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Table 1- Feed ingredients and chemical compounds of diets

Feed ingredient (percentage) Starter Grower Finisher
(1-14 days) (15-28 days) (29-42 days)
Yellow Corn 47.03 59.60 65.99
Wheat 5.58 5.00 5.00
Soybean meal (44% crude protein) 29.02 16.15 10.28
Corn gluten 10.00 11.48 11.50
soybean oil 3.50 3.40 3.09
Limestone 1.45 1.23 1.00
Di-calcium phosphate 1.95 1.80 1.83
salt 0.20 0.20 0.20
Vitamin and mineral premix 0.50 0.50 0.50
DL-methionine 0.52 0.58 0.57
L-Lysine hydrochloride 0.25 0.06 0.04
Calculated nutrients

Metabolisable energy (kilocalories per kilogram) 2950 3000 3050
Crude protein (%) 22 20 19
Lysine (%) 13 1.2 11
Methionine (%) 0.56 0.54 0.52
Methionine + cysteine (%) 0.92 0.90 0.88
Calcium (%) 1.04 0.95 0.92
Available phosphorus (%) 0.52 0.47 0.41

1- The amount of vitamins and minerals per kg of the final diet: vitamin A, 9000 1U; vitamin D3, 3000 IU; vitamin E, 18 IU; vitamin
K3, 3 mg; vitamin B1 (Thiamine), 1.8 mg; vitamin B2 (Riboflavin), 6 mg; vitamin B6 (Pyridoxine), 3 mg; vitamin B12
(Cyanocobalamin), 0.012 mg; vitamin B3 (Niacin), 30 mg; vitamin B9 (Folic acid),1 mg; vitamin H3 (Biotin), 0.24 mg; vitamin B5
(Pantothenic acid), 10 mg; 500 mg; Choline, 100 mg; Mn, 100 mg; Zinc, 80 mg; Iron, 10 mg; Cu, 1 mg; I, 0.2 mg.

Table 2- Performance (mean +SEM) of Ross 308 broilers at starter, grower and finisher periods of age fed diets
containing the different levels of L-carnitine

Starter (1- Grower Finisher EFdd°fl
14d) (15-28d)  (29-42) perfz) -
Body European
Body Body . Feed Feed Feed .
Feed . Feed Feed . Feed Feed Weight . Body . Production
Intake V\(I;e;?:t Conversion Intake Wé;?gt Conversion Intake Gain Cor';vaetli'zlon Intake Weight Cor;e\g-:gzlon Efficiency
(9) Ratio (9) Ratio (9) (9) Gain (g) Factor
(9) (9 @ (EPEF)
Control 512.50 388.75 1.317 1461.00° 872.75 1.675% 2512.5% 1075.25° 2.335% 4486.00° 2336.75° 1.9202 300.07¢
L- 506.25 390.75 1.295 1447.00° 873.25 1.657° 2490.5° 1083.75° 2.300° 4443.75° 2347.75° 1.892° 305.41°
carnitine
(200
mg/kg)
L- 508.75 391.50 1.300 1437.25° 877.75 1.637¢ 2466.5° 1098.50? 2.245°¢ 4412.50° 2367.75% 1.865¢ 312,752
carnitine
(400
mg/kg)
P-value 0.115 0.333 0.238 0.003 0.114 0.001 0>000 0.003 0>000 0>000 0>000 0>000 0.001
SEM 1.889 0.274 0.009 3.514 1.652 0.004 3.395 3.458 0.008 6.951 3.560 0.005 0.995

" In each column, means with the similar letters are not significantly different (P<0.05). SEM:

Standard error of the mean
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Table 3- Relative weight of carcass components (%) mean (+tSEM) of Ross 308 broilers at 42nd days of age fed

diets containing the different levels of L-carnitine

Carcass  Breast Wings  Thigh Liver Heart Gizzard Pancreas Abdominal
yield fat

Control 75.00 30.78 9.152&  36.162 2.07 0.472" 1.55 0.232 0.5202
L-carnitine 76.87 3143 8.9352 33.55 212 0537@ 1.63 0.252 0.452 b
(200 mg/kg) b

L-carnitine 87.08 32.59 7.795b 32.96 212 0530¢% 1.59 0.247 0.355¢
(400 mg/kg) b

P-value 0.52 0.203 0.003 0.040 0.268 0.072 0.183 0.546 0>000
SEM 1.69 0.663 0.215 0.787 0.023 0.018 0.027 0.012 0.005

*In each column, means with the similar letters are not significantly different (P<0.05). SEM: Standard error of the mean.

