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Summary

This study was conducted to evaluate the effect of mineral and antioxidant supplementation on growth, repro-

ductive performance and physiological adaptability of heat-stressed Malpura ewes. The study was conducted for

a period of 21 days in 21 adult Malpura ewes. The ewes were randomly divided into three groups with seven

animals each viz. GI (control; n = 7), GII (heat stress; n = 7) and GIII (heat stress + mineral and antioxidant sup-

plementation; n = 7). The animals were stall fed ad libitum with the diet consisting of 70% roughage and 30%

concentrate. GI ewes were maintained under normal controlled condition in the shed, while GII and GIII ewes

were subjected to heat stress by exposing them to 42 °C in the climatic chamber. The parameters studied were

feed intake (FI), water intake (WI), body weight, body condition score (BCS), physiological, biochemical and

endocrine responses. Heat stress significantly altered FI, water intake, BCS, respiration rate and rectal tempera-

ture in the afternoon, oestrus duration, estradiol, progesterone, Hb, PCV, plasma glucose, total protein, cortisol,

T3 and T4 levels while mineral and antioxidant supplementation ameliorated this heat stress effect on the param-

eters studied. Further, the adverse effect of heat stress on the productive and reproductive efficiency of Malpura

ewes was reduced considerably by mineral mixture and antioxidant supplementation. This is evident from the

non-significant difference in BCS, oestrus duration and plasma estradiol between GI and GIII in this study.

Hence, it is very pertinent to conclude from this study that mineral mixture and antioxidant supplementation

were able to protect Malpura ewes against heat stress.

Keywords antioxidants, cortisol, heat stress, Malpura ewes, mineral mixture, reproduction

Correspondence V. Sejian, Animal Physiology Division, National Institute of Animal Nutrition and Physiology, Adugodi, Bangalore-560030, India.

Tel: +91-9740726121; Fax: +91 080 25711420; E-mail: drsejian@gmail.com

Received: 14 June 2012; accepted: 24 December 2012

Introduction

Small ruminants are critical to the development of

sustainable and environmentally sound production

systems (Ben Salem, 2010). Sheep industry is a major

part of animal production particularly in arid and

semi-arid areas. The socio-economic role of sheep in

communities living in arid and semi-arid regions will

be maintained and expected to grow further in the

coming years (Ben Salem and Smith, 2008). Hence,

efforts need to be intensified to improve the produc-

tive and reproductive performances of these animals

using simple and cost-effective options.

Among the climatic components that may impose

stress on the productive and reproductive perfor-

mance traits of sheep are ambient temperature,

humidity, air movement, photoperiod, solar radiation

and wind, of which the ambient temperature is the

most important (Sejian et al., 2012a). Exposing sheep

to high ambient temperature leads to disturbance of

the animal’s normal physiological balances and conse-

quently results in negative nitrogen, mineral, energy

and thermal balances and lowered production (Marai

et al., 2008). Heat stress evokes a series of drastic

changes in animal biological functions, which include

a decrease in feed intake (FI) efficiency and use, dis-

turbances in the metabolism of water, protein, energy

and mineral balances, enzymatic reactions, hormonal

secretions and blood metabolites (Shelton, 2000;

Marai et al., 2006).

Nutrition plays a key role in regulating the repro-

ductive performance in farm animals (Maurya et al.,

2010). Lack of adequate year-round feed resources is

probably another important factor contributing to low
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animal production in arid and semi-arid regions in the

world (Ben Salem and Smith, 2008; Kawas et al.,

2010). This nutrition deficiency along with heat stress

imposes severe effects on livestock production and

reproduction. Zarazaga et al. (2004) reported that

nutrition is an important factor affecting reproductive

function and the onset of postpartum ovarian cyclicity

in farm animals. Further, Schillo (1992) stated that

restriction of dietary energy in early postpartum per-

iod reduced the number of ewes exhibiting oestrus

within the breeding season due to impaired ovarian

response to luteinizing hormone (LH), reduced pitui-

tary response to pulsatile release of gonadotropin

releasing hormone. Restriction of energy intake has a

major role in increasing the length of postpartum

anoestrus in sheep (Schillo, 1992). Prolonged and

intense negative energy status delays resumption of

oestrous cycles (Titi et al., 2008). Supplementing of

heat-stressed animals with protein, fat and/or mineral

resources is, therefore, required to correct their nega-

tive balances, because heat stress induces a significant

decrease in the dry matter intake and a significant

increase in protein and lipid catabolism and decrease

in live body weight (BW; Marai et al., 2008).

Reproductive problems in livestock are of signifi-

cant economic concern. There has been special inter-

est in effects of dietary trace element deficiencies on

physiological function and particularly on reproduc-

tion. Severe dietary deficiencies of copper (Cu), sele-

nium (Se) and zinc (Zn) are commonly seen in

ruminants (Monem and El-Shahat, 2011). Vitamins

and minerals play an important role in the growth

of animals and their reproductive performance

(El-Shahat and Abdel Monem, 2011). Administration

of Se improves daily weight gain of lambs and repro-

ductive performance in ewes (Gabryszuk and

Klewiec, 2002). The dietary and tissue balance of

antioxidant nutrients is important in protecting tis-

sues against free radical damage. Antioxidants such as

Vitamins C and E are free radical scavengers, which

protect the body defence system against excessively

produced free radicals during heat stress and stabilize

health status of the animal. Free radicals and reactive

oxygen species play a number of significant and

diverse roles in reproductive biology (Agarwal et al.,

2006). Deficiency of free radicals may also arise due

to different kinds of stress (McDowell et al., 2007).

