68.24 262.79+ 29.94 

The values are mean .! Sel based on t\o.U replicates on 3 animals 
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409.30 ~ 70.52 urnc!/l in buffaloes and cows after load II. Rest 

pause decreased FFA levels in both cows and buffaloes to 

respective mean values of 354.27 ~ 74.25 and 288.40 + 27.98 

urnol/1 in buffaloes but no uniform pattern of change was observed 

in cows (Table 4.3.3.3). Three hours of rest increaseq FFA to 

496.1p ~ 161.79 and 347.39 ~ 43.79 umol/l in dry buffaloes and 

cows. Rest periods of 7 h decreased the F~A in DNP buffaloes and 

cows to the respective values of 437.90 ~ 161.79 and 313! 29.61 

umol/l (Table 4.3.3.3). No significant correlation was found 

with T4, FFA and insulin. 

4.3.4. METABOLIC HORMONES 

The results for metabolic hormones (T3' T4 and insulin' in 

DNP buffaloes and cows during work and rest have been presented 

in Tables 4~3.4.1 to 4.3.454 and Figs. 4.3.4.1 to 4.3.4.3. 

4.3.4.1 Triiodothyronine 

The results for plasma triiodothyronine IT3) levels in DNP 

bUffaloes and oows at different periods of work and rest have 

been presented in Table 4.3.4.1 and Fig. 4.3.4.1. 

The resting pre-work T3 levels in DNP buffaloes and cows 

were 0.70 + 0.24 and 0.24 ~ 0.03 ng/ml. respectively. Load I 

inc~eaged T) levels to 1.12 i 0.89 and 0.40 ~ 0.14 ng/rol in DNP 

buffaloes and cows. Rest pause decreased the plasma T3 levels to 

0.44 + 0.19 and 0.38 ..:!:. 0.17 ng/ml in DNP buffaloes and cows. 

During rest period, T3 levels_ did not show any uniform pattern 

(Table 4.3.4.1). 



Table 4.3.4.1 Triiodothyronine (ng/ml) changes in working buffaloes and 
cows during different cart loads 

Periods Dry non-~ant buffaloes Dry non-pregnant cows 

5 qtls 10 qtls 5 qtls 10 qt.ls 

0.70 + 0.24 0.29 ! 0.05 0_24 + 0.03 0.22 + D.O. 

lIW-I 1.12 :. 0.89 0.18 :: 0.01 0.40 + 0.14 0.34 • 0.04 

. 
Recovery 0;44" + 0.19 0.16 ~ 0.00 0.38 + 0.17 0.28 ..: O.OB 
(75%) 

AW-II 0.98 + 0.45 0.25 + 0.08 0.25 + 0.03 0.30 • 0.13 

Rest after 
hours 

3 0.45 + 0.16 0.18 .! 0.02 0.28 .. 0.13 0.29 .! 0.11 

12 0.44 + 0.16 1.20 + 0.90 0.49 + 0.20 0.19 + 0.02 

24 0.41 + 0.05 0.27 • 0.12 1.46 -+ 0.B8 0.33 + 0.13 

The values "are rrean !.. SEM based on tl«l replicates on 2 animals 
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At the beginning of 10 qtl cart load, the average values of 

T3 were 0.29 ~ 0.05 and 0.22 ~ 0.04 ng/m! in buffaloes and cows, 

respectively. Heavy load did not induce pronounced changes and 

T3 levels we~e observed to vary within normal 

limits (Table 4.3.4.1l. Statistical analysis in 

physiological 

terms of 

analysis of variance showed that T3 differed (P < 0,05) between 

animals and loads. 

4.3.4.2 Thyroxine 

The resting pre-work average values of T4 in buffaloes and 

cows varied from 12.49 ~ 1.60 to 44.77 ! 11.97 ng/ml. with pre­

work levels being 12.73 + 2.12 and 44.77 + 11.97 ng/ml. 

respectively in DNP buffaloes and cows (Table 4.3.4.2). A drop 

in T4 level was seen after work to 10.75 ~ 3.65 and 25.95 + 14.26 

"g/mI. During recovery. respective levels increased to 26.93 + 

lOa25 and 36a57 Z 11.54 ng/ml in DNP buffaloes and cows. Further 

work increased these levels to 43.03 12,25 ng/ml in ONP cows, 

but levels in buffaloes declined. After 24 h of rest period. t,he 

values of T4 were 20.70 + 2.78 in DNP buffaloes and 26.47 + 5.22 

ng/ml in DNP cows (Table 4.3.4.2J. 

4.3.4.3 Insulin 

The results for insulin in DNP cows and buffaloes at 5 qt! 

and 10 qtl loads during hot humid season and at different hours 

of work and rest have been presented in Table 4.3.4.4 and Fig. 

cows 

The pre-work average values of insulin i~ DNP buffaloes and 

were 21.40 + 0.51 and 17.07 + 2.49 uU/ml. The insulin 

levels decreased after work to 17.21 + 0.76 and 15.44 + 2.03" 



Table 4.3.4.2 Analysis of variance for FFA, T3, T4 and insulin during 
carting experiment 

Source of d.L t-1.5.5. d.L M.S.S. 
variation -----------------------------

ITA T4 T3 Insulin 

AniJnals 2 9564.61 1172.07"'''' 1.30" 1 2.77 

Weight 1 29031. 74 6189.26""" 1.11'" 1 0.43 

Species 1 5997.26 262.17 0.41 1 51.01'",11< 

Periods 6 12223.76 92.27 0.15 6 29.16** 

Weight x 1 70957.03 629.11 0.05 1 30.50* 
Species 

Weight x 6 28325.20 251.39 0.18 6 17 .59 
Periods 

Species x 6 11255.64 190.26 0.25 6 4.63 
Periods 

All effect 6 8340.35 166.55 0.40 6 18.73 
interaction 

Error 54 23530.60 210.45 0.27 27 5.70 

It P < 0.05; •• P ( 0.01 



Table 4e3.4.3 Thyroxine (ng/ml) changes in working buffaloes and cows 
dll1"ing different cart loads 

Periods Dry non-pregnant buffaloes Dry non-pr~nant cows 
---------------------------

5 qtls 10 qtls 5 qtls 10 qtls 

12.73 ;: 2.12 14.66 ;: 5.0B 44.77 ;:11.96 12.49 ;: 1.60 

AN-I 10.75 ;: 3.65 13.77 ;: 6.16 25.95 ;:14.26 22.97 ;: 4.56 

Recovery 26.93 :,:10.25 21.37 .!10.66 38.57 :.11.54 9.90 ~ 2.46 
175%) 

Aw-n 10.16 =- 3.04 38.43 ,:t25.33 43.03 ,!12.25 10.42 .! 3.07 

Rest after 
hours 

3 12.42 .! 6.72 35.03.!lLOO 38.27 .!lL80 8.01 .! 1.91 

12 7.68 .! 2.44 25.43.! 1.72 29.23 .! 2.92 12.:27 .! 2.76 

24 20.70 !. 2.78 34.53 !. 9.13 26.47 .! 5.22 11.74 :!. 6.69 

The values are mean .: SEM based on two replicates on 2 animals 
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uVlml in ONP buffaloes and cows, respectively. Post-exercise 

insulin levels were 17.70 ~ 0.76 and 16.92 Z 2.23 uU/ml in DNP 

bufralo~8 and cows. During recovery period, insulin levels 

increased (Table 4.3.4.4). The per cent increase in insulin was 

14.88 in DNP buffaloes and 64.82 in cows after 24 h of rest. 

Recovery in the insulin levels took about 1-2 h. Almost similar 

results were observed in DNP buffaloes and OOW$ d.u;ring h~avy work; 

load (Table 4.3.4.41. Statistical analysis of results indi~ated 

that insulin levels differed significantly (P < 0.01) between 

species and periods. T3 levels did not show any correlation with 

other parameters (Table 4.3.4.3). 

4.3.4.4 Estrogen and progesterone 

The results encountered for circulating estrogen and 

progesterone in DNP buffaloes and cows at loads I and II, and at 

different hours of work have been pre.sented in Table 4 .. 3.4.5. 

The progesterone concentration in DNP buffaloes varied from 0.B8 

to 6.25 ng/ml. No specific pattern of change was observed in 

most animals, but a few animals did exhibit a decrease in 

progesterone. The pre-work progesterone levels were 2.38 and 

2.07 ng/ml in DNP buffaloes at load I and the respective values 

were 1.76 and 2.24 ng/rol at load II. During recovery period, the 

progesterone levels remained almost at the same level as observed 

at the beginning in all the DNP buffaloes and cows. DNP cows 

showed a much lower value of progesterone. 

Estrogen levels varied from 2.00 to 19.20 pg/ml in DNP 

buffaloes, the respective values for ONP CQWS were 7.47 to 38.40 

pglml a The estrogen concl"!ntration during diffe.rent hours of work 

did not show any specific pattern o~ change in DNP "Cows and 

buffaloes. 



