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ABSTRACT 

llu:S work was carrted out to study the eJfec~ oj supplemental l.rcanUtne (LC). es· 

senttai oUs mlx (EOM) (thyme and clove oUs) or L-camltine plus essential oU m(x 

tLC+eOMJ on growth peiformance. nutrient dlgesttbUUy. some serum metabolfr.es. lym

phoid orgartS and Unmun.e resportse agaln..st Newcastle disease vtrus vaccine in broiler 

chlckens. One hundred ninety two day-old chicks of commercial meat type (Ross) were 

randomly dtulded into jour treatment groups. Each trea1ment group was jurtller sub· 

dtufded tnto three replicates oj sixteen chicks each.. Chicks were Jed isocal.oric and Iso

nltrogenoLU; starter dtets 13000 Kal! kg ME and 23 % CP) jar three weeks and grower

finisher diets (3200 Kcal/kg ME and 20 % CP) jor the next three weeks. Throughout the 

growth phases. d iets were supplemented wUh LC (150 mg/kg), gOM (200 mg/kg 

thyme oU + 200 mg / kg c/oue 011) or LC+EOM. Chf.cks were uaccinated againSt Newcas· 

tle disease ufrus usmg Hitchner and Lasota uaccfnes at 7 and 14 days of age, respec· 

tiuely. Body weight and jeed. {"take were measured during each Jeedlllg phase and 

feed conuers lon rattos were calculated. A dCges tibUfty trtal was ca.rrt.ed out to determine 

dlgesttbUfty oj dry matter. crude protein. and ether extract. At end oj the study. six 

chickens from each group were randomly chosen, killed by decapitation and blood 

samples were collectedJor measurement of glucose. total protem. total cholesterol. high 

density lipoprotein (HDL) and haemaggluttnattng antibodies against Nel..UCastle dis

ease virus. ThymLU;. spleen. and bursa were £n.dlvldually weighed and expressed as a 

percent oj liL--e body wefght The results reuerued that Le. gOM or LC+EOM supplemen

tation have significant IP < 0.05) effect on body weight and daUy ga.iJt. while Jeed In

rake was not stgn!{'lCQIltly affected by any oj the treatments. Supplementation oj the 

diets wUh EOM or LC+EOM had sfgniflcantly (P < 0.05) decreasedjeed converslon ra

tiO. Dietary supplemE"ntation wUh EOM or LC+EOM I'uld significantly tncreased digestt

bUUy oj dry malter. crude prole(n and ether extract Serum glucose and total cholesrerol 
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were significantly (P < O.05) decreased due to EOM or l..C+EOM supplementanon. Die· 

tary supplemenl.atiDn with LC or LC+EOM had slgnljlcantly (nCreased high dertslty lIpO

protein. The dietary tTeatments haoo no Significant effect on total ' proteln in serum. 

Welght of thymus and spleen relative to body weight were was slgnljlcanlly hlgher In 

broiler chickens fed diets supplemented with LC+EOM. Btrds Jed diets supplemented 

i.C+EOM have slgnljkanl {P < O.05} higher value oj heamagglutinatcng tnhibttton ant!

body titer il\ their sera. It could be conduded that. supplementation of the diets wIth 

eOM or LC+EOM has benefICIal effects as euidenced by Unproved growth performance 

parameters. nutrient dtgestwilib) and some serum metaboliles. Health status and im· 

mune response of the btrds were enhanced. especlaHy due to LC+EOM supplementa· 

tion. 

INTRODUCTION 

26 

Allover the world , anUbloUcs have been used extenSively as growth promoters In animal feeds 

for many years. especially In the fielda of poultry production, The prophylactic use of anUbioUcs 

In animal feeds has made intensive fanning possible and Improved feed effiCiency (Hernandez et 

aI .• 2004) . In the presence of low levels of anUbloU<:s. resistant cells su rvive and grow producing 

an a nUblotic -reslstant population. Therefore. objections to the use of growth-promoting antibio

tics are Increasing as consumers fear that their use In livestock feeds may produce hannful ef· 

fects to humans (Denll et aI ., 2004). ConsequenUy. the use of anUbloUc as growth promoters 

for brOilers had been banned by EW'opean Union (1998) and limited to only four antibiotics that 

are not associated with human treatments (avllamycln and Oavophospholipol as growth promot

er additives and saltnomlcln sodium and monens!n sodium as coccldlostats). As a consequence. 

errorts had been made to search for growth promoting alternatives and reduce the use of antiblo

Uc growth promoters. For many years. herbs and spices and their essential oils have been used 

as a pharmaceuUcal In alternative therapy a nd as a natural therapy (M.1ucher et aI •• 1987). 