Free radical oxidation is activated in animals under

various types of stresses, and lipid peroxidation prod-

ucts accumulate in various organs (Yarovan, 2008).

There are reports which established heat stress-stimu-

lated excessive production of free radicals (Bernabuc-

chi et al., 2002; Sivakumar et al., 2010).

High environmental temperature challenges the

animal’s ability to maintain energy, thermal, water,

hormonal and mineral balance. Reducing heat stress

on sheep requires multi-disciplinary approaches that

emphasize animal nutrition, housing and animal

health management (Collier et al., 2003). As sheep

reared in semi-intensive systems are grazing through-

out the day, the previously listed mitigation strategies

are of less importance. This necessitates developing

new strategies to counteract the adverse effects of heat

stress in sheep under hot semi-arid environment. In

this context, supplementation of minerals and antioxi-

dants may act as a viable alternate strategy to reduce

the effect of heat stress in sheep. Hence, this study has

been designed to evaluate the effect of mineral and

antioxidant supplementation on growth, reproductive

performance and physiological adaptability of heat-

stressed Malpura ewes.

Materials and methods

Experimental location

The experiment was carried out at the Central Sheep

and Wool Research Institute farm, which is located in

the semi-arid region of India at longitude 75°28′E and

the latitude of 26°26′N and at altitude of 320 m above

mean sea level. The average annual maximum and

minimum ambient temperature ranges between 6 and

46 °C. The mean annual relative humidity ranges

between from 20% to 85%. The annual rainfall in this

area ranges from 200 to 400 mm with an erratic distri-

bution throughout the year. The experiment was car-

ried out during the month of October. The mean

environmental temperatures, relative humidity and

wind velocity during the study period (21 days) are

depicted in Table 1.

Animals

Malpura is a triple purpose hardy sheep breed, which

originated in the arid and semi-arid areas of Western

tropical India. Twenty-one, adult, cyclic, Malpura

ewes (2–4 year old) with mean BW of 32.00 �
0.27 kg were used in the study. The animals were

housed in a well-ventilated shed in east–west orienta-

tion with the dimensions of 30, 12 and 7.9 ft for

length, width and height respectively. The roof of the

shed is made up of asbestos sheet with all the sides of

the shed kept open with wire mesh and the floor is

made with clay sand. The shed has the stocking

density of 20 animals. The animals were restrained

with the help of iron chains, and they were offered

feed and water in separate troughs. The animals were
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acclimated for iron chain restraining 15 days prior to

the start of the experiment. The shed was maintained

under proper hygienic conditions. The animals had ad

libitum access to good quality drinking water. Prophy-

lactic measures against sheep diseases like sheep pox,

peste des petits ruminants, enterotoxaemia, endo- and

ectoparasitic infestations were carried out as pre-

scribed by the health calendar of the institute to

ensure that the animals were in healthy condition

throughout the study.

Climatic chamber details

The size of the climatic chamber is 12, 8 and 7 ft for

length, width and height respectively. The chamber

has the provision to alter the temperature and the rel-

ative humidity ranging between �5 and 60 °C and

1% and 100% respectively. All sides of the climatic

chamber are made up of stainless steel. The chamber

has the programmable temperature and humidity reg-

ulator to maintain the ideal temperature and humid-

ity as per the requirement of the experiment. One

climatic chamber has the provision to hold seven ani-

mals at a time. The climatic chamber has a trevice to

restrain each animal separately so that they are

offered feed and water on individual basis. The

animals were acclimated for a period of 15 days to the

climatic chamber and restraining inside the chamber

prior to the start of the experiment.

Oestrus synchronization

Oestrus synchronization was carried out in all the ani-

mals using indigenously developed intravaginal

sponges impregnated with progesterone (Naqvi et al.,

2001). The synchronization procedure started on the

first day of the heat stress experiment. Each vaginal

sponge was imbibed with 0.35 g progesterone (CDH

Laboratory reagent, New Delhi, India). The sponge

was inserted and kept in situ in the vagina for a period

of 12 days. On the day of sponge removal, ewes were

given a single dose of equine chorionic gonadotro-

phin (Folligon; Intervet International, Boxmeer,

Netherland) at 200 IU/ewe intramuscularly. Oestrus

in each ewe was detected by parading aproned rams

of proven vigour at every 6-h intervals for 30 min at

early morning (6:00 h), noon (12:00 h), evening

(18:00 h) and midnight (24:00 h). The oestrus dura-

tion was calculated from the first sign of oestrus until

the end of the oestrus. Oestrus cycle length was calcu-

lated from the day of sponge insertion until the day of

end of the oestrus period.

Technical programme

The study was conducted to assess the effect of min-

eral and antioxidant supplementation on growth,

reproduction and physiological adaptability of Mal-

pura ewes subjected to heat stress. The study was

conducted for a period of 21 days. The ewes were ran-

domly divided into three groups with seven animals

per group GI (control; n = 7), GII (heat stress; n = 7)

and GIII (heat stress + mineral and antioxidant sup-

plementation; n = 7). Care was taken while grouping

the animals to ensure that there was no significant dif-

ference in the overall average BW and body condition

score (BCS) of each group while starting the study.

