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Abstract

The present study was conducted to determine the effects of dietary metabolisable energy (ME)
density and L-carnitine supplementation on the performance, carcass traits and blood parameters of broiler
chickens. The experiment was designed with three levels of dietary energy (low, medium and high) and two
levels of L-carnitine (0 and 100 mg/kg diet) in a 3x2 factorial arrangement. L-carnitine supplementation did
not significantly affect body weight gain (BWG), feed intake (FI) and feed conversion ratio (FCR).
However, FCR and BWG showed a significant improvement as dietary energy density increased. No
significant interactions were observed between energy density and L-carnitine supplementation in the
performance and carcass parameters studied in the study. Carcass yield and proportion of carcass sections
were not affected significantly by any of the treatments. Chemical composition of the leg (thigh and
drumstick) and breast muscle was not significantly influenced by dietary energy or carnitine, with the
exception of the dry matter (DM) content of breast muscle. A low ME diet caused a significant increase in
the DM content of chicken breast muscle. Furthermore, blood parameters did not show any differences
between treatments. However, aspartate aminotransferase (AST) activity in blood was elevated in chickens
fed a high ME diet compared to those on a low ME diet. The results of the investigation showed that L-
carnitine supplementation produced no significant improvement in broiler performance and meat quality.
Higher levels of diet ME increased broiler performance, though no significant interactions could be found
between energy and carnitine levels.
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Introduction

L-camnitine (B-hydroxy y-trimethylaminobutyrate) is a water-soluble quaternary amine that occurs
naturally in microorganisms, plants and animals (Bremer, 1983). It is biosynthesized in vivo from lysine and
methionine (Rebouche & Paulson, 1986a) in the presence of ferrous ions and the vitamins, ascorbate, niacin
and pyridoxine. These vitamins are required as co-factors for the enzymes involved in the metabolic
pathway of L-carnitine (Rebouche & Paulson, 1986b; Feller & Rudman, 1988; Rebouche, 1991;
Baumgartner & Blum, 1993). It has been reported that L-carnitine has two major functions. The best known
is to facilitate the transport of long-chain fatty acids across the inner mitochondrial membrane. L-carnitine
also facilitates the removal of short- and medium-chain fatty acids from the mitochondria that accumulate as
a result of normal and abnormal metabolism (Rabie et al., 1997a; Rabie & Szilagyi, 1998; Matalliotakis ef
al., 2000; Buyse ef al., 2001; Xu er al., 2003). Thus, dietary L-carnitine supplementation promotes the
B-oxidation of these fatty acids in order to generate adenosine triphosphate (ATP) energy and improve
energy utilisation (Rabie ef al., 1997b; Neuman et al., 2002). Consequently, L-carnitine supplementation in
diets reduces the amount of long-chain fatty acids availability for esterification to triacylglycerols and
storage in the adipose tissue (Barker & Sell, 1994; Xu er al., 2003). In addition, L-carnitine has secondary
functions, including the containment, buffering and removal of potentially toxic acyl groups from cells,
equilibrating the ratio of free CoA and acetyl-CoA between the mitochondria and cytoplasm, participating in
biological processes such as regulation of gluconeogenesis, stimulating fatty acid and the metabolism of
ketones, branched-chain amino acids, triglycerides and cholesterol (Novotny, 1998).

There are few published studies concerned with the use of different levels of energy density and
L-camitine in diets and their effects on the performance, carcass traits and blood parameters of broiler
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chickens. The effect of L-carnitine supplementation in broiler diets at different energy levels is less clear.
Studies with broiler chickens have shown that supplemental dietary L-carnitine increased body weight gain
(BWG), improved feed conversion ratio (FCR) and reduced abdominal fat content in broiler chickens (Rabie
et al., 1997a; b; Rabie & Szilagyi, 1998). However, there are contradictory results on which dietary
L-carnitine supplementation did not affect growth performance, abdominal fat content and some internal
organ weights (Cartwright, 1986; Barker & Sell, 1994; Leibetseder, 1995).

In this study the aim was to evaluate the effects of energy density and L-carnitine supplementation in
maize-soyabean meal based diets on the performance, carcass traits and some blood parameters of broiler

chickens.

