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Introduction

Since 1940’s, a number of subtherapeutic antibiotics have 
been used widely in animal production for preventing gastro-
intestinal system disease and promoting animal growth 
performance. Due to the increasing concerns about possible 
antibiotic residues in animal product, cross-resistance 
amongst pathogens and potential risks on human health, the 
use of antibiotics as growth promoter banned in European 
Union at 2006. The ban on use of antibiotics as growth 
promoters has accelerated in last decade investigations on 
natural alternative feed additives, such as, organic acids, 
probiotics, prebiotics, medicinal and aromatic plants or 
essential oils extracted from these plants.

Prebiotics are already used as a feed additive in animal 
production practice. Chitosan and chitosan oligosaccharides 
(COS), which are obtained from chitin chemically and 
enzimatically, are accepted as a prebiotic [1, 2]. The COS has 
a lower molecular weight, good solubility and low viscosity 
than chitosan [2]. Chitosan and COS have many biological 
activities on poultry such as; antimicrobial [1, 3] and 
hypocholesteromic effects [4-7].

Another alternative feed additive used in the farm 
animals, especially in poultry feeding, is L-carnitine 
(β-OH-γ-N-trimethylaminobutyric acid). L-carnitine is a 
water-soluble quaternary amine, which occurs naturally in 
microorganisms, plants and animals. It is also synthesized 
endogenously from lysine and methionine in the organism 
[8]. L-carnitine is crucial for the shuttle of long-chain fatty 
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RÉSUMÉ

Les effets d’une supplémentation en chitosane et carnitine chez le poulet 
de chair.  

 Cette étude a été menée pour déterminer les effets d’une supplémentation 
seule ou simultanée en oligosaccharides (COS) et carnitine sur la croissance, 
les caractéristiques de carcasse et la biochimie sérique de poulets de chair. 
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basal (contrôle); régime basal + 100 mg carnitine / kg; régime basal + 100 
mg COS / kg;; régime basal + 100 mg COS et 100 mg cartinine / kg. L’ étude 
à durée 42 jours. Dans l’ensemble , aucune différence n’a été remarqué sur le 
poids corporel, la consommation alimentaire et la conversion alimentaire 
des poussins. Après l’abatage on ne note aucune différence au niveau du 
poids corporel et dls différents poids de carcasse. On remarque toutefois 
que le taux de graisse abdominale des groupes COS, carnitine et COS + 
carnitine est inférieur à celui du groupe contrôle. Le taux de foie en DCO 
est également inférieur à celui de Carnitine et COS + Carnitine. Ces effets 
s’accompagnent d’un emodification des teneurs hépatiques en graisse et des 
profils biochimiques HDL, LDL et de VLDL. Pour conclure, l’ajout de COS, 
carnitine ou COS + Carnitine à l’alimentation des poulets de chair diminue 
le taux de graisse abdominal et hépatique sans affecter les performances.
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acids across the inner mitochondrial membrane. It controls 
the rates of β-oxidation of long-chain fatty acids, playing 
a pivotal role in energy metabolism [9]. As being in the 
COS, L-carnitine has also hypocholesterolemic [10], and 
hypolipidemic effects [11-12]. Broiler chicken’s diets consist 
of high percentage of cereal grain feedstuffs, and those diets 
have lower L-carnitine content than the animal sourced 
feedstuffs [13]. Therefore, L-carnitine supplementation to 
the poultry diet, which is based on cereal feedstuffs, might 
improve fatty acid and energy utilization. Thus, weight gain 
and feed conversion might be promoted, especially in young 
animals, if endogenous synthesis is insufficient to meet 
requirements. There has not been accordance on the result 
of the studies about the use of supplemental L-carnitine in 
the poutry diets on growth performance parameters, carcass 
traits and blood parameters. In some previous studies, it was 
reported that supplementation of L-carnitine improved the 
body weight gain [14-16] and reduced the abdominal fat 
content of broiler chickens [12, 15], wheras in the other studies 
no positive effect was found on growth performance [11, 12, 
17, 18] and carcass traits of broiler chickens [11, 18]. Lien 
and Horng, [11] also found that carnitine supplementation 
to diet decreased the serum triacylglycerol and nonesterified 
fatty acid concentrations in broiler chickens.

