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ABSTRACT: This study aimed to investigate the effects of L-carnitine (LC) on
productive performance, carcass composition, blood parameters as well as the lipid
metabolism, immune response and antioxidative properties of broiler chicks from day 7
to 35 of age. A total of 280 unsexed Cobb chicks were assigned equally into four treatment
groups. The first group fed a basal diet (control), while the other three groups were fed
basal diet supplemented with 50, 100 and 150 mg of LC/ kg diet. Supplementation of LC
to diets significantly increased BW, BWG, decreased FI and improved FCR, economical
efficiency and production index. Where, Chicks fed basal diet supplemented with 50 mg
of LC had significantly higher final BW and BWG, lower FI and better values of FCR,
economical efficiency and production index followed by those fed basal diet
supplemented with 100 and 150 mg LC compared to the control group. Treated groups
significantly decreased serum urea, creatinine, alanine amino transferase (ALT), aspartate
amino transferase (AST), total lipids, triglycerides, cholesterol and low-density
lipoprotein (LDL) while increased glucose, high-density lipoprotein (HDL), total protein,
total antioxidant capacity (TAC), superoxide dismutase (SOD), glutathione peroxidase
(GPX), glutathione (GSH), triiodothyronine (T3), thyroxine (T4), hemoglobin, packed
cell volume (PCV), red blood cell (RBC’s), white blood cell (WBC’s), lymphocyte,
globulin, o -globulin, globulin -f and globulin-y, immunoglobulins (IgG, IgM and IgA),
bactriocide activity (BA), lymphocyte transformation test (LTT), phagocytic activity
(PA) and index (Pl) compared to control group. Feeding diet with LC significantly
increased carcass dressing and total edible parts and decreased abdominal fat compared
to the control. In conclusion: L- carnitine supplementation to broiler diets improved
productive performance, economical efficiency, immune response and antioxidative
properties of broiler.
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INTRODUCTION

Poultry producers are looking for ways
that allow greater growth and better feed
conversion , as well as to decrease
excessive abdominal and subcutaneous fat
deposition (Waller, 2007). L-Carnitine,
(B-hydroxy-y-trimethylammonium
butyrate) a zwitterionic compound, is a
naturally occurring vitamin-like
compound that acts as a carrier to transport
long-chain fatty acids into mitochondria
for B-oxidation (Bremer, 1983). Thus, L-
Carnitine (LC) addition in diets lessens
the measure of long-chain fatty acids
availability =~ for  esterification  to
triacylglycerols and storage in fat tissue
(Xu et al., 2003). Besides, the ability to
avoid the catabolism of proteins to obtain
energy by increased bringing the fatty acid
into the mitochondria for oxidation. Thus,
animals may have more protein energy
available for growth as a result of feeding
on diets with high content of LC (Dikel et
al., 2010). Poultry diets consist of plant
origin components such as ,corn and
soybean and other plant products, which
have low content of carnitine, whereas
feedstuffs of animal origin is high in
content of LC. The containment of poultry
feed in high percentages of cereals can
lead to carnitine deficiency (Baumgartner
and Blum, 1997). Since , the addition of
LC to diets or drinking water would be
beneficial for poultry (Arslan et al., 2004).
The important role of LC in lipid
metabolism appears in the transfer of long
chain fatty acids into the mitochondria for
oxidation (Bremer, 1983).Several studies
have showed that LC supplementation of
broiler diets improved growth rate, feed
conversion efficiency, breast and thigh
meat yield and reduced abdominal fat in
broilers(Abou-Zeid et al., 2007,
Hossininzhad et al.,2011; Parsaeimehr et
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al., 2014; Zhang et al., 2014). Awad et al.,
(2016) found that dietary LC

supplementation for Domyati ducklings
could improve the productive and
physiological performance, carcass traits
and quality as well as economical
efficiency during growth period. There are
many studies confirmed the beneficial
effect of LC in reducing serum lipid

constitutes including total lipids
cholesterol and triglycerides(Xu et
al.,2003; Hassan et al.,2011;
Parsaeimehret al., 2012; Ardekanet

al.,2012). Moreover, LC may work as an
antioxidant to scavenge free radicals
(Agarwal et al., 2005). DietaryLC had a
positive effect in enhancing the humoral
immune response (Mast et al.,2000; Geng
etal., 2007; Hassan et al.,2011).
Therefore, the objectives of the present
study were to investigate the effects of L-
carnitine on growth performance, carcass
composition, blood parameters as well as
the lipid metabolism, immune response
and antioxidative properties of broiler
from day 7 to 35 of age.

