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Heat Adaptability of Growing Bedouin Goats in Egypt 
Abdel-Samee. A. M.' 

Abstract 
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Thiny fou r growing male goalS were used. An auem!" to assess a useful heat tolerance 
index using some physiologi(;al and biochemi(;al changes due to solar radiation expo· 
sure was carried out. The changes in body temperature, haemoglobin, haematocrit, total 
hody water, triiodothyronine ami (;ortisol did not correlate with body gain decrease due 
to heat stress. Therefore, it can not be usC{j to predict heat adaptability in this study. 

During the hot-humid summer (temperature humidity index = 80.7.::t 8.9°) da ily body 
and solids gain, dry matler intake, thyroid, liver and kidney functions were reduced. 
However, total body water, water intake, rectal temperature and respiratory rate were 
incrcascd. Treatment of heat stressed goats by chilled drinking water signifieall y im­
provC{j dai ly body and solids gain and rC{j uced the effects of heat strcss on thennal and 
water balances and thyroid, liver and kidney functions. Tap water spri nkling signifi­
cantly fai led to alleviate bad effects of heat stress. 

1 Introduction 

The goats in Sinai desert area represen t an appreciable pan of the meat and to a minor 
extent milk sources. They are the second ranking source of milk after cattle. Animal 
production in this desert is still (;onfronling several consu-aints, the most limiting being 
heat stress during the long warm·humid summer. Wide variations exist between and 
within species and breeds in their relative adaptability to hOI climates. Heat adaptability 
of an animal reflects its ability to balance metabo lic heat production against e nviron­
mental heat gains and heat losses. Consequently, traditional heat tolerance indices have 
been based on the stabi li ty or thermal, water and protein balances. But the methods 
used have neither been reproduced nor com:lated with growth and productive perlonn· 
anee of animals (RHOAD, 1944; KAMAL 1982; JOHNSON et ai., 1988 and AHDEL· 
SAMEE. 199)). 

Various management practices have been used to reduce or elim inate negative impact 
of heat stress on fann animals (ABDEL-SAMEE, 1995 & 1996, ABDEL-SAMEE and 
IBRAHIM, 1992 and ABDEL·SAMEE et al., 1992 & 1994). Water is an excellent 
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cooling agent because of its high heat capacity and high latent heat of vaporization. 
Chilled drinking water is effective because it absorbs heal directly from the animal 
without evaporation. This has been successful in lactating goats and cattle (WILKS et. 
al. 1990 and ABDEL-SAMEE et al.,1992). Direct wetting of the animal is a very ef­
fective practice. It is often used in an emergency situation to reduce heat stress. The use 
of direct wetting by sprinkling as a measure for increased animal performance is still 
unsetleled (HAHN,1985). 

In light of these reports, the present study was carried out to develop a uscful index of 
heat adaptability that may predict at an early age heat· tolerant hight-producing animals 
and to evaluate long-term efficacy of either chi lled drinking waler or water hose sprin­
kling in relieving heat SlTesS on growing goats. 

2 Materia ls and methods 

The present study was carried out at Animal Production Department, Environmental 
AgricultUral Sciences College, Suez Canal Universi ty, El-Arish, Egypt. 11 comprised 2 
trials, in the fi rst, 10 growing male Bedouin goats 9 - 12 months old and 15.9 kg were 
exposed to spring climate 6 weeks to srudy the effects of mild climate on growth and 
some related physiological and biochemical changes (Group A). In the second trial, 24 
goats similar to those of trail I were divided to three groups (B, C and 0) and exposed 
7 weeks to summer climate. Growth traits of goats under warm-humid summer condi· 
tions (Summer control group, B) was compared, first. with the spring group (A) and. 
second, with goats cooled either by providing chilled drinking water (group C) or by 
tap water sprinkling (group D). 