As above mentioned, in some previous studies reported 
that COS or L-carnitine supplementation to diet has positive 
effects on growth performance and also hypocholesterolemic 
effect in broiler chickens. Thus, concurrent use of these feed 
additives might have synergetic positive effect on growth 
performance and lipid metabolism of broiler chickens. 
Therefore, this study was conducted to determine the 
effect of dietary supplementation of COS and L-carnitine 
indivudually or dually on the growth performance, carcass 
traits and blood serum composition in broiler chickens.

Materials and methods

This study was conducted in Kafkas University Faculty 
of Veterinary Medicine Animal Research and Application 
Centre. The experimental protocol was approved by the 
Kafkas University Animal Experiments Local Ethics 
Committee (Code: KAU-HADYEK/2014-027).

ANIMALS AND HOUSING

Three hundered and twenty, 1-d-old straight-run 
broiler chicks (Cobb500) were used in this study. They were 
housed in a room with wood-floored. Continuous lighting 
was provided during the study. The room temperature was 
maintained at 33 °C for the first d, after that the temperature 
was gradually reduced by 3 °C weekly until reaching 24 °C. 
That temperature was kept steady until at end of the study. 
The lighting programme and ventilation were lasted throught 
the study, from d 1 to 42.

EXPERIMENTAL DESIGN, STUDY PERIODS, DIETS AND 
SUPPLEMENTS

There were 4 dietary treatments, each consisting of 4 
replicates. A replicate was an allotment with 20 birds, so 
each treatment had 80 birds. The broiler chickens were 
randomly allotted to 1 of 4 dietary treatments. Experimental 
diets consist of an unsupplemented basal diet (Table I) based 
on corn and soybean meal (Control group), same diets 
supplemented with 100 mg/kg COS (COS group), 100 mg/kg 
L-carnitine (Carnitine group) or 100 mg/kg COS+100 mg/kg 
L-carnitine (COS+Carnitine group) during the study.

The study lasted for d 42, as 3 feding phases: including 
starter- (d 1 to 14), grower- (d 15 to 28) and finisher phase 
(d 29 to 42).

All nutrients in the basal diet were meeting NRC 
[19] nutrient requirements for broilers and they were in 
mash form. Feed and water were provided for ad libitum 
consumption during the study.

The COS used in this study was provided from GlycoBio 
Company (Dalian, China). According to the manufacturer 
decleration, the COS obtained from exoskeleton of deep sea 
snow crab living in Alaska. The COS was composed of several 
chitosan oligomers with molecular weights averaging ≤ 1000 
Da, deacetilation degree 90.25 %, water solubity greater 
than 99 %, consisting of 40 % COS and 60 % cyclodextrine 
as a carrier, as declerated by the company. The L-carnitine 
used in this study was obtained from a pharmacy (Carnitine 
(L-carnitine), Sigma-Tau, Italy).

FEED ANALYSES

Dry matter, crude protein (N x 6.25, micro-Kjeldahl), 
ether extract, crude fibre and total ash in the feeds were 
determined according to AOAC [20] methods. 

DETERMINATION OF GROWTH PERFORMANCE 
PARAMETERS

Individual body weights of the all birds were weighed at 
the hatching and then at the end of each phase. Average daily 
live weight gain of animals in the each group for each phase 
was calculated by dividing of mean body weight to 14. This 
gave us the average daily live weight gain between the end 
and the beginning of each phase. Feed intake was determined 
for each phase at the group basis. The net feed intake in each 
group was determined for each phase by subtracting the 
remaining feed from the offered feed. Total net feed intake 
during the each phase were divided to 14 d x 20 bird, thus 
average daily feed intake was calculated in group basis. From 
the average daily feed intake and average weight gain, feed 
conversion (daily feed intake, g / daily live weight gain, g) 
were calculated for each phase.
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DETERMINATION OF CARCASS TRAITS

At the end of the study (42 d), 5 birds per replicate, 
20 chickens from per treatment (totally 80 birds) were 
slaughtered for determination of carcass traits.