MATERIALS AND METHODS
This study was conducted at the Poultry
Research  Unit  (El-Bostan  Farm),
Department of Animal and Poultry
Production, Faculty of Agriculture,
Damanhour  University, Damanhour,
Egypt, from December 2016 to January
2017. Two hundred and eighty unsexed
seven-day-old Cobb broiler chicks,
obtained from a commercial hatchery,
were randomly distributed into four
groups, each group contain ten replicates
(7 chicks per replicate) and reared on
similar managerial conditions and were
submitted to the following dietary
treatments: the first group was fed a basal
diet without any supplementation and
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served as control, while the 2", 3 and
Ahgroups  were  fed  basal  diet
supplemented with 50,100 and 150 mg LC
/ kg diet. The experimental diets were
formulated according to NRC (1994) as
shown in Table (1)..

Chicks were housed in battery brooders in
semi-opened room equipped with two
exhaust fans to keep normal ventilation.
The averages of initial live BW at 7 days
of age of different groups were nearly
similar. All diets and water were available
ad libitum. A light schedule similar to
commercial conditions was applied until
the 71" day being 23 h light followed by 20
h light from the 8" day until 3 days before
slaughter test (35 days of age). Average air
temperature of the animal chamber was
maintained at approximately 33°C during
the first week, then decreased gradually to
get a constant temperature of 24°C during
the rest of the experiment.

Chicks in each replicate were weighed (Q)
weekly between 7 and 35 d of age, and the
BWG (g/chick) was calculated. Feed
intake was recorded for each replicate
(g/chick) and thereby FCR (g feed/g gain)
was calculated. Production index (PI) was
measured throughout the experimental
period (7-35d of age), according to Attia et
al. (2012) as follows :-

pl = BW &K XSR 4 00Where:
PP x FCR

Pl = Production Index.BW = Body weight
(kg)

SR = Survival rate (100% - mortality)PP =
Production Period (days)

FCR = Feed conversion (kg feed / kg gain)
Forty blood samples were taken at the time
of slaughter for hematobiochemical
analysis. The blood samples were divided
into two parts, the 1%'one was collected in
heparinized tubes while the 2" part was
collected in non-heparinized tubes to
obtain serum. Plasma and /or serum were
separated by centrifugation of the blood at
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3000 rpm for 20 minutes and stored at —
20°C for later analysis. Biochemical
indicators such as : Glucose, Urea,
Creatinine, ALT, AST(U/L), Alkaline
phosphatase, Total Lipids , Triglycerides,
Cholesterol, HDL, LDL, Total antioxidant
capacity (TAOC), glutathione peroxidase
(GPX), glutathione (GSH), superoxide
dismutase (SOD), T3, and T4 were
determined by using available
Commercial Kits .Hematological traits
such as RBC’s, Hemoglobin, PCV
%,MCV,MCH, MCHC, WBC’s,
Lymphocytes, Monocytes, Basophils
Eosinophils< Heterophiles and Immune
indices including Total protein, Albumin,
Globulin, a , B,y globulins , Lysozyme
activity (LA), Bactericidal activity (BA),
Lymphocyte transformation test (LTT),
Phagocytic index (PI),Phagocytic activity
(PA), immunoglobulins (lgY, IgM and
IgA)) were measured as described
previously by (ELnaggar et al., 2016).
Finally, samples of breast and thigh meat
and experimental diets were chemically
analyzed according to (AOAC, 2004).
Breast and thigh total antioxidant capacity
(TAOC) was determined by the ORAC
assay (Cao and Prior, 1999).

Data obtained were analyzed using the
GLM procedure (Statistical Analysis System
(SAS, 2002) by one-way ANOVA using the
following model:

Yik= p+ Ti + €ik
Where, Y is the dependent variable; p is the
general mean; T is the effect of

experimental treatments; and e is the
experimental random error. Before analysis,
all percentages were subjected to
logarithmic transformation (log,ox+1) to
normalize data distribution. The differences
among means were determined using
Duncan’s new multiple range
test(Duncan, 1955 ).
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RESULTS

Broiler chickens Performance

The production performance, economical
efficiency and production index of broilers
fed diet supplemented with LC during
days 7-35 of age are shown in Table 2.
Supplementation of LC to diets
significantly increased BW, BWG and
improved FCR, economical efficiency and
production index compared to the control.
Where, Chicks fed basal diet
supplemented with 50 mg of LC had
significantly greater final BW and BWG
and better FCR, economical efficiency and
production index followed by those fed
basal diet supplemented with 100 and 150
mg LC compared to the control group. On
the other hand, chicks fed basal diet
supplemented with 50 mg of LC had
significantly lower FI during whole
period followed by those fed basal diet
supplemented with 100 and 150 mg LC
compared to the control group.