Table 4.3.4.4 Insulin level (uU/ml) changes in working buffaloes and cows 
during dilferent cart loads 

Periods Dry non-pregnant buffaloes Dry non-pregnant cows 

5 gtls 10 qtls 5 qtls 10 qtls 

21.40 + 0.51 18.12 + 0.76 17.07 + 2.49 22.91 + 2.75 

AW-I 17.21 + 0.76 15.90 :!: 2.22 15.44 .:!: 2.03 21.59 + 1.69 

Recovery 17.70 + 0.76 19.64 .:!: 1.02 16.92 .:. 2.23 23.24 .! 0.42 
(75%) 

AW-II 17 .~7 ! 0.48 15.19 + 2.02 14.47 + 1.65 18.33 + 0.48 

Rest after 
hours , 18.93 .:!. 0.35 19.61 .:!:. 1.23 21.5c7 .! 2~14 16.35 , 2.54 

12 21.47 .! 1.47 14.39 + 2.28 24.34 .! 1.05 19.50 .. 1.71 

24 20.07 + 0.68 15.56 + 2.48 23.85 + 1.83 21.50 + 0.50 

The values are mean + SEM based on two replicates on 2 animals 
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Table 4.3.4.5 plasma progesteDOOe tng/ml) and plasma estradiol-17 9 (pg(ml) 
changes in working buffaloes aru;:l cows during different cart 
loads 

5 quintal load 10 ql.lintal load 
--------------------------- ----------------------------

Periods I?rogf!sterone Estl'adioJ Progesterone E~tradlQl 

------------- ----------- ------------ -----------
Anim3.1s Animals l\nimals i\nim-i I 1'; 

1 2 1 2 1 2 1 2 

~ .. ------, ."._--_ .. _._--- -_ ... _- --... --
BUFFAIDES 

BW 2.38 2.07 2.00 10.67 1.76 2.24 15.47 14.40 

AW-t 6.25 1.91 3.20 5.07 2.07 2.53 12.00 10.67 

Recovery 1.60 1.52 6.93 11.73 2.06 1.91 13.60 12.80 
05%) 

A~'-II 2.22 1.60 14.93 9.07 1.91 3.15 16.00 14.40 

Rest after 
hours 

3 1. 76 1.91 12.80 10.67 1;76 2.30 19.211 IG.OO 

12 1.91 1.52 13.87 12.27 1.60 0.88 13.60 16.UO 

24 2.22 1.60 14.40 14.93 1.91 \.76 12.00 l4.411 

=-15 

BW 0.50 0.06 13.87 27.73 0.05 0.05 17.60 20.27 

Aw-I 0.88 0.07 11.20 30.93 0.05 0.05 17.07 29.87 

Re..-overy 0.88 0.05 10.13 . 34.13 0.06 0.05 17.60 16.53 
(75%) 

1M-II 1.31 0.13 14.93 38.40 0.05 0.05 20.27 18.13 

Rest after 
hours 

3 0.17 0.48 15.47 20.80 0.07 0.06 10.13 10.13 

12 6.00 0.07 12.27 19.20 0.05 0.06 18.13 7.47 

24 0.28 0.06 15.47 18.13 0.05 0.05 18.13 16.53 
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CHAPTER 5 

Di:SCUSSION 



5.0 DISCUSSION 

5.1 PLOUGHING 

5.1.1 PHYSIOLOGICAL CHANGES 

5.1.1.1 Respiration rate 

Resting 

(DNP) and 

non-pregnant pre-work respiration rate (PR) of dry 

lactating non-pregnant (LNP) crossbred cows, during 

than the pre-summer and winter, wtt.5f' observed to be higher 

exercise values of buffaloes with the overall mean difference of 

about 11 breaths per minute during summer season (22.9 and 18.4 

RR/min) and about 5 breaths/min (15.1 and 10.3 RR/min) during 

winter. These pre-work higher RR in crossbreds had greater 

magnitude of difference during summer than winter (Table 4.1.5.1'. 

From these results we can conclude that the resting respiration 

rate of buffaloes are lower than crossbred cows.. Thesn 

differences in resting animals further indicate that buLfalo at 

rest spent 1 • .:::.",:,3. .. " oxygen to maintain their J?ody weights under 

identical conditions and the pulmonary exchange processes at 

these rates were sufficient to maintain their metabolic needs and 

thermal equilibrium. In general, these average resting values 

for crossbred cows observed during present investigation are in 

agreement with the values observed in crossbred animals by Sastry 

(1969), Raa et ai. (1974) and Acharya et ai. (1979). The values 

observed in DNP and LNP buffaloes during summer are in agreement 

with the values observed by Nangia et ai. (1980) and Martin and 

Teleni (1989) in buffaloes. Initial RR of buffaloes during 

winter are also in agreement of Kapoor (1985) and Dang (1990). 
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The differences in the RR in present investigation during 

summer and winter are significant and have been attributed to the 

variations in the ambient conditions,distinct climatic componentR 

specially temperature and humidity. RR in both the species, cows 

and buffaloes have been observed to be physiological compensated 

effects resulting in increase with increased ambient temperature 

and decrease with decreased ambient temperature. These changes 

observed were primarily due to compensating effect in body heat. 

due to changed environmental temperature (Thompson, 1973). 

Increase in the respiration was observed when animals were 

subjected to work during both the seasons. Similar trends in 

results have also been reported by Upadhyay (1962,1967)1 Opadhyay 

and Madan (1985a), Upadhyay and Rao (198~), Bhatnagar (1989) and 

Sadan Bag (1992)6 

The absolute values of RR in crossbreds were higher than 

values recorded in buffaloes. The changes interpreted in termR 

of per cent ~ncrease over pre-work RR revealed that per cent 

increase in crossbreds was lower than buffaloes. ReasonR 

attributed were that crossbreds started with a higher pre-work 

rates than buffaloes, thus the capacity to increase in them was 

limited6 The increase in the RR of crossbreds (DNP and LNP cows) 

during summer and winter were closely in agreement with the 

values reported by Acharya et al. (1979) during summer after 3 h 

of ploughing. In present study. almost similar values of RR were 

observed after 1-1/2-2 h work, most likely due to Boil conditions 

and sex differences as in the present study -females were the 

subject of experiment. But during winter almost similar values 

were found after 4 h of work. Similar per cent increase in the 

buffaloes has also been reported by Thakur et ai. (1987). 
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The increase in the respiration rate during work is a chief 

compensator~ mechanism to cope with the increased demand of , 
oxygen of the actively working muscles~ 

, 
Increased RR help in 

increasing oxygenation of blood, to deliver oxygen at much faster 

rates to muscle cells (Naughton, 1979; Upadhyay and Madan, 198~. 

"A rest pause during work decreaa-ed RR in crossbred cowa and 

buffaloes to variable magnitude (Table 4.1.5.1). The extent of 

changes in RR were often related to the duration of work and in 

general these animals did not recover to pre-work levels, during 

rest pause, after first month morning work phase. Two hours of 

rest was not enough to recover in RR to pre-work values. The 

decrease in RR was faster during post work period. studies of 

Agarwal er al. (1982) on buffaloes have also indicated that about 

e h are needed to recover animals to pre-work levels. 

Fu~ther work after rest respectively increased RR to 83.3 

and 61.4 during summer and winter in buffaloes. The absolute 

values and 'per cent increase in the RR due. to second round of 

ploughing were higher than the first round of ploughing- The 

per cent increase was 450.0, 496.Q in buffaloes during first 

working period during summer and winter, respectively. The 

corresponding increase in RR of cows were 185.5 and 54.4 

per cent. The increase in the RR was more during second phase of 

ploughing during afternoon session as the rest period of 2 h was 

not enough to bring down the values. particularly under the open 

environmental conditions when sola~ radiation and ambient 

temperature was maximum. Increase in the respiratory rate with 

the increase of air temperature is one of the prominent and 

visible phyeiological response of working animals •. NUmerous 

reports have been published indicated increase in the respiratory 

frequency with increase in environmental temperatur.e and have 

been reviewed by Bianca (1965) and Thompson t1973}. RR increase 
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with increase in relative humidity (Rhoad. 1936; Sheath and 

Miller~ 1946) and decrease with drop in temperature (Kibler and 

Brody. 19(9). Direct exposure to solar radiation also increases 

frequency and ventilation volume in buffaloes (Chaiyabutr et al., 

1983; Chikamune, 1987). Increase_in RR upto 496 per cent in 

buffaloes and 392 per cent in cows have been encountered during 

the inveatigation. These were the attempts to maintain oxygen 

availability depending on level of work and to eliminate carbon 

dioxide from the body to maintain internal milieu. This attempt 

also helped in dissipation of heat of both work and enviornment. 

The expe~imental animals during summer exhibited panting with 

polyp ,nea and f'(}Dn;:;~ 

5.1.1.2 Pulse rate 

During present investigation, pr.e-wor~ PR enco~ntered in ONP 

crossbred a.od LNP cows were more than buffaloes during both the 

seasons. The. lowest rate of 56 and 66 beats per min (bpm) were 

recorded in buffaloes and crossbreds respectively. The average 

pre-wor;k PR were 69.0', 'll.i bpm in buffaloee and 75.4, 73.8 bpm 

in cows, during summer and winter season. These values were in 

close agreement with the yalues reported by Sastry (1969). 

Acharya et al. (1979) observed higher PR in crossbred and 

indigenous bullocks during summer and winter season. Rao et a1. 

(1974) and Devadattam and Maurya (1978' have also found initial 

lower values v£ PR than observed during present study in cows. 

Present experimental wo~king female buffaloes· had higher pre-work 

mean PR than report~d by Sornphasi~ti (1987)2 

The increase in PR is due to higher frequency 9f higher rate 

which occurcdue to work under the influence of sympatho-adrenal 

activity_ Increa~e in heart rate due to exercise/work have been 
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reported in humans and animals (Engelhardt~ 1977; Rowel1~ 1974; 

Bell et al., 19.83; Upadhyay and Madan. 1966; Upadhyay. 198.!'). The 

cardiac activity increase~ both due to intensity 

speed of the animals at work (Parks and Manohar, 

of work 

1983). 

and 

The 

increase in the PR after first phase of work respectively was 

90.50, 85.20 in buffaloes during summer and winter, whereas 

increase in PR of cows waS of higher magnitude, i.e. 91~70 and 

95.20/rnin during summer and winter repsectively. The values are 

closely comparable to the PR reported by about 90 hpm in Swamp 

buffaloes walking on a tread mill at 2.5 km/h for a minimum of 3 

h pulling a draught load equivalent to 11 per cent of its body 

weight.· In buffaloes, increase was about 29 per cent during both 

the seasons, but in cows the rise waS 22 and 24 per cent 

during summer and winter, respectively. These results are in 

close agreement with the results reported by Thakur et al. 

