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ABSTRACT 

11lis work was carried out 10 Siudy l he cIJects ojearly·life supplementation ole/lro· 

mill/ll piculillUIC. (erP). c."scntiol oil filL.\'" {EOM} (Alli:>e. oregano and garlic oils) or chro­

mium piea/ino te plus e.,>senUol oils mt>.- (CrP+EOM) on growth peiformanee. some serum 

!lIcl(ll)(Jli/C~. ("('("ol 1II,, -. oflOl'o. IY"'I'IIoicl nrqoll.'> (lII(J illlmW IC response ag(1in~t NewcHs ' 

lie diseose vinls Velcci /IC in uroiler cllickcl/s. OIiC hundreu eighty dO!J ·old chicks oj COlli' 

IIlcrcia/llICat t!Jpe (Co/)I.J-500) were randomly divided IlIloJourtrecdment !Jroups. Each 

lreo/ment group L/,.'as jurUler sub-diLJided into three rep/tcates oj fifteen chicks each. 

Chicks were Jed isoca loric (3005.3211 Kenilleg ME) and isoniuogenous (23 and 20 %. 

CP) simler and growerjinislter diets supplemented wiUt CrP at leuel oj 1500 ppu. EOM 

nl /('uds (!! 200 !1l(J nnise oil. 200 mg oregano oil and 100 mg (lo r/ic oil lle{] diet. or 

CrP+EOM. Slarter diets lUcre proLJided to cldcl(sJrom 1-2 1 days. w hile grower-Jinislter 

chets were prouided from 22·42 days oj age. Chicles were vaccinated against Newcas· 

Ile ( lisen_se virus usillg Hi/c!lne r and Lasota vaccines at 7and J 4 dClyS of age. respec­

tively. Body weiglll and feed intake were measured during each f eeding pl!ose and 

Jeed conversion raHos were calcula ted. At 2 1 and 42 days of age. six chickens Jrom 

eoch orOHP were randOl'll!! chosen. killed b!J decapitation W id Ihe cecal conlents were 

collecled oseptically jor bacteriological examillotioll. Thymus. spleen . burs a alld ceei 

were indlvidua lllJ weighed and expressed as a percent oj live bod!J weigh t. Blood sam· 

pies were col lected £0 measure haemagglutinating antibodies USlng haemagglulinalion 

inhibitio n lest. At end oj the experiment blood samples were collected to measure glu· 

cosc. total protein. lotal cholesterol. high denSity lipoprotein (HDLP) and [ow density lip­

oproleiIl (LDLP) . Tile obtained results revealed lIwt CrP. EOM or CrP+EOM supple men­

tC/fion had significantly (P < 0.05) increased body weight and daily gain compared to 

the conlrol. MoreoLJer. EOM or CrP+EOM s upplemenlation had SignifICantly increased 
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feed inlalee when compared to rhe conlToI. while Peed conversion ratios were signlji.· 

cantly decreased due to CrP or CrP+EOM supplementation. Sernm glucose, total choles· 

cerol and LDJ., Significantly IP < O.05J decreased due to CrP. EOM or CrP+EOM supple· 

mentation. while total protem and HDL were sfgnificwHly tncreased due to CrP or 

CrP+£OM supplementation . Supplementatlon oj the diets wilh CrP. EOM or CrP+EOM 

had signiftCanHy increased weight of the bursa, while weight of thymus. spleen or cecl 

was 1I0t s ign{/lcantly affected. Total bacterial count and pH oj the cecal contents in 

broiler chickens fed the dlet supplemented with CrP+EOM mix was significan tly de· 

creased , whUe addition oj CrP. EOM or CrP+EOM had signiflcQJlUy reduced Gram -ve 

bacterial count Broiler chickens Jed diet supplemented with CrP+EOM had a slgnifi· 

canl higher value oj heamagglutinati11g inhibition antibody ti1e~ (n their sera. It could be 

conduded that. supplementation oj CrP, eOM or CrP+EOM to broiler diets have benefi' 

cial effects as evidenced by Improved growth performance parameters and some serum 

biochemical constituents. Health status and immune response oj the birds were en· 

hanced especially due to addition ojCrP+WM. 

INTRODUCTION 

2 

Chromium Is a well-known essential trace element for both human and animals since 

1959 (McDonald et at .• 1992) and wtdely dis tributed throughout the body (Nielsen. 1994), 

Chromium Is also Involved in lipid, protein and nucleic acid metabolism (Press et aI., 

1991, and Lein et aI., 1999) and also most associated With carbohydrate metabolism, being 

necessary for opUmal Insulin function and glucose uptake by insulin~sensltlve cells (Anderson. 

