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INTRODUCTION

Technology, R. S. Pura, Jammu, J & K, 181102, India.

To study and compare the effect of dietary supplementation of ascorbic acid
and amla powder (Embilica officinalis) on physiological parameters during
summer, twelve cross-bred dairy cattle were randomly divided into three
groups of four animals 4 each. The T, group was control, T, and T3 groups
were supplemented with ascorbic acid and amla powder @ 50 mg/kg body
weight and 200 mg/kg body, respectively. The overall mean maximum and
minimum temperature recorded during the study were 38.68+2.43°C and
26.45+2.13°C, respectively, while the overall mean relative humidity and
temperature humidity index (THI) recorded at 0800 hrs and 1400 hrs were
81.3245.21%, 74.06+£3.92, and 51.31+4.93%, 87.60+4.32, respectively.
Rectal temperature (RT), respiratory rate (RR) and pulse rate (PR) were non-
significant  between different treatments during 0800 hrs, while
corresponding values at 1400 hrs were significantly (P<0.01) higher in T,
(39.91+0.36°C, 62.05+3.69 breaths/minute, and 90.25+5.22 beats/minute)
than T, (39.1+0.45°C, 50.92+3.77 breaths/minute and 77.08+4.71
beats/minute) and Tz (39.17°C+0.46°C, 52.97+3.85 breaths/minute and
78.68+4.36 beats/minute). There was no significant difference between T,
and T, for all parameters. From this study, it is concluded that
supplementation of either ascorbic acid or its equivalent in the form of amla
powder @ 50 mg and 200mg/kg BW respectively, can ameliorate the heat
stress in dairy cattle.

Copy Right, 1JAR, 2015,. All rights reserved

Hot, humid environmental conditions prevail seasonally in many parts of Jammu region of Jammu & Kashmir state.
In summer the atmospheric temperature may rise to as high as 46°C during day time and 30°C at night. The high
temperature along with high humidity and increased day length (13-14 hrs) aggravate the heat stress in livestocks.
The effects of heat stress can be minimized through nutritional management, changes in the microenvironment and
genetic improvement of animals. Of these, nutritional management is most easy and cost effective approach to
minimize heat stress in dairy cattle. It has been established that ascorbic acid ameliorates the adverse effects of heat
stress in humans (Tauler et al., 2003), pigs (Fayomi et al., 2004), goats (Sivakumar et al., 2010; Khan and Konwar,
2010; Kumar et al., 2012), buffaloes (Gade et al., 2010;) and poultry (Ayo and Sinkalu, 2007). Although ruminants
can synthesize vitamin C in the liver and it is not considered to be an essential nutrient for healthy cattle (McDowell,
1989), reduction in plasma vitamin C concentration was reported in calves stressed by housing condition (Cummin
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and Brunner, 1991), in high producing dairy cows (Macleod et al., 1999), in lactating cow with artificially induced
mastitis (Weiss et al., 2004) and in heat stressed cow (Padilla et al., 2006).

Amla, or Indian gooseberry (Emblica officinalis or Phyllanthus emblica), an edible fruit is well-known for
its high content of vitamin C and its potent antioxidant activity, more potent than many other herbs. Amla has been
reported to posses hepatoprotective, hypolipidemic (Thakur and Mandal, 1984), expectorant, purgative, spasmolytic,
antibacterial and hypoglycemic (Jayshri and Jolly, 1993) activity. As amla is easily available in the market and is an
economical source of vitamin C, it can be used as a source of supplemental vitamin C.

Physiological responses like rectal temperature (RT), pulse rate (PR) and respiration rate (RR) reflect the
degree of stress imposed on animals by climatic parameters (Ganaie et al., 2013). In the present study ascorbic acid
and amla powder was supplemented to cross-bred dairy cattle to observe their effect on amelioration of heat stress in
terms of on physiological parameters as these parameters give an immediate response to the climatic stress and
consequently the level of discomfort/comfort to the animal.

MATERIALS AND METHODS
The experiment was conducted at the Instructional Dairy Farm, Division of Livestock Production and
Management, Faculty of Veterinary Sciences and Animal Husbandry, R. S. Pura, SKUAST-J, Jammu, located
32°36'0"N latitude and 74°47'59"E longitude, during the months of June, July and August i.e., the hottest period of
the year in this region. The duration of trial was 60 days.
Twelve cross-bred dairy cows of average body weight 430 kg were randomly divided into three groups
(T1, T, and T3) of four animals each. The animals of T, and T3 group were daily supplemented orally with ascorbic
acid and amla powder @ 50 and 200mg/kg b.wt, respectively, while the T group received no supplementation. Two
hundred milligram of amla powder is equivalent to 50 mg of ascorbic acid in terms of activity. All animals were
housed in well-ventilated byres. The adaptation period in the shed was fifteen days for all the treatments prior to the
start of experiment. Animals were fed on concentrate feed @ 2 kg /h/day and allowed for four hours daily grazing in
early morning. Wheat straw was provided adlib.