The average BW of each group for the entire study

period is depicted in Fig. 1. Mineral and antioxidant

composition per kg diet were as follows: zinc sulphate

164.0 mg, cobalt sulphate 0.95 mg, chromium acetate

1.2 g, selenium chloride 0.1 mg and Vitamin E

40.0 mg. The dose used was 20 g of mineral and anti-

oxidant mixture per Kg feed. The animals were stall

fed ad libitum with the diet consisting of 70% rough-

age and 30% concentrate. The composition of the diet

includes 70% roughage (Cenchrus ciliaris) and 30%

concentrate (maize 45%, barley 45%, groundnut cake

4%, mustard cake 2%, mineral mixture 2%, common

salt 1%), with crude protein = 180 g/kg and total

digestible nutrients = 650 g/kg. Mineral mixture

composition includes calcium 20%, phosphorus 12%,

Table 1 Climatological data during study period

Time of recording

Minimum

temperature (°C)

Maximum

temperature (°C)

Dry bulb

temperature (°C)

Wet bulb

temperature (°C) RH (%) Wind velocity (m/s)

Morning (08.00 h) 16.43 � 0.47 25.61 � 0.28 20.68 � 0.50 17.14 � 0.51 68.73 � 1.25 1.07 � 0.06

Afternoon (14.00 h) 16.50 � 0.50 35.27 � 0.22 34.57 � 0.31 24.30 � 0.42 40.14 � 1.72

The values are average of 21-day study period.

The values are mean and SEM.

The physiologically effective temperature for sheep is obtained by differentially weighting the dry- and wet-bulb temperatures by 0.64 and 0.36,

respectively, and then adding the products. In this study, it comes to 19.4 °C and 30.9 °C in morning and afternoon respectively.
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magnesium 5%, iron 0.4%, copper 0.1%, manganese

0.12%, cobalt 0.01%, zinc 0.8%, iodine 0.02% and

sulphur 1.8%. The feed was given to the animals on

dry matter basis. The total dry matter% of the feed

was 90%. The diet was supplied as a total mixture of

roughage and concentrate. GI ewes were maintained

under normal controlled condition in the shed, while

GII and GIII ewes were subjected to heat stress by

exposing them to 42 °C in a climatic chamber. The

animals were subjected to heat stress for 6:00 h a day

between 10:00 and 16:00 h. Individual feed and water

intake were recorded on daily basis for the both con-

trol and chamber animals. Physiological responses

were recorded twice daily (8:00 and 14:00 h) at

weekly interval on day 0, day 7, day 14 and day 21.

The study was conducted after obtaining approval

from the institute ethical committee for subjecting the

animals to heat stress.

Blood collection and plasma separation

Five millilitre of blood was collected at weekly inter-

vals from all three groups simultaneously at 11:00 h

using 20 gauge sterilized needles and plastic syringe

from external jugular vein in tubes with heparin

anticoagulant. Blood samples were divided into two

aliquots. One aliquot was used for the estimation of

Hb and PCV, while the other was subjected for plasma

separation. Plasma was separated from blood by

centrifugation at 1870 g at room temperature for

15 min. The plasma was then divided into aliquots in

microcentrifuge tubes and kept frozen at �20 °C till

further analysis. Plasma samples were used to estimate

biochemical, enzymes and endocrine parameters.

Parameters studied

The parameters studied were FI, water intake (WI),

BW, BCS, respiration rate (RR), pulse rate (PR), rectal

temperature (RT), sweating rate (SR), oestrus%, oes-

trus duration, oestrus cycle length, Hb, PCV, plasma

glucose, total protein and total cholesterol. Body

weight and BCS were recorded at 6:30 h before feed-

ing and watering at weekly interval. Body condition

score of ewes was scored in the scale of 1–5 where 1

indicates completely emaciated, while 5 indicates very

fatty rams. Body condition score of the ewes was

assessed by careful palpation of the spinous and

transverse process in the loin area, immediately

behind the last rib as described by Russel et al. (1969).

Respiration rate was recorded based on the flank

movements at the paralumbar fossa of the ewes using

a stop watch and represented by a number of breaths

per minute. Pulse rate was recorded based on the

pulsations noted in the femoral artery per unit of time

and represented by number of beats per minute. Rec-

tal temperature was recorded using a clinical rectal

thermometer and represented in °F per minute.

Sweating rate was measured by a modification of the

method used by Berman (1957), based on the time

taken for the chromatography paper disc impregnated

with cobalt chloride to change colour from violet to

bright rose.

Hb and PCV were estimated using whole blood

samples by cyanmethemoglobin and microhaemato-

crit methods as described by Balasubramaniam and

Malathi (1992) and Jain (1986) respectively. The

biochemical parameters viz. plasma glucose (Tietz,

1976), total plasma protein (Tietz, 1995), and total

plasma cholesterol (Allain et al., 1974) were estimated

using Span diagnostic kits, India, as per standard

method using the UV-Visible recording Spectropho-

tometer (UV-160A; Shimadzu Corporation, Kyoto,

Japan).