Blood constituents

The biochemical blood serum constituents
of broilers fed diets supplemented with LC
are shown in Table 3. L-carnitine
supplementation at all levels decreased
urea, creatinine, AST and ALT compared
to control group. Moreover, Urea,
creatinine, AST and ALT were lower in
chickens fed diet with 50 mg of LC than
that in the other experimental groups.
Chicks fed basal diet supplemented with
LC had significantly lower total lipids,
triglycerides, cholesterol, and LDL than
the control group. Furthermore, total
lipids, triglycerides, cholesterol, and LDL
were lower in chickens on diet with 50 mg
of LC than that in the others. Chicks fed
basal diet supplemented with LC had
significantly higher glucose, T3 and T4
compared to control group. Moreover, T3
was higher in chickens fed diet with 50 mg
of LC than that in the other LC groups.
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Chicks fed basal diet supplemented with
LC exhibited higher values of HDL, TAC,
GPX , SOD and GSH than the control
group. Moreover, HDL was lower and
TAC was higher in chickens fed diet with
50 mg of LC than that in the other LC

groups.
Feeding diet with LC significantly
increased RBC’s, hemoglobin, packed cell
volume, WBC’s and lymphocytes

compared to control group and was higher
(P<0.05) in chickens on diet with 50 mg of
LC than that in the other experimental
groups. No significant differences were
recorded in MCV, MCH, MCHC,
monocytes, basophils, eosinophils and
heterophiles among the  different
groups.(Table 4).

Immunization parameters

Feeding diet with LC significantly
increased total protein, globulin,a
globulin, globulin -B, globulin-y and
immunoglobulins (1gG, IgM and IgA)
compared to control group whereas diet
with 50 mg of LC gave higher values than
the other groups.Moreover, Feeding diet
with LC significantly increased lysozyme
activity, bactriocide activity, lymphocyte
transformation test, phagocytic activity
and index compared to control diet
whereas diet with 50 mg of LC shows

higher value of Ilysozyme activity,
bactriocide activity and lymphocyte
transformation test, than the other

experimental groups.(Table 5).

Carcass characteristics

L-carnitine supplementation at all levels
increased percentage of carcass dressing
and total edible parts and decreased
abdominal fat compared to control group.
Moreover, percentage of dressing and total
edible parts were higher in chickens fed
diet with 50 mg of LC than that in the
others while, no significant effect was
observed due to LC between different
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groups with respect to the other studied
body organs. Feeding diet with different
levels of LC increased protein and TAC
and decreased fat in meat compared to
control group. However, Chicks fed basal
diet supplemented with 50 mg of LC had
significantly higher protein and TAC and
lower fat in meat than other supplemented
groups (Table 6).
DISCUSSION

Growth performance

Chicks fed basal diet supplemented with
50 mg of LC had significantly heavier
BW and BWG and better FCR,
economical efficiency and production
index followed by those fed basal diet
supplemented with 100 and 150 mg LC
compared to the control group. Several
reports reported that dietary LC improved
BW and BWG of broilers (Abou-zeid et
al, 2007 and Hossininzhad et
al.,2011).Moreover, Celik et al. (2003)
mentioned that, growth performance
traits improved significantly with LC
supplementation. The improvement in
BWG caused by dietary LC
supplementation may be partially
explained by an increase in the
concentration of plasma insulin-like
growth factor-1, which has the potency to
stimulate BWG (Xu et al., 2003). Also, it
could be attributed to the improve in the
utilization of dietary ingredients as a
result of LC function in transferring the
long-chain fatty acids across the inner
mitochondrial membrane and controls the
rate of B- oxidation of long-chain fatty
acids as well as it plays a pivotal role in
energy metabolism (Arslan, 2003).
Similarity, Abdel-Fattah et al. (2014)
showed that dietary supplementation of
LC significantly increased live BW and
cumulative BWGs for Japanese quail.
Parsaeimehr et al. (2014) reported that
dietary LC supplementation (300 mg/kg)
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had significantly improved BW and BWG
for broilers. Also, Taklimi et al. (2015)
found that bird's BWG significantly
increased by supplementing LC in diet for
broilers. Fallah and Mirzaei (2016)
indicated that diet supplementation with
LC increased ostrich chickens weight at 8
weeks of age in comparison to other
treatment groups. Also, Awad et al.
(2016) indicated that dietary LC
supplementation resulted in a significant
(P<0.01) improvement in live BW of
Domyatti ducklings at 63 and 84 day of
age, while BWG were significantly
(P<0.01) improved as compared to the
control group during the overall
experimental period (21-84 day of age).
Feed Intake