Different microclimatic observations viz. maximum and minimum temperature, dry and wet bulb
temperature and Temperature humidity Index (THI) were recorded in the morning (0800 hrs) and afternoon (1400
hrs) on daily basis during the experimental period. Maximum and minimum temperature was measured by using
maximum minimum thermometer. Relative humidity in percentage was calculated from the dry bulb and wet bulb
readings (°C) on daily basis using the psychometric tables. Temperature Humidity Index (THI) values were
calculated as per U.S. Weather Bureau, by the following equation: THI = 0.72 (Dry bulb temp. °C + Wet bulb
temp. °C) + 40.6, where 0.72 and 40.6 are constants in the above equation.

Physiological variables like pulse rate, respiratory rate and rectal temperature of individual animals were
recorded twice daily at 0800 hrs and 1400 hrs during the experimental period. In the morning the physiological
parameters were recorded before feeding of the animals. Respiration rate was recorded by observing the flank
movement from a distance without disturbing the animals. Pulse rate was recorded on the coccygeal artery. The
rectal temperature was recorded by using a clinical thermometer. The body weight of the animals was estimated at
the starting of the experiment before feeding and watering for calculation of dose of ascorbic acid and amla powder.
The data recorded were analyzed as per the procedure described by Snedecor and Cochran (1994).

RESULTS AND DISCUSSIONS

Microclimatic changes-

Air temperature The mean maximum and minimum temperature ranged from 37.89°C+2.12°C to 40.41°C+2.87°C
and 25.21°C+2.31°C to 27.86°C+2.23°C, respectively, with an overall mean of 38.68°C+2.43°C maximum
temperature and 26.45°C+2.13°C minimum temperature during the experimental period inside the cattle shed (Table
1).

High ambient temperature results in an increase in internal body temperature of cattle which decreases feed
intake and changes eating patterns (De Dios and Hahn, 1993). Dikmen and Hansen (2009) reported a dry bulb
temperature of 28.4°C to be the upper critical temperature of lactating dairy cows at which rectal temperature was
38.5°C.

Relative Humidity The percent relative humidity recorded ranged from 74.23+5.43 to 88.02+6.21 per cent at 0800
hrs and from 46.21+4.32 to 56.34+3.92 per cent at 1400 hrs, with an overall mean of 81.32+5.21 and 51.31+4.93 per
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cent at 0800 hrs and at 1400 hrs, respectively (Table 1). The relative humidity recorded in the present experiments
was higher than 40 per cent and even some time crossing 80 per cent. Starr (1981) reported that heat balance could
become a problem at 20°C and above, when relative humidity was in excess of 60 per cent.

Temperature Humidity Index (THI): During the experimental period, the overall mean THI recorded in the cattle
shed at 0800 hrs and 1400 hrs were 74.06+3.92 (range 71.12-77.12) and 87.60+4.32 (range 86.32-89.87),
respectively (Table 1). The present findings indicate that all the experimental animals were under mild heat stress
during morning hours as compared to afternoon hours, during which the animals were under moderate to extreme
heat stress. Wiersme and Armstrong (1989) observed that, a THI value of 72-78 causes mild stress, 78-88 leads to
moderate stress while above 88 result in extreme heat stress in cattle.

Table 1. Overall meanzS.E of weekly micro climatic variables recorded during the experimental period

Period Temperature °C Relative Humidity % Temperature Humidity Index
(THI)
Maximum Minimum Morning, Afternoon Morning Afternoon
0800hrs 1400hrs 0800hrs 1400hrs

