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ABSTRACT

This work was camied out to study the effects of supplemental L-conttine [LC), es:
sential olls mix (EOM) (thyme ana clove olls) or L-camlifine plus essential oil mix
(LC+EOM) on growth performance, nutrignt digestibtitty, some serum metabol(tes, lym-
photd organs and immune response agalnst Newcastle disease virus vaceine in broiler
chickens. One hundred ninety two day-old chicks of conunerclal meat type (Ross) were
randomly divided into four treatment groups. Each btreatinent group was further sub-
divided into three replicates of sixteen chicks each Chicks were fed tsocaloric and iso-
nitrogenous starter diets (3000 Kal/kg ME and 23 % CF) for three weeks and grower-
finisher diets (3200 Keal/kg ME and 20 % CP) for the next three weeks. Throughout the
growth phases, diets were supplemented with LC (150 mg/kg), EOM (200 mg/kg
thyme oll + 200 mg /kq clove ol) or LC+EOM. Chicks were vaccinated against Newcas-
e disease virus ustng Hitchner and Lasota vacetnes at 7 and 14 days of age, respec:
tively. Body weight and feed Intake were measwed duwing each feeding phase and
Jeed conversion ratios were calculated. A digestiblity orial was carried oul to determUie
dlgestibllty of dry matier, crude protein and ether extract At end of the study. six
chickens from each group were randomly chosen, killed by decapitation and blood
samples were collected for measurement of glucose, total proteln. (wtal cholesterol, high
density lUpoprotetn (HDL) and haemagglutinaiing anttbod(es against Newcaslle dis-
ease virus. Thymus, spleen. and bursa were hdividually welghed and expressed as a
percent of live body weight The results revealed that LC, EOM or LC+EOM supplemen-
tation have significant (P < 0.05) effect on body welght and dally gain. while feed in-
take was not sgalflcanty affected by any of the treatments. Supplementation of the
diets with EOM or LC+EOM had significantly (P < 0.05) decreased feed conversion ra-
liv. Dietary supplementation with EOM or LC+EOM had significantly increased digestt-
bility of dry matter, crude proteln and ether extract. Serum glucose and toinl cholesterol
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were significantly (P < 0.05) decreased due to EOM or LC+EOM supplementation. Die-
tary supplementation with LC or LC+EOM had significantly increased high density lipo-
protetn. The dletary treatments have no significant effect on total proteln (n serum.
Weight of thymus and spleen relative to body weight were was significantly higher in
brotler chickens fed diets supplemented with LC+EOM. Blirds fed dlets supplemented
LC+EOM have significant (P < 0.05) higher value of heamagglutinating tnhiblition anti-
body titer in their sera. It could be concluded that, supplementation of the dlets with
EOM or LC+EOM has beneficial effects as evidenced by improved growth performance
parameters, nutrient digestiblity and some serum metabolites. Health status and tm-
mune response of the birds were enhancea, especlally due to LC+EOM supplementa-

tion.