The reduction in FI caused by dietary LC
supplementation could be attributed to that
birds are able to compensate their FI
according to their energy requirements
since the experimental diets had similar
metabolizable energy (Awad et al., 2016).
This result is similar to that of Bayram et
al. (1999) who detected significant
decreases in  Fl in quails fed diet
supplemented with 500 mgLC /kg. Awad
et al. (2016) indicated that feed
consumption was significantly decreased
by 6.21 % for ducklings fed diet
supplemented with 150 LC/kg at the
period of 21-42 day of age, while it was
significantly decreased by 4.42% as a
result of supplementing 450 mg LC/kg
diet during the period of 63-84 day of age
than those fed the control diet. However,
Xu et al. (2003) reported that the
supplementation of dietary LC did not
affect FI of broilers and young turkeys.
Besides, Muraliet al.(2015) reported that
dietary LC (900 mg/kg diet)
supplementation did not affect feed
consumption in broilers during growing
period (0-6 wks).
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Feed conversion ratio

It is well kown that the improvement in
FCR is associated with the decrease in FI
and the increase in BWG of broiler chicks.
So, chicks fed diet supplemented with LC
recorded better FCR values than the
control. The improvement in FCR in this
study could be attributed to that LC
enhances fatty acid burning, thus
decreasing calorie requirements, as well
as, it improves intestinal mucosal
membrane by active and passive
mechanisms (Fathi and Farahzadi, 2014).
These results are similar with those
obtained by Rabie et al.(1997a) and Abou-
Zeid et al. (2007) who reported that adding
LC to the diet of broiler chicks caused an
improvement in FCR as compared to the
control group fed diet without
supplementation.  Also, Denz and
Turkmen, (2007) concluded that FCR was
significantly improved by carnitine
supplementation. Moreover, Ghods-Alavi
et al. (2010) reported that FCR of white
Leghorn hens was improved (P<0.05)
when LC was supplemented, (50, 100, 150
mg/kg diet) to diets. Similarly, Hassan et
al. (2011) and Hossininezhad et al. (2011),
found that Ross-308 broiler strain fed 0,
50, 100, 150 and 200 mg/kg of LC from
one-day showed significant improvement
in FCR through the total period of the
study (P<0.05). Ardekani et al. (2012) and
Hajibabaei and Casey.(2012), reported
that Black Neck ostrich chick fed diets
containing 125 mg/kg of LC from one day
to 60 days of age, showed the lowest FI
and FCR responses over the total period,
whereas there was no difference between
control and 250 mg/kg of LC. Parsaeimehr
et al. (2014) reported that dietary LC
supplementation improved FCR of
broilers during growing period (45 day).
Also, Abdel- Fattah et al. (2014) reported
that a significant improvement in FCR of
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quails was occurred as a result of dietary
supplementation with LC than the control.
Awad et al. (2016) indicated that FCR was
improved for ducklings fed diets
supplemented with different LC levels
during different experimental periods with
or without significance than those fed the
control diet.

Production Index

The improvement in production index
value  caused by dietary LC
supplementation could be attributed to that
LC improves BWG and FCR as well as not
increases FI during the overall
experimental period. Also, it could be
attributed to that LC has the ability to
improve the use of dietary nitrogen,
whether directly through sparing its
precursors (methionine and lysine) for
protein biosynthesis and other cellular
functions or indirectly by optimizing the
balance between essential and nonessential
amino acids within the cell (Sarica et al. ,
2005), which subsequently improved
growth performance. These results are in
agreement with those of Awad et al. (2016)
who found that ducklings production index
value was significantly higher for
ducklings fed diet supplemented with LC
as compared with those fed the control
during the overall experimental period (21-
84 day of age).

Economical efficiency

The improvement in economical efficiency
caused by dietary LC supplementation
could be attributed to that LC improve
LBW as well as not increases FIduring the
overall experimental period. Similarity,
Awad et al. (2016) reported that net return
and economical efficiency for Domyatti
ducklings were significantly higher by
feeding diet supplemented with different
LC levels than the control.
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Blood constituents

Chicks fed basal diet supplemented with
LC had significantly lower serum urea,
creatinine, AST, ALT, total lipids,
triglycerides, cholesterol, and LDL and
higher values of glucose, HDL, TAC,
GPX, SOD, GSH , T3 and T4 compared to
control group.