1985 and Mooradian and Morley. 1987). Research on anlmaJs has connrmed that chromium 

from organ iC complexes such as chromium plclonate, nlcotate and high chromium yeast Is abo 

sorbed more efficlenUy. about 25-30% more than Inorganic compound I1ke chromium chloride. 

which Is poorly absorbed regardless of doses or dietary status (Underwood and Suttle. 1999: 

Mowat, 1994). NaUonaJ Research Council (NRC. 1989) has recommended an Intake of 50 to 

200 ppb of trivalent chromium for adult humans , However, an appropJ1ate recommendation of 

the chromium requirement of poultry has not been made (NRC, 1994) and most poultry diets 

are baSically composed of plant origin feedstuffs, which are usually low in chromium content 

(Girl, 1990). 

Chromium improves Immunity and growth {Chang and Mowat, 1992). In some studies, chro· 

mlum Increased (AmolkoD ct ai" 1995) or decreased (Kitchalong et aI. , 1995) serum choleste· 

rol. Improvement in growth rate and feed efficiency wtth turkey poults were reported when inor­

ganic chromium was supplemented at 20 ppb (Steele aDd Rosebrough 1981), While Ward et 
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al. (l9931 reportl.:o that organic chromium supplementaUon at 200 to 400 ppb did not affect 

weight gain. k rd intake. feed conversion ratio of broilers up to 3 weeks of age. SaWn et aI. 

(2001J reported that organic chromium supplementation particularly at 1200 ppb. increased the 

perrormance criteria. egg quality and serum Insulin concentration of J apanese quaIl. However. 

Chromium plc\onate supplementation did not a ffect body welgh l. feed consumption or feed con­

version ra llo of broilers during 1-21 day when supplied elUter at 300 or 400 ppb (Hossain et aI .• 

199B) . 

It has been stated that dietary anUblotics had played a fundamental role In broiler Industry 

as growth and health promoters. However. due to the rapid and continuous development of mi­

crobIal drug resIstance, higher cost of medication. consumer needs for poultry products free of 

drug residues. and the ban of most of an tibiotics as feed addlUves In several countries (Gunal et 

al .. 2006 and Oviedo-Rondon ct aI .• 2006). there Is an IncreasIng interest In the search for al­

ternalc products that can aid In growth promoUon. Improved feed utilization and maintenance of 

gut hea lth . Herbs have been used as food and ror medicinal purposes for centuri es. The world­

H C;l ltlJ Orga nizaUon eS Umated that 80% of the earth's Inhabitants rely on herbs and plant ex­

tracts or their active components for Lheir primary hea lth ca re needs (Clftci et aI .• 2005). In 

this view. aromatic plants and essential oils extracted from them are being more Important duc 

to their antimicrobial properties and the stimulating effects on animal digestive system (Lee et 

aI .• 2004). EssenUal oils are natural vegetable products extracted by sleam and/or water dlstil­

la Uon. Most essential oils consists of mixture of hydrocarbons. alcohol. es ters. aldehydes. ke­

tones and sma ll percen tage of non volatile res idues such as paraffins and waxes (Zhang. et al .• 

2005). In addition to their antimicrobial activiti es (Singh et al., 2002). there Is ev1dence to sug­

ges t lhat essen tial 0115 possess biological activities such as lhat of antioxidants f8otsoglou et 

al .. 2002 aDd Miura et aI .• 2002) and as hypocholesterolemics (Craig. 1999) and SUmulate ef­

fecl on animal diges tive enzymes (Williams and Lesa, 2001 and Heroao.dez et aI .• 2004). 

Thererore. the present experiment was planned to study the Impact of early ltfe supplementaUon 

of chromium or a mlxture of essential oil (anise, oregano and garlic olll In early \tfe on growth 

performance. some serum me taboUtes. cecal mlcronora. lymphOid organs and Immune response 

agai ns t New castle disease virus In broiler chickens. 

