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Abstract

A factorial experiment was conducted to investigate the effects of L-Carnitine and fenofibrate on
broilers. There were four replicates of four treatments, with each replicate including ten male Ross 308
broiler chickens. The experiment was conducted over a 42-day period. The treatments consisted of two
levels of L-Carnitine (200 and 400 mg/kg) and two levels of fenofibrate (50 and 100 mg/kg) as supplements
to a basal diet. Growth, carcass characteristics, serum constituents, immune system responsiveness, cecal
microflora, sensory attributes and fatty acid profiles of breast meat, and small intestine histology were
characterized. During the finishing period, the chickens fed a diet containing 400 mg/kg L-Carnitine and 50 or
100 mg/kg fenofibrate had lower feed intake andfeed conversion ratio (FCR) and higher weight than the
other treatments. Application of 400 mg/kg L-Carnitine in combination with two levels of fenofibrate reduced
ventricular fat (P <0.05), cholesterol (P <0.01), triglycerides (P <0.05), and very low density lipoprotein
(VLDL) (P <0.05). These treatments increased antibody titers against Newcastle disease (ND)and avian
influenza virus (AIV). Among the sensory properties of breast meat, experimental treatments had a
significant effect only on its aroma (P <0.05). In general, supplementing the diet of Ross 308 broilers with
400 mg/kg L-Carnitine and 50 or 100 mg/kg of fenofibrate is recommended.
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Introduction

Fat accumulation in chickens is regarded as slaughterhouse waste, and producers are looking for
ways to eliminate ventricular and blood fats to reduce production costs and to produce healthy chickens
(Cartwright, 1986; Lien & Horng, 2001). In the meantime, changes in the amount and levels of dietary
nutrients and the use of plant and chemical dietary fat-burning supplements that control fat in humans have
been introduced as effective solutions to the problem. L-Carnitine and fenofibrate are chemical medicines
that control blood lipids in humans (Yang & Keating, 2009; Golzar Adabi et al., 2011).

L-Carnitine is a plasma lipid-lowering drug that decreases cholesterol, triglycerides, free fatty acids,
phospholipids, and low-density lipoproteins (LDL) and increases high-density lipoproteins (HDL) (Diaz et al.,
2000). In addition to oxidation of fatty acids, L-Carnitine plays a role in carbohydrate metabolism (Mingrone
et al., 1999). Currently, the use of L-Carnitine supplementation is increasing in the food sciences (Lien &
Horng, 2001; Hrncar et al., 2015; Khatibjoo et al., 2016) to raise energy efficiency and dietary fat and to
reduce the accumulation of ventricular and plasma fats

Previous studies reported the positive effect of using L-Carnitine in poultry and broilers diets to control
blood lipids, ventricular fat, and overall poultry health (Golzar Adabi et al., 2011; Lien & Horng, 2001). L-
Carnitine helped increase energy efficiency so that poultry could process dietary lipids more quickly and
easily. L-Carnitine also reduced feed intake in chickens significantly (Khatibjoo et al., 2016; Mirzapor Sarab
et al., 2016). Its effects on live weight gain, final weight, carcass characteristics and abdominal fat deposition
were reported in various studies (Kidd et al., 2009; Rabie et al., 1997; Hrncar et al., 2015; Babazadeh
Aghdam et al., 2015; Xu et al., 2003). Mast et al. (2000) found that L-Carnitine in the diet of broilers affected
the function of the immune system. However, Mirzapor Sarab et al. (2016) found that L-Carnitine in the diet
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of broilers had no effect on antibody production against sheep red blood cells (SRBC) and Newcastle
disease (ND). Lien and Horng (2001) showed decreased levels of serum triglyceride, but not those of
cholesterol, phospholipids and lipoproteins in chickens fed L-carnitine. Zhang et al. (2010) attributed the
decrease in serum triglyceride levels to increased catabolism of fatty acids.

Fenofibrate is also a chemical drug that is used to lower cholesterol levels in cardiovascular patients.
Fenofibrate and fibric acid derivatives reduce fat, VLDL, LDL and triglycerides, and increase HDL (Yang &
Keating, 2009; Ruotolo et al., 1998). Fenofibrate is readily available and is one of the most widely used fibric
acid derivatives (Packard et al., 2002; Yang & Keating, 2009). Flores-Castillo et al. (2019) reported that
fenofibrate also reduced cholesterol and triglycerides and increased HDL cholesterol in white New Zealand
rabbits. In a study by Montanaro et al. (2005), fenofibrate increased the level of palmitic acid and decreased
stearic acid in diabetic mice. But so far, the effect of fenofibrate has not been tested in poultry.

Thus, the goal of this study was to determine effects of L-Carnitine and fenofibrate levels and their
interaction on growth, carcass traits, serum constituents, immune system, cecal microbial flora, sensory
properties of breast meat, fatty acid profile of breast meat and small intestine histology in Ross 308 broilers.

Materials and Methods

The experimental protocol was approved by the Animal Ethics Committee of Rasht Branch, Islamic
Azad University, and the experiment was conducted in accordance with the International Guidelines for
Research involving animals (Directive No. 2010/63/EU).

