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The poultry industry has traditionally been selecting animals for improved performance without 
consideration for the effect on fat deposition. Dietary L-carnitine can alter lipid metabolism; 
nevertheless, when combined with fat, the effects are not clear. This study shows the effect of different 
dietary levels of L-carnitine (0, 200 and 400 mg/kg) and fat (0, 2.5 and 5%) on growth performance 
and slaughter traits of commercial broilers (Ross 308; n=270). The groups received the following 
dietary treatments: 1) 0 mg/kg L-carnitine + 0% fat, 2) 200 mg/kg L-carnitine + 0% fat, 3) 400 mg/kg 
L-carnitine + 0% fat, 4) 0 mg/kg L-carnitine + 2.5% fat, 5) 200 mg/kg L-carnitine + 2.5% fat, 6) 400 
mg/kg L-carnitine + 2.5% fat, 7) 0 mg/kg L-carnitine + 5.0% fat, 8) 200 mg/kg L-carnitine + 5.0% 
fat, and 9) 400 mg/kg L-carnitine + 5.0% fat. Feed conversion ratio, growth performance, blood 
biochemical parameters, carcass traits and body composition were measured and analyzed. Levels 
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of fat with L-carnitine had significant effects on the European Performance Efficiency Factor, wings 
weight, intestine length and weight, spleen and liver weight, full abdomen carcass and abdominal fat 
weight, as well as serum triglyceride levels. Dietary L-carnitine supplementation improved growth 
performance of broilers, thus it may be a promising solution to reduce fat storage in broilers and 
improve the quality of carcasses intended for human consumption.

KEY WORDS: blood lipids  / carcass traits  / fat / L-carnitine / performance / poultry

Over the last 50 years different studies have been conducted to determine the 
influence of diet supplementation on carcass composition and more recently, also on 
blood parameters [Pearson and Dutson 2013].The poultry industry has traditionally 
been selecting animals for improved performance (high growth rate, body weight, 
feed efficiency) without considering the effect on fat deposition. The intramuscular 
lipid accumulation affects mainly the abdominal adipose tissue, considered by the 
broiler industry a product of low economic value, which resulted in a re-evaluation 
of the improvement strategies incorporating new dietary technologies [Fouad et al. 
2013]. L-carnitine (3-hydroxy-4-N-trimethylammoniobutanoate) is endogenously 
biosynthesized from lysine and methionine [Buyse et al. 2001]. Although its relative 
concentration in cells (in the form of free carnitine or acylcarnitines) is high, an 
exogenous dietary intake is needed. L-carnitine in the form of acylcarnitines facilitates 
the transport of fatty acids into the mitochondrial matrix [Furuno et al. 2001].The 
concept that dietary L-carnitine reduces cholesterol and triglyceride levels has been 
supported by the study of Wang et al. [2013], demonstrating the moderating influence 
of altering lipid metabolism on body fat. The dietary fat and L-carnitine combination 
effects on lipid metabolism and growth development of broiler chickens are not 
clear. Therefore, the objective of this study was to investigate the effects of dietary 
L-carnitine and fat on the performance, carcass characteristics and blood parameters 
in broiler chicks.

Material and methods

Animals

A total of 270 one-day old mixed Ross 308 chicks (weighing 44.0±1.5 g) were 
divided into 27 groups of 10 animals each. All birds were fed iso-caloric and iso-
nitrogenous diets for 42 days (see the composition and nutritive values in Tab. 1). 
Furthermore, different L-carnitine (0, 200 and 400 mg/kg) and fat (corn oil 0, 2.5 and 
5%) concentrations were added to the daily diet. The treatment groups (each treatment 
had three replicated pens) were as follows:

Treatment 1 (control) – 0% fat + 0 mg/kg L-carnitine, Treatment 2 – 0% fat + 200 
mg/kg L-carnitine, Treatment 3 – 0% fat + 400 mg/kg L-carnitine, Treatment 4 – 2.5% 
fat + 0 mg/kg L-carnitine, Treatment 5 – 2.5% fat + 200 mg/kg L-carnitine, Treatment 
6 – 2.5% fat + 400 mg/kg L-carnitine, Treatment 7 – 5% fat + 0 mg/kg L-carnitine, 
Treatment 8 – 5% fat + 200 mg/kg L-carnitine, Treatment 9 – 5% fat + 400 mg/kg 
L-carnitine.