BLOOD SAMPLING AND ANALYZING OF BLOOD SERUM 
COMPOSITION

During the slaughtering operation blood samples were 
also taken from the birds. Blood samples centrifuged at 1500 
g for 10 minutes, and then serum samples were seperated. 
The serum samples were stored -20 °C until analysis. Serum 
total cholesterol, triglyceride, HDL, total protein and albumin 
concentrations were analysed by an auto analyser (Beckman 

Coulter AU5800), using the commercial kits. Serum LDL 
and VLDL concentrations were calculated according to 
Friedewald et al. [21].

STATISTICAL ANALYSES

All data for each variable were subjected to one-way 
analysis of variance using the SPSS software package, version 
19.00 (SPSS Inc., Chicago, IL, USA). When significant 
treatment effects were disclosed, statistically significant 
differences among treatment means were identified by the 
multiple range test of Duncan [22].

Items Starter phase 
(d 1to 14)

Grower phase 
(d 15 to 28)

Finisher phase 
(d 29 to 42)

Ingredients
Corn 47.21 52.21 55.81
Soybean meal, 44 % CP 33.00 27.80 25.80
Wheat 6.50 5.60 4.00
Sunflower meal, 28 % CP 5.18 5.00 5.07
Vegetable oil 3.35 5.12 5.51
Di-calcium phosphate 2.33 2.06 1.90
Limestone 0.86 0.81 0.80
Salt 0.30 0.30 0.30
DL-Methionine 0.38 0.30 0.17
L-Lysine 0.34 0.25 0.09
Sodium bicarbonate 0.20 0.20 0.20
Vitamin-mineral premix2 0.35 0.35 0.35
Chemical composition (Analysed contents; DM basis)
Dry matter 91.20 91.03 91.67
Crude protein 22.60 20.30 20.08
Ether extract 5.63 7.50 8.01
Crude fibre 3.90 3.60 5.94
Crude ash 5.31 6.32 6.18
Calculated contents (DM basis)
Metabolizable energy, MJ/kg3 12.59 13.28 13.47
Organic matter 85.89 84.71 85.49
Calcium 1.00 0.86 0.82
Available phosphorous 0. 53 0.46 0.43
Lysine 1.35 1.15 0.98
Methionine+Cystine 1.06 0.93 0.78

1The basal diets were the same in the all groups. Treatment diets were supplemented with 100 mg/kg of chitosan oligosaccharides, 
100 mg/kg of L-carnitine, 100 mg/kg of chitosan oligosaccharides+100 mg/kg of L-carnitine to the basal diet as part of the diets.

2Supplying per kilogram of diet: vit A, 8400 IU; vit D3, 44800 IU; vit E, 56 mg; vit K3, 2.24 mg; vit B1, 1.68 mg; vit B2, 4.48 mg; niacin, 
33.6 mg; cal.D-pantothenate, 10 mg; vit B6, 2.8 mg; vit B12, 9 µg; D-biotin, 0.112 mg; folik acid, 1.12 mg; vit C, 56 mg; manganese, 59 mg; 
iron, 47 mg; zinc, 47 mg; copper, 47 mg; cobalt, 0.112 mg; iodine, 0.56 mg; selenium, 0.100 mg; molybdenum, 0.582 mg.

3 Metabolisable energy provided by calculation according to NRC [19].

TABLE I: Composition of the basal diets used in this study, %1.
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Results

GROWTH PERFORMANCE

At the end of the starter-, grower- and finisher phase, 
there were no statistical differences in terms of average body 
weigth, weight gain, feed intake and feed conversion in all 
groups (Table II). Only body weight of the chickens in the 
COS group was higher than those of chickens in the carnitine 
and COS+carnitine groups in the starter phase (P<0.05).