Commercial additives of plant ortgln. conSidered to be naturaJ products that the consumer 

wou ld a~ept. have been proposed to animal producers. The chemical components of most es

senUal oils from plants are generally recognized as safe. and are used commonly In the food in

dustry (Varc1. 2002). There Is evidence to suggest that herbs. spices and vartous plant extracts 

have appeUztng and dlgesUon-sUmulating propertJes and antim1croblal effects ( Madrid et aI., 

2003: Alt;Jt;ck et aI., 2004: Zhang et at .. 2005). Moreover. herbs and plant extracts stimulate 

the growth of benefiCial bacteria and minimiZe pathogenic bacterial activity In the gastrolntesU

nal tract of poultry (Langhout. 2000; Wenk. 2000). Thyme and clove are two herbs that have 

been proposed as alternative to anUblotlcs for organiC poultry Industry {Grigg. and Jac.ob, 
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2005). Thymol and carvacrol. the maJor components of thyme all. had been shown to have po· 

tent a nUox.ldanl properties (Aeschbach ct aI .• 1994). anUbacteJ1al activities against a wide 

range of pathogeniC mlcroblaJ organisms (Vincent, 2002) as well as positive effects on nutrient 

dlgesUblilty (Langhout. 2000 and Madrid ct aI .• 2003). 

Production of broiler chickens containing excess body fat Is a problem In poulry Industry. Ge

netic Improvement of and Increased nulrtent concentration In the diet are among llie factors that 

contribute to the tendency of broilers to accumulate excess body fat. . Therefore . improving car

cass compOSition with addlUves has become a main focus of nutrition research. lrcamlUne Is a 
zw1tter IoniC compound blosynthesized from lysine and Methionine In liver. brain and kidneys 

(Miah et al .• 2004). This compound Is essenUal for the transport of long chain fatty acids across 

the Inner mitochondrial membrane for p-oxJdaUon (Borum. 1983) . Plants and plant-based (eed· 

stufTs general1y contaln very little camlUne compared with animals (Baumgartner and Blum. 

1993). There fore . carnltlne supplementation o( the diets could be used to augment camiline 

supply for use In metabolism and thereby faclUtating fatty acid oxidation and redUCIng th" 

amount of long-chain fa tty acid available for storage In adipose tissue (Xu et aI .. 2003). In addl 

lion. camltlne may modulate Immune function as ev1denced by enhanced antibody responses In 

t..-camltine supplemented broiler chickens (Mast et aI .• 2000) and pIgeons (Janssens et aI .. 

2000). The effects of L-camltine supplementaUon to the broUer diets are less clear. Studies with 

brOiler chickens have shown that s upplemental dietary L..-ca.m.IUne Increases body weight galn, 

Improves feed conversion raUo, and reduces abdomi nal (at content (Rabie et al., 1997a &b: Ra

bie and Szilagyi. 1998). However. there are contradictory studies In which dietary L-camltine 

supplementaUon did not affect growth perfonnance. abdomlnal fat content. and some Inte rnal 

organ weights (Barker and Bell. 1994: Carwrlght, 1986 and LcJ.betaeder, 1995). Petek ct al. 

(2003) found that addition of 50 mg L-camltine / kg diet did not affect broiler perfonnance or or

gan weIght. Similarly. Sarle. ct at. (2005) found that supplementing basal diet of quail with 30. 

40 or 50 mg L·camltine /kg diet has no significant effect on body weight gain . feed Intake or feec.l 

conversion. Cellk et aI. (2003) found that supplementing lrcamltine at 50 mg /kg has signifi

can tly Improved body weight gain during the first 3 weeks of age In broiler chicks. but did not 

have effect In the last three weeks. Therefore. this work was can1ed out to study the effects of 

long tenn supplementation of {,canlUne (LC) . essential oUs mix (roM) {thyme and clove oils) or 

L.· carnJUne plus essenUal on mix (LC+EOM) on growth performance. nutrlent digestibility. somr 

serum metabolites. lymphoid organs and Immune response agaInst Newcastle disease virus vac· 

cIne In broiler chIckens. 
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MATERIALS AND METHODS 