1" week 40.41+2.87 27.86+2.23 74.23+5.43 46.21+4.32 71.1243.32 89.87+3.54
2" week 39.42+2.18 26.32+2.43 78.45+4.23 47.12+4.23 71.34+3.45 88.12+3.65
3" week 37.95+2.86 25.21+2.31 82.12+4.56 48.13+4.14 74.35+2.35 86.54+3.32
4" week 38.72+2.64 26.89+2.31 84.01+4.35 49.22+4.56 75.21+3.54 87.31+4.12
5" week 39.57+2.41 26.87+2.32 88.02+6.21 56.34+3.92 77.12+£3.54 88.67+4.15
6" week 38.50+1.98 25.81+2.13 84.11+5.12 53.21+3.97 76.31+3.87 87.75+3.98
7" week 38.75+2.43 27.16+2.11 79.3445.23 49.76+3.87 72.71+2.87 86.32+3.87
8" week 37.89+2.12 26.92+2.17 82.23+4.89 52.31+3.76 74.32+3.42 86.43+£3.78
Overall 38.68+2.43 26.45+2.13 81.32+5.21 51.31+4.93 74.06+3.92 87.60+4.32
mean
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Table 2 Overall meantS.E of physiological parameters of cross bred dairy cattle under different treatments at
morning (0800 hrs) and afternoon (1400 hrs).

Parameters T, T, Ts F- Value CD Value

Rectal
temperature

NS
(0800 hrs) 38.85+0.31 38.78+0.29 38.81+0.36 1.19 -

Rectal
temperature
(2400 hrs)

*k

39.91°+0.36 | 39.10° +0.45 39.17° +0.46 131.19” 1.31

Respiration rate 44.33%2.51 43.96+3.54 44.11+2.53 0.12M -
(0800 hrs)

*k

Respiration rate | 62.05% +3.69 50.92" +3.77 52.97° +3.85 58.17" 6.31
(2400 hrs)

Pulse rate (0800 | 60.89+4.29 60.29+4.33 60.49+3.30 0.91NS -
hrs)

Pulse rate (1400 | 90.25%+5.22 77.08b+4.71 78.68b+4.36 32.03** 8.21**
hrs)

Means bearing different superscript (a, b, ¢) within a row differ significantly. Level of significance;
** = P<0.01; NS = non significant

Physiological Parameters

Rectal Temperature The overall mean rectal temperature of cattle is presented in Table 2. The overall mean
rectal temperature recorded at 0800 hrs in the Ty, T, and T; were 38.85°C+0.31°C, 38.78°C+0.29°C and
38.81°C+0.36°C, respectively, and their corresponding values at 1400 hrs were 39.91°C+0.36°C, 39.10°C+0.45°C,
and 39.17°C+0.46°C, respectively. The overall mean rectal of all the groups at 0800 hrs were within the normal
range (37.5-39.5°C) for cattle. At 1400 hrs the rectal temperature recorded in the T, group was above the normal
range while in T, and T5 groups were within the normal range. The climatic data (Table I) showed that the THI
values were above the comfort zone which indicated that the animals were under thermal stress. Khongdee et. al.,
(2006) and Berman (2008) also observed higher rectal temperature in cattle under thermal stress.

The present result showing a diurnal rise of rectal temperature in all the groups at 1400 hour is in
accordance with that of Bhan et al., 2012; Vaidya et al., 2010. The increase in rectal temperature might be an
attempt to decrease water losses by evaporative cooling (Silanikove, 1992). The rectal temperature increased by
1.06°C in T, group, 0.32°C in T, group and 0.36°C in T; group at 1400 hrs which showed that dietary
supplementation with ascorbic acid and amla reduced the diurnal rise in temperature. This might be due to the
hypothermic effect of ascorbic acid as reported by Tauler et al., (2003).

Among the groups, supplementation of ascorbic acid and amla reduced the rectal temperature in T, and T;
groups numerically at 0800 hrs and significantly (P<0.01) at 1400 hrs, while no significant difference was observed
between T, and T3. Similar results were reported in ascorbic acid supplemented Murrah buffaloes (Gade et al., 2010)
and goats (Sivakumar et al., 2010; Khan and Konwar, 2010; Minka et al., 2009 and Kumar et al., 2012). The
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hypothermic effect of amla powder reported in this study might be due its high concentration of ascorbic acid,
alongwith active tannoid principles, and other polyphenols such as ellagic acid, gallic acid, tannins, etc., which
markedly increase the free radical scavenging, generated during the stress. Firoza et al., (2000) also reported that
the Emblica officinalis has a high superoxide-scavenging activity. Maini et al., (2007) reported that electrolyte mix
of Emblica officinalis reduces the oxidative stress and lipid peroxidation in broilers during summer.