To evaluate the effects of L-Carnitine and fenofibrate in the diet of broilers, a (2 x 2) factorial
experiment was performed based on a completely random design in four replicates and 10 chickens per
replicate over 42 days. The basal diets (Table 1) were formulated according to the nutritional needs of Ross
308 broilers.

Table 1 Feed ingredients and chemical compounds of the basal diet that was fed to broiler chickens

Feeding period

Feed ingredient, % Starter Grower Finisher
(1 - 14 days) (15 - 28 days) (29 - 42 days)

Maize 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 supplementsl 0.50 0.50 0.50
DL-Methionine 0.52 0.58 0.57
L-Lysine hydrochloride 0.25 0.06 0.04

Calculated nutrient composition
Metabolizable energy, kcal/kg 2950 3000 3050
Crude protein, % 22 20 19
Lysine, % 1.30 1.20 1.10
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

! Manganese: 40,000 mg, iron: 20,000 mg, zinc: 33,900 mg, copper: 4,000 mg, iodine: 400 mg, selenium: 80 mg, vitamin
A: 3600,000 IU, vitamin D3: 800,000 IU, vitamin E: 7200 IU, vitamin B1: 710 mg, vitamin B,: 2640 mg, vitamin Be: 1176
mg, vitamin Bg: 400 mg, vitamin B12: 6 mg, vitamin Kz: 800 mg, pantothenic acid: 3920 mg, niacin: 12,000 mg, biotin: 40
mg of biotin, choline chloride: 200,000 mg
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The four experimental diets consisted of the basal diet + 200 mg/kg L-Carnitine+ 50 mg/kg fenofibrate
(C 200 mg/kg + F 50 mg/kg); the basal diet + 200 mg/kg L-Carnitine + 100 mg/kg fenofibrate (C 200 mg/kg +
F 100 mg/kg); the basal diet + 400 mg/kg L-Carnitine+ 50 mg/kg fenofibrate (C 400 mg/kg + F 50 mg/kg);
and the basal diet + 400 mg/kg L-Carnitine+ 100 mg/kg fenofibrate (C 400 mg/kg + F 100 mg/kg). The L-
Carnitine and fenofibrate were purchased from Poursina Pharmaceutical Company (Karaj, Iran) and Razavi
Pharmaceutical Services (Mashhad, Iran).

Environmental conditions were the same for all groups (16 pens) and included 23 hours of light and
one hour of darkness, humidity of 50 - 60% and a temperature of 32 °C, which decreased 3 °C with each
week of age. All chickens had free access to water and food throughout the experiment. The vaccination
programme was performed according to recommendations of the veterinary administration to prevent
bronchitis, ND and Gumboro (infectious bursal disease (IBD)) disease.

At the end of each week, the chickens were weighed, feed intake was determined, and the FCR was
calculated. At the end of the experiment, the weights of the carcass organs were measured (Farrokhyan et
al., 2014). Production efficiency index (PEI) was calculated using the following relationship (Aviagen, 2018):

Livability x Live weight
PEI = - x 100
Age in days x FCR

After 42 days, one chicken was randomly selected from each pen and blood was taken from a wing
vein to measure serum constituents. Blood samples were stored at 30 °C until they clotted. The clear serum
was then isolated from the blood samples by centrifugation at 3000 rpm (Eppendorf, 5702, Germany). The
resulting serum samples were stored in 0.5 cc micro-tubes at -20 °C until analysed. Measurements of
glucose, triglycerides, total cholesterol, protein, albumin, HDL, LDL and VLDL of blood samples were
performed with an auto-analyser (Hitachi 917, Chiyoda, Tokyo, Japan) with commercial assay kits (Pars
Azmoun, Iran, licensed from Diagnostic Systems Company, Germany).

To determine the effects of the levels of L-Carnitine and fenofibrate on the immune system, the SRBC
test was performed and antibody titers against ND and AlV were ascertained. For this purpose, on days 28
and 35 of the experiment, 0.1 cc of diluted SRBC solution was injected into the wing vein of two identified
chickens from each replicate. Seven days later, blood samples were taken from these chickens, and the
serum was isolated 16 hours later (as described above). Hemagglutination was used to determine the
antibody titer against SRBC (at 35 and 42 days old), ND, and AlV (42 days old) (Isakov et al., 2005). 2-
Mercaptoethanol was used to measure the immunoglobulin M (IgM) titer (Arshami et al., 2010; Senaldi et al.,
2002).

To examine the microbial flora of the digestive tract, a cecum sample was taken from a randomly
selected 42-day-old chicken in each replicate. Its gastrointestinal tract was removed immediately after
slaughter and 1 ml of the contents of the cecum was removed. The prepared sample was transferred to a
container containing phosphate buffer and mixed thoroughly. MacConkey agar, blood agar, MRS, and AMB
mediums were used to determine the overall frequency of Coliforms, Clostridium, Lactobacillus and
Escherichia coli, respectively (Miller & Wolin, 1974).

