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The ohjective of the present stud v is o determine the eftects of dictary

bewiitie supplenisniaieon on grawthi perfornnanee, oareass charaoteristics,
FOCTG BRI eSHITe, s vdbian e ared mnmie respesise of groswing rahibits
oecker Jrigis anrbient wompercanre. Nenety Now Zecdand Wihite (NOWI ralbics
weeied ar 0 weeks of age, were randomiv divided inro five experimenral
ireatments (=18} and were previded with water and a commercial pefleted
basal dict ad fibitum. Animaly were fed the basal diet supplemented with 0
feemtrol), 230, 300, 750 and 10K me betaine /g diet for 12 cantinuous weeks,
The average datly remperature and vefative humidiny inside ihe house reached
abant 303209 "Caned 76 2423 5, respectively Resulis olained showed thar
wnder hear stress condiions, inclusion of betaine in the growing rabbit diets
increased the final body weighe and hoe carcass weicht {P20.05} by 20 and
FT G respectively, and improved (< 0.03) the feed conversion by 2% as
the level of betaine increased from O to (006 me [ kg in rabbir diers . Betaine
supplementation anelivrated some of the udverse effects of hear stress on
fnumne response. reciad remperarure and respiration rate. The inclusion of
1600 mg Letainefke in the growing calbit diets markedly enhunced the
humeoral  and  cellular  immuite  responses being  abowr mwofold  its
corvesponding value of contraly and significantly reduced vectal temperatire
and respiration rate. Serun T3 T4, total protein, globulin and oral lipids were
stemificemtly inereased (P Q03] whife seram glucose concennation was
signifteantly decreased due 1o dictary betaine. Digestibitine coefficiens of CP,
EFEand NFE were increased (PSO.05) by 1 2.8 10.7 and 10.6% in rabbizs feed
weth 100G mg’ ke as compared st dhone fed control dier I conclusion,
suppiemeniation of Dbembee i growing bl diets enhanced  orow
performiance aigd careasysveight, however, stabitized the normal phvsiological
fralance, and elevared the horewal and coit-mediated oty as well as
reduced recial lemperaiure and respleation vate by growing rabhis exposed o
Deert spross,
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Betare, or ghveine betwine, w anaturadby occurnng compound, which widely
psedon anmsad nutrition. Baame has methyl donor and osmoprotective propertics,
which are cssentiad i the nervous immang, renal and cardiovascutur systems cRidd
et af, 1997} Betame supplementation stemficantly improved body werght gain and
feed conversion i cluckens {Hassan ef of., 2005, Zhan e of ., 200060, duchs (Wi ¢r
al, 20040 and pigs (Campbell er al, 1995). Klasing ¢ of, (2002) observed thig
betaine increased villy Betedit and presamably shsomtive wren, Also, a positive effect
of dhietary belaing on carcass characteristics and fal distnboiion was noticed i avian
species and mammals (Vietanen and Rose, 19950 Wane e ol 2004 Huang ef ol
20061 Moreover. betwne was involved o enhance Immune response by (Zhang o
al,, 1996 Klusing er al., 2002: Hassan or ol 20051 However, Zhang er al, 11996)
recorded hat betine may be contribute in reguinting exlokines production by Gver
macrophages (Kapffer celish via inhabiting the prostaghandio svathess i rats,

A number of experiments showed that the addition of betuine (o the diets in
particular improves performance under stress conditions that alfect cell asmokanny
mctuding coccidiosis infection (Klasing er af.. 20021 and heat stress (Tecter of af.
19U Zulliki of . 20047 Faroog ef af. 20055 Also, Wang or af 1200401 4
that divtary betaine supplementation seems 10 be important o mmprove the resistianee
to stress. Dietary betaine 103 ok has been shown te decrease hoar stress iz poufin
FZutkifle or af. 2000 Sinee bet
guality 1 hoth poutry {Wang of @l 2000 wd pres (Huang o af ) 20060 e
saddition betaine Lo Feedd may help 1o overcome the nesain e effects of By \'!:'e:sk' LN
prerforimance and carcass gualiy (Kadd eral, TO97 and Mewslor-Zebel or of ) 2o
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CrBelav er 1992 and Zuitnd er afl, 20040 Theretore, the objective of the present
study it determine clfects of dictary betalne supplementation on growth
serformance. carcuss churacteristios, rectal leroperatire, respiration fale, biood serum
constituents, dizesiihifny and hmmmne response of growing rubbits under Digh
ahivent lenmerature.