Btrds. management and diets: 

One hundred ninety two one·day-old chick of a commercial meat type (Ross) obtained from a 

local commercial hatchery were used In Utls study. On an1val, chicks were weighed Individually 

and randomly allocaled to four treatment groups. Each treatment group was rurther sub-divided 

to three replicates of slxteen chicks each. Chicks were reared in naturally venUlated open hOUse 

with wheat straw as litter. Isocaloric and Isonltrogenous starter (3000 Real /kg ME, 23% CP) 

and grower-finisher (3197 Real/kg. ME and 20% CP) diets were fonnulated (fable l) to meet the 

nulrtent requirements of broiler chickens (NRC, 1994). The dietary treatments Included: (I) COn

trol diet. 12l control diet supplemented with L-camltlne (LCl at 150 mg/kg, (3) control diet sup

plemented with essenUal all mix (EOM) conslsUng or clove all 200 mg/kg and thyme all 200 mg/ 

kg. (4) con trol diet supplemented willi L--camlUne and essential all mtx (LC+EOM) at the same 

previous levels . Starter diets were provided to the chicks rrom 1-21 days. whUe grower-finisher 

diets were prOvided at penod from 22-42 days or age. Feed and water were available at all Urnes. 

Chicks were vaccinated against Newcastle disease virus USing Hitchner and Lasota vaccines at 7 

and 14 days of age. respectively . 

Growth performa.oce and d!gestlbillty : 

Body weight and reed Intake were measured during each feeding phase and feed conversion 

ratios were calculated. At end of the growth trial fifteen chickens from each group were randomly 

selected to carry out to carry out the digesublllty trial Chromic oxide was used as Indicator and 

Included at 0 .3 % of the diet. A plastic sheet was placed over the bedding materials to facUltate 

feca l collection. The birds were fed their respective diet for 5 days adaptation period followed by 

another 5 days collection perlod. during which representative fecal samples were collected at In

termittent times dUring llie day. Samples of fresh fecal excreta were collected separately for each 

replicate. Efforts were made to remove every bit or feathers or any other contamJ.nants (rom the 

feces. Fresh collected samples or each repitcate were pooled, mixed, dried in forced air oven at 

600 C fot 48 h. allowed to equlUbrate at room temperature and milled (l rnm screenl berore anal 

ysts. Tl1pllcate samples of feed and fecal matter were anaJyz.ed for dry matter and ether extract 

according to AOAC (1990). Fecal nitrogen was separated from urinary nitrogen by applying trI

chiaro acetic acid method according to Jackobson et at. (1960). Dry matter digesUblllty was cal

culated according to McDonald et aJ. (1981) . Diges Ubll1ty of crude protein and ether extract was 

calculated according to Maynard et aI. (1979). 
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Strum metabolites: 

At end of the expenment. blood samples were collected (through wtng vein puncture) from six 

birds In each treatment group (two bird/replicate). centrlruged and the clear sera were harvested 

and used for detennlnaUon of glucose (Trlnder. 1969). total protein (Cornel ct aI .• 1949), total 

cholesterol (MeJattlnl. 1978) and high density lipoprotein (Cluk ct al" 1983) using the avalla· 

ble commercial kJlS. 

Lymphoid orgiUl8 and immune response; 

Collection of the samples: 

At 21 anti 42 days of age. slX chlcl{ens from f <..ch group were randomly chosen. killed by de· 

capllaUon and blood samples were colleded to detennlne haemaggluUnating anUbodles titer us· 

Ing haemaggluUnaUon lnhlblUon test. Thymus. spleen and bursa were removed. Individually 

weighed and expressed as a percent of live body weight. 

Haemaggtutination lnhibltion (W) test: 

AnUgen of NDV was diluted tn HI buffer to contain 10 haemagglutinaUng unites (riA) In 50 ~1. 

One hundred ~l of anUgen was deposited tn all weUs. TWenty five )J.I of serum was deposited In 

the first well using 25 I.d mlcroUter diluter. Fifty lJ.l from each well was serially passed from each 

well usIng a mlcroUler transfer diluter. The plates were Incubated for 20-30 minutes at room 

temperatu re and 50 ).II of chicken red blood cdls (CRBC) 0 .5% was added to all wells. The plates 

were agitated genUy and let stand for 45 minutes at room temperature. The HI Uter was deter

mined according to Villegas (1991) . 