INTRODUCTION

Allover the world. antblotics have been used extensively as growth promoters in animal feeds
for many years. especially (n the flelds of poultry praduction. The prophylactic use of antiblotics
In anfmal feeds has made intensive farming possible and improved feed efficiency (Hernandez et
al., 2004). In the presence of low levels of antibliotics, resistant cells survive and grow producing
an anubiotic-resistant population. Therefore, objections to the use of growth-promoting antiblo-
tics are Increasing as consumers fear that their use in Hvestock feeds may produce harmful ef-
fects to humans (Deali et al., 2004). Consequently. the use of antibiotic as growth promoters
for brollers had been banned by European Unlon (1998) and limited to only four antiblotics that
are not associated with human treatrnents (avilamyetn and flavophospholipol as growth promat-
er additlves and salinomicin sodium and monensin sodium as coccidiostats). As a consequence.
efforts had been made to search for growth promoting alternatives and reduce the use of antibio-
tc growth promoters. For many years, herbs and sploes and their essential ofls have been used
as a pharmaceutical in alternatlve therapy and as a natural therapy (Mitscher ot al., 1887),
Commercial additives of plant origin. considered to be natural products that the consumer
would accept, have been proposed to animal producers. The chemical components of most es-
senlial ofls from plants are generally recognized as safe. and are used cammonly In the food (n-
dustry (Varel, 2002). There is evidence to suggest that herbs, spices and various plant extracts
have appetizing and digestion-stimulating properties and antimicrobial effects ( Madrid et al.,
2003: Algicek ot al., 2004; Zhang et al., 2005). Moreover, herbs and plant extracts stimulate
the growth of beneficial bacteria and minimize pathogenic bactertal activity In the gastrolntesd-
nal tract of poultry (Langhout, 2000; Wenk, 2000). Thyme and clove are two herbs that have
been proposed as alternative to anubiotics for organfc poultry Industry (Griggs and Jacob,
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20086). Thyruol and carvacrol, the major components of thyme oil. had been shown {o have po-
tent antoxldant properties (Aeschbach et al., 1904), antibacterial activities against a wide
range of pathogenic rnicrobial organlsms (Vincent, 2002) as well as positive effects on nutrient
digestibllity (Langhout, 2000 and Madrid ot al., 2003).

Production of broiler chickens contairiing excess body fat 1s a problem In poulry industry. Ge-
netic improvement of and Increased pulrfent concentration tn the diet are among the factors that
contribute (o the tendency of brotlers to accumulate excess body fat. . Therefore. Improving car-
cass compositon with additives has become a main focus of nutrition research. L-camltine Is a
zwilter fonlc compound blosynthesized from lysine and Methionine in liver, braln and Kkldneys
(Miah et al., 2004). Thls compound is essential for the transport of long chaln fatty acids across
the luner mitochondrial membrane for $-oxidation (Borum. 1883). Plants and plant-based feed-
stuffs gencrally contain very little carnitme compared with animals (Baumgartner and Blum,
1993). Therefore. carnitine supplementation of the diets could be used to augment camitine
supply for vse in melabolism and thereby facllitating fatty acid oxidation and reducing the
amount of long-chaln fatty acld available for storage (n adipose tissue (Xu et al., 2003). In addi-
ton. camitine may modutate Immune function as evidenced by enhanced antibedy responses in
L-carnitine supplemented broller chickens (Mast et al., 2000) and pigeons {Jansseng et al.,
2000). The effects of L-camiune supplementation to the broiler diets are less clear. Studies with
brotler chickens have shown that supplemental dictary L-carnitine increases body welght gain.
improves feed conversion ratlo, and reduces abdominal fat content (Rabje et al., 1867a &b; Ra-
ble and Szilagyl. 1898) However, there are contradictory studies in which dictary L-camitne
supplementation did not affect growth performance. abdominal fat content, and some internal
organ weights (Barker and Sell, 1894; Carwright. 1986 and Laibetseder, 1895). Petek ot al.
{20083) found that addition of 50 mg L-carmltine /kg diet did not affect brotler performance or or-
gan welght. Simllarly. Sarica ot al. (2008) found that supplementing basal diet ol quall with 30.
40 or 50 mg L-camitine /kg diet has no significant effect on body weight gain, feed intake or feeu
conversion. Celik et al. (2003) found that supplernenting L-carnitine at 50 mg /kg has signifi-
cantly improved body weight gain during the first 3 weeks of age in broller chicks, bul dld not
have effect in the (ast three weeks. Therefore, this work was carrled out to study the eflects of
long termn supplementauon of L-canitine (LC), essential oils mix (EOM) {thyme and clove ofls| or
L-camitine plus essentlal oll mix (LC+EOM) on growth perforrnance. nutrient digestibllity. some
serum metabolites. lymphoid organs and Immune response against Newcastle disease virus vac-
cine in broller chickens.
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MATERIALS AND METHODS
Birds, 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 (n this study. On arrival, chicks were weighed Individually
and randomly allocated to four treatment groups. Each treatment group was further sub-divided
to three replicates of sixteen chicks each. Chicks were reared in naturally ventilated open nouse
with wheat straw as litter. Isocaloric and Isonitrogenous starter (3000 Kcal /kg ME, 23% CP)
and grower-finisher (3197 Kcal/kg. ME and 20% CP) dlets were formulated (Table 1) to meet the
nutrient requirements of broller chickens (NRC, 1994). The dietary treatments Included: (1) con-
tro) diet. (2) controt dlet supptemented with L-camitine (LC) at 150 mg/kg. (3) control diet sup-
plemented with essential ofl mix (EOM) conslsting of clove ofl 200 mg/kg and thyme ofl 200 mg/
kg. (4) control diet supplemented with L-camltine and essentlal oil mix (LC+EOM) at the same
previous levels. Starter diets were provided to the chicks from 1-21 days, while grower-finfsher
dlets were provided at period from 22-42 days of age. Feed and water were available at all times.
Chicks were vaccinated against Newcastle disease virus using Hitchner and Lasota vaccines at 7
and 14 days of age. respectively.