MATERIALS AND METHODS

The present experiment was caried oot 1 Sakha Reseirch buem, Annad
Production Research Institute, Ministnv of Agricuitioe, Favpl dunisg the penod o
July 1o September 20080 e bot clingte m Egypli

Anfrals, diets aad Towsing
A total of 9O NZW rahbits, womed s 6 weeks of age with an average mitial

-1

hopdy weiohi, TAR T4 1 AS300 ¢ owere rmsdomiy distibated o five experimenia

'

Pk vach then divided owe 3 replicies o siso wabbiy cach, The

cilinents 1S

asid diel was formulaicd 0 be Somtregenous 110 % and isocadone (2300 kel
DE Ko diet 1, and 1o satisty the nulrient requiremnents of growing rubbits secording
oy the Avriculture Mintstry Decree {0 1990) recommendation. Animals were fed the
hasal diet supplemented with 0 (controly, 2300 300, 750 and TG mg betane /ke diet
throughout the whole experiment which lasted for 12 continuous weeks. Betaine was
provided as Betafin -BE (betaine  anhvdrouspharmaceutical  grade. Finnleads
Fnland Tid)

Rabhits were housed individually i stainfess steel individuad cages
(35x33x060 cmy provided with feedees and automatic mpple drinkers. The
buttding was open-air, naturally venlilaled and provided with sided electric
fans AN rabbits were kept under the same managerial, hvgienic and
environmental conditions . Dicts were offered to rabbils wd Uhien and tresh
water was available all the tme [The averages of ambienl temperature, refative
humidity and temperatere hunidity index (THD inside the building were
303320990, 76.222.5% wnd 2900, respectivedy. s hich imeans severe fcal stress,
according to Marai of af. (2002) there is severe heal stress when THY is higher
than 289, The THD was calentated necording 10 Mara et ¢ (20011

THI=dRT = [T - 0031 R ) db?C - 14.47]

Where, dbU s dry bulb temperature i Cetsios deerees. ind RH s the relative
Bunudity as a percentage. Al the experimental ammals were healthy and clinically
free from imternad and externad parasites and were wept under the same management
wrl hvetenico conditions. AR experiments were perfonmed in accordance with
mstinviond euidelines concermng annnad use,

Measurements
The rabistg were mdn idnalhy warghed e the begiming of the experiment

andd then weeklv, Wetnhine was carmed out belore otfering the soming mesd foney
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weektat 8.00 hand live body gain weight was calculated weeklv, Feed consumption
and feed comversion were determined.

Respiration rate and rectal temperature were recorded once a week at 9.4}
100 I for each anmal. The resparation rule was recorded by comnnng the Tang
movenems per mingte by using a hand counter. The rectal tomperature was
mcasurcd by using i climead thermometer inserted wito the rectum for 2 minutes o
depth of 4 cm.

Al the lastweek of the experunent, dicestibility s was conducted using 2¢
rablits (four rabbits from each treaiment group). which were housed individually
metabolism caees that allow faeces and wrne separanon, The preliminary periogd
continued tor 7 days and the coilection period extended for 3 days. Feed and foces
were daily recorded guantitatiovely for chemen! wnabvss according 1o ADAC {20007

AU the tenmiostion of 1the cxpertinent . 4 rabbits fom cach treatment were
randomly then kept off feed for 12 hovrs, werghed and slaeahitored Tor carcass traits
il meat anabsis, Shaghter procedure ad carcass anadsais were carried oub s
deseribed by Blasco and Ouhavownn (1996), After complete bleeding, pelt, viscera
and taal were removed and the carcass amd some carcass components were weiehed.
Giblets welght (hver, kiduneys, heart ad splecny aned careass measurements were
obtained ad thar proportion to the live body weight was cafculated. Dressing
percentage was caleutated by dividing the dicssed meat weight by prestanghter
werght and expressod as a porcentage. Meat chemead anadyses including crude
protein (CPy, ether extract (EE), crude fiber (CFy and ash were determined aceording
0 ADAC (2000).