Hormonal parameters such as estradiol (analytical

sensitivity, 6 pg/ml; intra-assay and inter-assay coeffi-

cient of variations were 5.8% and 9.0% respectively),

progesterone (analytical sensitivity, 0.05 ng/ml; intra-

assay and inter-assay coefficient of variations, 12.1%

and 11.2% respectively), cortisol (analytical sensitiv-

ity, 10 nM; the intra-assay and inter-assay coefficient

of variations, 5.8% and 9.2% respectively), T3 (ana-

lytical sensitivity, 0.1 nM; intra-assay and inter-assay

coefficient of variations, 3.3% and 8.6% respectively)

and T4 (analytical sensitivity, 13 nM; intra-assay and

inter-assay coefficient of variations, 5.1% and 8.6%

respectively). All hormonal parameters were esti-

mated by radio immuno assay (RIA) using gamma

counter (PC-RIA MAS, Stretec, Germany) by employ-

ing RIA kits supplied by Immunotech, Marseille,

France. All these RIA kits were validated for sheep

plasma in our laboratory (Sejian et al., 2010c, 2011).
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Fig. 1 Description of body weight changes in each group during the

study period. GI – control; GII – heat stress; GIII – heat stress + mineral

and antioxidant supplementation.
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Data analysis

Data were analysed by GLM (SPSS 16.0, Chicago, IL,

USA). The linear model was used for all the respon-

dent variables using least squares analysis of variance.

Effect of fixed factors, namely treatment (G1 – control,
GII – heat stress and GIII – heat stress and mineral and

antioxidant) and days (longitudinal time over which

experiment was carried out = day 0, day 7, day 14

and day 21) and also interaction of treatment and

days, was analysed on the various parameters studied.

Comparison of means of the different subgroups was

made by Duncan’s multiple range tests as described by

Kramer (1957).

Results

Feed and water intake

Effect of heat stress and mineral and antioxidant

supplementation on both feed and water intake is

described in Table 2. There was a treatment effect

(p < 0.01) on both feed and water intake. Feed

intake reduced (p < 0.01) in stress groups as com-

pared to control group. Among the stress groups,

FI increased (p < 0.01) in GIII as compared to GII.

A reverse trend was established for water intake as

compared to FI. The lowest water intake was

recorded in GI, while the highest being in GII.

Mineral mixture supplementation in GIII (p < 0.01)

reduced the water intake as compared to GII. Fur-

ther, both experimental days (p < 0.05) and inter-

action between treatment and experimental

days also influenced (p < 0.05) the FI and water

intake.

Growth parameters

Effect of heat stress and mineral and antioxidant sup-

plementation on BW and BCS is described in Table 2.

Figure 1 describes the BW changes in each group dur-

ing the study period. Body weight did not differ

(p > 0.05) between the groups. However, experimen-

tal days influenced BW (p < 0.01). But there was a

treatment effect on BCS (p < 0.05) between the

groups. The lowest BCS was recorded in GII

(p < 0.05) as compared to GI and GII. However, BCS

did not differ (p > 0.05) between GI and GIII. Further,

experimental days also influenced (p < 0.01) BCS.

Physiological response

Effect of heat stress and mineral and antioxidant sup-

plementation on physiological responses is described

in Table 3. Among the physiological responses, only

RR and RT in the afternoon differed (p < 0.01)

between the groups. The highest RR is recorded in GII

(p < 0.01), while the lowest in GI (p < 0.01). How-

ever, there was a treatment effect on RT in both GII

and GIII (p < 0.01) as compared to GI during after-

noon. Further, experimental days also influenced

(p < 0.01) all physiological parameters both during

morning and afternoon. In addition, the interaction

between treatment and experimental days influenced

afternoon RR (p < 0.01) and RT (p < 0.05).

Table 2 Effect of mineral and antioxidant supplementation on feed intake, water intake, body weight and BCS of Malpura ewes subjected to heat

stress

Items Feed intake (DMI g/w 0.75/day) Water intake (L/DMI kg/day) BW (kg) BCS

l � SE 65.46 � 1.01 3.04 � 0.04 33.46 � 0.136 3.16 � 0.04

Group ** ** NS *

GI 87.05a 2.43c 33.56a 3.14ab

GII 46.56c 3.68a 33.37a 3.02b

GIII 62.75b 3.01b 33.45a 3.30a

Pooled SE for treatment �1.75 �0.07 �0.24 �0.06

Day * * ** **

0 – – 31.97c 2.76c

7 61.84b 2.90b 33.88ab 3.21b

14 67.18a 3.08ab 33.57b 3.19b

21 67.35a 3.15a 34.42a 3.45a

Pooled SE for week �1.75 �0.07 �0.27 �0.07

Group*Day ** ** NS NS

BCS, body condition score.

GI – control; GII – heat stress; GIII – heat stress + mineral and antioxidant supplementation.

l indicates the overall mean for the parameter.

*p < 0.05, **p < 0.01, NS – non-significant means with similar superscript do not differ significantly (p > 0.05) from each other.

Journal of Animal Physiology and Animal Nutrition © 2013 Blackwell Verlag GmbH 5

V. Sejian et al. Amelioration of heat stress in ewes



Oestrus incidences and reproductive hormone status

Effect of heat stress and mineral and antioxidant sup-

plementation on oestrus incidences is described in

Table 4. The oestrus% in GI, GII and GIII are 85.71%,

85.71% and 100% respectively. Although the highest

oestrus% was recorded in GIII, the oestrus% did not

differ (p > 0.05) between the groups. But oestrus

duration did differ (p < 0.05) between the groups. The

highest oestrus duration was recorded in GIII, while

the lowest being in GII. However, the oestrus cycle

length also did not differ (p > 0.05) between the

groups. Plasma estradiol showed significant (p < 0.05)

variation between the groups (Fig. 2). The highest

estradiol concentration was recorded in GI, while the

lowest was in GII (Fig. 2). Further, experimental days

and interaction between treatment and experiment

days also reduced (p < 0.01) the level of plasma estra-

diol. Plasma progesterone showed a reverse trend to

that of estradiol concentration with the lowest

concentration being in GI and the highest in GII

(Fig. 3). The treatment influenced (p < 0.05) plasma

progesterone level between the groups. Further,

experimental days significantly (p < 0.01) decreased

the plasma progesterone concentration.