(1987). After work in cows, the absol.ute values were of higher 

magnitude than buffaloes but per- cent indrease was lower than 

buffaloes. The reason for that may be that PR of the cows was 

higher during pre-work. 

Increase in the PR from 52 to 97 bpm has been reported by 

Nangia et al. (1990) similar to the'~ ,reaul ts found in, the present 

study. 

The increase in the heart rate represents a rise in cardiac 

activity to fulfil the increased demands for oxygen during 

exercise. The increased heart rate in response to exercise 

though chiefly occurs for supply of oxygen but also serve~ as a 

heat losing mechanism by increasing blood flow through'the skin 

which is of great importance in thermolysis (Bazetteet al.,1940). 

The increased cardiae activity improves blood flow through the 
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skin by v8aodilation of th@ Bubcutan@QU9 blood vessels which also 

helps in heat dissipation. 

Evidences from mammalian research have indicat@d that 

central nervous system initiates or sustains patterns of cardio­

vascular response approp~iate to particular sets of physiological 

conditions, particularly during stress of work or fear (Hilton 

and Spyer, 1980). Muscle vasodilation i9 a constant feature 

together with vasoconstriction in splanchnic and renal beds and 

in skin, while vasoconstriction and increased cardiac activity 

ensure an increased cardiac output. A decreased compliance of 

the pulmonary arteries contribute to the mobilization of blood 

reservoirs (Szidon and Fishman, 1971). These vari~ responses 
• 

are mainly brought about by the sympathetic outputs and vaso­

constrictor nerve fibers to skeletal muscle are apparently 

inhibited when the vasodilator fibers .are excited. This 

inhibition i.s independent of the baroreceptor reflex (Coote et 

al .. 1979). 

Lower heart rate in buffaloes than crossbreds in present 

study may be an effect of conditioned chronotropic changes that 

usually involve the synerg~tic action of sympathetic and para­

sympathetic cardiac innervations. vagoJ influences may be more 

prominent in conditioned bradycardia,while changes in sympathetic 

outflow may prevail during conditioned tachycardia.' However, 

regardless of the direction of heart rate change during work. the 

sho~te8t latency change appears to be mediated by the vagoJ 

innerva.tion (Cohen and Ran.3.::rall. 1984)4 

ah<> 
Pulse rate decreased during two hours of rest to 80~. 74 in 

buffaloes and 83.40, 77.90 in cows during summer and winter 

season and PR did not return to pre-work levels. Earlier studies 
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on draught animals at the Institute have also reported that 

physioloqical reactions may not return to pre-exercise resting 

levels even upto 5-6 h (Upadhyay, 19a9). Another work period 

after rest of 2 h increased the PR to the almost same level as 

observed after first· phase of exercise. The per cent increase 

over pre-work values w,~ about 24.82 and 30.00 per cent in 

buffaloes and 21.00 and 24.00 per cent in cows during summer and 

winter sea$ons. 

The lower resting value of PH during summer in buffaloes and 

cows indicates a decrease in PR with the increase in temperature. 

Mullick and Kehar (1952) had reported an increase in pulse rate 

with the rise of environmental temperature, yet most of the 

workers have claimed that either pulse rate was unaffected by 

environmental temperature (Sheath and Miller, 1946; Riek and Lee, 

1948: Williams et dl., 1960) or decreased with the rise in 

temperature~ Studies on animals have ofte"n reported a rise in 

heart rate due to temperature effects, particularly in the 

tropics. This is most likely brought to correct the imbalances 

in heat production and storage and increased peripheral circula­

tion help in elimination of heat. Since present study did not 

qantify the magnitude of change in heat loss due to increased 

circulatory responses, nothing could be authentically stated 

about the role of such a phenomenon particularly in the animals, 

cTossbrede and buffaloes f wh~rely on skin cooling effects 

limitedly_ 

Since buffaloes and crossbreds were maintained under open 

conditions in winter, animals exhibited higher PR. particularly 

when the ambient temperature was low and animals had to exert 

more for maintaining thermal balance, therefore needed extra heat 

generation. At other point of tirue when dnimals were not exposed 
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to very low temperature, values for PR were found to be lower in 

cows and lactating non-pregnant buffaloes during winter. These 

changes in PH may also be related to biologic adaptative 

processes resulting from exercise effects similar to reported by 

Upadhyay (1982) in bullock, and in human atheletes (Astrand and 

Rodhal, 1970; Astrand, 1981). 

5.1.1.3 Rectal temperature 

The mean rectal temperatures in crossbred cows 39.12°c and 

38.06°C during summer and winter, whichw6re higher than rectal 

temperature of 38.33° and 37.60o C observed in buffaloes during 

respective seasons. The difference in RT of cows and buffaloes 

during summer and winter was about lOC in both~: the seasons. 

The pre-work rectal temperature of buffaloes and cows are in 

close agreement with the values reported for crossbred (Acharya 

et al., 1979; ,Devadattam and Maurya, 1978: Sreekumar and Thomas_, 

1989; Bhatnagar, 1989) and buffaloes (Nangia et ai., 1980: Thakur 

et ai., 1987; bang, 1990; Sadan Bag, 1992). 

The rise in the rectal temperature due to 

values was 2.57°, 2.74o C in buffaloes and 

work over pre-work 
o 0 1.94. 2.28 C in 

crossbred cows during summer and winter seasons. The increase of 

RT in buffaloes was more as compared to cows over pre-work values 

while working under natural environmental conditions with solar 

radiant heat load. 

The rise in RT was more in buffaloes than crossbred~. Most 

likely, these changes were due to higher radiant heat load in 

case of buffaloes which they were unable to reflect due to less 

hair density. Buffaloes in general increase body temperature 

more than the Zebu or crossbreds. Increase in RT during work has 
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been considered a limiting factor for continuous work output 

(Upadhyay, 19891. Earlier, Upadhyay (19B7) had reported that 

increase of 2.So c should be regarded as intolerable by the 

animals if other physiological reactions also increase linearly. 

The increase in the RT of crossbred cows during present study was 

in agreement with the values reported by Sreekumar and Thomas 

(1989) for crossbreds and Kangayam bullock, Maurya and Devadattarn 

(198') for Jersey and Red Sindhi crosses and Khillari bullock, 

and Upadhyay and Madan (198~ for crossbred bullocks. 

In case of buffaloes, similar results have also been 

reported by Tanejd and Bhatnagar {1960', Rana et al, (1978) and 

Nangia et al. (1980). 

Intensity. duration and speed of work determine the rate at 

which animal consume, en"ergy and produce .heat. Most of this 

e~ergt:expended during work. except the portion which is utilized 

for work appears as heat which must be dissipated in order to 

maintain a constant body temperature. The strategies for dealing 

with this increased heat production will differ from animal to 

animal during different climatic conditions. 

A drop in the rectal temperature after 2 h of rest was 

recorded in buffalQes during summer (O.830 C) and winter (1.09
0

C) 

and in case of cows decrease was O.690 C during summer and 1.06
o

C 

during winter season. During winter. the drop in the rectal 

temperature was faster than summer aa animals were able to loan 

heat to the environment being cooler than the body contra~y to 

the summer when heat is transferred to the body from environment 

and animals are excessively distressed. 
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The rest pause of 2 h after ploughing under such conditions 

did not reduce the rectal temperature to pre-work levels~ There­

fore, to recover RT to normal, not only animals need to be 

protected from radiant heat but also addled measures are 

essential if heat alleviation is to be aided .to facilitate 

complete recovery of animals. 

Further exercise increas~the RT to 2~27° and 2~34°C in 

buffaloes and 2.12° and I.Slo e in cows, respectively during 

summer and winter~ Increase in the RT was almost similar after 

first round of work. From our results we have concluded that the 

buffaloes increasad rectal temperature fa8t~r than the COWs 

because of leas number of sweat glands and subcutaneous fat 

(Hafez, 1968). Heat load during summer increased rectal tempera­

ture of buffaloes linearly to 43°C. These levels indicated that 

buffaloes under stress, store heat more than crossbreds~ Since 

rnrn2 buffaloes have less number of sweat glands <1.83 to 4.32 per 

of skin) as compared to indigenous bullocks (13 to 16 per mm2 of 

skin), they get cool slower by sweatin9 (CockYilt, 1974). 

Buffaloes at high temperature often exhibit distress symptoms 

like frothing and tongue protrusion. To prevent any damage to 

physiological systems and brain due to excessive heat load, 

behaviour~l manifestations, excessive frothing I tongue protrusion 

and drooling of saliva must be observed during working and a rest 

pause in between prolonged work period must be provided to 

working animals (Upadhyay and Madan, 1ge~ upadhyay and Rao~ 

1986; Upadhyay and Madan. 1987; Upadhyay, 1987). 