Biood samples were collected at slaughter to determine blood components,
Serum was scparated by centnfvgation at 3900g for 10 min and frozen # -20 2 untd
anatysis. Blood serum trilodothyronine (T3), thyroxin (T4), total proteins. albumin,
totad fipids, total cholesterol. glucose, sodium, potassivm, caicivm, phosphorus and
activity of serum  glutamic oxaloacetic transaminase {(GOT) dulamic pywuvie
transaminase {GPTY and  alkaline  phosphatase  (ALPy were  colonnetrically
determined using commercial  kits purchased  from  Bio-diagnostic. EGYPT,
following the same steps as desenbad by manufuciures, However, globubin was
catculated by the difference between total proteins and atbumin,

Total antibody titres against sheep red blood celts (SRBCs ) were measured in
4 rabbits selected randomiy in each treatment at 12 weeks of age. Humoral immunity
is an orsanism’s antibody response 10 pathogens. Antibody response w0 a T-
dependent {(both T- and B-cells must recogmze antigen) antigen was agsessed by
measuring serum antibody titre following & pomary intramuscalar injection of 0.5 mi
of a 40% SRBCs suspension {in phosphate-buffered saline} i the night biceps
femons muscie. Antiserum to SRBCs was collected 7 days after challenge, Antibody
titres 1o SRBCs were measured using a microhaemagglutination assay by the method
of Wegmann and Smithies {19661
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Detaved type lypersensitivity responses were raeasured in another < rabbits
selected randomly in each treatment at 12 weeks of age. To determine ceti-mediated
iarnunity, the ivnphoproliferative responses o phytohemagghutinin-P (PHA-P}, 2
tectin from Phaseolus vidgaris (Sigma Chemical, cat. 61763}, wias measured in the
right ear of each animal {ollowing the procedure of Stadecker er of. (1977, Fifty 7 g
of PHA-Pin 0.1 ml of sterile satine was mjected mtradermally in the right ear of each
animal. The left ear sites (as negative controls) were injected with sterile saline only.
Ear thickness of each rabbit was measured to the nearest 0.0mm using a constant-
tension dial micrometer {Mitutoyo Co., Fokyo, Japan) just before the injection and
again at 24 h post-PHA-P injections. The response to PHA-P mitogen was calcuiated
in milimeters as the difference between the increment of thickness of right ear post
PHA-P injection and increment of thickness of left car post saline injection
{Stadecker ef al., 1977

Table 1: Composition and chemical apalysis of the experimental diet

Ingredients ()
Chover bay ( 12%.CP 15
Barley grain . 2725
Wheat bam 28.90
Soybean meal (44% CPy 1500
Molasses 300
Limestone 0.1
Ue-calcium phospiuate 170
Sodtum choride 0.50
Mineral-vitamin premix ! (30
Pl Methioaine 7 0.15
Total 1006
Calculated analysis';

Crude protein % 17003
Ether exiract 2994
Digestible energy ( Keal / Ky 250
Crude fiber & 12,00
NDF %7 36K]
ADF 3® 2038
Hemicelhslose 7% 7 1643
Calecim % L9
Totat phosphores % 080
Methionine % D409
Lysine % . DT7IR
DE:CP 147.06

" Oue kilogram of premix contaimed @ Vil A, 150,000 [ Vie E 100 mg; Vit K3, 21 mg Vit B,
1bme: Vit B2, 4t me; Vi, BS, 13 mg; pantothenic actd, 100 me; Vil B12, (1.1 mg; niacin, 200 mg;
folic acid, 10 mg: biotin, 0.5 mgz: chidine chloride, 5,0000mg: Fe, 03 mg: Mp. 600 mg: Cu, 50 me; Co,
.E:.mg:; Se, 1 mg;and 7n, 450 myg,