Growth performance and digestibility :

Body weight and feed Intake were measured during each feeding phase and feed conversion
ratlos were calculated. At end of the growth trial fifteen chickens {from each group were randomly
selected to carty out to carry out the digestibility tria). Chromlc oxdde was used as indicator and
included at 0.3 % of the dlet. A plastic sheet was placed over the bedding materials to faclitate
fecal 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 Umes during the day. Samples of fresh fecal excreta were collected separately for each
replicate. Efforts were made to remove every bit of feathers or any other contaminants from the
feces. Fresh collected samples of each replicate were pooled, mixed, dried in forced air oven at
60°C for 48 h, allowed to equilibrate at room temperature and milied {1 mm screen) before anal-
ysts. Triplicate samples of feed and fecal matter were analyzed for dry matter and ether extract
according to ADAC (1980). Fecal nitrogen was separated from urinary nitrogen by applying tri-
chloro acetic acid method according to Jackobson et al. (1860). Dry matter digestibility was cal-
culated according to McDonald et al. (1881). Digestibility of crude protein and ether extract was
calculated according to Maynard et al. (1978).
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Serum metabolites :

At end of the experiment, blood samples were collecled (through wing veln puncture) from six
birds in each treatment group [two bird/replicate). centrifuged and the clear sera were harvested
and used for determinaton of glucose (Trinder, 1968), {otal protein (Cormnel et al., 1849), total
cholesterol (Melattini, 1978) and high density lipoprotein (Clark et al.. 1883) using the avalla-
ble commercial Kits.

Lymphoid organs and immune response :
Collection of the samples :

Al 21 and 42 days of age. slx chickens from cuch group were randomly chosen, kflled by de-
capltation and blood samples were collected to determine haemagglutinating antibodies tter us-
ing haemagglulination inhibition test. Thymus. spleen and bursa were removed, tndividually
weighed and expressed as a percent of tive body weight.

Haemaggiutination inhibition (HI) test:

Antigen of NDV was diluted in HI buffer 1o contaln |0 haemagglutinating unttes (MA) in 50 pl.
One¢ hundred ul of anligen was deposited In all wells. Twenty five 1l of serum was deposiled (n
the first well using 25 il microtiter diluter. Fifty ul from each well was serially passed from each
well using a microtiter transfer diluter. The plaies were fncubated for 20-30 minutes at room
temperature and 50 pi of chicken red bload cells (CRBC) 0.5% was added to all wells. The plates
were agltated gently and lct stand for 45 minutes at room temperature. The HI titer was deter-
mined according to Villegas {1881).

Statlstical analysis :

The data were statisticatly analyzed by analysis of variance using general Jinear mode! proce-
dure (GLM]) in a window-based statistical package program. 8AS (1886).