Table 3 Effect of mineral and antioxidant supplementation on RR (breaths/min), PR (beats/min), RT (°F) and SR (g/m2/h) of Malpura ewes subjected to

heat stress

Items RR (Morning) RR (Afternoon) PR (Morning) PR (Afternoon) RT (Morning) RT (Afternoon) SR (Afternoon)

l � SE 25.79 � 0.59 82.66 � 2.06 60.43 � 1.16 75.04 � 1.03 100.09 � 0.06 102.28 � 0.04 60.84 � 8.58

Group NS ** NS NS NS ** NS

GI 26.07a 41.93c 58.50a 71.89b 100.12a 101.79b 72.44a

GII 26.29a 108.89a 62.21a 76.00ab 100.08a 102.63a 51.89a

GIII 25.00a 97.14b 60.57a 77.21a 100.08a 102.03b 58.18a

Pooled SE for treatment �1.02 �3.58 �2.01 �1.78 �0.10 �0.73 �14.87

Day ** ** * ** ** ** **

0 24.10b 43.91b 53.62c 67.71b 99.93bc 101.48c 145.19b

7 23.43b 102.00a 58.29cb 77.57a 100.23ab 102.81a 34.04a

14 30.86a 91.19a 65.24a 75.52a 100.39a 102.46b 33.45a

21 24.76b 93.52a 64.57ab 79.33a 99.82c 102.38b 30.69a

Pooled SE for Day �1.17 �4.13 �2.33 �2.06 �0.11 �0.08 �17.17

Group*Day NS ** NS NS NS * NS

GI – control; GII – heat stress; GIII – heat stress + mineral and antioxidant supplementation; RR – respiration rate; PR – pulse rate; RT – rectal tempera-

ture; SR – sweating rate.

l indicates the overall mean for the parameter.

Means with values bearing different superscript within a column differ significantly at (p < 0.05).

*p < 0.05, **p < 0.01, NS, non-significant.

Table 4 Effect of mineral and antioxidant supplementation on the

reproductive performance of Malpura ewes subjected to heat stress

Items GI GII GIII

Estrous (%) 85.71(6)a 85.71(6)a 100(7)a

Duration (h) 34.29 � 6.10a 24.86 � 5.77b 36.86 � 2.42a

Length (days) 14.00 � 0.00a 14.33 � 0.31a 14.29 � 0.18a

GI – control; GII – heat stress; GIII – heat stress + mineral and antioxi-

dant supplementation.

Values having different superscript within a row differ significantly

(p < 0.05).

Values in the parenthesis indicate no of ewes of the total seven ewes in

each group.
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Fig. 2 Effect of mineral and antioxidant supplementation on plasma

estradiol concentration in heat stressed Malpura ewes. GI – control; GII–

heat stress; GIII – heat stress + mineral and antioxidant supplementa-

tion. The values in each group are the averages of four collections (day

0, day 7, day 14 and day 21). The columns bearing different alphabets

differ significantly at p < 0.05. The figure indicates that heat stress sig-

nificantly (p < 0.05) lowered plasma estradiol concentration in GII as

compared to GI. However, mineral and antioxidant supplementation

reduced this effect of heat stress and increased the estradiol concentra-

tion significantly (p < 0.05) in GIII.
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Blood biochemical parameters

The effects of heat stress and mineral and antioxidant

supplementation on blood biochemical parameters are

described in Table 5. There was a treatment effect on

Hb (p < 0.01) between the groups. The highest Hb

concentration was recorded in GII. However, Hb con-

centration did not differ (p > 0.05) between GI and

GIII. PCV also showed similar trend as that of Hb. The

effect of treatment on PCV was significant (p < 0.01)

between the groups. The highest PCV was recorded in

GII, and there was no significant difference in PCV

between GI and GIII. Plasma glucose also showed

significant (p < 0.01) changes for the treatment. Fur-

ther, both experimental days and interaction between

treatment and experimental days also influenced

plasma glucose (p < 0.01). Treatment effect also influ-

enced plasma protein (p < 0.01) between the groups.

The highest plasma total protein concentration was

recorded in GI, while the lowest was in GII. However,

plasma total cholesterol did not differ (p > 0.05)

between the groups.

Endocrine parameters

Plasma cortisol differed (p < 0.01) between the groups

for the treatment (Fig. 4). The highest concentration

of plasma cortisol was recorded in GII, while lowest

was in GI (p < 0.01). Level of cortisol in GIII was

between GI and GII, and this effect was significant

(p < 0.01; Fig. 4). Further, experimental days also sig-

nificantly (p < 0.05) increased the plasma cortisol

concentration. Plasma T3 level in GII decreased

(p < 0.05) as compared to both GI and GIII (Fig. 5).

Plasma T4 also showed similar trend as that of T3.