= According o Teed comyprsition Tables for Animad and Praloy Feedstufts used in Egypt (20011,

" Calcutated according to Cheeke { 1987 ), " NDF 2 28924 4+ 0687 (% CF)

P ADF = 0432 + 0012 (% CFy " Hemicellulose = % NDF - & ADF
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Sreisrioal Anelyss

The differences among treatmenss were statistically analed with one-way
ANOVA test i a completely randomized design using Statistical Packages for the
Social Sciences (SPSS. 2001), The significant differences mmone means were
compared using Duncan’s new multiple-range test (Duncan, 19330 Data presented
us pereentages were tansformed o the corresponhing wesine vadues before
perfarming the statistical analysis. P< 0005 was set as the Himit of significance.

RESULTS AND DISCUSSION

1-Growth performance:

Resuilts conceming elfects of dictary betame supplementation on growth
performance of wrowing rabbits which presented in (Table 2j. indicated that
supplernented diet with betane had a posilive effect on growth performance of
growing rabhits dunng a period of high ambtenl temperature. nder tigh ambient
temperature. [inal body weight and total gain were increased (/%7 0033 by 20 and 30
P, respectively. in the rabbits fed dict with 1000 me 7 kg as compared with these fed
control diet ¢ 0 mg/kg ). Feed intake increased (£P< 0.03) rom 83.7 10 960 g/d as the
fevel of betaine increased from (o 1000 myg / kg in rabbit diets . Also, feed
conversion improved (P< 0.05) by 12 %o m the rabbits fed diet contaunng 1000 me /
kg as compared with those fed control diet . According to our knowledge, no reports
of similar research in rabbils have been published: however. the results from the
current frial are in agreement with several studies i chickens (Hassan e al., 2005;
Zhan et al., 2006), ducks (Wang er af.. 2004) and pigs (Campbell eraf., 1995), These
authors concluded that betaine supplementation significantly improved body weight
gain and feed conversion. The impravement of growth  performance due 1o betaine
supplementation might be attributed to several reasons: Le., donating of methyl
groups (Kidd er al., 1997), increasing growth hormone and insulin-like growth
factor-l (Huang ¢t af., 2000). enhancing miestinal inunuenity (Klasing er of., 2002)
and improving gut health and function (Kettunen er ol 2001, Metzler-Zebeli ¢z al..
2009;. Moreover, betaine has been shown 1o stabilize cell membranes through
mteraction with membrane phospholipid {Rudaolph e7 «f.. 1986). and to reduce fecal
water content and increase the digestibility of several nutricnis (Virapen, 9955
These properties could be reduce intestinal membrane damage. dehydration. diarrhea
and mad-digestion andfor wbsorption which feadme o improve get health and
consequently enhance the ability of the animals to withstand coccidial infection
(Kettunen er af.. 20001, Therefore, betame foav Bave contribited o the smproved
performance of rabbits dircctly, by partial whibittien of coccidial invasion and
devefopraent, and mdirecds by sapporing e mtestinsd strecture wnd function. T s
pnportant o mention that, e prosenr expennient. there was no apparent
vecurrenee of cocorhiosas wndrome.
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Table 2: Effect of dietary betaine supplementation on growth performince in
growing rabbits under high ambient temperature.

Hems Hetame {mg'k) iy
""""""""" ] 250 500 750 100

Initial body wetpht g TR A N T N 57 TWSE S TH1LGe G5 TAATEAT NS

Final body weight (gh 20103 204 200/ & 22433 08 M85 1" 282002 2 3 0

Daily gain i) AT TRt INEROTT MGe® 2O 4

Tokal gain (g 3782 116 e 590 158501730 16T S 1B W

Daily leed intake (g SeTey 2 R et Miae 14 wese | TP uniiw 1

Feed conversivn Sz aird dTRcnY dadr o gereniEd 5wty ¢

Viability % (6 Lo I8 whs) b HER b i FiEY

S s enns Followed by delborent Tettors in the same row differed sieniticantly.