Materials and Methods

Three hundred and sixty one-day old Ross-308 broiler chickens with similar mean weights (45.47
+ 0.86 g) were randomly allocated to six dietary treatments. Each treatment had six replicates with 10 birds
(5 male + 5 female) per battery cage (90 x 85 cm). Each cage was equipped with nipple drinkers and one
feeder. Experimental diets (in mash form) and water were provided ad libitum. House temperature was
maintained at 33 - 31 °C for week 1 and 31 - 29 °C for two weeks. For the remainder of the experiment the
temperature fluctuated with ambient temperature (07:00: 25 - 26 °C; 13:30: 32 - 33 °C; 16:00: 33 - 34 °C;
21:00: 27 - 28 °C). Continuous lighting was maintained. On day 14 all birds were vaccinated against
Gumboro disease.

The experiment was conducted using a 3 x 2 factorial design with three levels of metabolisable energy
(ME) (12.55, 12.97 and 13.39 MJ/kg for starter diets; 12.97, 13.39 and 13.80 MJ /kg for grower diets) and
two levels of dietary L-carnitine (0 and 100 mg/kg in both starter and grower diets) in the form of Carniking”
(LONZA Ltd., Basel, Switzerland). L-carnitine was incorporated into the diets by replacing maize.
Ingredients and the chemical composition of the basal diets are presented in Table 1. The diets consisted of
maize, wheat, soyabean meal, fish meal, sunflower oil and DL-methionine and L-lysine HCL crystalline
amino acids. The diets were formulated to be lower, to meet or to exceed NRC (1994) recommendations for
broiler chickens. The low, medium and high ME diets had identical levels of crude protein (CP) (230 and
200 g/kg for starter and grower diets, respectively). Prior to the formulation of the experimental diet, feed
ingredients were analyzed for their DM, CP, crude fat (CF), starch and total sugar content, according to
AOAC methods (1984). The ME of feed ingredients was calculated based on analyzed values of the
feedstuffs (WPSA, 1989). The L-carnitine content of these basal diets was calculated based on the
L-carnitine concentrations in the ingredients used (Harmeyer et al., 1998).

Chicken responses to dietary energy and L-carnitine were evaluated from 0 to 3 weeks (broiler starter
period) and from 4 to 6 weeks (broiler growth period). Body weight gain, feed intake (FI) and FCR were
calculated at three and six weeks of age. Mortality was recorded daily and dead birds were weighed to
correct feed intake data. At the end of the experiment four birds (2 males + 2 females) from each cage (total
24 for each treatment) were selected randomly from birds with a mass within one-half standard deviation of
the mean cage weight. Each bird was weighed and leg-banded for identification. The jugular vein was cut
and the birds were bled. At this time a serum sample was taken. They were then slaughtered and dissected
by a trained team (Izah ez al., 1990). The abdominal fat pad was dissected and weighed. Hot carcass yield,
and legs and breasts (with bone and skin) were weighed. Carcass yield, abdominal fat, leg and breast as a
proportion of individual body weights (BW) were calculated. Twenty-four left legs and breasts from each
treatment were frozen immediately at —4 °C. The meat was separated manually from the bone and then
homogenized using a blender with horizontal blades. Samples were then frozen and stored in a freezer at
20 °C. These samples were analysed for DM, protein and fat using standard methods outlined by AOAC
(1984). Serum samples were analyzed for glucose, blood urea nitrogen (BUN), creatinine, cholesterol,
aspartate aminotransferase (AST; EC 2.6.1.1) and triglyceride, using commercial analytical kits (Sigma) and
an autoanalyser (Hitachi Ltd, Tokyo).

The data obtained from the experiment were analysed statistically using the general linear model
(GLM) procedure in the statistical software SPSSWIN (1994). Significant differences between treatment
means were determined using Duncan’s Multiple Range Test (5% probability or error; Duncan, 1955).