RESULTS AND DISCUSSION
Growth performance :

Growth performance of broiler chickens fed the experimental dtets 18 shown In Table 2. Sup-
plementation of LC had no significant effect on body welght. weight gain, feed (ntake or feed con-
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version during the starter period as compared to the control. However, the allover performance
data revealed that LC supplementation had significantly (P < 0.0S) 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. respectively), while feed intake and feed conversions were not signiicantly affected. On the
other hand. supplementation of the diets with EOM or LC+EOM had significantly (P < 0.05) in-
creased body weight, weight gain during the starter and grower-finlsher periods. Throughout the
whole feeding perlod. brotler ¢chickens fed the diets supplemented with LC+EOM had significant
{P < 0.05) higher values of body welght and daily gain when compared to chicken fed the control
diet. Supplementation of the dlet with LC+EOM had significantly (P< 0.05) reduced feed conver-
sfon ratios during starter and grower-finisher perfods (Table 2). The dietary treatments had no
significant (P > 0.5) effect on feed intake. The allover performance data (Table 2) had shown that
broiler chickens fed diets supplemented with either LC or EOM had signiflcant higher body
weight (2016.66 and 2093.33 g, respectively) and dafly gain (47.13 and 48.92 g. respectively)
when compared to the controt ( 1876.66 g and 43.82 g/day). These results are in agreement with
those reported by Lettner et al. (1882) who showed that dietary supplementation with LC from
20 to 80 mg/kg tended to improve growth performance of broiler chickens. Rabie et al- (1897)
indicated that the supplementation of dietary LC at 3 levels {50, 100, or 150 mg/kg) to a basal
diet had significantly increased body weight gain of broiler chickens compared with those of
brollers fed the basal diet. Also. Rabie and Sztlagy (1998) suggested that supplemental LC im-.
proved body welght gain and {eed conversion ratio of brollers. However. Barker and Sell (1994)
reported that the supplementation of dletary LC at 0. 50. or 100 mg/kg diet did not affect body
welght gain, feed intake. or feed efficiency of broller chickens and young turkeys fed low- or
high-fat diets. Likewise, Llen and Horng (2001} found that feeding diets supplemented with LC
at 0 and 160 mg /kg did not significantly affect the performance of brojler chickens. These In-
consistent responses of brotlers supplemented with LC may be related to period of supplementa-
tlon, sex. broller genotype. basal dlet composition, levels of L-camnitine or its precursors in the
diet and /or environmental conditions (Sarica et al., 2005).

As shown in Table 2, the improved growth performance parameters in brotler chickens fed the
LC and EOM supplemented diets could be due to the active ingredients such as eugenol and car-
vacrol in clove and thymole in thyme. These compounds had been suggested to have digestive
stimulating effects (Ertas, 2008). In addition, these active ingredients possess antimlicroblal ac-
tivity against wide range of pathogenic bacterial In gastrointestinal tract of poultry (Valero and
Salmeron, 2003 and Singh, et al. 2002) and stimufate the growth of benellcial bacteria (Weak,
2000). it is well known that the pathogenic bacteria {increase requirements of energy and protein
by competing with the host for dietary energy and protein (Apajalathi et al., 2004). Lee et al.
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(2003} found that dietary supplementadon of eugenol, a component of clove ofl. at 100 mg/kg
stimulales the secreton of pancreatle digestive enzymes, 1.e. amylase, lipase, trypsin and chymo.
trypsin in female broller chickens. Lee et al. {2004} stated that thytne of]l and its major com-
pound. thymole, has a strong antioxddant activity and acts as an effective free radicals scaven-
gers and inftuences the In vivo antloxidanl defense systems such as superoxdde dismutase,
glutathlone peroxddase. and vitamin E. It was suggested that the high antoxidant acuvity of thy-
mole Is due to the presence of phenolic OH groups which act as hydrogen donor to the peroxy
radlcals produced during the first step In lipid oxidation. thus retarding the hydroxyl peroxide
forrration (Farag et al., 1889).

Nutrient digestibllity of the diets :

Effect of the treatments on the nutrient digestibility of the experimental dlets 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 %. respectvely) and crude protein digestibility
(87.26 and 88.56 %, respeciively) compared to that of the control (73.93 and 77.60 %. respec-
tively). Supplementation of the diet with EOM or LC+EOM had significantly {P < 0.05) Increased
ether extract digestibility. Supplementation with LC had non significant (P > 0.5) effect on digest-
Ibtlity of dry matter, crude protein or ether exiract compared to the control. These results are in
agreement with that of Arslan (2008) who stated that supplementatuon 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 ot al. {2001) who found that sup-
plementation of LC up to 100 mg/kg in diet of weaning pigs had tmproved whole body composi-
don, tissue accretion, and Lo a [esser degree, nutrient digestibility.