PN Mon g N, * s,

2- Carcass truits and chemical composition of meat

Drata shown i {Table 31, indicated that betatne supplementation significant|v
mcreased hot carcass weight and kidney weight by 347 % and 37.9 7 respectively,
st the rabbits ted diet with 1000 mg / kg as compared with these fed connol diet .
Lhese resulz are in comespondence with the previous reports of Virtanen and Rosi
(E995) Wang of «f. (200d4) Huang er of, (20063 who revealed a positive effect of
dietary betaine on carcass characteristics in avian species and in mammals. Wang ¢
af (2004 indicated that betaine supplerentation significantly increased breast meat
vield i ducks significantly.  In contrast to these results, Esteve-Garcia and Mack
Q0003 found  refatively  small and  nom-significant  responses o0 betaine
supplementation increasing breast yield of broiler chickens. As shown in Table 3,
dictary betaine supplementation mereased CP o2 00035) and decreased EE (P<0.05)
of meat. These responses were similar to observations by Esteve-Ciarcia and Mack
(2000} who observed that betame supplementation ncreased protein level in the
muscles. They also concluded that betaine could enhance lipid catabolism via its rale
in camitine synthesis leading 1o Tow carcass fat deposition. Conversely, Garcia er af.
£20000 and Hassan er af. {2003) revealed that betaine addition had no significant
effect on DM, CP. EE, and ash of meat.

3- Some physiological parameters :

Daata concerning the effect of betaime supplementation on rectal wermperature
and respiration rate are illustrated in Figure 1{A. B}, respectively. It is noteworthy to
abserve that both rectad temperature and respiration rate were decreased significantly
i a dose-dependent manner when dietary betaine was increased. Interestingly,
betaine supplermentation to growing rabbit dicts amchiorated some of the adverse
effects of heat stress on rectal temperature and respiration rate. These results are
comerdent with those of Belay er of (1992) wnd Zulfiki er af, (2004), who stated that
body temperatire of brotler chickens was deereased when betaine was added to the
teed under heat stress conditions. In Egypt. the climate is characterized by along hot
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Table 3: Effect of dietary betaine supplementation on carvass characteristics
amd chemical composition of meat in growing rabbits under high
ambient temperature,

M A . Tetaine impkg) .. L. mim
0 25 500 750 10
Live lywetsht oy 2100288 2X0OLT7 208w 2duols TR RO
Hotcaass weightip! 12393+ 2070 13740 81 1083200 150 2 iemae 06 ¢
Diresang {154 FON0S MMuw i SEROR AT L4 S 17 NS
Liver &) MIMMID #4272} B3FMOR 84Nl $5572 14 DS
(R Rt IR0 374002 2861 et G s
Fadnes {2 it 2347 P BFR N 2EReO6Y MYTs LEE ®
1579 CHROE 1T 0™ 0Sdeiet {moos® TR F
Pheat (g a0 T TART( TR0 Ri%=01] NS
7 UASECHA G3RO0Y Gl Aol 08324 (3 NS
Ly (g EXE TN AU LS I S [RRES 1363113 e S ey
TS (3 e LT ekt {119 03 e (112 iy S Uil (5 NS
Pead 10 3R TE2d 0 2MER3u 2T13x 145 2 Te6w IR 197 WS
e 1 37enl Men? 1) M 017 22203 Fm Gl NS
Chemteai compostion of meet (Sed M boyizi:
D EETERTS TR S 7S 3227 04333 PR NS
cp A6 1T AANELGY  @6R 17" A3 1TV oTas it
EE 2AWEOR* 2412 M P2 20300 Mpoeor®
Ash 41911 433¢ 011 F0003 3500 $004 (12 Ng
dhed