There was a treatment effect on plasma T4 (p < 0.01;

Fig. 6) between the groups. However, both experi-

mental days and interaction between groups and

experimental days did not influence (p > 0.05)

thyroid hormone levels. In addition, the growth, phys-

iological response, blood biochemical and endocrine

parameters included in this study changed over the

time as the heart stress progressed. This is evident from

the significant (p < 0.05) influence of experimental

days on these parameters. This shows that the animals

are adapting to heat stress over the period of time.
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Fig. 3 Effect of mineral and antioxidant supplementation on plasma

progesterone concentration in heat stressed Malpura ewes. GI – control;

GII – heat stress; GIII – heat stress + mineral and antioxidant supplemen-

tation. The values in each group are the averages of four collections

(day 0, day 7, day 14 and day 21). The columns bearing different alpha-

bets differ significantly at p < 0.05. The figure indicates that heat stress

significantly (p < 0.05) increased plasma progesterone concentration in

GII as compared to GI. However, mineral and antioxidant supplementa-

tion reduced this effect of heat stress and decreased the progesterone

concentration significantly (p < 0.05) in GIII.

Table 5 Effect of mineral and antioxidant supplementation on the blood biochemical responses of Malpura ewes subjected to heat stress

Items Hb (g%) PCV (%) Glucose (mg/dl) Total protein (g/dl) Total cholesterol (mg/dl)

l � SE 9.92 � 0.11 35.70 � 0.14 61.52 � 0.67 6.88 � 0.13 64.99 � 1.36

Group ** ** ** * NS

GI 9.69b 34.34b 65.55a 7.25a 66.77a

GII 10.64a 38.49a 58.18b 6.27b 63.05a

GIII 9.43b 34.29b 60.82b 7.12a 65.17a

Pooled SE for treatment �0.18 �0.10 �1.16 �0.23 �2.36

Day NS NS ** NS NS

0 9.62b 33.78a 66.61a 7.47a 66.09a

7 9.79ab 35.33a 62.37b 6.75ab 66.69a

14 9.94ab 36.95a 61.84b 6.52b 64.57a

21 10.32a 36.74a 55.25c 6.78ab 62.63a

Pooled SE for week �0.21 �1.15 �1.33 �0.26 �2.73

Group*Day NS * ** NS NS

GI – control; GII – heat stress; GIII – heat stress + mineral and antioxidant supplementation.

l indicates the overall mean for the parameter.

*p < 0.05, **p < 0.01, NS – non-significant; means with similar superscript do not differ significantly (p > 0.05) from each other.
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Discussion

Proper animal nutrition means giving the animals the

proper amount of all nutrients necessary for optimum

production. This involves knowledge of nutrients

themselves, factors that affect the requirements of

animals and feeds used to deliver those nutrients.

Hence, experimental objectives need to be developed

to identify the nutrient supplementation under

adverse environmental conditions with the primary

aim to improve livestock production. This study is one

such attempt. The mineral and antioxidant supple-

mentation in this study proves the hypothesis that

these supplementations are very effective in counter-

ing the adverse effects of heat stress in ewes. Several

reports have shown the impact of micromineral defi-

ciency on the antioxidant defence system and oxida-

tive damage to cellular components (Picco et al.,

2004; Kumar et al., 2011). Supplementation of elec-

trolytes and antioxidants are one among the nutri-

tional strategies to combat heat stress in animals.

Antioxidants are compounds or systems that delay

autoxidation by inhibiting the formation of free radi-

cals or by interrupting propagation of the free radical

by several mechanisms (Brewer, 2011). This intern

helps to protect cellular damage during any stressful

condition.

Both feed and water intake differed significantly

between the groups. However, the significant effect in

FI was not reflected in BW changes. The energy

reserves and a reduction in energy output (e.g.

reduced movement) in Malpura ewes could be the

reason for maintaining the BW in spite of reduced FI

in these ewes. However, treatment influenced BCS

(p < 0.05) between the groups. Supplementation of

heat-stressed animals with mineral resources is

required to correct their negative mineral balances,

because heat stress induces a significant decrease in

the dry matter intake in addition to the increase in
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Fig. 4 Effect of mineral and antioxidant supplementation on plasma

cortisol concentration in heat stressed Malpura ewes. GI – control;

GII – heat stress; GIII – heat stress + mineral and antioxidant supplemen-

tation. The values in each group are the averages of four collections

(day 0, day 7, day 14 and day 21). The columns bearing different alpha-

bets differ significantly at p < 0.01. The figure indicates that heat stress

significantly (p < 0.01) increased plasma cortisol concentration in GII as

compared to GI. However, mineral and antioxidant supplementation

reduced this effect of heat stress and decreased the cortisol concentra-

tion significantly (p < 0.01) in GIII.
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Fig. 5 Effect of mineral and antioxidant supplementation on plasma T3

concentration in heat stressed Malpura ewes. GI – control; GII – heat

stress; GIII – heat stress + mineral and antioxidant supplementation.

The values in each group are the averages of four collections (day 0, day

7, day 14 and day 21). The columns bearing different alphabets differ

significantly at p < 0.05. The figure indicates that heat stress significantly

(p < 0.05) lowered plasma T3 concentration in GII as compared to GI.

However, mineral and antioxidant supplementation reduced this effect

of heat stress and increased the T3 concentration significantly (p < 0.05)

in GIII.
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Fig. 6 Effect of mineral and antioxidant supplementation on plasma T4

concentration in heat stressed Malpura ewes. GI – control; GII – heat

stress; GIII – heat stress + mineral and antioxidant supplementation.

The values in each group are the averages of four collections (day 0, day

7, day 14 and day 21). The columns bearing different alphabets differ

significantly at p < 0.01. The figure indicates that heat stress significantly

(p < 0.01) lowered plasma T4 concentration in GII as compared to GI.