Statistical analyat. : 

The data were staUsUcally analyzed by atlalysls of var1ance using general linea r model proce

dure (GLM) In a window-based staUsucaJ package program. SAS (1985). 

RESULTS AND DISCUSSION 

Growth performance: 

Growth performance of broiler chickens fed the experimental diets Is shown tn Table 2. Sup

plemenlaUon of LC had no Significant effect on body weight. weight gain, feed Intake or feed con-
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version during the starter period as compared to the control. However. the allover perfonnance 

data revea led that LC supplementaUon had significantly (P < 0.05) increased body weight 

(2016 .33 g) and weight gaIn (47.13 g/day) as compared to the control (1876.66 g and 43.82 g/ 

day. respecuvely). while feed Intake and feed conversions were not significantly affected. On the 

other hand. supplementation of the diets with gOM or LC+EOM had significantly (P < 0.05) In

creased body weight. weight gain during the starter and grower-finIsher per1ods . Throughout the 

whole feeding period. broile r chIckens fed the diets supplemented with LC+EOM had signiflcant 

(P < 0.05) higher values of body weight and daily galn when compared to ch icken fed the control 

diet. SupplementaUon of the diet with LC+EOM had s lgnmcantly fP< 0.05) reduced feed conver

sion ra Uos during starter and grower-finisher periods (Table 2). The dietary treatments had no 

significant IP > 0.5) effect on feed Intake. The allover performance data (Table 2) had s hown that 

brolJer chickens fed diets supplemented with either LC or EOM had significant higher body 

weight (2016.66 and 2093.33 g. respectively] and dally gain (47.13 and 48.92 g. respectively) 

when compared to the control ( 1876.66 g and 43.82 g/day). These results are In agreement with 

those reported by Lettner et aI. 119921 who showed that dietary supplementauon with LC from 

20 to 60 mg/kg tended to Improve growth performanc~ of broiler chickens. RabJe et aI. (1997) 

Indicated that the supplementaUon of dietary LC at 3 levels {5Q, 100. or 150 mg/kg} to a basal 

diet had significantly Increased body weight gain of broUer chickens compared with those of 

broilers fed the basal dlel. Also. Rable aDd SzUagy (1998) suggested that supplementalLC Im

proved .b.ody weight gain and feed conversion ratio of broilers . However. Barter and Sell (1994) 

reported that the supplementation of dietary L.C at O. 50. or 100 mg/kg die t did not alTect body 

weight gatn . feed Intake. or feed efficiency of broiler chickens and young turkeys fed low- or 

high-fat diets. Likewise, Lien and Horog (2001) found that feeding diets supplemented With L.C 

at 0 and 160 mg / kg did not slgnlficanUy affect the perfonnance of broiler chickens. These in

consistent responses of broilers supplemented with LC may be related to penod. of supplementa· 

tlon. sex. broiler genotype. basal diet composltlon. levels of L-camlUne or Its precursors In the 

diet and/or env1ronmental condluons (Sarlca et aI .• 2005). 

As shown In Table 2. the Improved growth perfonnance parameters In broiler chickens red the 

LC and EOM supplemented diets could be due to the acUve Ingredients s uch as eugenol and car

vacrol In clove and thymole In thyme. These compounds had b een suggested to have dlgesUve 

sumulaUng effects (Erta •• 2003). In addlUon. these acUve lngredlents possess anUmlcroblal ac

tiVIty aga inst wide range of pathogenic bacterial In gastroJntestinai tract of poultry (Valero and 

Salmeron. 2003 and Singh, et al. 2002) and s timulate the growth of benefiCial bactena (Went. 

2000) . It Is well known iliat the pathogenic bacten a Increase requlremenls of energy and protein 

by compeUng wtth the host for dietary energy and protein (ApaJalathl et aI., 2004). Lee et at. 
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(2003) found that dietary supplementaUon of eugenol, a component of clove 011. at 100 mg/kg 

stimulates the secreUon of pancreatic dIgestive enzymes, I.e. amylase, lipase. trypsIn and chymo

trypsin In female broiler chickens. Lee ct al. (2004) stated that thyme all and Its major com

pound. lhymole. has a strong anUoxldant activity and acts as an effective free radicals scaven· 

gers and Influences the In v\.vo anUoxldant defense systems such as superox.1de dlsmutase. 

glutathione pcrox1dase. and vitamin E. It was suggested that the high antioxidant acUvity of thy· 

mole Is due to the presence of phenolic OH groups which act as hydrogen donor to the peroxy 

radicals produced during the first step In lipid oxldation, thus retarding the hydroxyl peroxJde 

fonnation (Farag et aI., 1989). 