H. Akhoondzadeh et al.
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Management of experimental birds

On the first day of age all birds were weighed individually and then randomly 
assigned to 27 floor pens. During the first three weeks of rearing the room temperature 
was set at 33°C in the first days, dropped to 30°C in the successive days of the first 
week, and subsequently lowered gradually by 2.8°C every week until 20°C was 
reached. Room temperature was monitored by three thermometers placed in the 
middle and two ends of the broiler house. The birds were kept under a 23-hour light 
regimen throughout the study period. Feed and water were provided ad libitum, during 

L-carnitine-fat feeding in broiler

 Table 1. Feed ingredients and nutrient analysis of diets used during the starter 
(1st-14th days of age), grower (15th-28th days of age) and finisher 
periods (29th-42nd days of age) 

 

Ingredient (g/kg)  Starter 
period  Finisher 

period  Finisher 
period 

Feed ingredients       
corn   558.5  624  630 
soybean meal  375.5  320.5  302.5 
soybean oil  20  20  20 
monocalcium phosphate (CaH4P2O8)  17  11  13 
CaCO3  11.3  13  9 
Mineral mixture1  3  2.5  3 
Vitamin mixture2  3  2.5  3 
Vitamin K3  1  1  1 
Vitamin E  1  1  0.5 
DL-Methionine  3.3  1.8  1.7 
Lysine-hydro-chloride  2.2  1  1 
NaCl  1.9  2  2.5 
sodium bicarbonate (NaHCO3)  2.5  1.5  1.5 
multi-enzyme  0.35  0.35  0.35 
phytase  0.1  0.1  0.1 
total  100  100  100 

Nutrient analysis       
metabolizable energy (kcal/kg)  2930  3050  3100 
crude protein (%)  23  21.5  20 
crude fiber (%)  3  3  2.90 
calcium (%)  1  0.86  0.80 
available phosphorus (%)  0.5  0.43  0.40 
sodium (%)  0.16  0.16  0.16 
lysine (%)  1.28  1.1  1.00 
methionine (%)  0.58  0.45  0.45 
Ca:P  2  2  2.00 
linoleic acid (%)  1  1  1.00 
potassium (%)  0.8  0.8  0.8 
methionine + cysteine (%)  0.93  0.77  0.75 
chlorine (%)  0.16  0.15  0.15 

 
1Calcium pantothenate – 4 mg/g; niacin – 15 mg/g; Vitamin B6 – 13 mg/g; Cu – 
3 mg/g; Zn – 15 mg/g; Mn – 20 mg/g; Fe – 10 mg/g; K – 0.3 mg/g. 
2Vitamin A – 5000 IU/g; Vitamin D3 – 500 IU/g; Vitamin E – 3 mg/g; Vitamin 
K3 – 1.5 mg/g; Vitamin B2 – 1 mg/g. 
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the first week in feeder trays and conical drinkers, respectively. During the rest of the 
rearing period, cylindrical feeders and drinkers were used. The birds were vaccinated 
on the 1st day of age against infectious bronchitis and avian influenza, on the 1st, 8th 
and 18th day of age against Newcastle disease and on the 14th and 22nd days of age 
against Gumboro’s disease. Body weight and feed intake were measured weekly. Feed 
conversion ratio (FCR) was calculated by dividing total feed consumption by total 
body weight gain (g/g bwg) and the European production efficiency factor (EPEF) 
was calculated weekly using the following equation: EPEF = Daily weight gain (g or 
kg) × Survival rate/10 × FCR.