Respiration Rate The overall mean respiration rates (Table 2) of the cattle recorded at 0800 hours were 44.33+£2.51,
43.96+3.54 and 44.11+2.53 breath/minute in Ty, T, and T3, respectively and their corresponding values at 1400
hours were 62.05+3.69, 50.92+3.77 and 52.97+3.85 breath/minute, respectively.

The values of respiration rate were within the normal range (26-50 breath/min) in all the group at 0800 hrs
and in T, and T5 groups at 1400 hrs. While in T, group the RR exceeded the normal range at 1400 hrs, indicating
higher level of heat stress. Respiration is the most sensitive physiological character to the change of climate and
physical environment in cattle (Sabuncuoglu, 2004). The increase or decrease in the respiration rates is an adaptive
response of the animal to maintain homeothermy. In domestic animals respiration rate increases due to the activation
of warm receptors in skin when exposed to higher ambient temperature. Activation of the receptors in turn sends
neural signals to the hypothalamus that increases respiratory activity to accelerate heat loss from the body by
respiratory evaporization (AL-Haidary and Ahmed, 2004). An evaporative heat loss from the respiratory tract is
regarded as one of the primary mechanisms for maintenance of heat balance (Mc Dowell et al., 1976) to maintain
the internal body temperature (Marai et al., 2007) which accounts for 30% of total heat dissipation (Bhan et al.,
2012).

The present result showed a diurnal increase in the overall mean respiratory rates at 1400 hours in all the
groups is similar to the report of Bhan et al., 2012; Vaidya et al., 2010. The respiration rates increased by 17.17
breath/min in T, group, 6.96 breath/min in T, group and 8.86 breath/min in T3 group at 1400hrs which reveals that
dietary supplementation of ascorbic acid and amla reduces the diurnal rise in respiration rate. This might be due to
the effect of ascorbic acid and amla in maintaining the rectal temperature in T, and T3 groups.

Among the groups, respiratory rates of the T; were numerically higher at 0800 hour and significantly
(P<0.01) higher at 1400 hours compared to T, and Ts groups. However, no significant difference was observed
between T, and T3 at both 0800 hours and 1400hrs recordings. Similar results were reported in ascorbic acid
supplemented buffaloes (Gade et al., 2010; Sivakumar et al., 2010; Kumar et al., 2012 and Ganaie et al., 2012) and
goats (Khan and Konwar, 2010). The decreased respiratory rates in AA supplemented group indicated that
supplementation of ascorbic acid can ameliorate heat stress in cattle.

Amla powder supplementation in T group provided ascorbic acid and other polyphenols having a strong
antioxidant activity, thus alleviating the effect of heat stress. Lowered respiratory rate in T group may be due to the
presence of ascorbic acid and polyphenols in the amla powder (Bhattacharya et al., 1999).

Pulse Rate The overall mean pulse rates (Table 2) at 0800 hours were 60.89+4.29, 60.29+4.33 and 60.49%3.30
beats/minute in the T,, T, and Ts groups, respectively, and the corresponding values at 1400 hours were 90.25+5.22,
77.08+4.71 and 78.68+4.36 beats/minute.

The values of pulse rate recorded were within the normal range (48-84 bpm) in Ty, T, and T groups at 0800 hrs and
in T, and T groups at 1400 hrs. Whereas the overall mean pulse rate of T, group was above the normal range at
1400 hrs. An increase in pulse rate in T, group is an adaptive response of the animal to maintain homeothermy.
Increase in pulse rate increases blood flow to the surface and facilitate heat loss by sensible means (Marai et al.,
2007).

Diurnal increase in pulse rate was observed in all the groups at 1400 hrs. Similar findings were reported in
cattle (Vaidya et al., 2010; Bhan et al., 2012), ewes (Alexier et. al., 2004) and goat kids (Hosam, 2007). The pulse
rate increased by 29.36 beats/min in T group, 16.79 beats/min in T, group and 18.19 beats/min in T3 group at 1400
hrs. The result showed that diurnal rise in pulse rate was reduced by supplementation of ascorbic acid and amla
power which could be due to the hypothermic effect of ascorbic acid as reported by Tauler et al., (2003).

The overall mean pulse rate was numerically higher in the T, group at 0800 hrs and significantly higher
(P<0.01) at 1400 hrs as compared to the T, and T3 groups. While similar results was observed between T, and T3
groups. Administration of ascorbic acid and amla powder significantly (P<0.01) reduced the pulse rate by 13.17
beats per minute in T, and 11.57 beats per minute in T3 compared to T, at 1400 hour recording. Similar results were

834



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 4, 830-837

also observed in Murrah buffaloes (Gade et al., 2010; Ganaie et al., 2012) and goats (Khan and Konwar, 2010;
Kumar et al., (2012) due to the effect of ascorbic acid supplementation.