The significanmt higher digestibllity of nutrients fn diets supplemented with LC+EOM 18 In
agreement with Hernandez <t al. (2004), who found that supplementation of the diet with EOM
containing thyme and rosemary ofls had significantly increased apparent digestibility of dry mat-
ter and ether extract. These results could be due to increased digestive enzyme activities of Intes-
tinal mucosa and pancreas due to supplementation of essential oils as suggested by (Samabaiah
and Srinivasan, 1881). It had been reported that the intestinal microflora has a pronounced im-
pact on fat digestion In chickens because of lowered blle acld availability (Smits et sal., 1098).
Bile salts are known to be a limiting factor for efficlent fat digestion (Krogdahl, 1888). Moreover.
the Intestinal microflora such as Clostridium, Peptostreptococcus, Bifldobactertum, Fusobactert-
um. Eubacterium. Streptococcus. and Bacterlolds can hydrolyse blle salts (Freigher and Dash-
kevicz, 1987). Consequently, the strong antimicroblal activity of thyme and clove olls reflects

Mansoura, Vet. Med. J. Vol. IX, No. 1, 2007



M. H, Soliman 32

the efficacy of dletary essential olls on fat digestuon. Furthermore, there might be a direct effect
of essential olls on efther blle secretion or cholesterol 7 -hydroxylase activity {Srinivasan and
Sambaiah, 18991).

Serum metabolites :

The effect of dletary treatments on serum biochemical parameters of broller chickens s
shown in Table 4. The results showed that broller fed diets supplemented with LC. EOM or
LC+EOM had slgnificant (P < 0.05) lower values of serum glucose (173.33, 176.33 and 183.30
mg/dl. respectively) compared to that of the control {202.0 mg/dl).In addition, broiler fed the diet
supplemented with LC+EOM had significant lower value of serum glucose as compared to that of
the chickens fed the dlet supplemented with EOM. Serum total protein was not significantly (P >
0.05} affected by the dietary treatments.

Supplementation of the diets with LC, EOM or LC+EOM had stgnificantly decreased total cho-
lesterol (94.33. 101.33 and 91.67 mg/di) compared to the control (112.30 mg/dl). while HDLP
was significantly (P < 0.05) increased due o supplementation of the diets with LC or LC+EOM.
The obtained results are in agreement with that of Rezael et al. (2007) who found that dietary
supplementation with LC at level of 250 mg/kg had significantly decreased the level of serum tri-
glyceride and cholesterol and VLDLP In broller chicks. In addition. Adabl et al. (2008) found
that dietary addltion of LC at level of 60 mg/kg had significantly decreased both serum and egg
yolk cholesterol levels In brotler 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 Horng (2001)
supplementation of the dlet with 160 mg/kg LC had significantly reduced tracyglycerol and non
esterifled fatty actds concentration In serum of broller chleckens.

The retationship between LC and fat metabolism in brotlers had been reported by Xu et al
{2003). Higher doses of LC (> 50mg/kg) induced partial inhibition of the glucose-6-phsphatase
dehydrogenase, malledehydrogenase, isocitric dehydrogenase and lipoprotein lipase in the sub-
cutaneous fat and also of carnitine palmitoyitransferase I In breast muscles (Arslan, 2008).
Consequently, LC would reduce subcutaneous fat deposit and enhance (ntramuscular fat. Lipo-
protein lipase catalyzes the conversion of triglycerides to glycerol and fatty acids. With the de-
crease of Its actvity, lipoprotein llpase increases hydrolysis of very low density lipoproteins,
which have been suggested to play a mafor rale tn regulating the deposition of fat in subcutane-
ous Ussues (Griffin and Whitehead, 1882).