Nutrient dlgestlblllty of the diets : 

Effect of the treatments on the nutrient digestibility of the experimental dIets Is shown In Ta

ble 3. The results revealed that diets supplemented with EOM or LC+EOM significant (P <: 0.05) 

higher values of dry matter (78 .. 60 and 79.33 %. respectively) and crude protein digestibility 

(87.26 and 88.56 % . respecUvely) compared to Ulal of the control (73.93 and 77.60 %, respec· 

tively). SupplementaUon of the diet with EOM or LC+EOM had stgn.lficanUy (P < 0.05) Increased 

ether extract dlgesUbllity. Supplementation with LC had non slgnJ..fl.cant (P > 0.5) effect on digest

Ibility of dry matler. crude protein or eUler extract compared to tile control. These results are In 

agreement with that of Arslan (2006) who stated that supplementation of LC has no pOSitive ef

fect on dietary protein utilization In broiler especIally under condition of adequate amino acid 

metabolism. Also the results are In accordance with Rincker et aI. {20011 who found that sup· 

plementation of LC up to 100 mg/kg In diet of weaning pigs had improved whole body composl

Uon. tissue accretion. and to a lesscr degree. nutJient digestibility. 

The slgnUkant higher digestibility of nutrients In diets supplemented with LC+EOM Is In 

agreement with Hernandez et al. (2004), who found that supplementation of the diet with EOM 

containing thyme and rosemary oils had Significantly lncreased apparent dlgestiblUty of dry mat

ter and ether extract. These results could be due to Increased digestive enzyme acUvtUes of Inles

Unal mucosa and pancreas due to supplementaUon of essential oils as suggested by (SamabaJ.a..h 

and 8rinivasan. 1991). It had been reported that the Intestinal mJcrofiora has a pronounced Im

pact on fal digestion In chickens because of lowered bile acid availability (Smits et al .• 1998l. 

Bile salts are known to be a UntlUng factor for effiCient fat digestion (Krogdahl. 1985). Moreover. 

the Intestinal mlcroflora such as Clostr1dlum. Peptostreptococcus, Blfldobactertum, Fusobacteri

um, Eubacterium. Streptococcus. and Bactertolds can hydrolyse bUe salts (Freigher and Duh

kevicz. 1987). ConsequenUy, the strong antimicrobial activity of thyme and clove oUs reflects 
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the efficacy of dietary essential o(ls on fat digestion. FUrthermore, there might be a direct effect 

of essential oils on either bile secretion or cholesterol 7"-hydroxylase acUv1ty (Srln1vasan and 

Sambalah. 1991). 

Serum metabolltC$ : 

The effect of dietary treatments on serum biochemical parameters of broncr chickens Is 

shown In Table 4. The results showed iliat broiler fed diets supplemented wttlJ Le. EOM or 

LC+EOM had slgnHlcant (P < 0 .05) lower values of serum glucose (173.33. 176.33 and 163.30 

mg/dl. respectively) compared to that of the control (202.0 mgJdl) .ln addition, bro(ler fed the diet 

supplemented with LC+EOM had significant lower value of serum gluC()Se as compared to that of 

the chickens fed the diet supplemented With EOM. Serum total protein was not slgnlficanUy (P > 

0 .05) affected by the dietary treatments. 

Supplementation of the diets with LC. EOM or LC+EOM had significantly decreased total cho

lesterol (94 .33, 101.33 and 91.67 mg/dlJ compared to the control (112.30 mg/dIJ, while HDLP 

was slgnlficanUy (P < 0.05) Increased due to supplementaUon of the diets with LC or LC+EOM. 