The meteorological data during the experimental period are shown in Figure l. The 
temperature humidity index (nil) as indicator of adverse climatic conditions was cal· 
eulated from dry bulb temperature (db, of) and relative humidity (RH% I 100) by the 
following formu la: 

nil = db - (0.55 · 0.55 RH) (db - 58). THl values of less than 72 llTe probably not 
stressful, 72 to 78 are stressful, and over 78 elltreme distress occurred and animals 
were unable to maintain thennoregulatory mechanisms or nonnal body temperature 
(AecordingJo Livestock and Poultry heat stress indices suggested by Agricultural En­
gineering Technology Guide, Clemson Univer5i ty, Clemson, Sc. 29634, USA). 

Heat tolerance index (H11) was determined according to Iberia heat tolerance test 
(RHOAD, 1944) with a minor modification. The following formula was used: Hll = 
100 . (ART - 39), where, ART is the average rectal temperature before and after 4 
hours exposure to solar radiation for 3 consecutive days and 39 is the average normal 
rectal temperature of goats. HTI was determined, also. using other tcchniques based on 
the percentage change in each of haemoglobin (Hb), packed cell volume (PCV), total 
body water (fBW), triiodothyronine (T) and cortisol due to solar radiation exposure. 
The fol!owin g formu la was used HTI = 100 - AC, where AC is the average of percent· 
age change due to solar radiatiOn exposure for 3 days. HTI was carried out during the 
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each goat was cOlTelated with its daily body gain decrease due to summer trealrnent to 
develop a useful index of heat adaptability so as to predict at an earl yageheat-tolerant 
hig-producing goal. 
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Figure I: Ai r temperature m. temperature humidity index (fHl) and relative humidity (RH %) 
during thc experimentalperiod. 

In group C, drinking watcr was chilled to 10 - 15 °C by adding ice to the water con­
tainer. While, drinking waler temperature for the goats in groups Band D was 23 - 30 
0c, Tap water sprinkling for group D was carried out using a water hose 4 timc daily 
(each hose dura tion aboul 3 minutes) during the heat of the day (l0.00 - 17.00 hr). 
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The animals were provided with a basal ration consisting of pelleted concentrate, rice 
straw and acacia to satisfy their nut ri tional requirements (fable I). Ooats were watered 
three times daily during the heat of the day ( to.OO - 17.00 hr) with natural well water 
(El-Arish tap water). This water contained 3120,198.99,45 . 436,51,10.1 1,97594, 
767 ppm total dissolved solids, calcium, magnesium, potassium, sodium, zinc, manga­
nese. carbonate. bicarbonate. sulphate and chloride, respectively, and pH was 7.8. 

Table 1: Proximate analysis of the experimental feed sluffs. 

Items I concentrate* I Ricestraw I Acacia*" 

Moisture 7.0 71 67.7 

Composition of dry matter (%) 

Crude protein 14.5 3.05 16.3 

Ethcr extraet 5.30 1.35 5.60 

Nitrogen free extract 46.4 37.7 45.2 

Crude fiber 19 .2 42.5 22.4 

A,h 14.6 15.4 10.5 

concentrate feed mixture was composed of 35 % undccorticatcd cotton seed cake, 33 % 

wheet bran. 22 % yellow com, 4 % rice bran. 2 % lime stone, I % sodium chloride and 
3 % molasses. 

U Acacia isa natural shrub vegetation in Sinai. 

The animals were weighed every 10 days to detennine daily body gain. At the first and 
final day of each treatment. each animal was injccted intramuscularly with antipyrine 
(I gJlOO kg live body weight, LBW) for estimating total body water (TBW) according 
to Kamal and Habeeb (1984). Total body solids (TBS) was calculated at the beginning 
and at the end of each treatment as the difference between LBW and TBW. Total solids 
gain was .estimated by the difference between TBS at the end and at the beginning of 
each treatment and daily solids gain (DSO) was calculated . Rectal temperature and res­
piratory rate were recorded two times weekly at 13.00 hr. 