There are a big number of studies
confirmed the beneficial effect of LC in
reducing serum lipid constitutes including
total lipids, cholesterol and
triglycerides(Xu et al.,2003; Hassan et
al.,2011; Parsaeimehret al., 2012; Ardekan
et al.,2012). The present results agree with
those of Sanjay and Singh (2010) and
Elgazzar et al.(2012) who found that
dietary LC significantly decreased the
serum concentration of AST and ALT
enzymes. These findings also coincide
with another study reporting that LC
supplementation significantly decreases
serum AST and ALT (Ahmed et al., 2010).
Also, the results of Ardekani et al. (2012)
indicated that supplementation of LC had
significant (P < 0.05) decreasing effect on
serum uric acid concentration in broilers.
The results of Kheiri et al. (2011) indicated
that LC (60 mg/kg) significantly (p<0.05)
reduced blood urea nitrogen. Fallah and
Mirzaei (2016) reported that
supplementation with LC increased blood
glucose concentration of ostrich chickens
at 8 weeks of age and decreased uric acid
concentrations in comparison to other
treatment groups. On the otherhand , Cao
et al. (2011) reported that there was an
increase in plasma concentrations of
glutathione peroxidase (GSH-Px),
superoxide dismutase (SOD), catalase and
total antioxidative capacity due to LC
administration. The decrease of serum
triglycerides level for birds fed diets
supplemented with LC probably related to
increasing oxidation of fatty acids by
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increasing the transportation capacity of
fatty acids to inner mitochondrial
membrane (Shuenn et al., 2012). Also, it
could be attributed to that LC increased the
activity of lipase and decrease activity of
lipoprotein lipase, thereby leading to a
higher concentration of fatty acid in serum
by accelerating hydrolysis of triglycerides
to glycerol and fatty acids (Zhang et al.,
2010). The reduction of serum total
cholesterol by LC supplementation was
attained mostly via a decrease of
cholesteryl esters rather than by a decrease
in free cholesterol. Moreover, it could be
attributed to an increase in biliary sterol
excretion or an increase in the conversion
of cholesterol to bile acids (Maritza et al.,
2006). Similarity, Xu et al. (2003) reported
that adding LC to diet significantly
decreased the level of serum triglycerides
in broilers. Also, the results of
Parsaeimehr et al. (2012) showed
significant reduction in concentrations of
cholesterol and LDL, due to
supplementations of LC to diet. Fallah and
Mirzaei (2016) and Awad et al. (2016)
found that serum triglycerides and total
cholesterol level were significantly
decreased for ducklings fed diet
supplemented with LC than those fed the
control diet.

Chicks fed basal diet supplemented with
LC had significantly increased RBC’s,
hemoglobin, packed cell volume, WBC’s
and lymphocytes compared to control
group. Similarity, Jameel (2014) reported
that RBCs count and hemoglobin content
were increased for chicks fed diet
supplemented 50 mg LC/ Kg as compared
with those fed the control diet. Awad et al.
(2016) reported that hemoglobin content
and Lymphocyte cells (%) were
significantly (P<0.01) increased for
ducklings fed diets supplemented with LC
than the control.
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Immunization parameters

Feeding diet with LC significantly
increased total protein, globulin, o -
globulin,  globulin  -B,  globulin-y,
immunoglobulins (IgG, IgM and IgA),
lysozyme activity, bactriocide activity,
lymphocyte transformation test,
phagocytic activity and index compared to
control group. Dietary LC had a positive
effect in enhancing the humoral immune
response (Mast et al.,2000; Geng et al.,
2007; Hassan et al.,2011). Also, Mast et al.
(2000) reported that dietary LC 100 mg/kg
diet supplementation appeared to be
beneficial in enhancing specific humoral
responses to vaccination in broilers. Geng
et al. (2007) showed that serum IgG was
improved by LC supplementation by using
levels of 75 and 100 mg /kg dietSimilarly,
Hassan et al. (2011) noted that using LC
significantly increased antibody titters
against both avian Newcastle and
Influenza diseases compared with control
and the relative weights of spleen and
thymus were significantly increased by
using LC compared with control group.
Also, Jalali et al. (2015) reported that LC
supplementation significantly increased
total protein, globulin and antibody titer

against Newcastle disease in broiler
chicks.