The rate of evaporative heat loss in panting mammais during 

eXeroise can reach levels that are more than double than those 

occurring during rapid, shallow panting at rest in heat (Hales 

and Bligh, 1969). In dogs, sheep, cattle and buffaloes, respira-
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tory minute volume increase$ rapidly during the work and 

continues to rise till a steady state is established in relation 

to work~ This elevated respiratory evaporation, coupled closely 

to hi9h rate of blood flow in the nasal and oral caviti.es, must 

account for the observation that panting mammals show the great 

brain cooling during exercise (Baker, 1982). 

Blood flow to the tongue and the nasal mucosa, .in the dog is 

closely related to the body temperature and the rate of breathing 

(Pleschka et al., 1979). Studies of blood flow demonstrate 

increased blood flow to the tongue, the nasal mucosa, and the 

maxillary turbinate in sheep (Hales et al~t 1979) in heat and 

exercise (Bell et al., 1983). 

5.1.2 BAEHATOLoGICAL CHANGES 

The results obtained during the present investigation 

t'evealed that ploughing and carti.ng fot prolonged periods 

continuously is accompanied by limited but distinct haematologi­

cal changes. 

The overall pre-work mean Hct in buffaloes during summer and 

winter were 35.40 and 36.40 per cent respectively. The pre-work 

mean values in crossbred cows were 33.10 and 33.60 per cent 

during summer and winter. In both the species, lower mean values 

of Het were observed during summer season than the winter season. 

The pre-work mean Hb level was 11.82 and 12.10 9 per cent in 

buffaloes during sum.rner and winter respectively, but i'n case of 

cows the respective values were 10.91 and 11.71 9 per cent. Hb 

contents were also higher during winter. Similar trends in the 

changes of Hb were also observed by Murti and Mul1ick 11960) and 
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RAgh.!llV'an and Mullick; (196';0 ~ Tbe net and Ub contents in blood of 

cows and huffaloes have been reported to have ne-g,ll,ttve­

correlation wit,h ambient temperature:. Decrease 11"1 Hb has also 

been reported to 00 influenced by th~ direct solar radiation in 

buffa-Ioes and catt,le iSh.efie and B&dt'e:ldin. 1962). 

Pre-..... ork Ub and Net conc$otratl,ol:'/ WA!!'l hi.g-her in buffalotu~: 

than 111. et'osmbred oows during bot.h the JS;ea&orHjI~ These re$ult.s 

Okre in qenel"al ilH;Jre:emient to Shafie iIltnd aadreldin U 962} and 

i.ndicate that at any particular env.i. t"(rnment,a! tempet.'atl:l.rl! f 

buff.aloes h.ave greater content Qf Hb. !.A"1W- Bb eon tents in cat,tle 

hav~ also been t'epotted by Martres./). et ill ~ (1940) t 6onsoma et al .. 

<194(H, Fa,} (1'945) lmd Spealman et a,l~ (19-49). 

The t)re~"wtH:'k values of Bb obtained during this investig:at,ion 

by S.ingn et IIJ~ in 

11961la) 
.a9re.e:roent to thone :reported 
et al~ (1974),. Haemoglobin coneent,nttion 

slightly lower as eompar~d to values of 12~I3 ~ 0*05 9 per c~nt 

in cros$breds .reported by Sreekurnar. and Thomas (19a9)~ V~r'iat:iong 

1n Hb have been rfIJ:JC£e,d, to the -climatic (;hange"s and adap.tab:Uity 

in oattle (Manre$a~ 1940l~ 

Ploughing reduced act and ab cont.ent it) bot.h c<ilttle and 
buffaloes dUl"l.1i9 $Ummer <1nd wi,nter. The lief. reduced to :U.60 and 

3,L20 pel" cent i.n buffaloes and in cows :3:1.00 and 3:L20 per cent 

dtu"ing tlUMmilllr and wint~r re:$p~etivejy. 'fhe lib content CQl"r'fP.'S­

ponding.ly d.ecl'easl$d~ The post.-work I{b contel.'ltllt were 11..44 &nd 

11*25 9 per cent. to buffaloes and 1.0+42 and 11~,l6 9' per C~flt in 

crossbred eows t ret/lp@ctively during surrtmer and 'Winter $eaSQm=h 

D~line .in haemo<;)obin and Uet level& due to effect o.f work have 

ahro been recorded by S.1ngh et aJ~ (19'68a) ... Sastry et aJ .. n970i 

and !lao "t .. 1. 11974) i.n buffal"",,_ UI"'<lhyoy and M.d." 1196S) 

reported a decrease in the ab and Hct contents dtu."in9 cart:i.n'(J 1.n 

liarl'ana and ct'Q$sbred buI locks ~ Sre~k.umar and Thomas tl989} also. 

re'ported 

bullocKs ... 
wi i.r-e a 1 so 

similar trend in lib and Met after work in cro$$bred 

The decline of the flo and lief. ,in buffaloes dUt".i.n9 work 

in agreement W'it,h n.ana -et: cal. (1978)~ S.ingh et aJ. 

{1980). Nahg.ia et <il.1. (1980) and Upadhyay and Etao- (1.905), 
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Two hours rest further increased the concentration of Hb and 

Hot but the values did not reach the inibial levels. Further 

work after rest pause of 2 h decreased the concentration of Hct 

to 31.20 and 32.60 per cent in buffaloes and in cows 29.00 and 

31.70 per cant, at load I and load II respectively_ The decline 

in Hb and Hct due to work eLfecta is caused either due to hemo­

dilution effects or due to intravascular hemolysis. 

5.1.3 PLASMA VOLUME CHANGES 

Plasma volume changes calculated on the basis of Het and Hb 

indicate that plasma volume expand to 5.99 + l~lO and 6.34 ~ 0.96 

per cent in DNP and LNP buffaloes respectively during summer. 

The respective changes in DNP and LNP cows during same season 

were 7.23 ~ 1.70 and 8.97 ~ 1.73 per cent. The plasma volume 

changes in ONP and LNP cows during Bummer were higher as compared 

to both groups o£ buffaloes. The justification for the plasma 

volume changes may be that work in hot environment involves 

processes related to work wherein fluid lOBS needs to be compen-

sated. In that attempt, both extracellular and intracellular 

volume 'changes and other physiolo9ical systems important for 

homeostasis of body fluid help (Senay, 1979). studies on humanA 

have revealed that exercise involves changes in fluid volume and 

both hemodilution and hemoconcentration occur during 

exercise depending on state of hydration. 

heavy 

After recovery period, animals were again subjected to 

another period of work which further increased the per cent 

plasma volume,- upto 22.93 ~ 1.90 and 17.57 ~ 2.39 in DNP and LNP 

buffaloes during summer season but in case of DNP and LNP cows 

changes were lower in magnitude than buffaloes, bein9 16.00 and 

16.72 per cent respectively. During winter, the changes in 
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plasma volume were lower than encountered during summer season. 

Upadhyay (1988) also found that continuous working of 3 h 

expanded plasma volume to an extent of 16 per cent, and reported 

that ohange could be even higher in some of the animals. In this 

investi9ation, it was interesting to note that female buffaloes 

often increased plasma volume greater than the crossbred cows 

under similar condition. The plasma volume expands to help 

animal system, in transport of nutrient~ in maintendnce of 

cardiac output and in transport of heat to tissues involved in 

heat dissipation. This conclusion finds support from our own 

results of RT increase, wherein increase in RT was less in 

crossbreds with higher expansion of plasma volume than the 

buffaloeB r whose plasma volume expanded limitedly and temperature 

of body increased to higher levels. 

5.1.4 ENERGY SUBSTRATE 

5.1.4.1 Blood glucose 

The true blood glucose levels encountered in the present 

investigation ranged from 34.50 mg per cent to 48.44 rog per cent 

in the working animals during both seasons. The average pre-work 

blood glucose level in buffaloes during summer and winter were 

42.64 mg and 43.75 mg per cent and in cows 41.79 mg and 42.16 mg 

per cent respectively. From the results encountered, it is 

evident that blood glucose was higher during winter season in 

both of the species than the summer Beason. 

The average glucose levels declined with the rise of air 

temperature but it did not have any specific trend as the higher 

values (52 to 60 mg %) were also recorded at lower temperatures. 

pal et al. (1945), Riek and Lee (1948), Brody t1949} and Diven 
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et a1. C19S8) observed that increasing air temperature had little 

or no effect on blood glucose level. Increase in glucose due to 

heat exposure has been reported by Singh and Bhattacharyya(1986'. 

Slight reduction in glucose concentration of cattle and 

buffaloes was observed due to work during summer and winter 

seasons after first work. These re9ults are in agreement with 

the decreases in glucose levels reported by Bhatnagar (1989) and 

Anjuli (1988). Similar hypoglycemic responses due to work have 

also been reported in buffaloes (Singh et ai., 1979,1980) and 

Haryana and crossbred cattle (Upadhyay, 1982; Georgie et al. r 

1970)A Upadhyay and Madan (1988) also reported that changes in 

blood glucose due to wcrk do not occur significantly. Hyper-

glycemic responses in animals have also been reported (Beninati 

et al., 1956; Teleni and Hogan, 1989; Komarudin-Ma'eum and 

Teleni, 1991). 