Blood samples were withdrawn before feeding and drinking from the Jugular vein 
every two weeks during each treatment and two times daily for 3 days before and after 
solar radiation exposure. Blood haemoglobin (Hb), packed cell volume (PCV) and red 
blood cells (RBCs) were est imated immediately after blood samples collection. The 
plasma or serum was separated within one hour and stored at -20 cC until assayed. Se­
rum total protein. total lipids. cholesterol and creatinine were determined using reagent 
colorimetric methods. The globulin values were obtained by subtractinz albumin from 
total protein. Serum urea-N, albumin, alkaline phosphatase (ALP), acid phosphatase 
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(ACP) and glutamic pyruvic transaminase (SGPn were measured using commercial 
kits (Bio Meriux, Laboratory Reagents and Products, France) . Plasma triiodothyronine 
(TI) and cortisol were estimated with the radioimmunoassay technique using labelled 
kits purchased from Diagnostic Production Corporation, Los Angeles, California, USA. 

Data were tabulated and subjected to statistical analyxsis according to Snedecor and 
Cochran (1982). 

3 Results 

Heat Adaptabilio·: 

HTI based on the change in each of rectal temperature, Hb, PCV, TBW. T3 and corti­
sol due to short-tenn exposure to solar radiation did not correlate significantly with the 
decrease in daily body gain due to long-term summer treatment (Table 2) 

Table 2: Correlation coefficient between daily gain decrease due to summer exposure and HTI 
based on the change due 10 solar radiation exposure in each ofRT, Hb, PCV, TBW, T3 and COT­

tisol 

Iberia UTI = 10(} _ Percentage cbange due to solar radiation· 

HTI Db PCV 

Daily gain·· -0.308 -0.178 -0.444 
decrease due 

Before exposure -after exposure x 100 
Before exposure 

" Spring - Slimmer x 100 
Spring 

Warm-humid climate influences: 

TBW T3 cortisol 

-0.047 -0.236 -0.039 

The HTI was 4 to 17 units above the critical value and the animals gained more heat 
from the environment than could be dissipated. This is evidenced by the increase 
(P<O.OI) in rectal temperature (1.8 °C), respiration ratc (342 %), TBW (14 %) and 
water intake (50 %). Daily body and solids gain and dry maner intake, contrari ly de­
creased (P < 0.01) by 34, 48 and 40 %, respectively (Table 3). Thyroid, liver and kid­
ney function s also were reduced as indicated by the decrease of blood metabol ites in­
cluding Hb, PCV, RBC's, 1'3, total protein. albumin, globulin, total lipids, choksterol, 
creatinine, urea-N and SGPTby 18,22,12,34,21, 23, 19, 27.30,23, 20,and 21 %, re­
spectively. While, plasma cortisol, ALP and ACP did not change apprcciably as a 
functionofheatstress(Tables 4and5). 
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Table 3 : Heat stress and amelio ration effects on daily gain and some related physiological pa­

rnmeters (x±SE)of Bedouingo!ts. 1 

I"~ Spring Summer (THl 76-89°) 

(Tm = 59·72") Sprinkling 

Animal grou ps (No.) A(l O) B(10) em D(?) 

Daily body gain, g(ab) 

Daily solids gain, g(ab) 29.7 ± 3.06 36.1±J.2S 

TBW/ IOO kg LBW (ab) 73.0± 1.83 66.8 ± L62 70.4±L95 

TBSIIOOkgLBW (a b) 33.2 ±L25 

DaUy dry mattt r inlakt, kg (ab) L26 ± 0.13 O.76 ± O.Q9 

Feed dfiiciency, DMUgain 7.83±O.41 

Waterinlake, lIday (ab) L45 ± O.21 2.1S ± O. 16 

Water intake, mUkg LBW/day Cab) 

Re.::lal Itmpu atur ... · C (.b) 40.9±O.1 2 39.8 ±0.1l 

Respi ratoryral ... r/mln (ab) 

Table 4: Heal stress and amelioral ion effects on blood haem atology and thyroid and adrenal 
gland fUDctions {X ± SE) of Bedouin goats.1 

Item Spring Summer(Tffi = 76· 89') 

(THI = 59·nOj Sprinkling 

Animal grou ps (No.) A (10) B( IO) C(7) 0 (7 ) 

Hb,g % (ab) 9.73±O.$6 

rev, % (ab) 

10.8±O.34 

D , ng/ml (ab) 

Ad .... n.l funclion: 