The lower values of pulse rate in T3 groups is due to the presence of ascorbic acid and polyphenols in the
amla powder (Bhattacharya et al., 1999).

Conclusion It is evident from the result that the cross bred dairy cattle are affected by heat stress during summers.
Both ascorbic acid and amla powder can be supplemented during extreme summers to ameliorate the heat stress by
keeping minimum changes in physiological variables. No significant differences in physiological parameters were
observed between the groups of cattle treated with ascorbic acid and amla powder. Amla powder being cheaper can
be effectively supplemented to alleviate heat stress in cross bred dairy cattle.
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REFRENCES

Alexier, J., Gudev, D., Popava-Ralcheva, S. and Moneva, P. 2004: Thermoregulation in sheep. IV. Effect of heat
stress on heart rate dynamics in shorn and unshorn ewes from three breeds. Zhivotnov dni-Nauk, 41(1): 16-
21.

Al-Haidary and Ahmed, A. 2004: Physiologic response of Niamey sheep to heat stress challange under semi-arid
environment. Int. J. Agric. Biol., 2:307-309.

Ayo, J. O. and Sinkalu, V. O. 2007: Effect of ascorbic acid on diunal variations in rectal temperature of Shaver
Brown pullets during the hot-dry season. Int. J. Poult. Sci., 6(9): 642-649.

Bhan, C., Singh S. V., Hooda O. K., Upadhyay R. C., Beenam and Vaidya M. 2012: Influence of temperature
variability on physiological, hematological and biochemical profile of growing and adult Sahiwal
cattle. J. Environ. Res. Develop., 7 (2A): 986-994.

Bhattacharya, A., Chatterjee, A., Ghosal, S. and Bhattacharya, S. K. 1999: Antioxidant activity of active tannoid
principles of Emblica officinalis (amla). Indian J. Experimental Biol., 37: 676-680.

Cummin, K. A. and Brunner, C. J. 1991: Effect of calf housing on plasma ascorbate and endocrine and immune
function. J. Dairy Sci., 74: 1133-1139.

De Dios, O. O. and G. L. Hahn. 1993: Thermoregulation of growmg bovines during fall transitional environments.
Proceedings of 4" International Livestock Environmental Symposium: 289-97, July 6-9, 1993, Coventry,
England. Amer. Soc. Agric. Engrs., St. Joseph, MI.

Dikmen, S. and Hansen, P. J. 2009: Is the temperature-humidity index the best indicator of heat stress in lactating
dairy cows in a subtropical environment? J. Dairy Sci., 92: 109-116.

Fayomi, A., Ayo, J.O. and Akinpelu, A.O. 2004: Effect of ascorbic acid on diurnal variation in rectal temperature of
piglet during the hot-dry season. Proceedings of the 39" Annual Science Conference of Nigerian Society of
Animal Production, pp 68-72. Sokoto, Nigerian.

Firoza, K., Kayahara, H. and Tadasa, K. 2000: Superoxide-scavenging and prolyl endopeptidase inhibitory activities
of Bangladeshi indigenous medicinal plants. J Biosci., Biotechnol., Biochem., 64 (4):837-840.

Gade, N. E., Singh, G., Sonawane, P. R. and Mahapatra, R.K. 2010: Effect of ascorbic acid supplementation on
plasma protein profile in buffaloes during heat stress. Indian J. Vet. Res., 19(1):56-62.

Ganaie, A. H., Hooda, O.K., Singh, S.V., Ashutosh, and Upadhdyay, R.C. (2012): Response of vitamin C
supplementation on biochemical, hormonal and physiological parameters of pregnant Murrah
buffaloes during hot-humid conditions. Indian J. Anim. Nutr., 29(3): 214-221.

835



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 4, 830-837

Ganaie, A.H., Shanker, G.; Nazir, A., Bumla Ghasura R.S., Mir, N.A., Wani, S.A. and Dudhatra, G.B. (2013):
Biochemical and physiological changes during thermal stress in bovines. J. Vet. Sci. Technol.,
4(1):1-6.

Hosam, J. Al-Tamimi, 2007: Thermoregulatory response of goat kids subjected to heat stress. Small Ruminant Res.,
71: 280-285.