The obtained results are In agreement I.V1th that of Renel et al. (2007) who found that dietary 

supplementation w1.lh LC at level of 250 mg/kg had slgntflcanUy decreased the level of serum trI

glycer1de and cholesterol and VLDLP In broiler chicks. In addltlon. AdabJ et aJ. (2006) found 

that dietary addlUon of LC at level of 60 mg/kg had significantly decreased both serum and egg 

yolk cholesterol levels In broiler breeder. Moreover. LC had been shown to produce a pronounced 

drop In serum cholesterol In rats (Palmero et al., 1999). In the study of Lien and Homg (2001) 

supplementation of the diet With 160 mg/kg LC had s ignificantly reduced trlacyglycerol and non 

esterified fatty acids concentration In serum of broUer chleckens . 

The relauonshlp between LC and fat metabolism tn broilers had been reported by Xu et at 

(2003). Higher doses of LC (> 50mg/kgl induced partial Inhibition of the g1ucose-6-phsphatase 

dehydrogenase, mallcdehydrogenase, Isocltr1c dehydrogenase and Ilpoprotetn Jtpase 10 the sub

cutaneous fat and also of camlUne palmltoyltransferase I in breast muscles (Arslan, 2006). 

Consequently. LC would reduce subcutaneous fat deposit and enhance intramuscular fat. Llpo

proteln lipase catalyzes the conversion of trtglycer1des to glycerol and fatty acids. With the de

crease of Its activity, lipoprotein lipase Increases hydrolysis of very low density lipoproteins. 

which have been suggested to playa major role In regulaUng the deposition of fat In subcutane

ous Ussues (Griffin and Whitehead. 1982), 

The significant lower serum total cholesterol In this study tn accordance with the results of 

Boluk.baa et al. (2006) who found that the thyme aU supplementation at 100 mg/kg had de-
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creased plama levels of trlglyce. Ides. LDL-cholesterol and HDL-choleslerol In broilers. Choleste

rol lowering properties of herbs and their essenUaI oils has been reported (El80D et at., 1(89). 

The pure components of essenUa1 oils were found to Inhibit 3-hydroxy-3-methyl glutaryl coen

zyme A (HMO-CoA) reductase activity which Is a key regulatory enzyme In cholesterol synthesis 

(Crowel, 1999). Elson (1996) stated that thymole and carvacrol, main components o{ thyme all. 

could Induce regulatory non-sterol products from mevalonate which are proposed to Inhibit cho

lesterol synthesis (Goldstein and Brown. 1990). 

Lymphoid organs and immune reapouc : 

The elTects of dietary treatments on weight of lymphoid organs {as % of live body welghtl a nd 

Immune response agaJnst Newcastle disease virus are presented tn Tab:.:: 5. Durtng th(; starter 

period . the dIetary treatments had non slgnlflc;,mt (P > 0.05) effect 011 weight of lymphOid organs 

expressed as a percent of live body weight. However. during the grower-finiSher period broiler 

chickens fed the diets supplemented with LC+EOM ml.x had slgniflcant (P < 0.05) higher weight 

of thymus and bursa relative to body weight compared to the control. In addition . chickens fed 

diet supplemenled with EOM had Significant higher weight of bursa compared to the control. 

These results a re consistent with that of Deng et at. (2006) who found that supplementation of 

LC at 100 and 1000 mg/kg to leghorn-type chickens had no slgnlOcant effect on weight of spleen 

or bursa relaUve to body weight. while weight of thymus relative to body weight had Significantly 

Increased only at level 1000 mg/kg supplemented for 12 weeks. 1n the present study. the slgnln

cant higher relative thymus weight In birds red LC+EOM supplemented diet than the control 

may Indicate a synergistic eITect between the two addlUves. The Interpretation of this result Is 

unknown. but both addlUves could had modified lipid metaboUsm or enhanced secreUon of hor

mones . such as insulin. Insulln· Hke growth factor-I (Musser et aI .• 19(9) or trl1odothyronlne 

fT,ll (Buyse et al .• 2001) as many lipid and hormones are lmmunomodulators (MUM and Cald

er. 1998 and Marsh. 1994). 