Cortisol ,UlOO 

1 a and b = effec ls of summer (AxB) and cool water (B~C) lreatments. respectively (P<O.OS) 
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Table 5: Heal Slress and amelioration effeCIS on liver and kidney functions (i:!: SE) of Bedouin 

goalS.2 

Items Spring Summer (THl_76 · 89) 

(TIQ _ S9·1l"j Coalroi Sprinkling 

Allimal groups (No.) A(10) B(lO) Cm 0 (7) 

~: 

Tolal prolel n,g11 (ab) 6$.6:!l.4 1 S2.0 :ol.tJ 61.9:02.09 56.4:02.96 

Albumin (A),gfI (ab) 32.9:! 1.I 2 2H:! I . ~3 29.9:01.37 21.7:!U I 

Globulin (G), gfI lab) 3l.0:!I.3S 2&.7:!t.39 

AJGnllo 1.0]:!0.09 O.~:oO. 1l 0.93:!0.12 0.91:!0. 14 

Tollllllplds,g11 (a b) 3.81:!0.21 4.9 1:00.15 4.08:00.27 

Cholcsltrol,gfI (ab)t 0.97:!0.OS 0.68 :!0.07 0.89 :!0.06 0.74 :! 0.Q7 

ALP, Onlllmt t 12:!S.43 118:!6.39 1l0:t6JJ 

ACP,Unlllml 

~ 

Creatinlne, mgII (ab) 16.1:1:.0.53 

Urea, m;/l (I b) 174:t6.36 168.:t6.6S IS6.:t7.7& 

SGPT, Unit./l (ab) 0.76:t0.Q3 0.60:t0.04 0.71.:tO.03 0.6S:00.04 

Hear .rrrysgl/(viating · 

Using chilled drinking waler treatment improved production of heat stressed goats 
during the summer season. Daily body and solids gain and dry matter intake were im­
proved (P <: 0.05 and P < 001) by 31 , 54 and 45 %, respectively (Table 3). In addition, 
the disturbances in thyroid, liver, and kidney functions and thermoregulation in grow­
ing heat stressed goats were partially cOlTcctcd by th is technique (Tables 3, 4 and 5). 
This is observed by the significant decrease in rectal temperatu re, respiratory mte, 
TBW and waler intake and the significant increase in blood metabolites studied. These 
includes Hb (17 %), PVC ( 14 %), RBe's ( 10 %), T3 (38 %), total protein (19 %). al­
bumin (18 %0), globulin (20 %), total lipids (29 %), cholesterol (31 %), SGPT( 18 %0), 
creatinine (18 %) and urea-N (20 %). 

Using sprinkling tap waler did nOI significantly affect growth traits and rela ted 
physiological and biochemical changes of heat stressed growing goalS (Tabs. 3, 4, 5). 

2 a and b '" effects of summer (AxB) and cool water (BxC) In:atmcnts, respectively (P<O.OS). 
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4 Discussion 

The high ambient tempera ture impairs the growth rate with variable degrees among in­
dividuals of the same breed, thus the intention of this study was to develop HPI that 
predict the heat tolerant animal in early ages ill subtropics. Traditional heat tolerance 
indices have been based on the stability of body temperature (RHOAD, 1944; KA­
MAL, 1982: JOHNSON et a1.. 1988 and ABDEL-SAMEE. 1991 and 1996). Rectal 
temperature is an index of heat adaptability. but it continues to be controversial for 
numerous reasons such as differences in response time to rising ambient temperature 
due to body size, In this study, try to use body biochemical responses to heat stress to 
assess a useful HTI was made. The correlation estimates between the decrease in hody 
weight due to heat stress and the ca1culated HTI based on the changes in each of rectal 
temperature. Hb. PCV . TBW. 1'3 and conisol due to heat stress were not significant. 
Consequently, the above mentioned physiological and biochemical changes can not be 
used to detect heal adaptability under conditions of this study. Similarly, Kamal ( 1982) 
and Johnson et a1. (1988) fai led to find a significant correlation betw ecnthedecreasein 
animal productivity and HTI based on the increase in rectal temperature due to heat 
stress. However, Abdel-Samee (1991) fou nd a useful HTI (based on the increase in 
rectal tempcrature due to heat stress) correlated significantly with the productivity of 
heat stressed Hampshire X Suffolk maintained under South Carolina. USA, weathers 
conditions. This may be attributed to that the Bedouin goats in this study may be morc 
adapted to heat stress and the changes in [he above mentioned physiological and bio­
chemical parameters vary greatly so that its valucs may not be reliable indicators of 
animal abi lity to adjust to shon or long stressful conditions. 