The breasts of two chickens were cooked for 45 minutes at 180 °C without spices or oil to assess the
sensory characteristics of the meat. The cooked samples were then numbered and evaluated by trained
people (six-person panel) and scores were assigned to colour, aroma, oral sensation, and general
acceptance (scale 0 to 100) (Khajavi et al., 2014).

To investigate the profile of fatty acids in the breast, 20 g chopped breast meat was mixed with 50 ml
methanol for 30 minutes, then 40 ml hexane was added and stirred for 20 minutes. After complete digestion,
the mixed sample was rested until two phases had formed. Then, the top layer, containing the methyl esters
and lipid fraction, was analysed with gas chromatography (Agilent 7890 Series Gas Chromatograph, USA)
and the composition of its fatty acids was determined (Folch et al., 1957).

About 2 cm of the intestinal cecum of the slaughtered chickens was collected to examine the jejunum
tissue. The samples were immediately transferred to plastic containers containing 10% formalin to prevent
autolysis of the tissues and to maintain its physical structure. The samples were then dehydrated and made
transparent with a tissue processor (LSC 1512, Germany). After 12 hours, the samples were removed from
the device and 5 micrometer slices were cut from the tissue with a microtome. The samples were then
stained with haematoxylin-eosin and laminated. Then histological parameters of the intestine, including villus
height, crypt depth, and muscle thickness, were evaluated with a microscope (CX23 Olympus, Japan) with
10x and 40 x magnification (Sakamoto et al., 2000).
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The data were analysed with SAS statistical software (SAS Institute Inc., Cary, North Carolina, USA).
The design was a 2 x 2 factorial, the model of which is as follows:

yijk =u + a; + bj + abij + eijk

where: y;; = is an observed value,
M is the mean common to all observations,
a; = the effect of the ith level of L-Carnitine in the diet,
b; = the effect of the jth fenofibrate in the diet,
ab;; = the interaction of the levels of L-Carnitine and fenofibrate, and
e;jx = the experimental error.

Duncan’s multiple range test was performed at 5% probability level to compare the treatment means

Results and Discussion

The effects of supplementation in broiler diets with various levels of L-Carnitine and of fenofibrate on
feed intake, weight gain and at different ages are shown in Tables 2 and 3. Increasing the level of L-
Carnitine reduced feed intake and FCR and weight gain in the finisher period (P <0.01). Concomitant use of
L-Carnitine and fenofibrate in the diet had a significant effect on feed intake, weight gain and FCR of the
entire period (P <0.01). The highest weight gain, the lowest feed intake, and the lowest feed conversion in
the whole period belonged to the C 400 mg/kg + F 100 mg/kg treatment (Table 3). Feed intake in the periods
of 1 - 14 days (P <0.01) and 15 - 28 days] (P <0.05), 15 - 28 days (P <0.01) and 29 - 42 days (P <0.01) and
weight gain over 29 - 42 days (P <0.01) were affected significantly by the addition of L-Carnitine and
fenofibrate to the diet (Tables 2 and 3).

Table 2 Performance of Ross 308 broilers during the starter and grower periods when fed diets containing
various levels of L-Carnitine and fenofibrate

Feed intake, g Bodyweight gain, g Feed conversion ratio
Days 1-14 15-28 1-14 15 -28 1-14 15 -28
C 200 mg/kg 508.75% 1437.25% 390.87% 877.62% 1.301° 1.637°
C 400 mg/kg 509.25% 1429.75° 392.25% 879.87% 1.298° 1.625°
P-value 0.50 0.02 0.17 0.12 0.60 0.01
SE 0.51 1.98 0.67 0.95 0.003 0.002
F 50 mg/kg 509.62% 1432.62% 391.25% 879.00% 1.303% 1.631°
F 100 mg/kg 508.37% 1434.37% 391.87% 878.50% 1.296° 1.631°
P-value 0.11 0.54 0.52 0.72 0.13 1.00
SE 0.51 1.98 0.67 0.95 0.003 0.002
C 200 mg/kg + F 50 mg/kg 508.25" 1433.75% 390.25% 877.75% 1.302% 1.635%
C 200 mg/kg + F 100 mg/kg 507.50™ 1440.75% 391.50% 877.50% 1.300% 1.640%
C 400 mg/kg + F 50 mg/kg 511.00% 1431.50% 392.25° 880.25° 1.305° 1.627°
C 400 mg/kg + F 100 mg/kg 509.25°" 1428.00° 392.25% 879.50% 1.292% 1.622°
P-value 0.01 0.04 0.43 0.43 0.31 0.01
SE 0.71 2.81 0.95 1.35 0.004 0.003

220 each column, means with a common superscript were not significantly different at P <0.05

C: L-Carnitine, F: fenofibrate
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Table 3 Performance of Ross 308 broilers at finisher and whole periods of age fed diets containing various
levels of L-Carnitine and fenofibrate