Carcass characteristics

Feeding diet with LC significantly

increased carcass dressing and total edible
parts and decreased abdominal fat
compared to the control. The improvement
of eviscerated carcass and total edible
parts percentage could be attributed to
improving the final live weight and
decreasing un-edible parts as a result of
supplementing LC to the diet. The current
findings are in agreement with those
obtained by Ibrahiem et al. (2011) who
reported that carcass percentage of geese
was significantly (P<0.05) improved by
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supplementing 150 mg LC /kg diet as
compared to the control group. Oladele et
al. (2011) found that dressing percentage
significantly (P<0.05) increased with
increasing inclusion levels of LC in broiler
diets. Also, Abdel- Fattah et al. (2014)
showed that supplemental LC (400 mg/kg
diet) significantly increased the dressing
percent of quails. Awad et al. (2016)
revealed that eviscerated carcass and total
edible (%) for ducklings were significantly
improved, while abdominal fat (%) was
significantly decreased by supplementing
different LC levels to the diets as
compared to the control. The results of
Hossininezhad et al. (2011) showed that
the percentages of carcass, thigh, breast
and back percentage were significantly
increased with including LC in the diet.
Fat percentage decreased when LC levels
increased. One of the major findings of the
present study is that a significant (P <
0.001) reduction in abdominal fat
percentage was observed due to addition
of LC in the diet. One of the most
important effects of dietary LC is its vital
role in reducing the abdominal fat content
(Rabie et al., 1997a,b; Xu et al., 2003;
Hassan et al.,2011; Kheiril et al., 2011).
The same results were obtained by Rabie
etal. (1997 a and b), as they indicated that
abdominal fat contents either expressed as
absolute weight or as percentage of BW of
broiler chicks were significantly reduced

in response to added dietary LC,
irrespective to the level of
supplementation. The decrease of

abdominal fat could be attributed to that
LC prevents fatty tissue buildup, decreases
the calorie requirement and increases the
tolerance to effort because it may plays a
major role to facilitate the removal of short
and medium-chain fatty acids from the
mitochondria that accumulate as a result of
normal and abnormal metabolism and
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promotes the B-oxidation of these fatty
acids in order to generate adenosine
triphosphate (ATP) energy and improve
energy utilization by reducing the amount
of long- chain fatty acids availability for
esterification to triacylglycerols and
storage in the adipose tissue (Xu et al.
2003).These results are similar to that of
Parsaeimehr et al. (2014) who found that
supplementing LC (300  mg/kg)
significantly reduced abdominal fat
percentage of broilers.

Feeding diet with different levels of LC
increased protein and TAC and decreased
fat in meat compared to control group.
These results could be attributed to that LC
may acts to decrease the total activities of
glucose-6  phosphate  dehydrogenase,
malic dehydrogenase, iso-citrate
dehydrogenase and lipoprotein lipase and
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total activities of carnitine
palmitoyltransferase-1 in breast muscles
(Xuetal., 2003). Or, it accelerate lipid flux
into oxidative metabolism , and
consequently reduce the body lipid
accumulation (Shuenn et al., 2012). In this
connection , Awad et al. (2016) revealed
that crude protein and ether extract content
(%) for breast and thigh muscles were
significantly higher by LC
supplementation than the control.
IN CONCLUSION

L- carnitine supplementation at 50, 100
and 150 mg/kg of deit improved
productive performance, production index
, economical efficiency , immune response
and antioxidative properties , without any
adverse effects on blood components of
broiler chicken . However, the level of 50
mg/kg diet was the best .
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Table (1):Ingredients and analyzed composition of the starter-grower diet fed
during 1-28 days of age and finisher diet fed during 29-35 days of age as fed
basis (%)

Ingredients Diets % as fed —
Starter-grower Finisher

Maize 51.3 51.9
Rye 0.00 5.00
Soybean meal (44% CP) 32.8 24.4
Vegetable oil 2.25 2.00
Full fat soybean meal 10.0 13.0
Dicalcium phosphate 1.80 1.60
Limestone 1.00 1.00
L-Lysine HCI 0.10 0.15
DL-Methionine 0.15 0.20
Vit+min premix” 0.30 0.30
NaCl 0.30 0.45
Total 100 100
Determined! and calculated? composition (% as fed basis)

Dry matter! 89.15 88.85
ME (kcal/kg)? 3042 3103
Crude protein® 22.8 21.2
Lysine? 1.33 1.23
Methionine? 0.50 0.52
Meth+cysteine? 0.87 0.87
Ash? 541 5.76
Calcium 0.91 0.85
Available phosphorus? 0.46 0.41
Ether extract! 6.42 6.68
Crude fiber! 3.55 4.48

*Vit+Min mix. provides per kilogram of the diet: Vit. A, 12000 IU, vit. E (dl-a-
tocopheryl acetate) 20 mg, menadione 2.3 mg, Vit. D3, 2200 ICU, riboflavin 5.5 mg,
calcium pantothenate 12 mg, nicotinic acid 50 mg, Choline 250 mg, vit. B12 10 pg, vit.