Warm·humid climau influe/!ces: 

Daily body and solids gain of growing Bedouin goats significantly decreased in sum­
mer than spring. This may be allribuled to the reduction in feed intake and disturbances 
of normal body thermoregulation as indicated by increased respiratory rate and rectal 
temperature. Anothcr e;(planalion, is the dis turbance of water and body fluids as indi­
cated by increased water intake and TBW in an allempt by animals to dissipate heat 
load through water intake lind water re tention increasing. Reduction of thyrOid, liver 
and kidney func tions is another reason for th is phcnomenom. From another point of 
view. the decrease in feed intake, T3 and SGPT may serve to diminish heat production 
and so counteract in increased heat load due to hcat stress, but depressing thc blood 
metabolitics needed for growth. Consequently, daily gain and olher growth traits de­
creased under hypenhermic condi tion. 

Hearsrressall( viaring 

Chillcd drinking watcr alleviated the heal load on growing male goals and improved 
it's growth performances. This my be attributed to the improvements in dry mailer in­
lake. thermal balance as indicated by decreased rectal temperature and respiratory ra te 
aod water balance as indicated by decreased TBW and water inlake. Another reason. is 
the improvements of thyroid. kidney and liver functions due to this technique. Wilks et 
at. (1990). Abdel-Samee et at. (1992) and Abdel-Samee (1996) reponed that drinking 
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cool water improved productivity and reproductivity of heat-stressed farm animals. 
They added that drinking cool water is effective because of its high heat capacity and 
high latent heat of vaporization and because it absorbs heat directly from the animal. 
This technique acts through the differe nce between the cool drinking water and warm 
urine excretion temperature which help in heat dissipation. 

Sprinkling tap water technique failed to reach a significant improvement in growth per· 
foona nces of heat·stressed goats. This may be due 10 the high re lative air humidi ty 
during the ellperimental period (74-91 % RH) and to that the panting is Ihe most im­
ponant way for heat loss in goats nOI skin vaporization. Shalaby and Johnson (1993) 
reported that sweating is an evaporative heat Joss mechanism supplementary 10 that of 
panting in goats. in dairy cattle, sprinkling has been shown to be effective in reducing 
heat stress (HER ct at.. 1988 and ABDEL-SAMEE and IBRAHIM , 1992). Other re­
sponses have ranged from no response (MACFARLANE and STEEVENS, 1972) 10 a 
variable response over three summers (BROWN el al. 1974) which showed that water 
sprinkling of heat stressed lacta ting cows in summer 1970 improved milk production 
significantly. through in summer of 1971 and 1972 the same treatment showed no sig­
nificantly responses in milk production due to the difference in relative air humidity. 

Hilze~'ertrag lichkcil waehsender 8edouinziegen in Agypten 

Zusammenfassu ng 

VicrunddreiBig wachsendc mannJichc Ziegen wurden fUr eincn Versuch verwendet, 
einen brauchbaren Hitzetoleranzindex miuels einiger durch solace Strahlungsein­
wirkung verursachten physio1ogischen und biochemischen Verllndcrungen ab-
1.uschtitzcn. Die Ver!l.nderungen bei Kt>rperkerntemperatur, Hamoglobin, Harnatolcri t, 
Gesamtkorpcrwasscr.Trijodthyronin und Konisol korreliene nicht mil der durch 
HitzestreB verursachten Abnahme des Lebendmassezuwachses. Daher kann jene nir.:ht 
zur Vorher~ge der Hilzevertrliglichkeit in dieser Studie genuW werden. 