Feed intake, g Bodyweight gain, g Feed conversion ratio

pays 29 - 42 1-42 29 - 42 1-42 29 - 42 1-42 =P

C 200 mg/kg 2476.00°  4422.00° 1085.12° 2353.62° 2.282° 1.877*°  308.53"
C 400 mg/kg 2455.37° 4394.37° 1119.37% 2391.50% 2.192° 1.837°  320.27°
P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
SE 2.18 3.79 3.18 3.29 0.006 0.002 0.85
F 50 mg/kg 2466.12% 4408.37%  1098.50° 2368.75° 2.243% 1.861°% 315.40%
F 100 mg/kg 2465.25% 4408.00° 1106.00° 2376.37° 2.231% 1.853% 315.40%
P-value 0.78 0.95 0.12 0.13 0.21 0.06 0.12
SE 2.18 3.79 3.18 3.29 0.006 0.002 0.85
C 200 mg/kg + F 50 mg/kg 2477.00°  4419.00° 1081.50° 2349.50° 2.290° 1.88% 307.77°
C 200 mg/kg + F 100 mg/kg 2475.00°  4425.00° 1088.75° 2357.75° 2.275° 1.875°  309.29"
C 400 mg/kg + F 50 mg/kg 2455.25%  4397.75° 111550° 2388.00°  2.197° 1.842°  319.04°
C 400 mg/kg + F 100 mg/kg 245550  4391.00° 1123.25% 2395.00% 2.187° 1.832°  321.51°
P-value 0.72 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
SE 3.09 5.37 4.50 4.65 0.009 0.003 1.95

2P 1n each column, means with a common superscript were not significantly different at P <0.05
C: L-carnitine, F: fenofibrate, EPI: European production index

The European production efficiency factor (EPEF) also increased significantly (P <0.01) with level of L-
Carnitine and fenofibrate, so that the highest EPEF belonged to the C 400 mg/kg + F 100 mg/kg treatment
(Table 3).

Researchers believed that the use of L-Carnitine in the diet increased energy efficiency and reduced
feed intake (Khatibjoo et al., 2016; Mirzapor Sarab et al.,, 2016). Feed intake throughout the period
decreased in the present study with increasing L-Carnitine level. Final weight gain and improved feed
conversion were evident throughout with L-Carnitine and fenofibrate in the diet of broilers. L-Carnitine led to
a reduction in feed intake by increasing the efficiency of energy consumption from dietary fats (Rabie &
Szilagyi, 1998; Khatibjoo et al., 2016). Panahi et al. (2019) showed that L-Carnitine in the diet of broilers
increased the weight at the end of the period. The weight gain in chickens fed with L-Carnitine may be
because it increases insulin growth factor-I, which has 70 types of amino acids (Kita et al., 2002). Rabie and
Szilagyi (1998) believed that L-Carnitine improved FCR because this fat-burning compound improved
nitrogen metabolism. Parsaeimehr et al. (2013) stated that the addition of L-Carnitine to the diet of Ross 308
broilers improved weight, feed intake and feed conversion at the end of the period. Similar results are
reported in Babazadeh Aghdam et al. (2015) and Hrncar et al. (2015). Akbari Azad et al. (2010) showed that
375 mg/kg of L-Carnitine in the diet reduced feed intake and weight gain and increased EPEF, which is
consistent with the results of the present study.

In the present study, L-Carnitine and fenofibrate did not have significant effects on most carcass
characteristics (Table 4). However, they reduced abdominal fat significantly, which is consistent with the
results of several studies (Shirali et al., 2015; Xu et al., 2003; Hrncar et al., 2015). The effect of L-Carnitine
on abdominal fat might be due to it reducing the activity of the enzymes that are involved in the synthesis of
fatty acids glucose-6-phosphate dehydrogenase, malic dehydrogenase, and iso-citrate dehydrogenase (Xu
et al.,, 2003; Rajabzadeh Nesvanet al., 2013). Some researchers believed that L-Carnitine reduced the
accumulation of fat in tissues by altering fat metabolism (Burtle & Liu, 1994). In addition, the main effects of
the levels of L-Carnitine and fenofibrate both increased breast percentage (P <0.01).

The interaction of levels of L-Carnitine and fenofibrate affected the percentages of jejunum and
duodenum significantly (Table 5). Significant reductions in the percentage of each organ were observed due
to the level of fenofibrate at the low level of L-Carnitine, but not at the high level.
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Table 4 Relative weight of carcass components of Ross 308 broilers after being fed diets containing various levels of L-Carnitine and fenofibrate for 42
days