MATERIALS AND METHODS 

Birds. management aDd diets: 

One hundred eighty one-day-old chick of a commercial meat type (Cobb 500) obtained from a 

local commerCial hatchery were used In this study. On arrival, chicks were weighed Individually 
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and randomly allocalcd to four treatment groups. Each trea tment group was rurther s ub-divided 

into thrce rl;:plica tes of nrteen chicks each. Chicks were reared In naturally ventilated open house 

with wood shav1ngs as Iit(er. Isocaloric and IsonlLrogenous starler and grower-finisher diets were 

formulated to meet the nutrient requirements of broiler chickens according to NRC (1994) as 

shown in Table \ . The dietary treatments consisted of one control diet and the other three exper­

Imental diets were supplemented with chromium Plcionale (erP) at level of 1500 ppb. essenUal 

oil mix (EOM) at level of 200 mg an ise all. 200 mg oregano ot! and 100 mg garltc at! /kg diet. or 

chromium plclonate plus essenUal oil mix (CrP+EOM) . Feed and water were available at all 

Umes. Sla rter diets were provided to chicks from 1-21 days, while grower-nnlsher diets were pro­

vided from 22·42 days of age. Chicks were vaccinated against NewcasUe disease virus using 

Hitchner anc1 Lasota vaccines at 7and 14 days of age. respectively. 

Growth performance and serum biochemical parameters: 

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

r:llins W('f(' calculated . At end of the experiment. blood samples were collected (through wing 

vein puncture) from sUe birds In each treatment group (two bird / replicate). centrifuged and the 

clear sera were used for detennlnatlon of glucose (TriDder. 1969l. total protein (Cornel et aJ ., 

1949). total cholesterol (Melattlni. 1978), high denSity lipoprotein (Clark et al., 1983) and low 

denSity lipoprotein (Frledwald et aI., 1973) using the available commercial kJts. 

Bacteriological examination; 

Collection of the samplea ; 

At 21 and 42 days of age. six chickens from each group were randomly chosen, killed by de­

capitation. Thymus. spleen. bursa and cecl were removed, Individually weighed and expressed as 

a percent of live body weight. while pH of the cecal content was measured using a pH meter and 

part of tht: cecal contents was asepUcally collected for baclertoiogJcal examlnaUon. Also. blood 

samples were collected at 21 and 42 days of age and clear sera were obtained determine haem­

aggilltinatlng anUbodies titer using haemaggIuUnaUon InhlblUon test. 

Determination of total bacterial count, Gram -ve and lactobacillus bacteria: 

About 0 . 1 to 0 .5 g of cecal contents from each killed chicken {sUe chicken from each group) 

was weighted and placed In a slertllzed glass tube. The Initial dtlutlon was made by adding 9 vol­

umes of sterlle saline (NaCI soluUon 0.9%). Further serial 10 fold dlluUons using sterile saline 
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solu tion were made. Following dilution. 0.01 ml of the suspension from the dilutions. Including 

the Initial dilution. werc w ken and spread on Nutri ent agar for determination of aerobic total 

bacteria l cou nts and MacConkey.s agar for determination of Cram negative bactenal counts. The 

plates we re aerohlcally IncuiJated ror 24 hr at 370C, and tile number of cfu per gram of cecal 

conte llt Wtls ddcrmined. On other ha nd. C. perfrlngens was Isolated on sheep blood agar which 

Is supplemented wi th Neomycin 200 J..Ig / ml and Incubated anaerobically at 37°C for 48 hours. 

Mann Rogosa Sh<lrpe (MRS) agar. from Oxold. was used for Isolation of Lactobacillus. The plates 

were anaerobically Incu bated for 48 hr at 37°C. and the number of du per gram of cecal content 

was determined (Elsayed. 2002). 

HaemagglutJnation inl1.lbition (HI) test : 

AnUgen ofNDV was diluted In HI buffer to contain 10 haeOlaggluUnating unites (HA) In 50 Ill. 

One hundn ·,J III or antigen was deposited In all wells. Twenty five ~I of serum was depOSited in 

the Orst well ' ; s l n~ 25 fAl OllcroUter diluter. Fifty III from each well was serially passed from each 

well using a mlcroUter tra nsfer diluter. The plates were Incubated for 20-30 minutes at room 

temperature ail~ 50 JII of chicken red blood cell s (CRBC) 0.5% was added to all wells. The plates 

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

mined ac(;ordlng to V111egas (1991). 

Statistical analysis : 

The data were SltlUsUcaUy analyzed by analysis of variance using general linear model proce· 

dure (GLM)In a w1ndow·based statistical package program. SAS (1985) . 