However, mineral and antioxidant supplementation reduced this effect

of heat stress and increased the T4 concentration significantly (p < 0.01)

in GIII.
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excretion of urine and sweat-containing minerals

(Marai et al., 2008). The encouraging results on FI

and BCS further justify the need for use of mineral

and antioxidant supplements for sheep. The higher

BCS in the supplemented group may be due to opti-

mum essential nutrients supplied to these animals.

Similar trends were also observed in ewes with respect

to growth as a result of additional multi-nutrient sup-

plementation (Mubi et al., 2011). The increase in

growth performance in their study could be attributed

to the well-balanced micronutrients in the feed. Vita-

min E and selenium are essential nutrients that func-

tion as antioxidants to minimize cellular damage

caused by endogenous peroxides (El-Shahat and

Abdel Monem, 2011). Among the physiological

responses, treatment influenced (p < 0.01) only RR

and RT in the afternoon between the groups. Respira-

tion rate and RT have shown to be a reliable heat

stress markers in sheep (Sejian et al., 2010a). The

mineral and antioxidant supplementation signifi-

cantly reduced the RR and RT in GIII as compared to

heat stress group (GII). This shows the heat stress the

protecting effects of mineral and antioxidants supple-

mentation in this study. The decrease in RR and RT in

ewes supplemented with antioxidants may be due to a

favourable effect of these antioxidants on body ther-

moregulation (Marai et al., 2009). Sheep can lose heat

by evaporation of water vapour from either the skin

surface or the respiratory tract, or both (Kumar et al.,

2011). At thermo neutral zone approximately equal

and constant evaporative water losses from the skin

and respiratory tract and above that temperature,

there was a considerable increase in respiratory evap-

oration and a smaller increase in cutaneous evapora-

tion in sheep (Riesenfeld et al., 1994). Further,

temperature of inspired air influences respiratory

water loss with the higher water loss being recorded at

higher air temperature. In addition, Malpura sheep

rely heavily on the respiratory evaporative cooling

rather than sweating (Sejian et al., 2012a). This is evi-

dent from the severe panting in these ewes after sub-

jecting them to heat stress. This shows that the

majority of water intake was utilized for respiratory

evaporative cooling. Further, the significant decrease

in SR over the period of time shows that cutaneous

evaporation is not an effective means of heat dissipa-

tion in Malpura ewes.

Exposure to heat stress affects negatively the repro-

duction of sheep (Marai et al., 2008; Sejian et al.,

2012b). Zarazaga et al. (2004) reported that nutrition

is considered an important factor affecting reproduc-

tive function and the onset of postpartum ovarian

cyclicity in does. Vitamins and minerals play an

important role in the growth of animals and their

reproductive performance. Dietary deficiencies of

trace minerals have been reported to alter various

aspects of reproductive physiology (Zarazaga et al.,

2004). Free radical oxidation is activated in animals

under various types of stresses, and lipid peroxidation

products accumulate in various organs (Yarovan,

2008). Antioxidant defences in the female reproduc-

tive tract may have some regulatory role in fertility

(Jean-Franc�ois and Marc-Andr�e, 2001). Among the

oestrus incidences, there was a treatment effect only

on oestrus duration between the groups. Oestrus

duration is one of the main factors that contribute for

the normal conception in sheep (Sejian et al., 2010b).

The significant increase in oestrus duration in GIII as

compared to GII indicates that the mineral and antiox-

idant supplementation have improved the oestrus

duration during heat stress in GIII. This signifies the

importance of micronutrients for normal reproduction

in sheep. Deficiency of antioxidants may occur due to

different kinds of stress (McDowell et al., 2007).

Lower levels of the antioxidant vitamins are associated

with poor fertility and production levels in ruminants

(Nayyar and Jindal, 2010). This finding supports our

result of improved oestrus duration after supplement-

ing antioxidant vitamins in this study. A similar result

of significant increase in oestrus incidences was also

obtained in sheep given Vitamin E–selenium injec-

tions (Koyuncu and Yerlikaya, 2007). A positive effect

of Se–Vitamin E on fertility and prolificacy was also

observed in 3-year-old ewes (Kolb et al., 1997).

Plasma estradiol and progesterone levels showed a

reverse trend for the treatment of heat stress. Plasma

estradiol and progesterone also differed significantly

between the groups. There are several reports avail-

able that established the same finding of heat stress-

induced decrease in plasma estradiol and increase in

plasma progesterone concentration (Sejian et al.,

2011, 2012b) in sheep. The decreased plasma estradiol

in heat stress could be attributed to the fact that heat

stress during follicular recruitment suppresses subse-

quent growth to ovulation, accompanied by decreased

LH receptor level and estradiol synthesis in the folli-

cles (Ozawa et al., 2005; Roth, 2008). The increased

plasma progesterone concentration in heat-stressed

ewes could be the cause for reproductive problems.

Because all three groups were subjected for oestrus

synchronization, the contribution of progesterone due

to sponge insertion could be the same for all group

ewes. From this, it is evident that the significant

increase in progesterone concentration in GII could be

solely due to heat stress as compared to other groups.