Meurs folloveed by ditferent letbers in the sasme ow are dillered significuntly.
MS= Non signljca, * PLOOS

period {from May to October) and short mild ane {from December to March). In hat
period, rabbits have difficulty in elimination body heat due to their unfunctiona!
sweat glands (Marai ¢r al.. 1996). Different physical and physiological methods have
been used to alleviate the heat load in heat stressed anirmals, The physical methods
used are such as sheltering, air conditioning, zone air cooling, drinking cool water,
using wet or weed sacks in the cages, spray or sprinkling the roofs and floor with tap
water and shearing (Habeeb er af., 1997). However, in al! cases rabbits must be kept
dry, since wet coats are predisposing causes for preumonia and respiratory troubles
{Marai er o, 1996) which have led to the investigation of a pumber of dietary agents
which might alleviate the adverse effects of lemperature. It is well known that body
temperature and respiration rate are increased following exposure o high (>30°C)
environmental temperatures (Naqvi ef af.. [995; Habeeb ef /., 1997 Marai e af.,
2001, 2002} In this respect, due to its ability in reducing body temperature and
conseqquently respiration rate, betaine might be supplemented to the growing rabbit
dicts during hyperthermuc stress in order 1o alleviate somie of the adverse effects of
heat stress.

From another point of view, the inercase in body temperature due 1o the
exposure to ambient temperatures above the thenmal comfort zone has a negative
inpact on animal performance via decreasing teed intake, body weight gain and the
resistance 1o disease and increasing the feed conversion ratio (Habeeb er all, 1997,
Marai er al, 2001, Bant er af,, 2005). The decrease in feed consumption is due to
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Figure 1:  Ffieet of dictary betaine supplementation on rectal temperature (A) and
respiratory rate (B1 in growing rabbits under high ambient temperature. Values
are expressed as means+ standard emor; means with different letters ave
significantly (P<0.05) different from each other.

impairment of appetite as a result to stimulation of the peripheral thermal recepiors
by the environmental temperature to transmit suppressive nerve impulses to the
appetite center in the hvpothalamus that causes that phenomenon (Marai e af. 2002).
Since betame had a significant effect in reducing body temperature which
consequently participated in enhancing feed intake and body weight as. well as
carcass yield {Table 2& 3), it could be assumed that dietary betaine supplementation
might help to overcome the negative effects of heat stress on growth performance
and carcass vield. This assumption is in agreement with Kidd er af. {1997) who
concluded that the addition of betaine to feed or drinking water might help to
overcome the negative effects of heat stress on performance and carcass quality.

4- Inununity :

The influences of dictary betaine treatments on humoral and cellular
immunily are graphically presented in higure XA and B). respectively. It is
interesting to note that dietary betaine supplementation improved both humoral
immumnity (measured by antibody titres against SRBCs) and cell-mediated immunity
{indicated by PHA-I* induced proliferative response) as compared with control (P<
0.05). Under heat stress conditions. the inclusion of 1000 mg betaine/kg in the
growmg rabbit diets markedly enhanced the humoral immune response being about
two-fold s corresponding value of controls (Figure 2A). Not surprising that the
samie trend was observed in cellular immune respornse (Figure 2B}, These resuits are
in accordance with some published work (Kettunen er af.. 2001: Klasing er af., 2002,
Hassan er af., 2005} meanwhile contradict others (e.g., T'siagbe eral, 1987}, In fact,
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Figure 2:  Effect of dietary betaine supplementation on antibody titre {A) and change of exr
thickpess response to PHA-P (B) in gowing mbbits under high ambicm
temperature. Values are expressed as nweansz standard emvor: means with
different letters are significantly ( P<0.05) different from cach other,