Bg 3 mg, thiamine 3 mg, folic acid 1 mg, d-biotin 0.05 mg. Trace minerals (mg/ kg of
diet): Mn 80 Zn 60, Fe 35, Cu 8, and Selenium 0.1 mg.
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Table (2):Effect of different levels of L-carnitine (L-Car) on production performance,
economical efficiency and production index of broiler chickens

Items Control | 50 mg | 100 150 SEM | Sig

L-Car | mg L-| mg L-

Car Car

Live body weight (g) at:
7d 146 152 146 142 3.13 | 0.464
21 819° 8732 8812 8532 10.1 | 0.001
35d 1772° | 2029° | 1940° |1941° |17.52 | 0.0007
Body weight gain (g) from:
7-21d 672° 7212 7352 7112 8.47 | 0.001
22-35d 954¢ 1156% | 1059° | 1088 | 13.96 | 0.0002
7-35d 1626°¢ 1876% | 1793 | 1799 | 16.63 | 0.0007
Feed intake (g/day) from:
7-21d 12722 1121° | 1165° | 1249% | 10.46 | 0.004
22-35d 1896° 1650° | 1919% | 1827° | 25.59 | 0.001
7-35d 3168° | 2771° |3084" |3076° |27.01 | 0.009
Feed conversion ratio(g feed/g gain) from age:
7-21d 1.892 1.56° |1.59° |1.76° |0.027 |0.006
22-35d 1.99% | 1.43¢ |1.82° |1.68° |0.038 |0.001
7-35d 1.95° 1.48° | 170" |1.71° | 16.63 | 0.0007
Economical efficiency and production index:
Economical efficiency | 9.78° 33.3% | 16.7° |14.4° [1.62 |0.0001
Production index 260° 3932 323 [325" |858 |0.0011

ab \/alues within a row with different superscripts differ significantly at P<0.05.
SEM, Standard error of mean's
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Table(3): Biochemical constituents of blood serum of broiler chickens fed diet
supplemented with different levels of L-carnitine (L-Car).

50mg | 100 mg | 150 mg

Items Control L.Car | L-Car |L-Car SEM Sig
Urea (mg/dl) 28.72 22.0° | 24.0° 25.7° 0.585 | 0.0076
Creatinine (mg/dl) | 0.967® | 0.690° | 0.800° | 0.807° |0.034 | 0.0240
Urea/ Crea 33.4 32.8 31.9 36.6 1.532 | 0.0925
AST(U/L) 64.3 54.3° |59.0° |58.3° |0.758 |0.0010
ALT (U/L) 67.0° 58.0° |60.3° [60.8° |0.376 |0.0001
ALT/AST 1.10 1.12 1.16 1.11 0.020 | 0.2337
Glucose(mg/dl) 144° 1492 1502 1502 2.297 0.024
T.Lipids(mg/dl) 4352 366° 396° 378° 6.275 | 0.002

Triglycerides(mg/dl) | 1932 187°¢ 187° 186° 0.913 | 0.0072
Cholesterol (mg/dl) | 1962 183° 188° 189° 1.149 | 0.003

HDL(mg/dl) 34.3¢ 42.0° | 447 | 46.0° 601 0.002
LDL(mg/dl) 1232 105° 108° 106 | 1.071 | 0.001
T3(ng / ml) 2.18° 2.34% | 224> | 227° ]0.013 |0.0022
T4(ng / ml) 6.82° 8.77% |8.92% |8.32° 144 0.001
TAC 416° 4313 422° 423° 0.683 | 0.0004
GPX (U/dl) 0.373° | 0.486* |0.463% |0.463* |0.007 | 0.0011
GSH (U/dl) 081° 1000 | 9962 9982 1.765 | 0.0037
SOD (U/dl) 234° 2532 2542 2572 0.707 | 0.0002

ab \/alues within a row with different superscripts differ significantly at P<0.05.

SEM, Standard error of mean's; AST=aspartate amino transferase; ALT=alanine amino
transferase; HDL=high-density lipoprotein; LDL=low-density lipoprotein; T3=
triiodothyronine; T4=thyroxine; TAC=total antioxidant capacity; GPX =glutathione
peroxidase; GSH= glutathione; SOD=superoxide dismutase
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Table(4): Blood hematological of broiler chickens fed diet supplemented with
different levels of L-carnitine (L-Car).

50 mg | 100 mg | 150 mg i

Items Control L-Car | L-Car |L-cCar SEM Sig

RBC’s (108/mm?®) 1.30° 1.63% | 150° |1.53° |0.030 |0.0078
Hemoglobin (g/100ml) | 10.6° 14.00 | 11.6° |11.3° |0.224 |0.0074
PCV % 29.0° 38.0° [33.0° |34.0° |0.316 |0.0027
MCV 82.1 79.6 84.7 80.6 1.844 | 0.2742
MCH (Ug) 82.1 79.6 84.7 80.6 1.844 | 0.2742
MCHC (%) 33.3 35.1 35.1 36.2 0.535 | 0.0900
WBC’s (103/mm?®) 21.0° 233 |23.0* |223* |0.342 |0.0009
Lymphocytes (%) 29.3¢ 37.3* 333" 343" |0428 |[0.0001
Monocytes (%) 15.7 16.6 15.0 14.3 0.224 | 0.0812
Basophils, (%) 0.678 |0.999 |1.00 1.33 0.129 | 0.0814
Eosinophils, (%) 14.3 16.3 15.6 17.0 0.224 | 0.0722
Heterophils, (%) 30.7 37.3 | 34.0 33.0 0.713 | 0.0901