In present study during 2 h re.st period after first work, 

mean blood glucose concentration reached to almost pre-work 

values indicating the magnitUde of change in this study of minor 

consequences. This further revealed that blood glucose is either 

utilized to a limited extent during muscular exercise or that 

liver released glucose into blood stream from its store of 

glycogen or that the rate of release was so controlled that it 

kept with the rate of uptake by muscle. In human atheletes, who 

often work at their highest level of activity the glucose levels 

were not altered, and blood glucose levels remain almost constant 

(Newsholme, 1981). Ruminants, who limitedly use glucose for 

muscle contraction, thus are likely to have limited changes 

depending on integration of en@rgy replenishing systems. 
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Further exercise after rftst pause of 2 h decreased the blood 

gluoose to 39.55 and 38~30 rng per cent in buffaloes during summer 

a.nd winter respectively.. T-he decreas~ in crossbred COW$ waa 

38.39 and 37.57 IDg per cent during summer and winteK seasons, 

respecti.vely~ 

5.1.4.2 LACTIC ACID 

The overall pre-exercise lactic acid (LA} levels ohserved 

during present investigation weX'e 11.3-1 and. 12 .. 12 IiH3 per cent in 

bu£faioes and 12~20 and 12~45 mg per ~~nt in crossbred oows 

during summer and winter seasons respectively. "these results 

observed during present investigation were in agreement witb the 
Ili' .,J... 

values recQrded by Georgie et al~ (1970) and Rao, (1974). 

Slightly higher values of LA (13.10 ~ O~96 mg %) Were observed in 

young buffalo calves by Singh et a,1. (ISiQ,19B,) but low@¥, valuas 

of LA in resting $tag8 were reported by Singh and Bhattacharyya 

(1991 ). 

Increase in the LA concentration during work was observed in 

the animals but the magnitude of ri~e varied in different 

climatic conditions. During summer~ LA cont.ent due to exercise 

was doubled in buffaloes and crossbred cows. The increase in the 

LA content, due to. work are i,n agreement with the. t'eports on 

cattle and buffaloes (Ran et ai., 1974, Singh et a1., 1979. 19S0, 

Kapoor I 1985; Upadhyay and Madan~ 1988; Martin and Teleni, 1989; 

S.reekurnar and Thomas, J989; ~njuli.# 1968; ahatnagar .. 1989). 

The rise in blood lactic acid encountered during present 

investigation is most likely due to anaerobic musoul~r activity 

at the eommencement of work. particularly in fast twitch muscle 

fibre iAstrand, 1981) with low availability of oxygen, but after 
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adaptation,of the oxygen transport system and better capillariza­

tion of muscle, the energy demand of muscle is covered by aerobic 

process and the lactic acid gradually comes down and work is 

often continued for houra. Another mechanism by which LA levels 

could get lowered over continued work is the utilization of 

lactic acid produced by the muscle as a substrate in the Kreb'g 

cycle in the same muscle or in the resting muscle (Poortroans, 

1981). Additionally, the liver and heart muscle also possess 

capacity to utilize lactic acid (Astrand, 1981). 

After first phase of work, animals were allowed to rest for 

2 h during rest period LA decreased to 17.92 and 19.52 mg 

per cent in buffaloes and LA levels did not return to pre-work 

levels. Long rest pause of several hours will be required to 

return to pre-work level in the LA after work, because after 2 h 

of rest, LA did not return to pre-work levels. 

Further increase in the LA content was encountered during 

present investigation after rest of 2 h. The increase was in 

physiological limits in both the species of animals during summer 

and winter seasons. The increase in LA content in buffaloes 

respectively was 21.08 and 24.71 mg per cent and in cows 23.37 

and 23.68 mg per cent during summer and winter seasons, respec-

tively. LA content did not increase excessively and values were 

rarely exceeded and often they remained near values observed 

after first work period. 

5.1.4.3 Free fatty acids 

The results obtained during the present study revealed that 

work of ploughing for a prolonged period exhibited distinct non­

esterified fatty acid (NEFA) changes. 
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The overall pre-exercise mean NEFA levels were 286.3 and 

301.3 umol/l in buffaloes and 289.2 and 270.5 umol/l in cows 

during summer and ~inter Seasons respectively. 

From the knowledge gained in non-ruminant species¥ it 

appears that plasma FFA could be of great importance in ruminant. 

Anni&on (1960)f Patterson et al. (1964) and Reid and Minks (1962) 

have noted that the plasma concentration of FFA in sheep is 

similar to that observed in non-ruminants, namely 100 to 900 

ueqJlw Similar concentrations have been found in cattle by Adler 

and Wertheimer (1962), Adler et aJ. f1963), Williams et a1. 

(1963) and Patterson l1963L In buffalotlls during winter.. t,he 

pre-exercise FFA level was higher than summer. 

Similar increase in FFA was observed in sheep when exposed, 

to cold temperature probably severe enough to induce summit 

metabolism (slee. 1966)~ bod.y fat reserves were rapidly mobilised 

and may provide a major source of energy. FFA will then he 

utilised' for heat production in the liver and skeletal muscle,. 

The results encountered during present study revealed that 

FFA increased during work, the increase in buffalo~s during 

summer and winter baing 373.7 and 333.8 umol/l respectively. 

Similarly, increase in the FFA was observed due to work in cows, 

the valueq bein9 323.19 and 411.34 umol/l during summer and 

winter seasons, resp~ctively. Kartiarso et a1* (1909) found 

similar trend in the level of FFA and reported that the plasma 

concentrations of FrA increased during work~ the increases being 

greater in the thin than in the fat animals and greatEt.r in cattle 

than buffaloes* f(artiarso et a1" (1.987a) found that FFA are 

important sources of energy in working cattle and buffaloes. 
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Teleni et ale <1991) also reported that FFA increased due to 

work. 

Rest period of 2 h after work again increased the FFA to 

239.91 and 355.65 urnol/! in buffaloes, whereas in cows the values 

decreased to 320.22 and 367.17 urncI/l during summer and winter 

seasons, respectively. Inc~eases in FFA during rest period are 

in agreement with the results reported by Garg and Nangia (1979). 

After 2 h of rest, the plasma FFA levels further increased by 

18.76 per cent over decreased values in buffaloes during summer. 

From the 

concluded that 
animals. It ~S, 

and carbohydrate 

results of 

FFA is the 

therefore, 

rich diets 

present investigation, it can be 

ruajor energy source for the working 

important to make available both fat 

both prior to work period and during 

work period to sustain work for longer duration or if output is 

to be improved (WaChiEapa~~n and Wanapat, 1969). 

5.1.5 METABO~IC BORMONES 

5.1.5.1 Triiodothyronine and thyroxine 

The circulating levels of triiodothyronine (T3) and thyro­

xine {T4' among cows and buffaloes were quantified in the blood 

plasma drawn at different days and at different peeiods of work. 

The mean plasma T4 levels ranged between 3.84 and 47.40 nglrol in 

buffaloes d¥ring summer, and winter, the concentration ranged 

from 3.80 to 88~10 ng/rol, and in cows during winter season varied 

between 2.25 and 73.50 ng/ml. The mean pre-work values of T4 in 

buffaloes were 23.30 and 22.32 ng/mi during summer and winter 

seasons. These pre-work mean values are in agreement with the 

values reported by Agarwal et al. (1963). The values found 

during p~esent investigation before work were on lower side than 

the values reported by Dixit et ai. (1984) and Bhatnagar (1989). 

However I upper values of T4 are in agreement with Khurana 

(1983). 
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It is evident from the study that the higher values of T3 

and T4 were found during winter season in both of the species. 

Experimental evidences from different animal species 

chronically exposed to a cold environment have shown a-

significant rise in T3 levels without much changes in either TSH 

or T4 circulating values (Sterling and Lazarus, 1977; Collins, 

1978; Morley. 1981). studies of Aceves et ai. (1987) have al~o 

shown that mild cold weather conditions (10 to laDe) caused a 

gradual and sustained T3 increase in chronically exposed cows 

without significant change in T4 circulating values. 

Information on thyroid functions and hormonal changes during 

heat acclimation and work in buffaloes and cows is limitedly 

available except in climatic chamber studies (Yousef et al., 

1967; Magdub et al., 1982). In general, these r~ports have led 

to the conclusion that heat exposure reduced thyroid gland 

activity (Thompson. 1973; Johnson and Vanjonack. 1976; Johnson, 

1980). However, a detailed analysis of these studies suggested 

the occurence of a sequential adjustment in thyroid metabolism 

characterized by an initial decrease in T4 concentration values 

which is followed by a return to control level. 

In 

values 

general, T4 levels increased due to work 

in buffaloes from 28.46 to 29.03 ng/m! and 

24.01 to 25.84 ng/ml during summer. In .present 

T3 levels decreased to 0.48 and -0.60 ploughing, 

over pre-work 

in cows from 

study, 

nglrol 

after 

during 

summer and winter season. The decreasing trend in plasma T3 are 

in agreement with the trend observed by Khurana (1983), but 

Bhatnagar and Upadhyay (1990) reported a rise in plasma T3 level 

afte~ 5 min of exercise. 
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During rest period of 1 h, T4 levels decreased in buffaloes 

and increased in T3 levels. Increases in plasma TS levels have 

also been reported by Khurana (19B3) 1n Haryana bullocks, while 

pulling heavy loads. T4 concentration after rest decreased to 

20.26 and 36.36 ng/ml in buffaloes and 23.65 and 25.42 ng/ml in 

COWB during summer and winter seasons. The corresponding values 

of T3 were 0.49 and 0.71 ng/ml and 0.46 and 0.50 ng/rol during 

summer and winter seasons, respectively. These values are in 

agreement with the reports of Khurana (1983) and Anjuli (1988). 

5.1.5.2 Insulin 

The pre-work levels of insulin in present investigation were 

found to be 14.70 uVlml in DNP buffaloes and higher values of 

22.44 uU/ml in ~NP buffaloes. The respective values in DNP and 

LNP cows were 14.15 and 19.18 uU/ml. The higher levels of 

insulin in LNP animals have been attributed to higher metabolic 

rates of these animals, particularly to meet the necessities of 

glucose turn overs for higher lactose synthetic activity for milk 

production. These results 

are in agreement with 

observed daring 
~Q.L.lAn .... 