Carcass component, %

Abdominal

Breast Head Liver Heart Gizzard Pancreas fat Wings Thigh
C 200 mg/kg 32.24° 3.18° 2.13% 0.53% 1.61° 0.24% 0.41° 8.43° 33.53%
C 400 mg/kg 32.91° 3.18° 2.13° 0.53% 1.60° 0.22° 0.32° 7.63° 33.15%
P-value <0.01 0.30 0.45 1.00 0.23 0.04 <0.01 <0.01 0.06
SE 0.045 0.002 0.002 0.001 0.007 0.008 0.004 0.035 0.030
F 50 mg/kg 32.45" 3.19° 2.13% 0.53% 1.60° 0.24% 0.39° 8.25° 33.35%
F 100 mg/kg 32.70% 3.18° 2.12% 0.53% 1.61° 0.22° 0.34° 7.82° 33.34%
P-value <0.01 <0.01 0.31 1.00 0.57 0.13 <0.01 <0.01 0.86
SE 0.045 0.002 0.002 0.001 0.007 0.008 0.004 0.035 0.030
C 200 mg/kg + F 50 mg/kg 32.11° 3.19% 2.13% 0.53% 1.60% 0.26° 0.44° 8.67% 33.55°
C 200 mg/kg + F 100 mg/kg 32.38% 3.18° 2.13% 0.53% 1.62° 0.23° 0.39% 8.20° 33.52%
C 400 mg/kg+ F 50 mg/kg 32.80% 3.19° 2.13% 0.53% 1.60° 0.22% 0.34% 7.83° 33.15%
C 400 mg/kg + F 100 mg/kg 33.03% 3.18° 2.12% 0.53% 1.59° 0.21° 0.30° 7.44° 33.16%
P-value 0.76 0.30 0.45 0.18 0.32 0.25 0.04 0.43 0.72
SE 0.063 0.003 0.003 0.001 0.010 0.011 0.005 0.050 0.055

2P n each column, means with a common superscript were not significantly different at P <0.05
C: L-carnitine, F: fenofibrate
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Table 5 Relative weight of intestinal segments of Ross 308 broilers after being fed diets containing various levels of L-Carnitine and fenofibrate for
42 days [separately and in combination]
Intestinal segment, %

Rectum Right cecum Left cecum lleum Jejunum Duodenum Proventriculus
C 200 mg/kg 0.166% 0.368% 0.340% 1.172% 2.690% 0.746" 0.446°%
C 400 mg/kg 0.157° 0.356% 0.287° 1.208% 2.385" 0.673% 0.461°
P-value 0.158 0.237 0.231 0.634 0.042 0.001 0.266
SE 0.004 0.007 0.020 0.052 0.094 0.008 0.009
F 50 mg/kg 0.163% 0.362% 0.340% 1.212% 2.685% 0.733% 0.436"
F 100 mg/kg 0.160% 0.362° 0.287% 1.168° 2.390° 0.686" 0.471%
P-value 0.531 1.00 0.231 0.566 0.048 0.001 0.018
SE 0.004 0.007 0.020 0.052 0.094 0.008 0.009
C 200 mg/kg + F 50 mg/kg 0.170% 0.372% 0.347% 1.197° 3.002% 0.797% 0.427°
C 200 mg/kg + F 100 mg/kg 0.162° 0.365° 0.332% 1.147° 2.377° 0.695" 0.465%
C 400 mg/kg + F 50 mg/kg 0.157° 0.352° 0.332% 1.227° 2.367" 0.670° 0.445%
C 400 mg/kg + F 100 mg/kg 0.157% 0.360% 0.242% 1.190° 2.402 0.677° 0.477°
P-value 0.531 0.470 0.385 0.934 0.029 <0.001 0.849
SE 0.005 0.010 0.041 0.074 0.134 0.011 0.012

2®1n each column, means with a common superscript were not significantly different at P <0.05

C: L-Carnitine, F: fenofibrate
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Examination of the main effects showed that increasing the level of L-Carnitine decreased the amount
of triglycerides, cholesterol, glucose and VLDL, and increased the amount of albumin, protein, HDL and
HDL/LDL (Table 6). Likewise, increasing the level of fenofibrate significantly reduced triglycerides,
cholesterol, and VLDL. The interaction effects were significant for cholesterol (P <0.01), triglycerides (P
<0.01), LDL, HDL / LDL, and VLDL (P <0.05) of broiler blood. Cholesterol, triglycerides, and VLDL in the
broilers fed with C 400 mg/kg + F 100 mg/kg were significantly lower than other treatments. Feeding C 400
mg/kg + F 100 mg/kg produced the lowest level of HDL/LDL and the two treatments of C 200 mg/kg + F 100
mg/kg and C 400 mg/kg + F 100 mg/kg had the lowest LDL levels

Rezaei et al. (2007) reported that L-Carnitine in the diet of broiler chickens reduced triglycerides,
cholesterol and VLDL significantly, and the results of the present study are consistent with this observation.
Hassan et al. (2011) also found that increasing the level of L-Carnitine in the diet reduced cholesterol
significantly. Lien and Horng (2001) showed that L-Carnitine reduced triglycerides in broilers. Zhang et al.
(2010) reported that L-Carnitine reduced blood triglycerides in broilers by increasing the catabolism of fatty
acids. Cartwright (1986), on the other hand, believed that L-Carnitine reduced serum triglyceride by
increasing the activity of the enzyme lipase. Decreases of triglycerides and VLDL in blood serum of broilers
were reported in Xu et al. (2003), which is consistent with the results of the present study. Parsaeimehr et al.
(2014) reported that L-Carnitine in the diet of broilers reduced the levels of triglycerides, cholesterol, LDL and
VLDL in the blood, but had no significant effect on the amount of glucose, total protein, and HDL, which was
consistent with the results of the present study.