RESULTS AND DISCUSSION 

Growth performance; 

The effects of chromium and essential all mLx on growth performance parameters or broiler 

chickens arc s hown In Table2. Treatments had slgnlflcant IP < 0.05) effects on body weight and 

weight gain duri ng the slarter period. Broiler chickens fed diets supplemented with either EOM 

or CrP+EOM had s s ignificant higher values of body weight (843.33 g and 868.33 g. respectively) 

and weight gain (38 .43 and39.54 g/day. respectively) as compared to that of broiler chickens fed 

the control or e rP supplemented dlelS. The dietary treatments had no significant (P > O.05) ef­

fects on either feed consum ption or feed conversion ratio during the starter period. ThroughOllt 

the grower-finisher period grov..1.h petionnance parameters were slgntOcanUy (P< 0.05) affected 
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dure (GLM)In a w1ndow·based statistical package program. SAS (1985) . 

RESULTS AND DISCUSSION 

Growth performance; 

The effects of chromium and essential all mLx on growth performance parameters or broiler 

chickens arc shown In Table2. Treatments had slgnlflcant IP < 0.05) effects on body weight and 

weight gain during the slarter period. Broiler chickens fed diets supplemented with either EOM 

or CrP+EOM had s significant higher values of body weight (843.33 g and 868.33 g. respectively) 

and weight gain (38.43 and39.54 g/day. respectively) as compared to that of broiler chickens fed 

the control or e rP supplemented dlelS. The dietary treatments h ad no significant (P > O.05) ef­

fects on either feed consumption or feed conversion ratio during the starter period. ThroughOllt 

the grower-finisher period grov..1.h petionnance parameters were slgntflcanUy (P< 0.05) affected 
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by the cllelary trLaLments as shown tn Table 2. Broller chickens fed diets supplemented wUh el· 

ther CrP or EOM had significant higher values of body weight. body gain and daily gatn as 

compared to that or chickens fed the control di et. Moreover. supplementation of Lhe diet with 

CrP+EOM had slgnlflcanlly (P < 0.051 Increased body weight. body galn and dally galn as com­

pared to the control or CrP supplemented diets . Supplementauon of grower-finisher diets wfth 

either CrP or EOM had no slgntncant effect on feed consumption as compared to the control diet; 

while supplementation of the diets w1th CrP+EOM had slgnlncantly (P < 0.05) Increased feed 

COnSUI)lpUOn of brollcr ch ickens as compared to the control. Feed conversion raUos differed slg­

nlOc:a ntly among the dietary treatmenls. Broiler chickens fed d iets supplemented with CrP. EOM 

or CrP+EOM had Significant (P <: 0.05) lower feed conversion raUos (2.13, 2.14 and 1,99, respec­

tively) as compared to the control one (2.3). 

An effect of dietary treatments on aJlover growth perfonnance parameters of broiler chickens 

lhrnllglwut the experimental pcnod Is shown In Table 2. Broiler chickens fed diets suppklln:lll· 

ed with either CrP or EOM have significant (P < 0.05) higher values of fi nal body weight (2020 

and 2103.33 g. respecuvely) and daily gain (47.24 and 49 .2 1 g/day, respecUvely) as compared to 

tha t of the con trol (1843 g and 42.7BgJdayJ, wh ile broiler chickens fed diets supplemented willi 

CrP+EOM have Significant higher values of body weight (2239 g) and dally gain 152.40 g/ day) 

when compared to broiler chickens fed the oilier diets. AddlUon of EOM 011 or CrP+EOM had slg­

nlficanlly (P < 0.05Jlncreased average feed consumption of broiler chickens (91.06 and 92.51 g, 

respectively) compared to the control (86.09 g) . Broiler chIckens fed diet supplemented with CrP. 

EOM or CrP+EOM mlx have SIgnificant lower values of feed conversion raUos (1.89. 1.85 a nd 

1.76, respectlvely) when compared to Lhat of the control (2 .01). Moreover, feed conversion raUos 

of the chickens grou p fed diet supplemented w1th CrP+EOM was signlficanUy lower than that of 

the group fed the CrP supplemented diet. while no significant difference was detected between 

group fed the CrP or EOM supplemented diets. 

The improved growth performance parameters for broiler chicken fed the CrP supplemented 

diet is in accordance w1th the results of Sahin et aI. (2002) who found that supplementaUon of 

broiler diets With either 200.400.800 or 1200 ppb erP had resulted In s igniflcant (P < 0.05) lin· 

ear Increase In body weight. feed Intake and feed efficiency. Also, Increas ing supplemental CrP 

up to 1200 ppb was found to significantly (P < 0.05) Increase body weight. feed Intake and feed 

effiCiency in laying Japanese quail (SahiD et at .. 2001), broiler Japanese quail (Ezzat et at., 

2006) and broiler chickens (Mohamed. anc1 El~Sayed.. 2001). The improved growth performance 

parameters due to chromium supplemenlation confirm Its benenClaJ effects on physiological 

functions required for growth performance. 