Basset~,'on974 ) 

present investigation 

who found that the 

concentration of insulin in plasma are positively correlated with 

food or energy intake. 

Decreasing trend in insulin was observed in all the working 

groups after first work phase. The mean values of plasma insulin 

in DNP and LNP buffaloes were 12.15 ~ 0.26 and _19.56 ~ 2.55 uO/ml 

.during summer and 14.85 ..:!: 0.45 and 17.49 + 0.80 uU/inl during 

winter respectively. The decreasing ~end8 in insulin were most 

likely to regulate the energy needs for muscle to mobilize FFA 

from fatty acid depots. alum and Eichinger (1988) reported a 
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deorease in T3 and T4 during walking in exercising calves. 

Similar trend was observed in DNP and LNP COWB during both the 

seasona~ During recovery phase, insulin levels increased rapidly 

(Table 4.1.8.3). 

5.1.6 GONADAL HORMONES 

551.6.1 Estrogen and progesterone 

Gonadal hormones, estrogen and progesterone in DNP and LNP 

cows and buffaloes during summer and winter at different 

intervals of work have been presented in Tables 4.1.8.4 and 

4~1.8.5, and Figs.4.1.8.4 to 4.1.8.7. 

Plasma progesterone and estrogen levels did not show any 

marked changes at different intervals·of work and rest. The 

progesterone concentration during summer in LNP buffaloes and 

cows varied from 0.05 to 0.40 Dg/ml and from 0.05 to 1.20 ng/ml, 

respectively. These values are in agreement with Pandey (1979), 

who reported the values 0.06 to 0.09 ng/ml on day 1, 2 and 0.5 to 

1.35 ng/rol on day 5 to 7 of the cycle. The values < 0.05 ng/ml 

indicate tbat these animals were on the day of sample in oestrus 

because in the same samples the plasma estrogen level varied from 

"12.80 to 17.07 pgiml. The estrogen concentration in LNP buffaloes 

and cows are in general agreement with the values reported by 

Prakash and Madan (1984). Kumar and Rattan (1990) reported 

similar values on day 2 of the cycle. Kumar et al. (1991) also 

found similar results in Murrah buffaloes and have reported a 

lower level of 0.18 ~ 0.03 ng/ro! for estrogen and 29.91 

pg/rnl for progesterone on the day of estrus. 

+ 1.51 
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During winter, estrogen and progesterone content were also 

not aff~cted by work at different hours of work. The results 

encounte~ed during winter are also in agreement of Ooneki and 

Nakahara, 1977; Pandey, 1979; KUmar et al., 1991; Prakash and 

Madan, 1904. However. no studies are available on the variation 

in progesterohe and estrogen due to effects of work or exercise. 

Since theBe values did not exhibit any specific pattern of changp­

in either cattle and buffaloes~ therefore, the exercise may not 

have any specific influence' on gonadal circulatin9 hormones. 

5.1.7 M!LK YIELD AND ITS COMPOSITION 

The average milk yields recorded during present investi­

gation were 4.64 kg/day in LNP buffaloes and 5.73 kg/day in cows 

during summer season and a decrease in the milk yield was 

observed during summer and winter ih LNP buffaloes. The decrease 

in the milk yield was almost similar .in LNl? buffaloes during 

summer and winter seasons. Decrease in milk yield was more 

promine1,lt only at later stages of lactation. Decrea-se in milk 

yield of working animals has also been ~eported by Rodriquez 

~~(19B9). The drop in the milk yield during summer is the effect 

of combination of environmental temperature and work. Milk yield 

decrease in working weeks of animals has also been reported 

(Kibria, 1982; Goe, 1983; Jabbar. 1983; Mathewman et al •• 1988). 

Increase in milk yield after work period provides further 

evidence of a work induced change on the milk yield • These 

. animals after work did not reach pre-work yield, mainly due to 

the reasons that animals were in later stages of lactation~ 

The protein and lactose levels of milk in DNP buffaloes were 

7.91 ~ 0.60 and 6.95 ~ 0.47 per cent and 6.95 ~ 0.47 and 4.49 per 

cent in cows during summer and winter seasons, respectively. Fat 
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per cent, in general, increased to 7.91 ~ 0.51 and 7.71 + 0.39 

per cent in LNP buffaloes and 4.76 ~ 0.22 and 6.16 ~ 0.69 per 

cent in LNP cows during summer and winter, respectively_ The 

increasing trend in the fat per cent due to work haa also been 

observed by Mathewman et al. (1988). During post-work period, 

fat per cent were almost similar to pre-work phase. The increase 

in fat contents could be attributed to the greater availability 

of FFA in blood as a result of higher sympatho-adrenal activity 

during work. 

The pre-work mean values of milk protein during present 

investigation were found to be 4.30 + 0.40 and 4.01 + 0.21 

per cent in LNP buffaloes and 3.95 ~ 0.38 and 3~20 ~ 0.11 per 

cent in LNP oows, respectively during Summer and winter seasons. 

The protein per cent in LNP cows was found to be lower as 

compared to buffaloes. These results ~re in a9reement to the 

results reported by Mathewrnan et a1. (1988). 

The lactose concentration showed a decreasing trend due to 

work (Table 4~1.9). Mathewman et al. (1986) have also reported a 

declining trend in milk lactose due to work. ~he mean pre-work 

values of lactose were found to be 5.05 ~ 0.40 and 4.01 + 0.21 

per cent in LNP buffaloes and 3.95 ~ 0.38 and 3.20 ~ O~ll per 

oent in LNP cows during summer and winter seasons, respectively. 

These values are in general agreement with the Mathewman et di. 

(1988) and Mehta (1985). During work period, milk lactose levels 

slightly decreased in both buffaloes and cattle. The changes in 

lactose content of milk may be interpreted in terms of availa­

bility of glucose for synthesis of lactose. Since aome' of 'the 

animals did not exhibit a decrease in glucose due -to work, most 

likely the effects on milk lactose and fat were glucose and FFA 

mediated (Larsen and Smith, 1974). 
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5.2 CIRC4DIAN RH~TBM 

Tb~ mean values for RR. PR and RT in buffaloes during 

pres~nt investigation were 19~25 T 1.70 breaths/min, 14.00 + 2.58 

bpm and 38.46 ~ O~10oC and the respective values in cows were 

19.00 + 3.70/min, 69.50 + S.12/min and 38.31 + O.06o C. The 

values encountered during present investigation in the morning 

are in a9~eement with the values reported by Sastry (1969), Rao 

et al. (1974), Acharya at al~ (1979), Devadattam and Maurya> 

(1970) and Upadbyay (19871. The physiologioal parameters 

remained similar at different intervals. Slight increase in the 

RR, PR and RT has been observed due to increase of environmental 

temperature and radiant heat load. No $uoh type of work has been 

reported on rhythm variations in physiologioal reactions in 

cattle and buffaloes. The ~alues during present study remained 

almost at a steady level and were not affected due to vari~tion$ 

in environmental conditions. 

Only minor changes in haematological parameters Hb and Hct 

content were seen and they were of no physiologicsl Qoneequenoes 

in buffaloes and cows~ The Hb and Hct varied from 10.50 ~ 0.31 

to 11.45 ~ 0.37 9 per cent and 32.25 + 0.B5 to 35.00 ~ 0.70 per 

cent in buffaloes and 10.94 + O~39 to 11.85 ~ 0.17 9 per cent and 

33.10 ~ 1~08 to 34.75 = 0.85 9 per qent in cows. These value. 

are normal values for cattle and buffaloes, the variation in the 

ab and Bot shows that the experimental animals were well adapted 

to the partioular environmental conditions. similar to the 

changes observed in Hb and act, changes in glucose and LA wero 

also not significant at different hQurs during 'experimental 

period~ 
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This study on physiological rhythm variations during experi­

ment indicate that our experimental animals were not distressed 

excessively due to environmental conditions and variations in 

physiological reactions. energy substrates etc. have only very 

limited compounding effeots r particularly while work. 

5.3 CARTING EXPERIMENT 

5.3.1 PHYSIOLOGICAL CHANGES 

Dry non-pregnant cows and buffaloes were subjected to 5 qtle 

and 10 qtls loads in a pneumatic tyred bullock cart for 

monitoring recovery in physiological process. The results for 

the carting trials have been presented in Tables 4.3.1.1 to 

4.3.4.5. 

The pre-work RR of buffaloes was lower than the RR of 

crossbred cows, the overall mean being 15.75 breaths/min for 

buffaloes and 28.88 breathe/min for crossbred cows. Loads 1 and 

II increased RR to an average of 81.88 breaths/min in buffaloesr 

which is about 413.52 per cent increase over pre-work values. 

The increase in the cows during work was 102.0 breaths/min 

indicatin9 an increase of 279.46 per cent over pre-work values. 

This increase in respiration rate was brought about to meet 

energy demands mainly at different levels of work. Higher RR 

increase in buffaloes than crossbred cows indicated that RR was 

influenced due to higher changes in -RT during work. Different 

levels of work induce changes in respiratory activity not only 

for supply of oxygen but to maintain steady state of oxygen and 

carbon dioxide tension in blood. The lactate levels which often 

regulate pulmonary activity are likely to inflQence both tidal 

volume and respiratory frequency (Wiggers, 1955). 
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to compensate .for the inA.dequAte faculty of sweat 

139 

with 

are 

loes 

meohanisms. The decrease in RR due to rest indicated that the 

pulmonary system is capable of returning to pre-work levels as 

e~rly as possible but the work effecta'accumulated in the body 

often do not allow quick recovery in respiratory activity. 