On day 42 one representative chick per group was sacrificed. The carcass was 
then processed into edible parts and non-edible parts. Feet were separated from the 
carcass at the tibiotarsal joint. The neck, wingtips, gut and liver were removed and the 
empty or edible carcass was weighed.

Blood collection and analysis

On day 42 one bird with a weight close to the mean was selected, a 5ml blood 
sample was taken from the wing vein and held for 12 hours at room temperature, 
centrifuged at 5,000 rpm for 3 minutes (before serum separation). Serum was stored 
at -20˚C until biochemical analysis. Analysis was performed using Pars Azmoon 
commercial kits in an autoanalyzer (Hitachi 917, Japan). The levels of direct and total 
bilirubin, alkaline phosphatase, aspartate amino transferase (S.G.O.T) (EC 2.6.1.1), 
creatinine, blood urea nitrogen, low-density lipoprotein, high-density lipoprotein, 
triglycerides, total cholesterol and glucose were measured.

Statistical analysis

The data were analyzed using a general linear model (SAS Institute Inc. 2000., 
SAS Online Doc., SAS Institute Inc., Cary, NC.), which is robust enough to allow 
for the moderately imbalanced data from these experiments. The model included 
L-carnitine and fat as the main effects. A 3×3 factorial design was used to analyze 
the data. The interaction between the main effects was included in the model. Group 
differences were tested with Duncan’s test. The significance level was set at P<0.05. 
The model used was:

                                  yij= μ + Ai + Bj + (AB)ij + eijk 
where: 

μ – the overall mean;
 Ai – the fixed effect of L-carnitine; 
Bj – the  fixed effect of fat; 

(AB)ij – the fixed effect of interaction A by B; 
eijk – the random error. 

Before the statistical analysis of data, all data were tested by Shapiro-Wilk’s and 
Levene’s tests for normality and homogeneity of variance, respectively.

H. Akhoondzadeh et al. 
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Results and discussion

Main effects

The effects of dietary fat on the growth performance of six-week old broilers are 
summarized in Table 2. The dietary supplementation of 5% fat decreased the feed 
conversion ratio (FCR, P<0.05) and increased the European Production Efficiency 
Factor (EPEF, P<0.05), while it had no effect on body weight (BW) when compared to 
the controls. Of all the analyzed carcass components (Tab. 4), the weight of abdominal 
fat was greater in broilers fed 5% supplemental fat compared to the controls, similarly 
as it was for full abdomen carcass weight (P<0.05) compared to birds fed the low-fat 
diet (2.5% fat). Weight of other carcass components as well as the spleen (Tab. 3) 
was not influenced markedly by the fat supplementation diets. The effect of fat rich 
diets on gastrointestinal components and organs is shown in Table 5. Fat rich diets 
(2.5% and 5%) increased the intestine weight (P<0.05) compared to the control birds. 
The low-fat diet increased the intestine weight, while it decreased liver weight (both 
P<0.05, Tab. 5). Other parameters as well as blood biochemistry parameters (Tab. 6) 
were not significantly affected by fat rich diets. High fat diets used in broiler nutrition 
to improve their BW lead to increased carcass fat deposition. In this study the high-
fat diet (5% fat) had no effect on BW even though it improved FCR, which is in line 
with the study of Rezaei et al. [2007] in broiler chicks fed 5% supplemental fat. In 
turn, Burlikowska et al. [2010] found no effect of the diet fortified with lard on the 
BW gain and FCR. 

The EPEF is used to evaluate growth performance of broilers [Kryeziu et al. 
2018]. In the present study, only feeding the high-fat diet resulted in increased EPEF, 
which indicated a uniform BW gain as well as good health of birds [Bhamare et al. 
2016]. The intestine, full abdomen carcass and abdominal fat weights were found to 
increase after feeding the 5% supplemental fat. The deposition of body fat depends 
on the net balance between fat absorption, synthesis and catabolism [Mohammad 
and Horniaková 2012]. In another study, dietary fat did not alter blood parameters in 
broilers fed with lard [Burlikowska et al. 2010].