Table 4- Relative weight (%) of intestinal segment mean (+SEM) of Ross 308 broilers at 42nd days of age fed
diets containing the different levels of L-carnitine

Right Left lleum Jejunum  Duodenum
cecum cecum
Control 0.352 0.357 117 2.722 0.7672
L-carnitine (200 mg/kg) 0.372 0.325 1.32 3.030 0.635°
L-carnitine (400 mg/kg) 0.350 0.317 131 2.680 0.672°
P-value 0.718 0.301 0.403 0.697 0.007
SEM 0.021 0.018 0.086 0.258 0.023

* In each column, means with the similar letters are not significantly different (P<0.05). SEM: Standard error of the mean.

Table 5- Blood parameters mean (+tSEM) of at 42nd days of age fed diets containing the different levels of L-

carnitine
Triglyc  Cholesterol  Glucose  Albumin HDL LDL VLDL HDL/LD  Total
eride (mg/dl) (mg/dl) (g/dL) (mg/dL)  (mg/dL) (mg/dL) L protein
(mg/dL) (mg/dL)  (g/dL)
Control 226.002 148.252 257.50 1.285 61.50° 41552 45.202 1.54° 2.025°
L-carnitine (200 mg/kg) 218.25° 128.50° 245.00 1.187 70.502 14.35° 43.65P 5522 25152
L-carnitine (400 mg/kg) 133.25¢ 117.00¢ 264.25 1.300 73.75° 16.60° 26.65° 5.622 2.935%
P-value 0>000 0>000 0.066 0.287 0>000 0.001 0>000 0.050 0.006
SEM 1.559 3.348 5.071 0.050 1.534 4.075 0.311 1.166 0.147

* In each column, means with the similar letters are not significantly different (P<0.05). HDL: High-density lipoprotein; LDL: Low-
density lipoprotein; VLDL: Very low-density lipoprotein. SEM: Standard error of the mean.

Table 6- Immune system mean (+tSEM) of Ross 308 broilers fed diets containing the different levels of L-

carnitine

IgT 1gG IgM IgT 19G IgM NDV AlV

Bursa of (at (at (at (at (at (at (at (at

. Thymus Spleen 351" 35t 35t 42nd " 42nd 42nd 42nd

Fabricius 42"
(%) (%) day day day day day of dayof day of
(%) day of

of of of of age) age) age) age)
age)  age) age)  age) J (Logz)  (Logz)  (Log)

Control 0.240 0.105 0.077 2.00° 1.00 1.00® 3.25¢ 15¢ 1.75 3.25b 2.25

L-carnitine (200 mg/kg) 0.252 0.115 0.087 3252 1.50 1500 475% 25° 225 400%® 225

L-carnitine (400 mg/kg) 0.202 0.092 0.102 3.75% 175 225% 7.00% 452 2.5 4502 2.50
P-value 0.070 0.189 0.131 0.008 0.295 0.009 0.001 0>000 0.178 0.006 0.840
SEM 0.0136 0.007 0.007 0311 0322 0.220 0.311 0.288 0.263 0.322 0.353

* In each column, means with the similar letters are not significantly different (P<0.05). SEM: Standard error of the

mean.

IgT: Total immunoglobulin; 1gG: Immunoglobulin G; IgM: immunoglobulin M; NDV: Newcastle disease virus; AlV:

Avian influenza virus.