The pnmary role of Cr In metabolism Is to potentiate the action of Insulin through its pres-
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ence In an organ ometa llic molecule. the glucose tolerance factor (Anderson, 1994 and Sabin et 

al., 2001 and 2002) . Insuli n metabolism InOuences llpld pero:ddation (Gallaher. 1993); and 

chromium. as an Insulin potenUator. Is therefore postulated to function a s an anUoXidant 

(Preuss et al ., 1997). Moreover . Cr Is thought to be essential for acUvating certain enzymes and 

fo r stabilizing prote ins and nucleic acids (Linder et al .• 1991). Cr denclency can disrupt carbo­

hydrate and prote in metabolism. reduce Insulin sensitivIty In peripheral Ussues a nd Impatr 

growth rale (Pagan et al .. 1995). 

The Improved feed uUI1z.atlon In the group fed 80M supplemented diet could be due to the ac­

tive compounds such as thymoJe and carvacrol In oregano 011 and anothole In anise all which 

have dlgesUve stimulating effects (Cabuk et at., 2003). Besides. these active Ingredients have 

been reported to possess antimIcrobial (Burt : ,nd Reinders. 2003 and Tabanco. 2003). In addi­

tion . s tudies h ad s hown that essen tial oils Increased digestion of protein. cellulose and fal (Jam­

roz and Kamel. 2002}. Improved apparent whole tract and Ileal diges tibility of the n u trients 

(Hernandez et aI., 2004) and Increased effects of pancreauc lipase, and amylase (Rama.1r.rashna 

et al .. 2003). A number of s tudies have reported the positive effects of essential oils on food dl · 

gesUon are due to Increased bile secreUon (Bbat and Chandrasekhara, 1987 and Sambalah 

and Srlnlvasan. 1991) and / or stimulate digestive enzyme actlviUes of Intestinal mucosa and of 

pancreas (Platel and SrlnJvasan, 1996, aDd 2000). In a ddition . thymole (Active Ingredient In 

oregano all 0 at level of )00 ppm was found to sUmula te secretion of pancreaUc diges tive en · 

zymes. I.e. a mylase, lipase. trypSin and chymotrypsin In female broiler ch ickens (Lee et at" 

20031. 

Tolba and Hassan (2003) found that garlic as a natural feed addtuve. Imp roved broiler 

growth . feed conversion ratio and decreased mortality rate . Garlic ott In essential all mix might 

have a ro le in Improvement of growth performance Indirectly through Its effect on mIcron ora. 

minimizIng gaslrointesUnal bacteria . It had been hypotheslzed that gut mlcroflora decrease nu· 

trient absorption by Increasing thickness of gastrointesUnal tract. the rate of dlgesUve passage, 

and also Increase nutrient reqUirements of the host by Increasing t urnover of the gut mucosa 

and competing with the host for the dietary energy a nd protein (Apajalathl et aI .• 2004) . Adlb­

mondi et aI. (2006) reported that garliC meal as a feed addlUve significantly Increased vtllus 

height and crypt depill and decreased epithelial thickness and goblet cell n umbers in duode· 

num. Jejunum and Ileum ofbrotler chickens. Thinner IntesUnal epithelium enhance nutrient ab­

sorp tion and decrease th e metaboltc demands of the gastrolntesUnal system (Vlselt. 1978). th Is 

In tum. Increase net energy committed to maintaining the luminal tissue comes out at the ex· 

pense of more producUve purposes such as muscle accreUon (Bedford. 2000) . 
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Serum biochemical parameters : 

The eITed of dietary treatments on serum biochemical parameters of broiler chickens 

Is shown In Table 4. The results showed that broiler fed diets supplemented with erP. 