The significant lower serum total cholesterol in this study in accordance with the results of
Bolukbas et al. (2006) who found that the thyme ol) supplementation at 100 mg/kg had de-
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creased plama levels of triglyce.ides. LDL-cholesterol and HDL-cholesterol {n broflers. Choleste-
rol lowering propertiea of herbs and their essential ofls has been reported (Elson et al., 1988).
The pure components of essential oils were found to inhibit 3-hydroxy-3-methyl glutaryl coen-
zyme A (HMG-CoA) reductase activity which {3 a key regulatory enzyme In cholesterol synthesis
(Crowel, 1999). Elson (1998) stated that thymole and carvacrol, main components of thyme oll,
could Induce regulatory non-sterol products from mevalonate which are proposed to inhibit cho-
lesterol synithesis (Goldstein and Brown, 1990).

Lymphold organs and immune response :

The effects of dietary treatments on welight of lymphold organs (as % of live body weight) and
Immune response agajnst Newcastle disease virus are presented in Tabic 5. During the starter
period, the dietary treatments had non significant (P > 0.05) effect o weight of lymphoid organs
expressed as a percent of live body weight. However, during the grower-finisher period broller
chickens fed the diets supplemented with LC+EOM mix had significant (P < 0.05) higher welfght
of thymus and bursa relative to body weight compared to the contro). in addition. chlckens fed
diet supplemented with EOM had significant higher weight of bursa compared to the control.
These results are conslstent with that of Deag et al. (2006) who found that supplementation of
LC at 100 and 1000 mg/kg to leghorn-type chickens had no significant effect on welght of spleen
or bursa retative 1o body weight, while weight of thymus relative to body weight had significantly
Increased only at level 1000 mg/kg supplemented for 12 weeks. In the present study, the signifi-
cant higher relative thymus welght In birds fed LC+EOM supplemented diet than the control
may Indicate a synergistic effect between the two additives. The interpretation of this result is
unknown. bul both additives could had modified lipld metabolfsm or enhanced secretion of hor-
mones , such as insulin, Insulin-like growth factor-1 (Musser et al,, 1889) or triiodothyronine
(T3) (Buyse et al.. 2001) as many lipid and hormones are immunomodulators (Miles and Cald-
er. 1098 and Marsh, 1894).

During starter phase, broller chickens fed dlet supplemented with LC+EOM bad a significant
(P<0.05) higher value of antfbody titer than those fed the control or LC supplemented diets. Ad-
d(tonally, antibody titer in the sera of birds fed dlets supplemented with LC, EOM or LC+EOM
during the grower-finisher phase were non significantly (P > 0.009) different. while birds fed dlet
supplemented with LC+EOM mix had significant higher antibody titer than that of the birds fed
the control dlet. Although, supplementation of LC or EOM did not influence the antibody titer.
the obtained results confired a favorable effect on immune response when both additives were
supplemented together. Beneflclal 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 broller chicken had enhanced the
primary and secondary responses of Immunoglobulin G to bovine serum albumin (Mast et al.,
2000). Also, serum immunoglobulin G was significantly improved when diet of brotler chickens
was supplemented with LC at 75 or 100 mg/kg (Geng et al,, 2007). Similarly. addition of LC to
drinking water at 1 g/l enhanced both bovine serumalbumin-specific immunogiobulin G and
tmmunoglobulin M responses in adult female pigeons (Janssens et al.., 2000). With regard to
its role $n cellular fmmunity. LC was found in lymphocytes at high concentration, (nhibited
apoptosis of lyrnphocytes (Moretti et al., 1998) and enhanced the proliferative response of hu-
man lymphocytes to antigens (De Simone et al.,, 1994). Herbs and plant extracts minimize
pathogenic bacterial activity and stimulate the growth of beneficial bacteria which has a role In
acquired mucosal immunity In the gastrointestinal tract of poultry (Cebra, 1899: Langhout,
2000; and Wenk, 2000). Thyme and clove are two herbs that have been proposed as alternative
to anUbioties for organic poultry industry (Griggs and Jacob, 2008). Thymole and carvacrol. the
major components of thyme oll. had been shown to have potent antioxddant properties (Aesch-
bach et al., 1894). The Improved Immune response of broller chicken because of essential oll
could be attributed to improved hepatic antioxidant status due to decreased lipid peroxidation
and increased hepatic glutathlone and superoxide dismutase activities (Al-Ankari et al,, 2004).
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‘Table (1) ; Ingredien(s and calculated compasition of the experimental diets'.