CARCASS TRAITS

There were no differences on slaughter body weight, 
carcass weight and carcass ratio among the groups (Table 
III). The breast (with bone), leg (with bone), wing, heart, 
spleen and gizzard ratio to carcass weight did not also differ 
among the groups. However, abdominal fat ratio was lower 
in the COS, carnitine and COS+carnitine groups than the 
Control group (P<0.05). Liver ratio in the control and COS 
groups was higher than the carnitine and COS+carnitine 
groups (P<0.01).

SERUM PARAMETERS

The COS, carnitine and COS+carnitine supplementation 
had no affect on the serum total cholesterol, trygliceride, 
HDL, LDL, VLDL, total protein and albumin concentrations 
(Table IV).

Discussion

The COS supplementation to diet improved the 
body weight of broilers as compared to carnitine and 
COS+carnitine supplemented groups at the starter phase 
(Table II). Hou and Gao [23] reported that, depending on 
the COS supplementation to the diet, it may situmulate the 
secretion of digestive enzymes from stomach, pancreas, and 
intestinal wall. There were no differences on the body weight of 
birds both grower- and finisher phase among the treatments. 
Average weight gain, feed intake and feed conversion during 
the starter-, grower- and finisher phase and as well as during 
the overall experiment were not differ among the treatment. 
These results showed that COS, Carnitine or COS+Carnitine 
supplementation to the broiler diet in the grower- and in 
the finisher diet had no positive or negative effect on the 
growth performance of broiler chickens. Unchanced body 
weight between control and treatment groups in the grower- 

Item

Diets
SEM 

pooled Sig.
Control COS 

100 mg/kg
Carnitine 
100 mg/kg

COS+Carnitine 
100 mg/kg+100 

mg/kg
Body weight, g
1 d 40.58 40.49 40.54 40.67 0.18 NS
14 d 302.9ab 303.8a 287.2b 286.5b 2.82 *
28 d 1042.0 1051.5 1006.4 1001.7 10.90 NS
42 d 2001.5 2007.5 1901.3 1960.1 20.34 NS
Average weight gain, g/d
1 to 14 d 17.8 18.9 17.2 17.5 0.29 NS
15 to 28 d 53.4 53.2 51.9 51.8 0.78 NS
29 to 42 d 73.9 73.2 67.9 73.1 1.91 NS
1 to 42 d 48.4 48.4 45.6 47.5 0.76 NS
Average feed intake, g/d
1 to 14 d 26.2 26.4 26.2 25.2 0.25 NS
15 to 28 d 93.5 96.0 97.0 90.6 1.28 NS
29 to 42 d 158.9 159.1 160.0 158.9 1.60 NS
1 to 42 d 92.9 93.9 94.4 91.5 0.63 NS
Feed conversion
1 to 14 d 1.48 1.41 1.52 1.44 0.02 NS
15 to 28 d 1.78 1.82 1.87 1.76 0.02 NS
29 to 42 d 2.18 2.17 2.36 2.16 0.05 NS
1 to 42 d 1.92 1.94 2.07 1.93 0.03 NS

NS: Non significant.
ab Mean values in the same row with a common letter are significantly different: * P<0.05.

Table II: Effects of dietary chitosan oligosaccharides or carnitine supplementation on the performences of broiler chickens.
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and finisher phase may be due to balanced nutrient and 
energy contents of the used diets, optimum management 
condition and high digestibilitiy of the diets. In agreement 
with the present study, Keser et al. [24] found that COS 
supplementation to diets did not affect growth performance 
of broiler chickens. Similarly, Huang et al. [25] reported that 
50 or 150 mg/kg COS supplementation to broiler diet did not 
affect body weight, weight gain and feed intake in overall the 
experiment. In contrary these results, there are reports that 
COS supplementation to diet improved growth performance 
of broilers [7, 26]. These discrepancies between in this study 
and other studies on the growth performance parameters may 
be related to differences on the dose, viscosity, acetylation 
degree and water solubility of COS used in these studies.