EOM or CrP+EOM have s Ignificant (P 0.05) lower values of serum glucose (137.16. 167.45 and 

l 36.33 mg/dl. respectively) compared to that of the control group (191.25 mg/d\). Moreover. 

supplemenlallon of diets with CrP+EOM had slgnllkantly decreased serum glucose level com­

pared lO supplementation wHh EOM only and this nUght Indicate a synergisUc effect. TIlese re­

sults are in agreement wIth other reports (Mohamed and El-Sayed, 2001; Sahin et aI., 2002: 

and Ibrahim 2004) where dietary supplementation witil CrP at concentration ranged from 200 

ppb up to 3200 ppb had significantly decreased glucose concentration In serum of broilers 

chickens. Similarly. glucose concentration In serum of broiler Japanese qUails was signlficanUy 

reduced when their diets we re supplemented \ViOl CrP a t levels ranged from 200 up to 1200 ppb 

(Ezzat et aI., 2006) . It has been sugges ted that Cr stimulate the biological acUv1ty of Insulin by 

IncreasIng Insulin senslUve cell receptors (Ward et aI •• 1994). In addition. Cr Is a component of 

glucose tolerance faclor that work \v1th Insulin to move glucose Into cells for energy generation 

(Sabln et al., 2002) . AJso Increased Insulin secreUon due to Cr supplementation is associated 

with decreased corticoste rone secreUon (Sabin et aI., 2001). It Is well known that cortJsole pro­

motes gluconeogenesis and reduces glucose utilizaUon (Cupo and Donaldson, 1987). Rose­

brough and Steele (1981) reported that turkey fed diets supplemented with Cr had greater liver 

glycogen levels as a result of Increased activUy of the enzyme glycogen synthetase. The signifi­

can t decrease of glucose In the group fed diet supplemented with EOM could be due to the antl ­

hyperglycemic activity of oregano all. where SabeUao (2004) found that oral ad minis tration of 

aqueous extract of Wild oregano produced a sign ificant decrease on blood glucose level In diabet­

Ic rats. 

S upplementation of diets with CrP or CrP+EOM had Significantly (P < 0.05) Increased serum 

total protein f7 .66 and 7.53 g/dl. respecUvely) when compared to the conlIoi or EOM supple­

mented diets . Enrtchment of the diets with CrP. EOM or Cr+EOM had slgntncan tJy CP < 0.05) de­

creased total cholesterol (91.38. 86.0. and 86.33 mg/dJ, respectively] and LDL (18.1. 17.3 and 

15.23 mg/dl. respectively) as compared to the conLrol ones (105.33 and 34.12 mg/dl. respective­

ly). Broiler chickens fed Ole CrP-supplemented diet have Significant (P < 0.05) high values of 

HDLP In their sera as compared to that of chicken fed the other dietary treatments. These nod­

Ings assure the role of Cr In decreasing Incidence of coronary heart disease In huma n. Howard 

et al. (l993) Indicated that Insulin Increased liver LDL receptors and consequently reducing the 

LDL level in tl1e serum. Lin et aI. (1999) found that the supplementation of CrP had effectively 

decreased serum total cholesterol and Increased HDL In serum of laying hens. Dietary supple~ 
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mentation of broiler diets with CrP at l200 or 3200 ppb had slgntncanUy decreased total choles­

terol and LDL a nd Increased HDL (Lew et aI., 1999 and Mohamed and El-Sayed, 2001). In ad ­

dlUon. the study of Ezzat et aI . (2006) had showed that supplementaUon of brOIler Japanese 

quail vrlth erP at levels up to 1200 ppb had signlftcan Uy decreased total cholesterol LDL while 

Increased HDI... It had been hypotnestzed that Cr act as activator of the biologIcal activity of In­

su lin which depresses adlpocyte lipolysIs by reducing the activity of cAMP and hormone sensi­

tive lipase (Lambert and Jacquemin, 1979) and Increases glucose utilization for glycogen for­

mation (AnderSon et aI .• 1991). 

The role of herbs and their essential oils as to their cholesterol lowertng properties has been 

reviewed (Craig. 1999). The pure components of essenUal oils were found to Inhlb\l 3-hydroxy-

3-methyl glutaryl coenzyme A (HMC-CoA) reductase activity which Is a key regulatory enzyme In 

cholesterol synlhesls (Crowel. 1999), as a result. a hypocholesterolemtc effect of essential oils Is 

expected . Gold.tein aJld Brown (1990) proposed lhat the complete Inhibition of cholesterol syn­

thesis reqUires two regu lators. I.e . cholesterol derived from low density lipoprotein and a non­

sterol products der1ved from mevalonate , both of which modulate HMG-CoA reductase acUvity. 