Ingredients
Yellow corn, ground
Sovbean rmeal. 44%
Corn gluten meal, 60%
Flsh meal. 65%
Saybean oll
Lysine-HCl, 78%
DL-tiethionine, 99%
Limestone
Dicalcium phosphate
Vitamin and mineral premlx®
NaCi

_Calculated composition®

ME. Keal/kg
CP, %

EE, %

CF. %

Ca, %

Total P, %
Lysine, %
Methionlne, %

Diets )
Starter Grower-finisher
55.67 62.00
32.20 23.00
4.30 520
2.80 2.80
1.80 3.60
0.18 0.15
0.15 0.16
1.15 1.24
1.20 1.25
0.30 0.30
0.30 0.30
2998 4197
22.98 0.0
4.49 6.336
3.47 3.04
1.10 1.11
0.66 0.65
1.41 1.18
0.58 0.55

' dlets Included: (1) conlrol dlet, [2) conlrol diet supplemented with L-camiune (LC) at 150 mg/kg (3)
control diet supplernenied with essential ofl mix (EOM) (200 mg/kg thyme ol + 200 mg /kg clove all, ¥)
control diet supplemented with L-camiline plus ess¢ntial ol mix (LC+EOM).

2 provide per kg diet; vitamin A (palmitate), 12,000 1U: vitamin D (cholecalelferol, 2,500 IU: vitamin £

(_-tocopherall 12 mg: ftamin i{; (mcnadione). 2.5 mg; vitamin B,. [.2 mg: vitamin B2, 6 mg;

pantlothenic acld. 12 mg: folic acld. 1.2 mg: nfacin. 36 mg: pyridoxine, 2 rog: vitamin B,,, 0.01 mg:

biotin, 0.06 mg: , Choline, 500 mg; iron, 36 mg: copper, 5 mg: manganese, 72 mg: zinc. 60 mg, lodine.

0.43 mg.: selentum, 0.12 myg.

3 Calculated according to feed composition tabtes NRC (1994).
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Table (2) : Effects of L-camitine and esséential ofl mix supplementation on growth performance of broller chickens (Means z SE).

Dietary treatments

Control LC-diet EOM-diet LC+EOM-dlet
Starter period (0-3 weeks)
Average Initlal body weight, g 36.0 + 1.15 37 +2.08 38.33+ 1.76 38.0 = 2.06
Average final body weight, g 723.33 £ 27.3° 762 = 21.4™ 806.33 = 15.9% 863.33 £ 17.6°
Average welght gain, ¢ 687.33 x 26.4° 725+ 22.9% 768.33 = 14.2% 825.33 = 17.5°
Average daily gain, g/day 32.73 » 1.25° 34.52 = [.09 36.59 . 0.7¢0°° 39.30 = 0.84"
Average {eed consumption, g/day 50.69 = 1.21 52.12 = 1.43 52,28 = 1.30 55.06 + 2,08
Average feed conversion ratio 1.55 = 0.037 1.51 = 0.046 1.43 = 0.047* 1.40 = 0.034°
Grower-finisher period (3-8 weeks]) ’
Average final body weight, g 1876.66 « 37.1° 2016.66 = 40.4" 2003.33 + 34.6° 2215 = 34.1*
Average welght gain, g 1153.33 = 23.5° 1254.66 = 28.3* 1286.66 » 18.7* 1351.66 = 19.2°
Average daily gain, g/day 54.92 £ 1.1 59.74 x 1.3.5% 61.27 = 0.90" 64.36 = 0.01"
Average feed consumption. g/day 127.9 = 4.7 130.43 = 4.11 131.5 = 2.15 136.5] = 4.53
Average feed conversion ratio 2.32 = 0.037* 2.18 =0.073™ 2.15 = 0.064°" 2.12 = 0.045"
Allover performance
Average final body wetght, g 1876.66 + 37.1° 2016.66 = 40.4° 2093.33 + 34.6° 2215 « 34.1"
Average weight gatn, g 1840.68 = 36.9° 1973.66 = 42.5" 2055 « 32.9° 2177 = 33.1¢
Average daily gain, g/day 43.82 1 0.88" 47.13 = 1.01° 48.92 + 0.78° 55.162 + 2.7*
Average feed consumplbion, g/day 89.30 » 2.12 91.27 2 2.53 9).90 = 1.46 95.78 + 3.34
Average feed conversion ratlo 2.03 » 0.024" 1.94 = 0.046™ 1.88 > 0.05%° 1.85 = 0.044°