Panting under the situation when environmental heat loads are 

great enough as during summer and hot humid periods, often 

complicates the recovery process~ These animals, when Bubjected 

to another work period during_ afternoon after 75 per cent 

recovery, increased some of the physiological processes further 

and the effects were compounded eff@cts of both environment and 

work. Thes@ environmental effects were more pronounced during 

hot humid period and in buffaloes particularly. 

Inareage in pulse rate to v4Kiabl~ levels due to loada of 5 

and 10 qtls wa.a due to different levels of syrnpatho-adrenal 

activity in animals. The effecta of work in crossbreds were more 

pronounced than in buffaloes. Bqffaloes reached a lower level of 

HR at similar work loads and ~ecovery in HR e~en after long 

overnight rest periods was not complete (Fig. 4.3~1.4). When the 

p~lse rate increase was viewed, in ter~s of the changes in rectal 

temperature (Fig. 4.3~1.4), the buffaloes increased RT to higher 

levels indicating a greater he~t storage of work particularly 

after second round. When the responses in RR, QT and PR are 

interpreted in relation to each other, these changes are due to a 

coordinated action in these processes. Increase in respiratory 

activity in buffaloes was more predominant and cardiac response 

was limitedly influenced thereby indicating that blood flow to 

skin was not an effective heat elimination process in buffaloes, 
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.mainly due to less number of sweat glands per unit of akin 

surface area. As is evidenced from the values of heat stored 

102.15 + 16.37 and 103.48 ~ 9.79 kJ/min in buffaloes during 5 

qtls load, and 87.37 ~ 11.56 and 72.17 ~ 16.07 kJ/min at 10 qtls 

load, buffaloes stored higher heat than crossbred cows under 

similar conditions (Table 4.1.5.5l. In order to sustain work, 

these animals not only required rest periods in between but after 

the end of the day work or after stop due to fati9ue, the 

prolonged hours were often needed for complete recovery as is 

evident from the recovery curves in physiological process (Figs. 

4.3.1.2, 4.3.1.2 and 4.3.1.3). 

5.3.2 HAEMATOLOGICAL CHANGES 

and 

Changes 

10 qtla 

in Hb and Het observed during work of carting at 5 

are physiological effects of work as has been 

indicated earlier in the discussion related to the effects of 

ploughing on Hb and Rct. Het and Hb changes during present study 

are in normal physiological ranges which returned to normal 

levels during rest period. Most likely these changes were 

effects of plasma volume expansion in these animals. During the 

carting work, buffaloes e~panded their plasma volume to 9.57 

per cent and cows to 9.74 per cent after first round of work but 
, 

the plasma volume expanded to about 15 per cent after second 

round of work (Table 4~1.4.3). These changes in plasma volume 

are brought into action through aldosterone-arginine-vasopressin 

mechanisms to maintain fluid and electrolyte balance. Whether 

the induced hyper~volemia is an osmotic expansion as a result of 

increased retention of crystalloid within the int~ava8cular space 

or an oncotic expansion as a result of inoreased retention of 

colloids is still not clear. Upadhyay (1987) also observed that 

plasma volume increased due to work in heat as a result of 
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hemodilution in buffaloes and cattle~ These changes in Hct~ Hb 

and plasma volume in cattle and buffaloes are transitional. 

Normally working animals do not deviate their Het and Hb content 

and plasma volume do not expand beyond physiological limits. 

5.3.3 ENERG~ SUBSTRATES AND HORMONES 

The changes in blood glucose, free fatty acids and metabolic 

hormones together indicate that both glucose and FFA are used for 

muscle energy. Since intensity of work during present study was 

moderate and animals were not excessively disturbed. The changes 

in glucose and FFA levels were limited to physiological levels, 

and indicated that FFA is primary fuel for muscle and glucose is 

limitedly used by muscle. Metabolic hormonal changes during work 

buffaloes also support the fact that animals depend on FFA to a 

greater extent for energy. Decreased level of insulin in plasma 

at different stages, as observed, also help mobilization of FFA 

from fat depots and it is supported by the thyroid activity, 

which is reduced due to high heat content of the body. The 

ruminants thus react to work in different manner than humans in 

whom energy is derived from glucose mainly and FFA only limitedly 

support the energy process for muscle work. 

Working animals reached to their pre-work glucose levels 

after about 3 to 4 h or rest and after that remained almost at 

the similar level which indicated that blood glucose content is 

not affected due to work and return to almost pre-work levels is 

quick .. Increased lactic acid content in blood due to work 

indicated that anaerobic metabolic pathways were in operation for 

supply of energy to limited extent as values of LA increased to 

about 25 to 26 mg per cent only from their initial values of 12 

to 13 mg per cent (Table 4.3.3.2), In the beginning of work, 
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muscle energy is derived by anaerobic process but as pulmonary 

activity, and cardiovascular system is stimulated, the aerobic 

process takes over and energy to working muscle is suppl~ed by 

aerobic process mainly. Animals working at light to moderate 

levels often do not increase their blood LA levels excessively. 

Since our animale were performing work at moderate intensities, 

the LA content increase was 0'£ minor significance and of no 

patho-physiological consequence. This observation gets support 

from results of second phase when increase in LA was restricted 

to almost siruilar values observed after first round of work. 

Experimental animals used during present investigation we~e 

trained to work prior to actual experiment. thus these animals 

did not produce and store enough lactic acid in thei~ blood. 

Report of Martin and Teleoi (1989) that the lactic acid content 

increase to higher levels in untrained animal could not be 

supported from our observation as we used trained animals. The 

rise in LA observed during present study did not return to pre­

work levels even after 5-6 h and often it took about 20 to 24 h. 

This indicated that LA during hot humid periods took longer 

periods to return to normal. 

5.3.4 STEROID BORMONE 

The average progesterone levels in DNP buffaloes at loads I 

and II were 2.62 ~ 0.61 and 1.73 ~ 0.08 ng/ml and the respective 

values for estrogen were 9.65 ~ 2.07 and 10.63 + 1.15 pg/ml. 

These ·pre-work values showed that thE! experimental animals were 

at dif£<ent stages of estrus. These progesteronE! values are in 

general a9reement with Jainuddin ec al~ (1983) and PrakaSh and 

Madan (1985). The estrogen levels observed in present study are 

similar to reported by Prakash and Madan (1984) in buffaloes. 
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Kumar and Rattan (1990) have also reported similar levels of 
estrogen in Murrah buffaloes. 

The average concentrations of estrogen in DNP cows at loads 

I and I1 respectively were 13.3 ~ 0.81 and 27.05 ~ 2.98 pg/ml 

respectively. These values are in agreement with the values 

reported by BachalauB et ai. (1978) • These values indicate that 

at the time of work cows were around the estrus and buffaloes 
were in early luteal phase. 

After second phase of work, estrogen and progesterone levers 

remained almost at similar levels without any significant change 

during rest pause. 

5.3.5 NORK-REST CYCLE 

During pr~sent study, buffaloes worked for 1.52 ~ 0.09 h on 

an average and cows worked for 1.32 ~ 0.03 h on an average. The 

recovery in most phYSiological responses took 1 to 2 h but LA and 

FFA levels 'took longer periods to:' return to pre-work levels~ 

monitoring of physiological reactions after end of work indicated 

that most physiological proce,sses are able to return to pre-wol"k 

levels in about 10 to 12 h. Therefore, appropriate work-rest 

schedule during a day for females could be work;rest:work (2:1:2 

or 2:2:2) hour during hot humid season in bUffaloes and cows. At 

comfortable environments~ these animals may be able to work for 

prolonged hours as climatic conditions do not stress the animal 

to the extent the aumruer or hot humid conditions do. This 

schedule of work-rest-work will bring back the animals to the 

original pre-work levels. If the animals are distressed 

exceSSively or environmental conditions are stressful~ animals 

will have to be 

required from 

several days of 

given frequent rest pauses. If·prolonged work is 

animals, they may have to be discontinued after 

work for 1 to 2 days for complete ·rec.overy in the 

physiological processes. 
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6.0 SUMMARY AND CONCLUSION 
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Apparently healthy, ten crossbred cows and ten buffaloes 

were selected from the herd of NOR!. ~arnal for experiments. 

Among these, five animals were dry non-pregnant (ONP) and other 

five animals were lactating non-pregnant (LNP). The ploughing 

experiments were carried out in loam soil with a wooden plough on 

both the 9roups of buffaloes and cows during summer (hot dry) and 

winter (cola humid). Only DNP cows and buffaloes were used for 

carting experiments with 5 and 10 qtls loads durin9 rainy (hot­

humid) season. Before subjecting the animals to actual work, all 

animals were trained for a period of 2-3 months for ploughing and 

carting. The present study was aimed at exploring the possibility 

of use of females for work,to compare their. worK performance and 

energetic ~fficiency during summer and ~inter, and develop 

work:rest cylce for proper use~ 

6.1 PLOUGHING EXPERIMENT 

Draft power, speed of work and area ploughed by theae 

animals were measured. The width of furrow cut by the plough was 

18 cm and average depth of operation was 21 em. The average 

draft exerted by a pair of workin9 animal while pulling a 

traditional plough is about 50 kg. Ploughing by DNP cows was 

performed at an average speed of 3.22 ~ 0.21 km/h and by L~P cows 

at 3.18 ..!. 0.26 km/h. The speed of work in ONP b.uffaloes was 2.98 

+ 0.14 km/h and in LNP buffaloes 2.96 ~ 0.03 km/h. 
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The average wor~ou~ut of a pair of DNP and LNP buffaloes 

respectively was 0.49 1 0.04 hp and 0.45 2 0.03 hp during summer 

season. The per£o~mance of DNP animals in te~ms of work output 

(hp) was more than LNP buffaloes implying that the DNP buffaloes 

performed at higher rates than LNP buffaloes. The average speed 

and hp developed by the LNP buffaloes were 2.98 + 0.08 km/h and 

0.49 + (J.Ol hp during winter. the respective values for DNP 

buffaloes were 2~e4 ~ O~13 km/h and 0.44 ~ 0.02 hp during winter. 