Table 7- Cecum microflora mean (xSEM) of Ross 308 broilers at 42nd days of age fed diets containing the
different levels of L-carnitine

Clostridium Lactobacilli Escherichia coli Coliform

(CFUI/g) (CFUI/qg) (CFUI/g) (CFUIlg)
Control 57112 7.908 ¢ 8.658 2 8.770 2
L-carnitine (200 mg/kg) 5.429° 8.210° 8.210° 8.264°
L-carnitine (400 mg/kg) 5.182°¢ 8.599 @ 7.947 ¢ 8.072°
P-value 0>000 0>000 0>000 0>000
SEM 0.043 0.064 0.074 0.089

*In each column, means with the similar letters are not significantly different (P<0.05). SEM: Standard error of the

Table 8- Sensory evaluation of meat mean (+SEM) of Ross 308 broilers at 42" days of age fed diets containing
the different levels of L-carnitine

Perfume Taste Color Oral sensation General acceptance
Control 3.977¢ 4.29¢ 4.62°¢ 4.125" 4.500°
L-carnitine (200 mg/kg) 5.875°P 5.62°b 575" 5.625 @ 5.875¢@
L-carnitine (400 mg/kg) 7.008 6.87¢2 6.87¢2 6.625 @ 6.875%
P-value 0.001 0.001 0.001 0.016 0.007
SEM 0.350 0.248 0.338 0.487 0.403

" In each column, means with the similar letters are not significantly different (P<0.05). SEM: Standard error of the
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Table 9- Effect of experimental treatments on fatty acid profile

Fatty acid Control L-carnitine L-carnitine

(%) (200 mg/kg) (400 mg/kg)
C12:0 0.32 0.20 0.14
C14:0 0.87 0.53 0.56
Cl4:1 0.46 0.24 0.21
C15:0 0.12 0.09 0.00
C16:0 26.99 23.53 23.61
Cl6:1 6.67 571 5.63
C18:0 5.76 6.96 6.59
C18:1c 35.23 38.01 28.98
C18:2t 6.59 3.15 3.02
C18:2c 15.79 20.82 30.09
C18:3 0.51 0.30 0.65
C20:0 0.24 0.19 0.20
C20:1 0.24 0.15 0.20
C22:0 0.21 0.12 0.12
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Table 10- Effect of experimental treatments on small intestinal histology (Jejunum)

Villus height Crypt depth Muscular layer

(nm) (nm) thickness (um)
Control 641.48 184.77 39.51
L-carnitine (200 mg/kg) 876.52 144.91 37.71
L-carnitine (400 mg/kg) 1128.52 106.84 33.12
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Figure 2- Effect of experimental treatments on small intestinal histology
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Introduction: Living organisms produce L-Carnitine (B-hydroxy-y-trimethylaminobutyric) from
the food via biosynthesis of lysine and methionine in the liver, kidney, skeletal muscle, and brain
and then enters the bloodstream (Farrokhyan et al, 2014). L-carnitine involve in lipid metabolism, is
a plasma lipid-lowering drug that lowers cholesterol, triglycerides, free fatty acids, phospholipids,
and very low-density lipoproteins, while increases high-density lipoproteins (HDL-c).
Supplementation of poultry diets with L-carnitine has been reported to be effective in controlling
blood lipids, abdominal fat pad and poultry health (Jafari-Golrokh et al,2016). This study aims to
investigate the effects of L-carnitine on growth performance, carcass characteristics, abdominal fat,
blood biochemical parameters, immune system, cecal microflora, histology of jejunum, taste
properties of breast meat and fatty acid composition of breast meat of broilers.

Material and methods: The experiment was performed in a completely randomized design with 3
treatments (4 replicates). In this study, we used 120 broiler chicks (10 chicks per pen with
dimension of 1.5x1.5m? approximate weights of 45+2g) during 42 days. The experimental
treatments included 3 levels of L-carnitine (0, 200 and 400 mg/kg diet) in corn-soybean meal basal
diet. We analyzed the effects of experimental treatments by SAS software and the comparison of
the means was done with Duncan’s multiple-range test at 5% significance level. Body weight gain,
feed intake, and feed conversion ratio (FCR) were calculated at the end of feeding phases to
evaluate the traits. European Production Efficiency Factor (Aviagen 2018), carcass characteristics
(Farrokhyan et al. 2014), blood parameters (Hosseinitabar et al. 2015), immune system (Seidavi et
al. 2014), breast meat fatty acid (Folch et al. 1957) cecal microbial population, histology of the
small intestine were calculated at the end of experiment (42 days).