The separate and combined effects of L-Carnitine and fenofibrate on the weight of immune organs
and the function of the humoral immune system, responses to the SRBC antigen injection and antibody titers
against ND and AlIV are shown in Table 7. Increased concentrations of fenofibrate and L-Carnitine reduced
the bursa of Fabricius significantly. Increasing the level of L-Carnitine increased IgG titer (Table 7). Norreh et
al. (2015) reported that L-Carnitine increased the initial 1gG titer in response to SRBC. In the present
experiment, 400 mg/kg L-Carnitine plus 50 or 100 mg/kg fenofibrate in the diet of broilers significantly
increased the antibody titer against ND and AlIV compared with the other treatments. Famularo & De Simone
(1995) stated that L-Carnitine prevented the death of B and T lymphocytes owing to cellular regression
during the immune response of broiler chickens and led to increased antibody titers. It is believed that the
body's immune cells use as much L-Carnitine as they need, and that high levels of the compound do not
have a negative effect (Famularo & De Simone, 1995; Mast et al., 2000). It was also found that L-Carnitine
improved humoral response to vaccination and boosted the immune system in poultry by producing
monoclonal antibodies and increasing the ability of white blood cells to remove foreign agents (Mast et al.,
2000; Deng et al., 2006).

The main effect of L-Carnitine on the population of Escherichia coli bacteria (P <0.05), coliform (P
<0.05) and Lactobacilli (P <0.01) and of fenofibrate on the population of Lactobacilli bacteria (P <0.01) were
significant (Table 8). As the concentration of L-Carnitine increased, the population of Lactobacillus bacteria
rose, and the population of Escherichia coli and coliforms decreased. An increase in fenofibrate
concentration enhanced the lactobacilli population (Table 8).

The interaction of L-Carnitine and fenofibrate had significant effects on the populations of Escherichia
coli (P <0.05) and Lactobacilli (P <0.01). However, the populations of coliform bacteria and clostridium were
not affected by the treatments. A comparison of the means showed that the bacterial population of
Escherichia coli was reduced significantly by 400 mg/kg L-Carnitine combined with either 50 or 100 mg/kg
fenofibrate compared with other treatments and the lowest bacterial colony was observed in the intestines of
chickens fed C 400 mg/kg + F 100 mg/kg. It also had the largest population of lactobacilli among the
treatments (Table 8). However, Hosseintabar et al. (2013) investigated the effect of L-Carnitine, methionine,
and lysine on the microbial flora of cecum and the results showed no significant difference between
treatments in the total population of aerobic bacteria and production of lactic acid bacteria Escherichia coli
and Lactobacilli.

The effects of the treatments on the sensory properties of meat are shown in Table 9. The separate
use of L-Carnitine and fenofibrate improved meat properties. Based on the results, the separate use of L-
Carnitine on aroma, taste, oral sensation, and general acceptance was significant at the 5% probability level.
Fenofibrate also (P <0.05) improved the aroma of the breast meat. The combined use of L-Carnitine and
fenofibrate was significant only in meat flavour (P <0.05). But in general C 400 mg/kg + F 100 mg/kg and C
400 mg/kg + F 100 mg/kg improved the sensory properties of meat (Table 9).
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Table 6 Serum constituents of Ross 308 broilers after being fed diets containing different levels of L-Carnitine and fenofibrate for 42 days

595

TG, Cholesteral, Glucose, . HDL, LDL, VLDL, Total protein,

ma/dl ma/dl mgial | Aloumin, gidi ) mg/dl ma/dl HDL/LDL g/dl
C 200 mg/kg 218.87° 130.00° 261.62° 1.30° 74.75° 11.47° 43.77° 12.75° 2.74°
C 400 mg/kg 114.50° 114.00° 235.75° 1.37° 80.50° 10.60° 22.90° 15.52° 2.97°
P-value 0.001 0.001 0.016 0.005 0.113 0.807 0.001 0.744 0.010
SE 3.81 1.77 6.55 0.016 2.38 2.48 0.76 5.86 0.05
F 50 mg/kg 175.50° 126.00° 248.25° 1.34° 77.00° 13.90° 35.10° 21.12% 2.86°
F 100 mg/kg 157.57° 118.00° 249.12° 1.33? 78.25° 8.17° 31.57° 7.15% 2.85°
P-value 0.006 0.007 0.926 0.752 0.717 0.129 0.006 0.117 0.884
SE 3.81 1.77 6.55 0.016 2.38 2.48 0.76 5.86 0.05
C 200 mg/kg + F 50 mg/kg 219.75% 132.75° 258.50° 1.30% 73.25° 15.55% 43.95° 6.55° 2.73%
C 200 mg/kg + F 100 mg/kg 218.00° 127.25° 264.75° 1.29 76.25° 7.40° 43.60° 18.97° 2.76°
C 400 mg/kg + F 50 mg/kg 131.25° 119.25° 238.00° 1.38° 80.25% 12.25° 26.25" 7.77° 3.00°
C 400 mg/kg + F 100 mg/kg 97.75° 108.75° 233.50° 1.37° 80.75% 8.95° 19.55° 23.29% 2.95°
P-value 0.010 0.001 0.091 0.833 0.613 0.040 0.012 0.042 0.597
SE 5.40 251 9.28 0.02 3.37 3.52 1.08 8.29 0.08