Of the investigated carcass components (Tab. 4), only the neck and abdominal 
fat weights (both P<0.05) were decreased in broilers fed a diet supplemented with 
L-carnitine compared to the controls. Growth performance (Tab. 2), spleen weight 
(Tab. 3), gastrointestinal component and organ weights (Table 5) and blood serum 
biochemical indices (Tab. 6) were not altered markedly. Endogenous L-carnitine 
supports energy metabolism by mobilizing fat from body reserves [Rabie et al. 1997]. 
Supplemental L-carnitine (200 and 400 mg/kg) decreased the weight of the neck and 
abdominal fat, while no other carcass or blood parameters and growth performance 
of broilers were affected markedly. Our observations are in agreement with those of 
Wang et al. [2013], who found no effect of dietary L-carnitine on broiler performance, 
growth rate or feed efficiency, except for triglyceride mobilization properties. In 
contrast, Rabie and Szilágyi [1998] found a clear positive effect of L-carnitine on 

L-carnitine-fat feeding in broiler
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BW gain during the initial growing phase, while in a more recent study an increase 
of growth rate and greater BW, feed intake and FCR in broilers fed supplemental 60 
ppm L-carnitine were observed by Oladele et al.[2011]. Our results are in agreement 
with other studies [Rabie et al. 1997, Rabie and Szilágyi 1998, Xu et al. 2003, Rezaei 
et al. 2007], which reported the effect reducing abdominal fat content for L-carnitine 
provided at doses of 50-250 mg/kg. Our results showed that L-carnitine decreased 
the weight of the neck, although breast and drumstick weights were not significantly 
affected in contrast to other studies [Rabie and Szilágyi 1998, Xu et al. 2003], in which 
supplemental 50 mg/kg L-carnitine increased breast meat and drumstick weights. 
Data showed that L-carnitine improved fatty acid oxidation, prevented esterification 
to triglycerides and fat storage in the abdomen.

Interaction effects

Data on the growth performance of broilers fed different diets are summarized 
in Table 2. No significant variations were observed between the different groups of 
feed supplementation and breeding parameters, i.e. FCR and BW. The EPEF was 
generally higher in the group receiving 5% fat + 200 mg/kg L-carnitine (P<0.05) 
compared to the control group and the group fed supplemental 400 mg/kg L-carnitine 
alone (P<0.05), in which EPEF was the lowest. The supplemented diet modified 
significantly the spleen weight (Tab. 3), which was greater in the group fed 2.5% fat + 
400 mg/kg L-carnitine (P<0.05) than in the group fed the high fat (5%) diet with 200 
mg/kg L-carnitine (P<0.05). 

Of carcass components (Tab. 4), supplemental 5% fat + 400 mg/kg L-carnitine 
increased significantly the full abdomen carcass weight (P<0.05), while it was the 
lowest in broilers fed the low fat diet alone (P<0.05). The maximum abdominal fat 
weight was obtained in chickens fed 5% fat alone (P<0.05). When compared to the 
effect of the diet supplemented with L-carnitine, we observed abdominal fat weight 
reduced by approx. 40% at its lower dose (200 mg/kg, P<0.05) and by nearly 70% 
at its higher dose (400 mg/kg, P<0.05). The low fat diet combined with 400 mg/
kg L-carnitine had a positive effect on the wings weight (P<0.05).The weights of 
gastrointestinal components and the heart are summarized in Table 5. The supplement 
of 200 mg/kg L-carnitine alone decreased the length and weight of the intestine (both 
P<0.05) when compared to the same dose supplementing the high fat diet. Moreover, 
the heaviest intestines were found in broilers fed the high fat diet with the higher 
L-carnitine dose compared to the controls and birds fed the lower dose of L-carnitine 
alone. We also found that the livers were heavier in the group fed with supplemental 
200 mg/kg L-carnitine alone compared to the group fed the high fat diet alone.