according to our knowledge, information on the effect of betaine on immunity in
rabbits is scarce, however; several studies documented the positive effects of dietary
betaine in improving fmmunity in rats (Zhang ef af, 1996) and poulry (Klasing er
al., 2002: Hassan er af, 2005; Farooq et al, 2005). Also, Farcog et al. (2005)
reported that betaine supplementation improved the immune response in binds
exposed 1o heat stress. Likewise. Hassan ¢f af. (2005) noted that betaine addition at
0.072 and 0.144% significantly increased antibody litre against SRBCs. Similarly,
Klasing et al. (2002) proved that betaine is involved in enhancing cell-mediated
immune responsiveness via increasing nitric oxide release form heterophils and
macrophages. Moreover, Zhang et al, {1996) indicated that, in rais, betaine is
mvolved in regulating cytokines (e.g., tumor necrosis factor-a. TNF-) production by
liver macrophages (Kupffer celisy via inhibiting the prostaglandin synthesis,
suggesting a new role of organic osmolytes (especially betaine) in modulating
immune function. Furthermore, Cosquer ef al, (2004) elucidated that glycine betaine
possesses antibacterial activities including 15 Gram-positive and Gram-negative
bacteria. Presence of these properties in betaine may explain the enhancement of
immune system activity. This means that dictary betaine might be affected the
pathogenic bacteria. Taken together, the previous studies obviously indicated that
dictary betaine supplementation plays a vital role in improving the immune response
and, indeed, getting such benefits in growing rabbits is a vital necessity especialty
under stressful conditions.

5« Blood serum metabelites :
With respect o te effect of dictary betaine supplementation on blood serum
constituents in growing rabbits under high ambient temperature. it could be observed
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that seram T3, T4 total protein, globulin and total lipids were significantly increased
r P G3) when betaine was supplemented {Table 4). The positive effect of betaine in
serum total protein and globulin contirmed the improvement in humoral and cellular
snmugity (Fieure 2 A and B). The inercase 1 serum total protein and globulin due to
helaine supplementation could be associated with its ability as a methyl group donor
which s fairty consistent in protetn metabolism (Kidd e af, 1997). These results are
it comespondence to the report of Hassan er af. (2005} who postulated that inclusion
of hetaine (0.072 10 G.1449%) o the chick dicts significant!y increased serum total
protein. Alse, Matthews and Southern {2000} reported that betaine had increased (P
< 007 average plasma rotad protein of coceidiosis-infected chicks. Additionally, in
e current study (Table 4;, betaine supplementation increased the activity of
mctabolic hormones (T3 and T4) m growing rabbits under heat stress conditions.
Siontbar observations were obtaned by Hoang ef af. (2006) who <tated that seram T3
snd T tevels m pags fed betaine were clevated by 57.93% and 51.80%, respectively.
in reality, nommal thyroid hormones levels are necessary for adequate development,
matenance and function of both the antibody- and cell-mediated immune responses
{Cromascht ef af, 2000 & Klecha er al, 20000, Cremaschi e of. (2000) indicated that
thyroid hormones can enhance the antibody production in mice. Moreover,
Chandratilleke ef af. (1994} proved that T3 is invelved in enhancing interleukin-2
production in birds. Morcover, as shown in Table (4), betaine supplementation
stabilized the normal mineral balance (including sodium, potassium, calcium and
phosphorus) in growing rabbits under hyperthermia condition. Since, hyperthermia
resultod i disturbing the normal physiological balance of the animal's body,
particularly  mineral and  water balances (Fekry, 1989} amd betaine has
osmoprotective propertics  {(Kidd er al. 1997), it could be assumed that betaine might

Tabic 4: Effect of dietary betanine supplementation on blood serum constituents
in growing rabbits under high ambient temperature.

Hems Betaine (me/ks) Sig
a 2506 500 756 1000
T3 ing'mi 1 ¥ 0158 £ 37 ODF 133 06 1310 | * LBL01F ¥
T {ugrdl kR L7 3R 014" D A5 0 1P g *
Tekal prokedn gk Speui” AWk 20" A+ 0117 G0 117 B0 QRS *
Adbunen (g/dii 36He k26 ER YT 35012 3 e {nm 3 bt 0410 N
Globalin (g/di: 23 00" 2 TRe OO 2 M O 253 O 3Kt DO ®
Tonad Mpdcds ¢ /el R IRE oy EE R LS EF Ak Rt YN *
Cholesterot {mg/'dD 9] W2 160108 91 2 DEG 9,90 006 9110812 AN
Glhucose | mg/diy 17330 6™ 100 732" HA0ER* FERLST™  [R23e30 €
GOT JYH 336 LA AU TR M 173 WS T 0 |73 *
GPFT A1/, 004 £33 M3 153 42223 2414238 23 16w LT3 NS
ALP{IUA: 235 1N 1863, 132" 160 L3" EEAIR] ™ 1376078 ®
Seathusgn g/ JKF il b 2HRE Ldae £ L2410 125 20 [1Rs £ 15 *
Podweiums g/l mby 43017 a0 Rt % e AT R SE T "
Cadeium {mg/ 100 mi, 2035 Ak (L 0804 972 017" 10502 .
Phospihworus (g /P00 el L6 35 PN el T2 T 0. RO 08 .