2P n each column, means with a common superscript were not significantly different at P <0.05

TG: triglyceride, HDL: high-density lipoprotein, LDL: low-density lipoprotein, VLDL: very low-density lipoprotein

C: L-Carnitine; F: fenofibrate
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Table 7 Effects on the immune system of Ross 308 broilers fed diets containing various levels of L-Carnitine and fenofibrate

35 days old 42 days old
Bursa, % Thymus, % Spleen, % Total Ig IgG IgM Total Ig IgG IgM ND, log,  AlV, log:

C 200 mg/kg 0.236°  0.087% 0.087° 3.25° 1.50° 1.75° 4.87° 3.25° 2.37% 3.25° 1.50°
C 400 mg/kg 0.201° 0.090% 0.088% 3.50% 1.50% 2.00% 7.25° 4.50° 2.75% 4.78° 2.50%
P-value 0.001 0.339 0.886 0.525 1.00 0.37 0.001 0.006 0.337 0.009 0.004
SE 0.005 0.78 0.006 0.27 0.19 0.19 0.24 0.27 0.27 0.37 0.20

F 50 mg/kg 0.232% 0.080% 0.081% 3.50% 1.62° 1.87° 5.87% 4.00% 2.62° 4.12% 2.00%
F 100 mg/kg 0.205" 0.090% 0.091% 3.25% 1.37° 1.87° 6.25% 3.75% 2.50° 4.00% 2.00%
P-value 0.001 0.339 0.134 0.525 0.37 1.00 0.30 0.595 0.747 0.816 1.000
SE <0.01 0.78 <0.01 0.27 0.19 0.19 0.24 0.27 0.27 0.37 0.20

C 200 mg/kg + F 50 mg/kg 0.265°  0.090% 0.077% 3.25° 1.50° 1.75° 4.75% 4.00% 2.25° 3.75° 1.50°
C 200 mg/kg + F 100 mg/kg 0.207"  0.085% 0.097° 3.25% 1.50 1.75 5.00° 2.50° 2.25° 2.75° 1.50°
C 400 mg/kg + F 50 mg/kg 0.200°  0.085% 0.085% 3.75° 1.75° 2.00° 7.00% 4.00% 3.00% 4.50° 2.50%
C 400 mg/kg + F 100 mg/kg 0.202°  0.095% 0.092% 3.25° 1.25° 2.00° 7.50% 5.00% 2.50° 5.25° 2.50%
P-value 0.003 0.337 0.479 0.525 0.37 1.00 0.72 0.006 0.337 0.031 0.034
SE 0.008 0.107 0.008 0.381 0.27 0.27 0.35 0.38 0.38 0.53 0.29

2P |n each column, means with a common superscript were not significantly different at P <0.05

Total Ig: total immunoglobulin; IgG: Immunoglobulin G, IgM: immunoglobulin M, ND: Newcastle disease virus titer, AlV: avian influenza virus titer
C: L-Carnitine; F: fenofibrate
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Table 8 Gut microflora of Ross 308 broilers after being fed diets containing various levels of L-Carnitine and
fenofibrate for 42 days

ostridium actobacilli scherichia coll olirform
Clostridi Lactobacilli Escherichia coli Colif
(CFU/g) (CFU/g) (CFU/g) (CFU/g)
C 200 mg/kg 5.27° 8.40" 8.04% 8.25%
C 400 mg/kg 5.37% 8.87% 7.86" 7.89°
P-value 0.78 <0.01 0.01 <0.01
SE 0.23 0.02 0.06 0.07
F 50 mg/kg 5.14% 8.51" 7.95% 8.12%
F 100 mg/kg 5.49% 8.86° 7.85% 8.01%
P-value 0.30 <0.01 0.32 0.30
SE 0.23 0.02 0.06 0.07
C 200 mg/kg + F 50 mg/kg 5.29° 8.25" 8.11° 8.28°
C 200 mg/kg + F 100 mg/kg 5.26° 8.56° 7.98% 8.23%
C 400 mg/kg + F 50 mg/kg 5.00° 8.79" 7.79" 7.97°
C 400 mg/kg + F 100 mg/kg 5.74° 8.97° 7.73" 7.81°
P-value 0.48 0.01 0.04 0.57
SE 0.326 0.037 0.096 0.100

2P 1n each column, means with a common superscript were not significantly different at P <0.05
C: L-Carnitine; F: fenofibrate

Table 9 Sensory evaluation of meat mean from Ross 308 broilers after being fed diets containing different
levels of L-Carnitine and fenofibrate for 42 days

Aroma Taste Colour ser%r;lion aiggtez;r?l:e

C 200 mg/kg) 6.70" 6.62" 6.68° 6.50° 6.87°
C 400 mg/kg) 7.00° 7.00° 7.00° 7.00° 7.00°
P-value 0.030 0.011 0.121 0.026 0.026
SE 0.07 0.08 0.13 0.13 0.08