W!(hrend des feuch t-heil3en Sommers (Temperatur. Feuchtigkeits-lndell = 80,7:1: 8,9 0) 

wacen der tagliche Korpermasse- und FeslSloffzuwachs, die Trockenmasscaufnahme, 
die Schi lddriisen·, Leber- und Nierenfunktionen reduzierl. DemgegenUber waren das 
Gesamtkorpcrwasser, die Wassernufnahme, die Rektaltemperatur und die Atemfre­
quenz erhOOt. Die Behandlung hitzegestreBter Ziegen mit gekuhhern Trinkwasser ver­
besserte signifikant den Zuwachs an Lcbcndmasse und FCSlSloffen und reduzierte die 
Hitzestrel3effekte auf die Waone· und Wasserbilanzen sowie die Sehilddriisen-. Leber­
und Niercnfunktion. Das Besprilzen mit Leitungswasser trug signifikant nicht zurn Ab· 
baudernachleiligendurch HitzestreBverursachtenEffektebei. 

"5 



Capacidad de adaptacion al calor de chivos crecienles de la raza Bedouin en 
Egiplo 

Resumen 

Treinla y cuatro chivos crecientes estaban en uso para un ensayo de establecer un 
fndice util de to1erancia al calor utilizando diferentes cambios fls iol6gicos y 
bioqufmicos causados por exposici6n a la radiaci6n solar. Los cambios en temperatura 
del cuerpo, hemoglobina, hematocrito, agua corporal total, trliodotroninay cortisol no 
estaban correlacionados con la disrninuci6n de ganancia de peso corporal provocada 
por el estrt s terma!. Por 10 tanio, eSla no ha podido usado en este tTabajo para pTedeeir 
la capacidaddeadaptaci6nalcalor. 

Durante el verano caliente hUmedo (fndice de temperatura y humedad := 80.7 ± 8.9°) 
las ganancias diarias en peso corporal y s6lidos. e l consumo de materia seea, las 
funciones de la gLandula tiroidea, del hfgado y de los rinones estabari reducidos. Por 
otro lado, cl contenido de! agua corporal to tal. el eonsumo de agua. la temperatura 
rectal y la frecuencia respiratoria eslaban elevados. El tratamienlo de los chivosen 
estres por calor con agua potable enfriada mejoraba de forma significativa las 
ganancias en peso corporal y s6lidos y redujo los impactos del estres cal6rico sobre las 
balances tt rmicos y de agua asf como a las funciones de la glandula tiroidea, del 
hfgado y de los rinones. Rociar los chivos con agua de tuberfa no dio resultados de 
forma significativa en la redueci6n de los impaclos del estres por calor. 

L 'adaplion a la chaleur des boucs en croissance en Egypte 

Resume 

34 boucs en croissance ont ete soumis aunessai au coursduqucl un index de to lerance 
a la chaleur etait ii estimer, recherche au moyen de quelques changements physio bio­
logiques causes par !'influence de 1a radiation solaire. Les changements observes au 
niveau de la temperature du corps. la quantitc d'hCmoglobinc, d'hematocrites, de I'eau 
lotale du corps (inter.et extracellulaire), de thyronine triodique et de corlisone nemon­
traient aucune corrclation avec la diminution de la croissance causee par Ie stress 
resultant de lachaleur. De ce fait, celie-Iii (la diminution ... ) ne sauraitconstituerun 
facteurprooisant lacompatibilitc a la chaleur dans cette elude. 

L'augmentation journaliere du poids du corps et de matiere solide, l'ingestion de ma­
tiere seche, la fonction des glandes thyroi'des, du foie et des reins elaient reduiles. Par­
contre, I'eau totale du corps, la quantite d 'eau bue, la temptralure au niveau du rectum, 
lafrequence respiratoireavaientaugmentc. Traites1tunbaind'eaufraiche,on remar­
que une imponante augmentation du poids chez les boucs stressts par la chaleur. Le 
baincontribuefavorablementildiminuerleseffctsdustressillachaleurfaceauxbilans 
de la chaleur et de l'eau ainsi que des fonc tions des glandess thyroi'des, du foie eldes 
reins. Il esttoutcfoisanotcrquecetraitementn'ailaucunementcontribueii reduireles 
effetsnegatifs causes par Ie stress dO ala chaleur 
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