Nayyar and Jindal (2010) also reported that free
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radicals generated in steroidogenic cells and mononu-

clear phagocytes in the corpus luteum may influence

progesterone synthesis and could cause reproductive

problems in livestock. Although the reproductive hor-

mones levels showed signs of recovery in GIII, these

values were not statistically significant between GII

and GIII. This could be attributed to the dose of min-

eral and antioxidants used in this study. May be a

slightly higher level of dose could have induced a

significant influence on the reproductive hormone

status. However, while revising the dose, care should

be taken as over dosage might be very detrimental

and risky (Menezo et al., 2012). Administration of

mineral and antioxidants has been shown to improve

the reproductive performance in ewes (Gabryszuk

and Klewiec, 2002; El-Shahat and Abdel Monem,

2011). Further, it was reported that administration of

antioxidants stimulates the process of steroidogenesis

and evokes the anterior pituitary gland to secrete and

release gonadotropin hormones and initiation of folli-

culogenesis in the ovaries (Meshreky and Metry,

2000; Smith and Akinbamijo, 2000). Because the

injection of gonadotropin given during oestrus

synchronization is common to all three groups, the

proposed increased gonadotropin secretion in GIII

could be solely due to antioxidant supplementation.

However, there are reports that indicate that Vitamin

E and Se did not increase the production and repro-

duction in ewes (Gabryszuk and Klewiec, 2002). This

difference could be attributed to the difference in dose

of antioxidants used between these studies. Further,

El-Shahat and Abdel Monem (2011) also reported

similar to our findings in this study that the protective

effects of antioxidants are more when they are used in

combination rather than using them individually.

Both Hb and PCV showed similar trends in this

study. Generally during thermal stress, severe dehy-

dration has been reported in livestock, which ulti-

mately leads to increased level of Hb and PCV (Marai

et al., 2007; Mc Manus et al., 2009). Both Hb and

PCV are considered to be important markers of dehy-

dration in sheep (Maurya et al., 2004; Sejian et al.,

2010c). The non-significant difference in Hb and PCV

levels between GI and GIII indicates that the mineral

and antioxidant supplementation in this study

induced anti-heat stress effects. Further, the difference

in Hb (p < 0.01) and PCV (p < 0.01) levels between

GII and GIII suggests the heat stress relieving effects of

mineral and antioxidant supplementation. Among the

biochemical parameters, there was a treatment effect

(p < 0.01) only on plasma total protein between the

groups. There are also reports that suggest stimulatory

role of antioxidants to improve levels of total serum

protein (Helal et al., 2009; El-Shahat and Abdel Mo-

nem, 2011). Further, El-Shahat and Abdel Monem

(2011) also reported that supplementation of more

than one antioxidant had a beneficial effect on blood

metabolites related to protein metabolism. This is in

agreement with our findings in this study. The treat-

ment had influenced plasma cortisol (p < 0.01)

between the groups. Cortisol was shown to be the

principal heat stress relieving hormone in sheep

(Sejian et al., 2010c, 2012a). The significant reduction

in plasma cortisol in GIII as compared to GII estab-

lishes the heat stress relieving effects of mineral and

antioxidant supplementation in this study. Further,

the metabolic hormones T3 and T4 levels were lower

(p < 0.01) in GII as compared to GI. This finding was

similar to the findings reported by Sejian et al.

(2010c). This could be to avoid additional heat load

that might arise due to increased metabolic heat pro-

duction. Mineral mixture and antioxidant supplemen-

tation increased both T3 (p < 0.05) and T4 (p < 0.01)

levels. There are reports that suggest that Vitamin E

and Se increased the blood concentration of thyroxin

in ewes (Gabryszuk and Klewiec, 2002). Many

researchers confirmed the importance of selenium to

thyroid hormones metabolism in ruminant animals

(Arthur et al., 1993; Hamam and Abou-Zeina, 2007).

The non-significant effect between GI and GIII and

significant effect between GII and GIII in thyroid hor-

mone concentration prove the heat stress protection

effect of mineral and antioxidant supplementation in

this study. Also, El-Shahat and Abdel Monem (2011)

established the fact that supplementation of more

than one antioxidant had a beneficial effect on the

thyroxine concentrations. This is in agreement with

the findings in this study. Although mineral and

antioxidants have already shown to improve repro-

ductive performance in ewes, literatures pertaining to

their role during heat stress with the perspective of

improving adaptation and reproduction in sheep are

very meagre. One could anticipate that the mecha-

nisms involved might not work under heat stress.

However, the results from this study point towards

the existence of heat stress protecting effects of min-

eral and antioxidant supplementation to improve

adaptation and reproduction simultaneously in ewes.

Conclusion

Heat stress affected the FI, water intake, RR and RT,

Hb, PCV, plasma glucose, total protein and endocrine

responses. However, mineral mixture and antioxidant

supplementation protected the ewes from these

adverse effects of heat stress. This is evident from the

Journal of Animal Physiology and Animal Nutrition © 2013 Blackwell Verlag GmbH10

Amelioration of heat stress in ewes V. Sejian et al.



significant difference in Hb, PCV, total plasma protein,

T3 and T4 between GII and GIII. In addition, mineral

mixture and antioxidant supplementation reduced

significantly plasma cortisol, the principal stress reliev-

ing hormone in GIII as compared to GII. Further, the

adverse effect of heat stress on the productive and

reproductive efficiency of Malpura ewes was reduced

considerably by mineral mixture and antioxidant sup-

plementation. This is evident from the non-significant

difference in BCS, oestrus duration and plasma estra-

diol between GI and GIII in this study. Hence, it is

very pertinent to conclude from this study that

mineral mixture and antioxidant supplementation

were able to protect Malpura ewes against heat stress.

However, further research is required to elucidate the

most appropriate dose for these mineral and antioxi-

dant supplementation in ewes. This can ensure the

complete protection against heat stress in these ewes.
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