ab \/alues within a row with different superscripts differ significantly at P<0.05.
SEM, Standard error of mean's; RBC’s=red blood cell; PCV=packed cell volume; MCH=mean
corpuscular hemoglobin; WBC’s=white blood cell
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Table(5): Immune indices of broiler chickens fed diet supplemented with different
levels of L-carnitine (L-Car).

150

50 mg 100 mg .
Items Control L-Car L-Car rggr L- | SEM Sig
Total 520° |6.10° |5.86° 580° |0.058 | 0.0004
protein(g/dl)
Albumin(g/dl) 3.30 2.90 2.77 3.10 [0.029 |0.0903
Globulin(g/dl) 1.87° 3.20° 2.90° 2.70° |0.066 | 0.0001
AJ/G ratio 1.828 | 0.906° | 0.825° 1.16° |0.032 | 0.0007
o —globulin(g/dl) | 0.833¢ | 1.35 1.17° 1.19° |0.023 0.0003
globulin —B(g/dl) | 0.887¢ | 1.30? 1.16° 1.11° | 0.045 | 0.0002
Globulin —y(g/dl) | 0.147¢ | 0.863% | 0.613° 0.567° | 0.060 0.0021
LA (IU %) 0.120° |0.187% | 0.1667" 0.153° | 0.003 | 0.0004
BA (%) 37.0° 43.6° 42.0° 41.3* | 0.408 0.0030
LTT(%) 24.3¢ 33.32 27.0° 28.6° | 0.500 0.0070
Pl (%) 1.46° 1.732 1.662 1.66% | 0.029 0.0045
PA (%) 17.0° 20.6° 20.0? 20.6° | 0.258 | 0.0043
IgA(mg/100 ml) | 73.3° 82.7° 77.7° 76.3° | 0.796 0.0037
IgM(mg/100 ml) | 226° 2532 244° 240° | 0.908 | 0.0024
IgG(mg/100 ml) | 944° 985° 965° 953" | 0.837 | 0.0001

ab \/alues within a row with different superscripts differ significantly at P<0.05.
SEM, Standard error of mean's; LA= lysozyme activity; BA=bactriocide activity ;
LTT=lymphocyte transformation test; PlI=phagocytic index; PA =phagocytic activity
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Table (6): Carcass characteristics and relative weight of immune organs and Chemical
composition of meat of Cobb broiler chickens fed diet supplemented with different

levels of L-carnitine (L-Car).

Contro | 50 mg | 100 mg | 150 mg .

Items | L-Car | L-Car |L-Car SEM Sig
Carcass characteristics
Dressing, % 71.9¢ 84.1* |76.5° [78.3° |1.768 |0.002
Total edible parts, % 72.4° 89.22 |81.8" |[827° |1.93 0.001
Abdominal fat, % 0.959% | 0.508° | 0.549° |0.460° | 0.051 2'000
liver % 2.54 2.12 2.38 1.85 0.228 | 0.199
gizzard % 1.43 1.46 1.35 1.18 0.067 |0.09
heart % 0485 | 0505 |0.484 |0.448 |0.014 |0.078
Pancreas % 0.178 0.145 0.173 0.14 0.021 0.505
Proventriculus % 0.291 |0.288 |0.265 |0.265 |0.013 |0.366
Intestinal length % 7.72 7.59 7.68 7.81 0.437 | 0.986
Intestinal Weight % 5.07 4.35 4.26 5.87 0.238 | 0.089
Immune organs

0.070
Spleen % 0.065 |0.087 |0.083 |0.08 0.003 | g
Bursa % 0.051 |0.042 |0.04 0.038 | 0.003 | 0.096
Thymus% 0.392 | 042 0.368 |0.363 |0.015 |0.088
Chemical composition of meat
Protein 21.0° 29.00 |26.0° |25.0° |1.492 |0.008
Lipid 2.98? 2.00° |230° |241° |0.135 |0.007
Ash 12.9 11.9 11.8 11.9 0.695 | 0.658
Fiber 1.5 1.4 1.4 1.3 0.08 0.425
TAOC 415¢ 4732 446° 449P 24.898 | 0.008

b \/alues within a row with different superscripts differ significantly at P<0.05.
SEM, Standard error of mean's; TAOC=total antioxidant capacity
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