Results and discussion: In the finisher period of our experiment, the chickens fed by a diet
containing 400 mg/kg L-carnitine significantly had lower feed intake and FCR as well as the
highest weight gain compared with the control (P<0.05). The reason for the increase in weight of
the chickens fed by L-carnitine may be due to the effect of this substance on increasing the insulin-
like growth factor-1 and also the elevated access of chickens to the energy of feed (Kita et al. 2002).
Rabie and Szilagyi (1998) reported that the effect of L-carnitine on improving FCR is related to
improving nitrogen metabolism. Elevated levels of L-carnitine significantly increased the European
Production Efficiency Factor (P <0.05) and the highest value (312.75) was obtained by consuming
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400 mg of L-carnitine per kg diet. Moreover, L-carnitine supplementation significantly reduced
abdominal fat pad (P<0.05) and the lowest was obtained by consuming 400 mg L-carnitine /kg. L-
carnitine reduces fat accumulation in tissues by altering fat metabolism (Burtle et al. 1994). L-
carnitine supplementation also affected the weight of organs. Thus, weight of heart increased while
the weight of duodenum decreased (P<0.05). The level of cholesterol, triglycerides, and very low-
density lipoprotein (VLDL) decreased with L-carnitine compared with the control (P <0.05). L-
carnitine also increased total plasma protein and HDL compared to the control. The effect of L-
carnitine on albumin and glucose levels was not significant (P>0.05). On the one hand, Zhang et al.
(2010) reported that L-carnitine reduces blood triglycerides in broilers by increasing the catabolism
of fatty acids. On the other hand, Cartwright (1986) demonstrated that L-carnitine reduces the
serum triglyceride by increasing the activity of lipase. The weight of the immune system organs
(spleen, thymus, and bursa of Fabricius) was not significantly affected by L-carnitine
supplementation (P>0.05). The antibody titer against the Newcastle virus and the level of total
immunoglobulin against sheep red blood cell (SRBC) was significantly increased at 35 and 42 days
of age with the use of L-carnitine (P<0.05). A group of researchers stated that L-carnitine improves
the humoral response to vaccination and boosts the immune system in broilers and laying hens by
producing monoclonal antibodies and increasing the tendency of white blood cells to eliminate
foreign agents (Mast et al. 2000, Deng et al. 2006). L-carnitine supplementation of broiler diet
significantly (P<0.05) reduced the population of clostridium, Escherichia coli, coliform bacteria
and increased the population of Lactobacillus bacteria. It is noteworthy that the health of digestive
system is a necessity to increase performance and profitability in poultry farming. The balance
between the gram-positive and negative microbial populations plays an important role in the health
of the digestive system. In a healthy digestive system, the population of gram-positive bacteria is
predominant (Norreh et al. 2015). L-Carnitine had a positive and significant effect on improving the
sensory properties of breast meat (P <0.05) and increased the flavor of breast meat. The highest
amounts of oleic acid (18: 1c) and linoleic acid (18: 2c) in breast meat were obtained using 200 and
400 mg/kg L-carnitine, respectively. Also, the length of the intestinal villi increased, and the depth
of the crypt decreased with increasing L-carnitine level in the diet. L-carnitine appears to improve
intestinal histology by affecting the intestine microflora, reducing harmful bacteria, and increasing
lactobacilli population.

Conclusion: Considering the positive effect of L-carnitine on the traits measured in the present
study, supplementing the diet of Ross 308 broiler chickens with 400 mg L-carnitine /kg is
recommended to improve growth performance, carcass characteristics, blood parameters, function
of immune system, cecal microbial population, histology of the small intestine, and composition of
breast meat fatty acids of broiler.
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