As compared to control birds dietary supplementation 
of L-carnitine did not change all growth perfomance 
parameters of broiler chickens during the starter-, grower- 
and finisher phase as well as in the all experimental phase 
(Table II). Although, the birds consumed more L-carnitine 
than the Control birds, extra L-carnitine consumption had 
no positive effect on growth performance parameters. This 
situation might be a result of the presence of appropriate 
amount of dietary methyl donors (such as, choline and folic 
acid) and L-carnitine procursors (methionine and lysine) 
in the used diets. Schuhmacher et al. [27] proposed that 
unchanged growth performance in animals argues against 
a marginal deficiency of L-carnitine sparing procursors. 
Body weight and weight gain results in the Carnitine groups 
were accordance with some previous studies conducted on 
the broiler chickens [9, 11, 12, 15, 17, 18, 28]. However, in 

Item

Diets
SEM

pooled
Sig.

Control COS 
100 mg/kg

Carnitine 
100 mg/kg

COS+Carnitine 
100 mg/kg+100 

mg/kg
Slaugter body 
weight, g 2001.7 2006.8 1889.7 1959.7 19.92 NS
Carcass 
weight, g 1399.3 1399.7 1298.6 1354.4 15.42 NS
Carcass ratio, % 69.32 69.26 68.24 69.71 0.38 NS
The relative organ ratio to the carcass weight, %
Breast (with 
bone) 33.7 33.0 33.3 33.0 0.24 NS

Leg (with bone) 28.0 27.8 28.2 28.3 0.17 NS
Wing 11.3 11.6 11.8 12.0 0.10 NS
Abdominal fat 1.45a 1.15b 1.24 b 1.18 b 0.05 *
Liver 3.29a 3.35a 2.92b 3.01b 0.05 **
Heart 0.65 0.64 0.64 0.66 0.01 NS
Spleen 0.15 0.14 0.15 0.16 0.01 NS
Gizzard 2.77 2.68 2.87 2.74 0.04 NS

NS: Non significant.
ab Mean values in the same row with a common letter are significantly different: * P<0.05, ** P<0.01.

Table III: Effects of dietary chitosan oligosaccharides or carnitine supplementation on the carcass traits and the relative organ weight of broiler chickens.

Item
Diets

SEM 
pooled Sig.

Control COS 
100 mg/kg

Carnitine 
100 mg/kg

COS+Carnitine 
100 mg/kg+100 mg/kg

Total cholesterol, mg/dL 114.3 111.5 121.3 125.1 2.44 NS
Triglyceride, mg/dL 41.0 46. 7 41.3 41.7 1.25 NS
HDL, mg/dL 88.1 82.2 93.0 92.6 2.51 NS
LDL, mg/dL 18.0 20.0 19.0 23.1 1.07 NS
VLDL, mg/dL 8.20 9.33 9.30 9.42 0.43 NS
Total protein, g/dL 2.83 2.96 3.13 3.02 0.60 NS
Albumin, g/dL 0.88 0.93 0.93 0.92 0.04 NS

NS: Non significant.

Table IV: Effects of dietary chitosan oligosaccharides or carnitine supplementation on the serum lipid and protein metabolism parameters of broiler chickens.
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several studies shoved that L-carnitine supplementation to 
diet improved growth performance of broiler chickens [14, 
16]. The differences among the studies might be related to 
doses of L-carnitine and composition of the diets used in 
these studies as well as sex, age and management condition 
of birds.

Use of combination of COS+carnitine to diet did not 
effect on growth performance of chickens during the starter-, 
grower- and finisher phases as well as over the all experimental 
period as compered to control group (Table II). Similar to the 
present study, Tufan et al. [29] reported that COS+carnitine 
supplementation to diets did not affect growth performance 
of quails.