Thymole ilnd carvacrol In essential all mtx might had Induced a regulatory non-s terol product as 

proposed by Case et al. (199ft} and Elson (1996). Garlic oU was found to decrease the Incorpo­

raUon of acetate Into cholesterol and Increase fecal bile acid and neu tral sterol excreUon (Chang 

and Johnson, 1980). Qweahl et aI . (l983) studied the effect of garlic 011 on lipid metabolism In 

White Leghorn pullet and found a significant decrease In hepatic HMG-CoA reductase (79-83%), 

choleslerol 7-_-hydroxylase (43-51%) and fatty acid synlhetase (17·29%). as a result, a Signifi­

cant decrease In serum total cholesterol by 20-25%, low denSity Upoproteln cholesterol by 28-

45% and tnglycertdes by 10-28% was reported . Allin and allicin, highly polar and odorous com­

pounds tn ga rlic oll were reported to have hypocholesterolemlc propertJes (AugusU and Mathew, 

1974 and Vanderboek. 1980). 

LymphoId organa and cect : 

The effect of dietary treatments on weight of lymphoid organs and cecl Is shown In Table 4. 

During the starter pertod. treatments had no slgnincant (P > 0.05) on either absolute weight or 

lymphoid organs and cecl or the weight as a percentage of the Uve body weight. However. at the 

end of grower-finisher pertod, broiler chickens fed diet supplemented with erP, EOM or 

CrP+EOM have a significant (P < 0.05) higher weight of lymphoid organs compared to the con­

trol. 
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end of grower-finisher pertod, broiler chickens fed diet supplemented with erP, EOM or 

CrP+EOM have a significant (P < 0.05) higher weight of lymphoid organs compared to the con­

trol. 
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Mlcroflora. cecal pH and immune response: 

The effec l of supplementing broiler diets with erP. EOM or CrP+EOM on mlcrofiora popula­

tion of the cecl. cecal pH and Immune response against Newcastle disease vtrus Is displayed In 

Table 5. The treatments had 00 Significant effect on either. total bacterial count. gram negative 

or lactobacillus at the end of the sta rter per1od. However. at the end of the grower-Onlsher per1-

ad . tolal bacterial count as well as Gram - vc bacler1a were significantly (P < 0.05) reduced In the 

('('cl of chickens (ed the diet supplemented with CrP+EOM as compared to the cecl of chickens 

fed the other diets. On the other hand, addition of erP. EOM or CrP+EOM had slgnlflcantly (P < 

0 .05) decreased the colony fanning unit of gram negative bacter1a as compared to the control. 

The Intestinal mlcrofiora plays a role In acq uired mucosal Immunity and enteritis (Cebra. 

1999; KeUy aDd Conway. 2005). Normal gut mlcroflora In healthy birds inhibits the pathoge­

nlcty ('If ClosU1dla perrerenges (Fukata et aI" 19911. and modulates the Immune responses 

again::> l coccidia (Dalloul et aI., 2003). The resulls reported herein are consistent with the find­

Ings of Ross et at. (2001) who Indicated that garlic all possesses a substanUal and broad­

spectrum antibacterial actIvity against Gram poSItive and Gram negative bacteria. The antimi­

crobia l properUes of garlic 011 was attributed to Its content of allicin. These properties were con­

finn ed against E. coli and Staphylococcus aureus (Hughes and LaW8on, 1991). In addition . gar­

Hc 011 has been shown to Inhibit E. coli and Salmonella typhlmurium in vitro (JohnSOQ and 

Vaugb.n. 1969). Mit8ch et ai, (2004) found that a speclflc blend of essential 011 components can 

control Clostridium perfertnges colonLzation and proliferation In the gut of broiler and therefore 

may he of help to prevent problems with necrotic enteriUs. Dietary addition of essential oil bknd 

showed a significant decrease In colony forming units of E. coli In neo-cecal dlges La . Eugenol. 

component of the essential oil from cloves, has been shown to Inhibit S. lyphlmurium and E. coli 

In vitro (Karaplnar aod Aktug. 1987; Helander ct &1., 1998). SlrnJlarly. carvacrol. a major com­

ponent of essential 011 oregano has been shown to be a strong Inhibitor of E.coli (Friedman tit 

aI .• 2(02). Jang et aI. (2007) found that dietary addition of essential 011 blend showed a signifi­

cant decrease In colony forming unit of E. coli In Ilea ·cecal dlgesta. No significant differences In 

pH values of cecal content were detected due to the dietary treatments, although diets supple­

mentcd with EOM or CrP+EOM tended to have lower values compared to control. 