t Means in the same row with different superscripts are significantly different (P < 0.05)
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Table (3) : Effects of L-camltine and essential oil mix supplementation on nutrient digestibitity of the diets fed to broler chickens.

Pliu.trlcnt digestibility, % YHetary treatments

Control-dtet LC-diet EOM-diet LC+EOM-¢. .
Dry matter 73.93 = 1.28° 75.83 = 1.307™ 78.60 = 1.24° 79.33 = [.1)1*
Crude protein 77.60 = 1.02° 78.61 = 1.63* 81.96 = 0.81* 82.66 = 1.3&
Ether extract B82.83 »1.123° 86.73 = 1.26™ 87.26 = 1.04" 88.56 = 0.7¢6*
I Means = SE

“* Means (n the same row with different superseripts are significantly different (P < 0.05)

Table (4} : Effects of L-camnitine and essential oll mix supplementation on sernim metabolites parameters of broler ¢hickens (Mcans =SE).

Dictary trcatments
Control-diet LC-dtet EOM-diet LC+EOM-diet
Glucose {mg/dl; 202.0 = 4.16 173.33 = 3.52™ 176.33 = 1.45° 163.30 + 2.9
Total protein (g/dl) 4.56 = 0.26 4.90 = 0.28 5.10 2 0.17 525+ 0.13
Total Cholesterol [mg/dl) 112.30 £ 3.38° 94.33 = 5.17° 101.33 =+ 2.40° 91.67 £ 3.,8"
High density Hpoprotele {(mg/dl) 63.0 = 2.31° 7030 = LGP 68.0 z 1.73* 72.29 = 1 48"
*= Means In the same rows with -!-::I'--u el supcrscrpts are signiflcantly different (P < 0.08]
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Table {5) : Long-term effects of L-carniting and essentlal oil mix supplementation on lymphoid organs and immune response’.

Weight of lymphoid organs, % of body weight

Starter period
Thymus
Spleen

Bursa

Grower-finisher period

thymus
Spleen
Bursa

Haemaggintinating antibody titer’

Starter period

Grower-finisher pertod

Dietary treatments

Control-diet LC-diet EOM-diet LC+EOM-diet
0.44 = 0.04 0.56 = 0.06 0.48 + 0.6 0.49 + 0.03
0.1 = 0.01 0.11 £ 0.014 0.09 = 0.02 0.10 = 0.02
0.17 £ 0.02 0.16 £ 0.04 .18 = 0.016 0.19 = 0.012

0.29 = 0.041° 0.36 = 0.07* 0.38 = 0.05% 0.52 + 0.02°

0.045 + 0.002 .08 + 0.01 0.05 £ 0.006 0.056 = 0.008

0.09 + 0.002b 0.10 £ 0.006° 0.13+0.12 0.136 = 0.14°

1.12 = 0.91° 1.36 = 0.87° 1.8 £1.01*® 242 x].16"

1.30 = 0.98" 1.52 £1.21* 1.52 +1.18"™ 1.77= 1.21°

' Means = SE

" Log geometric mean of antibody titer = SD.

* Means (n the same rows with different superscripts are significantly diflerent (P < 0.05)
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