The COS, carnitine and COS+carnitine supplementation 
to the diets did not affect slaughter body weight, carcass 
weight and carcass ratio and also breast, leg, wing, heart, 
spleen and gizzard ratio to the carcass weight of broilers 
(Table III). Similar to the study, Tufan [30] found that 50 or 
100 ppm COS supplementation to the broiler diet did not 
affect slaughter body weight of birds, but both doses increased 
the carcass ratio to live body weight. Unchanged breast ratio 
in the COS group was in agreement with the other studies 
results [26, 30]. Generally, there have been an increase 
number of consumers preferring low-fat chickens and 
excessive abdominal fat are less desirable for the consumers. 
On the other hand, abdominal fat amount is accepted as a 
predictor of total body fat in poultry [31]. From this point of 
view, supplementation of COS, carnitine and COS+carnitine 
to diets decreased the abdominal fat ratio as compared to 
Control (Table III). Lower abdominal fat ratio both carnitine 
and COS+carnitine groups might be attributed depend on 
carnitine supplementation increased rate of long-chain fatty 
acid oxidation within the cell (in mitochondria), thereby 
decreasing their availabity for esterification to triacylglycerols 
and storage in the adipose tissues [8]. Similar to our results, it 
was reported that chitosan [32], COS (26) or Carnitine [12] 
supplementation to the broiler diet decreased the abdominal 
fat amount. Liver ratio were higher in the Control and 
COS groups than the Carnitine and COS+carnitine groups 
(Table III). In contrast to our result, Tufan [30] found that 
COS supplementation to the broiler diet decreased liver 
ratio as compared to control group. It was also established 
that carnitine supplementation to the broiler diets [11, 17] 
or COS+carnitine supplementation to the quail diet [29] did 
not affect abdominal fat and liver ratio.

Dietary supplementation of COS, Carnitine or 
COS+Carnitine did not affect blood serum lipid (total 
cholesterol, triglyceride, HDL, LDL, VLDL) and protein 
(total protein, albumin) metabolism parameters of broiler 
chickens (Table IV). According to the limited published 
reports to date, effects of COS, Carnitine or COS+Carnitine 
on serum parameters of poultry are not consistent. Some 
studies indicated that COS (24, 26), carnitine [9, 11, 18, 
28, 33, 34] or COS+Carnitine [29] supplementation did 
not affect serum total cholesterol concentration, whereas 

the other studies indicated that chitosan [4] or COS [30] 
decreased total cholesterol concentration. Our results on 
the triglyceride concentration were accordence to other 
results of studies conducted on chitosan/COS [4, 6, 24] 
or L-carnitine [9, 16, 28, 33, 34]. In contrast to these 
results, it was reported that chitosan [35], COS [26, 30] or 
carnitine [11, 12] supplementation to diet decreased serum 
triglyceride concentrations in broiler chickens. In this 
study, concentration of HDL, LDL and VLDL did not affect 
by COS, Carnitine and COS+Carnitine supplementation. 
Similar results were also reported by the other researcher for 
chitosan/COS [4-6, 24] and carnitine [10, 11].

The serum total protein concentration usually reflects 
the protein metabolism and immunity function situation 
at in vivo condition [7]. Furthermore, serum total protein 
contains albumin and globulin, both of which were shown 
to reflect the hepatic protein metabolic status in the 
organism. In this study COS, Carnitine or COS+Carnitine 
supplementation to the diet did not affect serum total 
protein and albumin concentration. Our results imply that 
mentioned feed additives had showed no improvement 
body protein anabolism in growing broiler chickens. These 
results agree with the results of earlier studies used COS 
[24, 26, 30], carnitine [16, 18, 34] or COS+Carnitine [29] in 
the poultry diets. However, Li et al. [7] found that dietary 
supplementation of COS increased the serum total protein 
concentrations of broiler chickens.

In conclusion, dietary supplementation of COS, Carnitine 
and COS+Carnitine did not effect growth performance, 
carcass ratio, carcass parts and serum compositions of 
broiler chickens. Supplementation of COS, Carnitine and 
COS+Carnitine decreased abdominal fat ratio, Carnitine 
and COS+Carnitine also decreased liver proportion. Due to 
the decreasing effect on abdominal fat, these additives can be 
used for obtaining lower fat carcass from the broiler chickens.
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