The effect of dietary treaUnents on the immune system response of broiler to Newcastle dis­

ease virus live vaccIne Is displayed In Table 5. At the end of the starter phase. the results 

showed that supplementation of the diet with CrP+EOM had significantly (P < 0.05) Increased 

haemaggluUnaUon InhibItion antibody titer against Newcastle disease virus when compared to 

that of the control. FurthemlOre, the antibody titer In broiler chickens fed the diet supplemented 

v.r1th CrP+EOM sustained high during the grower-finisher phase and recorded a significant high · 
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e r value as compared to thal ln broiler chickens fed th e other dietary tratements. e rP was found 

to Increase total globulins. Immunoglobulin M (Chang IUld Mowat, 1992) and Immunoglobulin 

G I (MooDesi-shageer aDd Mowat , 1993). Improvement In immune response may be due to a 

reduced corusol production associated With e rP s upplementation. It had been reported that cor­

tisol has Immunosuppressive effect and Inhibits production and activities of cytokJnes and anti­

bodies (Kegly and Spears, 199:5). In addition . CrP supplementation in s tressed animals can 

preven t urtnary losses of zinc. Iron. copper. manganese and selenium (A.D.der8oD et at . . 1988) . 

The defiCiency of such minerals h ad been reported to lower res istance to diseases (Bull. 1990). 

The su rpass Immu ne response In the group fed the die t supplemented with CrP+EOM may be 

due to a synergisUc effect between the two additives . Herbs may h ave other benefiCial effects 

s uch as Immune and /or endocrtne s timulan ts. Chang et aI. (1998) found that garlic oil Inhibit­

ed _6 desturase enzyme acUv1ty and changed the membrane arachidonic acid content of liver 

cells In rat. both of which had Immunomodulatory potential. Al-An.kari et aI. (2004) related the 

Improved Immune response of broiler chicken because of essenU al 011 to: Increased total blle se­

crclion. Improved hepatic antloxJdan t status . by decreasing lipid peroxldaU on. Increased hepatic 

glulalhlotlc and superoxldc dlsmutasc activity. 

Gene rally. th e resu lts of th e present study indicated that supplementaUon of CrP. EOM or 

CrP+EOM broiler diets had beneficial effeets as evidenced by Improved growth performance pa­

rameters and some serum metabolites. Health s tatus and Immu ne response of the birds wert.! 

enhanced especia lly due to CrP+EOM supplementaUon. 
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Table 1. Ingredients and calculated compos ition of the experimental diets' : 

Ezperunental dleta 

Ing.redienta Starter Crower-tlniaher 

Yellow corn. ground 56.00 62.50 

Soybean mea!, 44% 31.10 22.00 

Corn gluten meal. 60% 4.96 5.50 

fish meal, 65°;i) 3.00 3.00 

Soybean 011 1.70 3 .60 

Lys lne·HC\. 78% 0.16 0.20 

DL--Methlonlne,99% 0 . 13 0 . 16 

LhncstOlIC 1.15 US 

Dlcalelum phosphate 1.20 1.29 

Vitamin and minerai premIX' 0.30 0.30 

NaC! 0.30 0 .30 

Calculated compoaiUoD' 

ME. Keal/kg 3005 321 I 

CP.% 23.0 20 .0 

EE. % 4.41 6.38 

CF.% 3.42 2.99 

Ca. % 1.10 1.10 

Total p, % 0.65 0 .65 

Lysine. °Al 1.41 1.19 

Methionine. % 0.56 0.55 

• s lnrtcr and grower nmshcr dlels were supplemented wtth CrP (1500 ppb) , EOM (200 nlg 

Mise 011. 200 mg oregano 011 and 100 mg garlic on Ikg diet) or CrP+EOM. 

1 ProvIde per kg diet: vitamin A (palmllate). 12.000 'U; vitamin 0 fc holeealctrcrol. 2.500 

IU: vllamln E l·tocopherol) 12 mg: vitamin ~fmcnadlonel, 2.5 mg; vitamin 8,. 1.2 mg: 

vHamln 132. 6 mg: pantothenic acid, 12 mg: folic acid. 1.2 mg: niacin. 36 mg; pyridoxine. 

Z mg: ",lIamln B'l' 0 .01 mg; biOtin. 0.06 mg: , Choline. SOD mg: Iron. 36 mg: copper. 5 

mg: manganese. 72 mg: zinc, 60 mg. iodine. 0.45 mg,: selenium. 0.12 mg. 

3 Caiculaled according to feed composluon tables NRC (1994). 
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