The area covered by DNP cows during winter season was relatively 

less than their performance during SUmmer season. 

The results, obtained during summer and winter Season. on 

DNP and LNP buffaloes and cows, showed that cows may be apt~ to 

work at a higher speed than the buffaloes. The cows also 

developed higher output than the buffaloes. DNP buffalo~s while 

ploughing worked at an average rate of 0.49 + 0.04 hI' and 

~roduced work energy at a rate of 165.~ 0.08 Rcal/h~ and 

conaumed TDN 3.78 ... O~4 kg equivalent to 15128 + 170.83· 

Real/day. Since these animals were DNPr therefore~ were offered 

only maintenance ration and their TON consumption was 3.78.~ 0.04 

kg. These animals during winter worked at lower rates of .150 + 

7.3 Real and consumed energy in the form of TDN equivalent to 

12516 .!.. 62.24 Kcal/day. 'l'he work outtJut of LNP buffaloes during 

summer was 154~60 ~ 3.25 Real and during winter was 160.8 + 2.4 

l{ca.l. LNP cows during summer produced work equlvalent to 156 

&cal but output was hi9h~r (181.90 Real) durin9 winter. 

The energetic effici~ncy of work output was calculated from 

work performed and energy expended during workt.as measured from 

the respiratory quotient (RQ). indicated that buffaloes ·and cows 

worked a~ an average efficiency of 20 to 28 per cent with a net 
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energetic efficiency of about 38 ~ 5.00 per cent depending on the 

speed and work output from individuals. 

eefore starting experiment and after the work trial was 

completed, all animals were observed for the circadian changes in 

physiological, haeroatological. bio- chemical and circulat~n9 

hormone. During observations, all animals were kept under 

natural environmental conditions and were monitored at 2 hourly 

intervals for complete 24 h. No marked changes except in 

physiological responses were observed. 

During the experiments of ploughing. it was observed that 

the longer the animals worked. the higher were their body 

temperature, heart rate and respiration rate. 

The pre-work 

respectively during 

mean 

summer 

RR of 

were 

DNP 

15.40 

and LNP buffaloeR 

+ 1.12 and 21.60' + 

3.90/min. the values for DNP and LNP cows' were 30.00 .:. 6.89 and 

29.80 + 5.65/ruin. The pre-work values were lowe~ in buffaloes 

and cows during winter. The per cent increase after first round 

of work was 510.21 and 376.79 in DNP and LNP buffaloes during 

winter. The pre-work level of pulse rate was higher in cows than 

buffaloes during both summer and winter seasons. The PR 

increased to about 80-90 beats per minute from their resting 

levels in cows and buffaloes. 

The rectal temperature increased over pre-work values by 2 

to 30 e in buffaloes and 1 to 2°C in cows during summer and winter 

seasons. The change in body heat storage as reflected through 

increased RT at different hours of work indipated that during 

work heat was generated for which animal had to bring about 

physiological regulation. Different climatic conditions brought 
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an added factor for change in thermal load. When heat loads were 

partitioned to ~liminate effects of ambient conditions. heat 

storage calculated due to work effects was 53.61 ~ 0.36 kJ/min in 

D~p cows and 102.03 ~ 46.72 kJ/min in DNP buffaloes. The heat 

stored in DNP buffaloes was more than in DNP cows. During summer 

season, the respective figures for heat $torage in LNP cattle and 

buffaloes due to work were 136.98 ~ 77.78 kJ/min and 105.60 ~, 

33.01 kJ/min. The heat storage during winter were lower than the 

observed during summer in cows and buffaloes. ~hese results 

indicated not only higher heat gain during work, but also poor 

thermolysis as compared to cows. The tongue protrusion and 

frothing seen in them indicated an attempt to increase 

evaporative losses from respiratory tract in buffaloes. 

Ploughing reduced both Hb and Het levels in DNP and LNP 

buffaloes and cows during Bummer and winter season_ The plasma 

volume changes calculated on the basis of Het and Hb indicated 

that plasma volume expand to 5.99 ! 1.10 and 6.34 ~ 0.96 per cent 

in DNP and LNP buffaloes. respectively. during summer. The 

respective changes in DNP and LNP cows were 7.23 + 1.70 and 8.97 

+ 1.73 per cent. The plasma changes in DNP and LNP cows during 

summer were higher as compared to both groups of buffaloes~ 

The true blood 91ucose ranged from 34.56 to 48.44 mg per 

cent in working animals. Slight reduction in 

concentration of cattle and buffaloes was observed due to work 

during summer and winter seasons. BlOod glucose returned to 

almost normal levels after about 2 hrs. This further revealed 

that blood glucose is either utilized to a li~ited extent during 

ekercise or that liver released glucose to blood stream from its 

store of glycogen. 
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The pre-work lactic acid levels observed during present 

stu.dy were 10-12 tng pel" cent in buffaloes and crossbreds during 

sunu:ner and winter .. Ploug.hing incr'~-as!l!d the LA levels by about lOa 

per cent over pre-work: levels after 2. h "of work~ 

recovery in blood lactic acid ~equired about 9-18 h 

Complete 

Ploughing result,eo int.o a d~cr-eaee in plasma iflsuli.n. 

increase in eFA and with only minQr changes in triiodothyronine 

and thyroxine in buffaloes during summer and winter.The ~hanges 

in glucose were not pronounced durin9 work but free fatty acid~ 

levels increased and insulin decreased. This: indicated t,hat the 

FFA was probably the chief energy source for working ~uscle, 

particularly in cows and hu£faloes~ 

Studies on eiJ."culatin-g levels of Elstrogen and pl"ogesteronn 

did not exhibit any marked changes due to work 01" re$t. This may 

be because they are gonadal hormones and gonadal functions arn 

not changed due to work effects, rather there co-uld be neCjative 

effect on work on gonadal functions~ 

In gen-eJ"al ~ it could be ~onC'luded that buffaloes and cows 

may be able to work for a per iad ~f 1 to 2 h for ploughing 4 

lluffaloe$ "an $ustain continuous 'Work: longer than cows. 

However. seasons play a prominent role i"n .limiting animal 

perfot;mance. 
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6.2 CARTING EXPERIMENT 

To develop work rest cycle fo~ working females, 4 dry non­

pregnant buffaloes and cows Were subjected to 5 and 10 qtls 0'£ 

cart loads for 3 h continuously or till fatigue which was 

earlier. The carting experiments were conducted during hot humid 

season when nVi-'t";1gP m'-t}(imuln 1'f'I.-tl iv,' hUI!lidily ;Ind !PllIppt";llun,> 

were 86.33 + 3.67 per cent and 33.53° The average 

working time while pulling load 5 qtl was more in DNP buffaloes 

and cows than carting load of 10 qtls. The average speed was 

3.08 + 0.22 and 3.38 ~ 0.11 km/h at load I and the respective 

speeds at load II were 2.89 + 0.17 a.nd 3.19 + 0.27 km/h for 

buf£aloe$ and cows~ respectively_ 

During carting experiment at both the loads~ the respiration 

rate, pulse rate and rectal temperatu~e increased. Various work 

hours increased RR of both buffaloes and cows. Th~ net increasr. 

in RR was higher at load 10 qtls in both of the species. The HR, 

PR and RT normally took about 9. to III h ar'ter seoCond round of 

work to come back to almost pre-wo~k levels.Haemoglobin (Hbl and 

haematocrit (Ret) levels decreased due to work of carting. Blood 

glucose decreased due to carting work and lactic acid increased. 

Blood glucose came back to pre-work levels after 2 h of rest. 

Free fatty acids increased and insulin levels decreased.The 

thyroxine level decreased and triiodothyronine increased during 

work.Gonadal hormones, estrogen and progesterone, did not exhibit 

any speei£ic patte~n of change during carting. 

Monitoring of physiological reactions after end of wo~k 

indicated that most physiological processes are able to return to 

pre-work levels in about 10 to Ie h. Therefore, appropriate 

work: rest: work schedule during a day for females could b~ 
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2:1:2 or 2:2:2 hours during h?t humid seasons in buffaloes and 

cows. This schedule of work: ~est will bring back the animal to 

almost the pre-work levels. At comfortable environments, the 

animals may be able to work for prolonged hours.If the animals 

are distressed excessively or envi ronmenta 1 cond i t ions iU"e 

impinging. animals will have to be given frequent rest pauses. 

During a work season, if animals are used for 5-6 days 

continuously, they may accumulate fatigue, therefore the}' may 

have to be discontinued,after several days of work, for 1-2 days 

for complete recovery in their physiological ilnd biochemical 

processes. 

This study on females thus concludes that dry non pregnant 

and lactating non pregnant cows and buffaloes may be used for 

light to moderate work for a period of 1-2 h continuously. 

However work of longer durations may also be taken with a work 

:rest cycle of 2:2:2 or 2:1:2 under comfortable environmental 

conditions. If the animals are distressed excessively or 

environmental conditions ar~ imp iogi09. animals will have to be· 

given frequent or longer rest pauses. 
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