F 50 mg/kg) 6.75" 6.75° 6.75° 6.68° 6.87°
F 100 mg/kg) 7.00° 6.87° 6.93° 6.81° 7.00°
P-value 0.030 0.337 0.337 0.026 0.026
SE 0.07 0.08 0.13 0.13 0.08

C 200 mg/kg + F 50 mg/kg 6.50" 6.50% 6.50% 6.37° 6.75°
C 200 mg/kg + F 100 mg/kg 7.00% 6.75% 6.87° 6.62° 7.00%
C 400 mg/kg + F 50 mg/kg 7.00% 7.00% 7.00% 7.00% 7.00%
C 400 mg/kg + F 100 mg/kg 7.00% 7.00% 7.00% 7.00% 7.00%
P-value 0.030 0.337 0.337 0.539 0.337
SE 0.10 0.13 0.19 0.20 0.13

2% |n each column, means with a common superscript were not significantly different at P <0.05
C: L-Carnitine; F: fenofibrate

Khatibjoo et al. (2016), Zhang et al. (2010) and Corduk et al. (2007) found that L-Carnitine in the diet
did not have a significant effect on the sensory characteristics of meat. Parizadian et al. (2011) reported that
L-Carnitine supplementation increased the quality of Japanese quail meat. Meat colour is one of its most
important quality factors. The yellowness of the meat is affected by the myoglobin pigment in the muscles. L-



598 Azizi-Chekosari et al., 2021. S. Afr. J. Anim. Sci. vol. 51

Carnitine had an inhibitory effect on the oxidation of myoglobin in meat muscle and thus improved meat
colour (Sarica et al., 2007; Zhang et al., 2010).

The levels of fatty acids in the breast muscle tissue are shown in Figures 1, 2 and 3. The highest
levels belonged to palmitic acid (16:0) and stearic acid (18:0). Among unsaturated fatty acids, oleic acid
(18:1c) was the most abundant, and its highest level belonged to the treatment containing 200 mg/kg L-
Carnitine with 50 and 100 mg/kg fenofibrate. The amount of linolelaidic acid (18:2t) was highest in the
treatments with 200 mg/kg L-Carnitine and 50 and 100 mg/kg fenofibrate. Linoleic acid levels (18:2c) were
higher in the treatments with 400 mg/kg L-Carnitine and 50 and 100 mg/kg fenofibrate compared with the
other treatments. Researchers believed that L-Carnitine was involved in energy production by transferring
active fatty acids into the mitochondrial matrix and was essential to the entry of long-chain fatty acids into
mitochondrion. L-Carnitine increased the animal’s performance by improving the efficiency of use of energy
from oxidation of fats (Dikelet al., 2010; Nogueira et al., 2011).
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Figure 1 Effect of L-Carnitine on fatty acid profile in breast meat of Ross 308 broilers
C: L-Carnitine

45
40
35
30
25
20
15
10
5
0 —— . . . . . . .
NS S N NN

. QD N 2 ] AN ] g ; AN
Wi e T s RN, S Eh SN R EA NI, LV RPN R
ol OO OO O O O N O N S

® F(50mg/) =F (100 mg/)

g/100g

Fatty acids

Figure 2 Effect of fenofibrate on fatty acid profile in breast meat of Ross 308 broilers
F: Fenofibrate
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Figure 3 Effect of the interaction of L-Carnitine with fenofibrate on the breast meat fatty acid profile of
Ross 308 broilers
C: L-Carnitine F: Fenofibrate

The effects of separate and combined uses of L-Carnitine and fenofibrate on the intestinal histology of
broiler chickens are shown in Figures 4, 5 and 6. Villus height increased with levels of L-Carnitine and
fenofibrate in the diet, and the longest villus height belonged to the treatment of C 400 mg/kg + F 100 mg/kg.
This treatment also has the highest level of crypt depth and muscle thickness (Figures 4, 5 and 6).
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Figure 4 Effect of L-Carnitine on small intestinal histology of 42-day-old Ross 308 broiler chickens
C: L-Carnitine
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Figure 5 Effect of fenofibrate on small intestinal histology of 42-day-old Ross 308 broiler chickens
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1400 = Villus height (um)
1200 = Crypt depth(um)
® Muscular layer thickness(um)

1000

800

600

400

200 I

C 200 mg/kg - F 50 mg/kg C 400 mg/kg - F 50 mg/kg
C 200 mg/kg + F 50 mg/kg C 400 mg/kg + F 100 mg/kg

Treatments

Figure 6 Effect of L-Carnitine and fenofibrate interaction on small intestinal histology of 42-day-old
Ross 308 broiler chickens
C: L-Carnitine; F: Fenofibrate

Conclusion

Supplementation of the diet of broiler chickens with L-Carnitine and fenofibrate improved feed intake,
weight gain, FCR for the entire period, and EPEF. The most effective treatments for improving blood,
immune and sensory parameters, reducing ventricular fat and reducing intestinal microflora were C 400
mg/kg + F 50 mg/kg and C 400 mg/kg + F 100 mg/kg. These treatments were appropriate for maintaining
chicken health, improving the qualitative and sensory properties of meat, increasing performance, and
reducing feed intake and are therefore recommended.,
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