Jayshri, S. and Jolly, C. I. 1993: Phytochemical antibacterial and pharmacological investigations on Monordica
chiranlia and Emblica officinalis. Indian J. Pharmacological Sci., 1: 6-13.

Khan, A.K. and D. Konwar: 2010. Effect of vitamin C supplementation on physiological and blood
biochemical parameters in goats during summer, p. 42. Proceeding of 7" Biennial Animal
Nutrition Association Conference, Bhubaneswar, India.

Khongdee, S., Chaiyabutr, N., Hinch, G., Markvichitr, K. and Vajrabukka, C. 2006: Effects of evaporative cooling
on reproductive performance and milk production of dairy cows in hot wet conditions. Int. J.
Biometeorol., 50: 253-257.

Kumar, M., Jindal, R. and Nayyar. S. 2012: Physiological and biochemical profile of summer stressed goats. Indian
Vet. J., 89(8): 38-40.

Macleod, D., Zhang, X., Ozimeck, L. and Kennelly, J. J. 1999: Ascorbyl- 2-polyphosphate as a source of
ascorbic acid for dairy cattle. Milchwissenschaft, 54: 123-129.

Maini, S., Rastogi, S. K., Korde, J. P., Madan, A. K. and Shukla, K. 2007: Evaluation of oxidative stress and its
amelioration through certain antioxidants in broilers during summer. J. Poult. Sci., 44; 339-347.

Marai, I1.F.M., El-Darawany, A.A., Fadiel, A., Abdel-Hafez, M.A.M. 2007: Physiological traits as affected by heat
stress in sheep — a review. Small Rumin. Res., 71:1-12.

Mc Dowell, R.E., Hooven, N.E. and Comoers, J.K. 1976: Effect of climate on performance of Holstein in first
lactation. J. Dairy Sci., 59: 965-973.

McDowell, L. R. 1989: Vitamin C: In L. R. McDowell, (eds.). Vitamins in Animal Nutrition. Comparative Aspect
to Human Nutrition. pp 365-387. Academic press, San Diego, CA.

Minka, N. S., Ayo, J. O. and Adelaiya, A. B. 2009: Assessment and scoring of stresses imposed on goats during
handling, loading, road transportation and unloading, and the effect of pre-treatment with ascorbic acid.
Livestock. Sci., 125: 275-282.

Padilla, L., Matsui, T., Kamiya, Y., Kamiya, M., Tanaka, M. and Yano, H. 2006: Heat stress decreases plasma
vitamin C concentration in lactating cows. Livestock Sci., 101: 300-304.

Sabuncuoglu, N. 2004: Effect of barn types on physiological traits of calves. Ind. Vet. J., 81:22-24.

Silanikove, N. 1992: Effects of water scarcity and hot environments on appetite and digestion in ruminants: a
review. Livestock Prod. Sci., 30: 175-194.

Sivakumar, A. V. N. Singh, G. and Varshney, V. P. 2010: Antioxidants supplementation on acid base balance
during heat stress in goats. Asian-Aust. J. Anim. Sci., 23(11):1462 — 1468.

Shedecor, G. W. and Cochran, W. G. 1994: Statistical methods. 8th edn. Oxford and IBH publishing Co, New Delhi,
India.

836



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 4, 830-837

Starr, J. R. 1981: Climate and the need for housing, in environmental aspect of housing for animal production, pp
19-36, Butterworth, London.

Tauler, T., Anguilo, A., Gimeno, I., Fuentespina, E., Tur, J. A. and Pons, S. 2003: Influence of vitamin C diet
supplementation on endogenous antioxidant defense during exhaustive exercise. European J. Physiol., 446:
658-664.

Thakur, C. P. and Mandal, K. 1984: Effect of Emblica Officinalis on cholesterol induced atherosclerosis in rabbits.
Indian J. Medicine Res., 79: 142-146.

Vaidya, M., Parveen Kumar and Singh, S.V. 2010: Effect of temperature humidity index and heat load on
physiological parameters of Murrah buffaloes and Karan Fries cattle during different seasons.
Wayamba J. Anim. Sci., pp 57-58.

Weiss, W. P., Hogan, J. S., and Smith, K. L., 2004: Changes in vitamin C concentrations in plasma and milk from
dairy cows after an intramammary infusion of Escherichia coli. J. Dairy Sci., 87: 32-37.

Wiersmen, F. and Armstrong, D. V. 1989: Microclimatic modification to improve milk production in hot arid
climate. Dairy Sci. Abstr., 52(6): 3848.

837