P Means Foliowet by different letiers in the same row arc differed significantiy.
NS= Num significant, * P<0.03.
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plav an essential role i wabihizing the nomual nuneral balance during heat stress
conditions. Therefore. it could be speculated that. under swess conditions, dictary
betaine may be able to enhance the activity of thvrod hormones and stabilize the
pormal mineral balance which conscquently sight participate in anproving 1he
growih performance and immunc response. In these circumstances. the presence of
betaine niay have o very snportad role m restonne e negative effects of heat siress
i growing rabbits.

Betwine  supplementatnon sivficantly decreased serum glucosce
concentration finearly in a dose dependent manner {Table 4). [t is well established
that under stress conditions, giueose uptake of the cells wosuppressed and the Tevel of
serum glucose is increased in order to serve adequale amount of glucose to the
sensittive organs such as heart and bran (Lillehoj, 19921 In the current study. the
dechining i serm glucose concentration ray be ascnbed w the fighor evid of
erowth hormone and nsulin e rabbits fed betame, This assurption comes in
harmony with Huang er o, (2006} who docwnenied that dictaey belane eediesd
serun plucose concentrabion due 10 cevading of the circulaling insulim concentration
in pigs T the present study, Bver functions as udged by fiver enzvmes {e.g. GOT,
GPT and ALP) were significamly deereased by dictary betane supplementation
{Tuable 30 1 s unportant o mention that, according 0 Chenman {1994, (he values
obtained i current wal are within the nonmal ranges of  these enzymes in
rabbits, Marad of af. (20027 revicwed thal serum tansansnase activities (GOT and
GPTY are imereased during the hot sumimer o eabbits, Therefore, it could be noted
that betame supplementacion helped in Keoeping serum Eansamingse enzymes within
the normal ranges during beat stress conditions.

6~ Nutrients digestibility

As shown in Table S0 digestbility cocthcients for CP, EEL and NFE werc
simfacantly wnproved by 128, 10T and 106 % L respectivel v i the rabbits fed diet
with 1000 mg / Kg as compared with those fed controf diel . Augusting ¢f af, 11997}
reported that betane mereascd the apparent digestibidaty of lysine, protens and La o
brotlers, Moreover. beluine has been shown to stabitize cell membranes through
mteraction with isembrane phospholipid and macosal structure feading 1o increase
the digestibifity and absorpiion of several nutrients {Virtanen. 1995 Keltunen oz @f.,
H¥H 1 Reccatly, Metzler Zoebelr of of. (2009) concluded tin theme 15w growing
evidence that betaine 1s imvebved in supporting intestinal growth, structure and
{unction, therehy unprovine the nutrent dizestibility.

Based on the dala presented above, it could be concluded that supplemental
dictary betaime enhanced growth perfonnance and carcass weight, stabilized the
nornal physiclogical balance. und elevated the humorat ad celi-mediated immumiy
as wetl as redueed rectad temperature and respiration rate when growing rabbits were
subjected 10 heat stress. Thus. several benefits might be pained by adding betaine 10
the comnwrcial rabbit diets under heat stress conditions,
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Table 5: Effect of dietary betaine supplementation on digestibility cocefficients in
growing rabbits onder high ambient temperature.

Digesdtibility ¢ Betaion (g hgi oo Sig
. 1] 25 BLE

(9! Mg 3 [ NAT 3 AR AT g

o PSR ] s R ] 4 Fherw ] et 2
Hziimt TSI Tl
233w 2N RETY FE RO

24 i X0
Tiztamt 7

 feans olowed by dilferent feters i the sanw pow
NS Non significant, P On
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