Of the blood parameters (Tab. 6), the level of serum triglycerides (P<0.05) was 
altered depending on the dietary treatments. In general, formulations containing 400 
mg/kg L-carnitine provided a greater reduction of plasma triglycerides. In contrast, the 
highest triglyceride level was observed in broilers receiving 200 mg/kg L-carnitine in 
the low fat diet (P<0.05). There were no significant variations in the other parameters 

H. Akhoondzadeh et al. 
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L-carnitine-fat feeding in broiler
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of organs and blood. The current results indicated that supplemental L-carnitine has 
performance-improving and lipolytic effects in broiler chickens fed applying different 
fat levels, which are consistent with those reported in other studies [Rabie and Szilágyi 
1998, Parsaeimehr et al. 2014].

The European Production Efficiency Factor (EPEF) is a simple and practical 
index to assess productive performance data, which was increased up to 349 in the 
group receiving 5% fat, suggesting that dietary supplementation may improve growth 
performance. Similar data were found in broilers fed diets containing probiotics [360, 
Biernasiak and Slizewska 2009]. We observed no response of FCR and BW during the 
experimental period, which is in line with findings of Murali et al. [2015], who used 
900 mg/kg L-carnitine in a high fat diet of chickens. It contradicts findings of other 
studies, which reported a reducing [Rajabzadeh-Nesvan et al. 2013] or improving 
effect [Jalali et al. 2015] of L-carnitine supplementing different fat source diets on 
FCR, at increased BW and feed intake in chickens [Rajabzadeh-Nesvan et al. 2013, 
Jalali et al. 2015]. The weights of wings, spleen, intestine, liver, abdomen as well as 
intestine length were significantly increased in response to the experimental diets, 
which was attributable to the L-carnitine effect in a fat rich diet as a result of increasing 
energy efficiency of dietary fat. Our results are in line with the study of Rezaei et al. 
[2007] that revealed the same effect on the liver weight in broilers fed a combined 
diet. In contrast, Rajabzadeh-Nesvan et al. [2013] reported no significant effect of 
such a diet on the weight of the heart, liver, breast and thighs. 

Energy requirements increase in the first period of broiler growth. Carnitine, as 
an essential compound in energy metabolism, facilitates the transport of fatty acids 
into the mitochondrial matrix mobilizing energy for cells [Furuno et al. 2001]. 
Elevated cellular energy utilization results in an increased metabolic rate, which 
makes the availability of L-carnitine particularly critical [Buyse et al. 2001]. High-
energy intake generates higher serum levels of triglycerides and cholesterol as well as 
greater deposition of fat in the body [Parsaeimehr et al. 2014] as was reported in our 
study. Therefore, additional L-carnitine is favorable [Buyse et al. 2001].We found a 
decrease in the abdominal fat weight and serum triglycerides at the higher (400 mg/
kg) L-carnitine dose, while the other blood parameters were not affected. Arslan et al. 
[2004] reported lowered serum triglycerides, but also cholesterol and total lipids in 
Japanese quails. By contrast, a low dose of dietary L-carnitine (60 mg/kg) increased 
cholesterol levels [Kheiri et al. 2011]. Moreover, there are reports on hypoglycaemic 
effects of L-carnitine in broilers [Buyse et al. 2001, Wang et al. 2013] and when 
given together with fat, resulting in markedly reduced cholesterol and LDL levels 
[Parasaeimehr et al. 2013]. However, Jalali et al. [2015] reported increased levels of 
cholesterol, HDL, LDL, and proteins in the serum of broiler chickens.

The results obtained in this study revealed that 400 mg/kg dietary L-carnitine 
markedly lower abdominal fat weight and serum triglycerides levels at no addition 
of fat to the diet. Feeding the high fat diet supplemented with 200 mg/kg L-carnitine 
showed the highest EPEF. Overall, the performance traits improved with the increase 

H. Akhoondzadeh et al. 



121

in the fat inclusion level. It can be concluded that dietary L-carnitine improved growth 
performance of broilers, thus it may be a promising way to reduce fat storage in 
broilers and improve the quality of carcasses intended for human consumption.
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