During starter phase. broiler chickens fed diet supplemented wl.th LC+EOM had a s ignificant 

(P<0.05) higher value of antibody titer than those fed the control or LC supplemented diets. Ad

dltlonally. antibody titer In the sera of birds red diets 5upplemented with Le. EOM or LC+EOM 

during the grower-finisher phase were non Significantly (P > 0.005) different. whlle birds fed diet 

supplemented with LC+EOM mlx had slgnlflcant higher antibody Uter than that of the birds fed 

the control diet. Although. supplementation of LC or EOM did not Influence the antibody titer. 

the obtaJned results confinned a favorable effect on Immune response when both additives were 

supplemented together. BenefiCial effects of LC supplementation on Immune response of broiler 
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were reported when supplementary LC at 100 mg/kg In diet of broiler chicken had enhanced the 

primary and secondary responses of lmmunoglobuHn G to bov1ne serum albumin (Mast et aI •• 

2000). Also, serum Immunoglobulin G was slgn lficanUy Improved when diet of broiler chickens 

was supplemented with LC at 75 or 100 mg/kg (Geng et at., 2007). S1mllarly. addition ofLe to 

drtnking water a t I gil enhanced both bovtne serumalbumln-speclfic Immunoglobulin G and 

Immunoglobulin M responses In adult female pigeons (Janssens ct at ... 2000). With regard to 

its role In cellular Immunity. LC was round In lymphocytes at high concentraUon. Inhibited 

apoplosls or lymphocytes (Moretti et aI •• 1998) and enhanced the proliferative response of hu

man lymphocytes to anugens (De Slmona ct aI., 1994). Herbs and plant extracts minimize 

pathogenic bacterial activtty and stimulate the growth of henefidal bacter1a which has a role In 

acquired mucosal Immunity In tile gastrolntestinal tract of poultry (Cebra. 1999; u.u.ghOQt. 

2000; and WeD. 2000). Thyme and clove are two herbs that have been proposed as alternaUve 

to antibiotics for organiC poultry Industry (Griggs and Jacob. 2005). Thymole and carvacrol, the 

major components of thyme 011. had been shown to have potent antioxidant properties CAesch

bach at aJ., 1994). The Improved Immune response of broUer chicken because of essential 011 

could be attr1buled to Improved hepaUc anUoxfdant status due to decreased lipid peroxldatlon 

and tncreased hepatic glutathione and superoxlde dlsmulase acttvtUes (AI-Ankarl et &1., 2(04). 
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Table (II : Ingredients and calculated compositIon of the experimental diets I . 

lD.gred1ents 

Yellow com. ground 

Soybean meal. 44% 

Com gluten meal. 60% 

Fish meal. 65% 

Soybean oil 

Lyslne-HCI. 78% 

DL-f~·jethlon'ne. 99% 

Limestone 

DlcaJclum phosphate 

Vitamin and rTtlneral prcmt.x2 

NaCI 

Calculated compo.ltt.on' 

ME. Kcal/kg 

CPo % 

EE. % 

CP. % 

Ca,% 

Total P. Ott 

LySlne. % 

Meth ionine. % 

Starter 

55.67 

32.20 

4.30 

2 .80 

1.80 

0.13 

0 . 15 

US 
1.20 

0 .30 

0.30 

2998 

22.98 

4.49 

3 .47 

UO 
0.66 

1.41 

0.58 

Diets 

Grower-Ont. bel' 

62.00 

23 .00 

:; 20 

2 .80 

3.60 

0.15 

0.16 

1.24 

1.25 

0 .30 

0.30 

.1 197 

10.0 

6.336 

3.04 

I.lI 

0.65 

US 

0 .55 

L dlelS Included: (I) control diet. (2) control diet supplemented wllh L-camltlne (LC) at 150 mgJkg. (3) 

control diet supplemenled with essential 011 mix (EOM) (200 mgJk8 thyme all + 200 mg Ikg clove oil), (4) 

control dIet supplemented with L-camJUne plus essential otl mJx (LC+EOM). 

2 proVide per kg dIet: vitamin A (palmitate). 12.000 IU: VitamIn D (cholecalciferol. 2 ,500 IU: Vilamln E 

L-\ocopheroll 12 mg: !lamln K3 (menadione), 2.5 mg: Vitamin B
L

, 1.2 mg: vJtamln 82. 6 mg: 

pantotheniC acid. 12 rng: rollc aCid. 1.2 mg: niac in. 36 mg; pyrldOx.lne,2 mg: vitamin BL2 • 0 .01 mg: 

biotin. 0.06 mg: . Choline. 500 mg: Iron. 36 mg: copper. 5 mg: manganese, 72 mg: zinc. 60 mg. Iodine. 

0.45 mg.: selenium. 0. 12 mg. 

3 Calculated accurdlng to feed composition tables NRC (1994). 
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