The South Afiican Journal of Animal Science is available online at http.://www.sasas.co.za/sajas.asp




South African Journal of Animal Science 2007, 37 (2) 67
© South African Society for Animal Science

Table 1 Ingredients and chemical composition of the basal diets (g/kg)

Broiler diet (g/kg )

Starter (0 - 3 weeks) Grower-Finisher (3 - 6 weeks)
LowME MediumME  HighME LowME  MediumME HighME
(Ty* (T3)* (Ts)* (Tp* (T5)* (Ts)*
Ingredients
Maize 460.78 438.98 41323 495.27 473.49 451.69
Wheat 100.00 100.00 100.00 100.00 100.00 100.00
Soyabean meal, 45% CP 338.66 342.30 350.00 322.37 326.00 329.64
Fish meal 40.00 40.00 40.00 - - -
Sunflower oil 29.95 48.13 66.74 44,30 62.48 80.66
Limestone 10.04 9.99 10.60 13.57 13.52 13.47
Dicalcium phosphate 11.00 11.06 9.99 14.02 14.08 14.15
Salt 3.50 3.50 3.50 3.50 3.50 3.50
Vitamin premix ' 2.50 2.50 2.50 2.50 2.50 2.50
Mineral premix * 1.00 1.00 1.00 1.00 1.00 1.00
DL-Methionine 2.42 2.45 2.44 2.38 241 2.43
L-Lysine HCL 0.15 0.09 - 1.09 1.02 0.96
Total 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00
Composition (calculated)
Dry matter (analysed) 889.4 891.5 893.3 894.8 895.1 892.3
Crude protein (analysed) 229.6 231.5 233.1 203.5 204.1 201.8
Crude fat (analysed) 62.6 80.0 97.8 75.8 93.1 110.5
ME (MJ/kg) 12.55 12.97 13.39 12.97 13.39 13.80
Calcium 10.0 10.0 10.0 9.50 9.50 9.50
Phosphorus (total) 7.49 7.47 7.26 6.55 6.53 6.51
Phosphorus (available) 4.70 4.70 4.60 3.80 3.80 3.80
Methionine 6.10 6.10 6.10 5.30 5.30 5.30
Met.+Cys. 9.60 9.60 9.60 8.50 8.50 8.50
Lysine 13.20 13.20 13.30 11.50 11.50 11.50
L-carnitine (mg/kg) 11.48 11.43 11.42 7.81 7.76 7.70

" Nutritional constituents per kg of diet: 3.6 mg vitamin A (all-trans-retinol); 0.038 mg vitamin D (cholecalciferol);
50 mg vitamin E; 5 mg vitamin Kj; 3 mg vitamin By; 6 mg vitamin B,; 5 mg vitamin Bg; 0.030 mg vitamin By;
25 mg niacin; 12 mg Ca-D-pantothenate; 1 mg folic acid; 0.05 mg D-biotin; 400 mg choline chloride;
2.5 mg apo-carotenoic acid ethyl ester

?Nutritional constituents per kg of diet: 80 mg Mn; 30 mg Fe; 60 mg Zn; S mg Cu; 2 mg [; 0.5 mg Co; 0.15 mg Se

*T1 - Low metabolisable energy (ME) without L-carnitine; T2 - Low ME with L-carnitine(100 mg/kg);
T3 - Medium ME without L-carnitine; T4 - Medium ME with L-carnitine(100 mg/kg); TS - High ME without L-
carnitine; T6 - High ME with L-carnitine(100 mg/kg)

Results and Discussion

Performance data are presented in Table 2. The levels of dietary ME affected both BWG and FCR
significantly throughout the experiment. The chickens on the high ME diet had a higher (P < 0.05) BWG
from 0 to 3 weeks of age than those on the medium ME diet. Likewise, those chickens on the high ME diet
showed a higher (P < 0.05) increase in BWG during the experimental period from 4 to 6 and from 0 to 6
weeks of age compared with those on the low and medium ME diets. However, FI was not significantly
influenced by dietary treatments. During the starter-period the high ME diet improved (P < 0.05) FCR
compared with medium or low ME diets. The FCR of broiler chickens during the growth period was
improved (P < 0.05) by the high and medium ME diets. The FCR of broiler chickens during all periods (0 - 6
weeks) was improved by increasing energy density of the diet. There was no interaction between energy
density and L-carnitine level of diets in terms of BWG, FI and FCR (P > 0.05). Mean mortality rate was
similar for both main factors (between 1 - 2%) and did not differ between dietary treatments.

The South African Journal of Animal Science is available online at http.//www.sasas.co.za/sajas.asp

L




dsp splbs/pz:02°SPSDS My Ay 10 dULUO J]GD]IDAD ST 2IUILIS [DUWIUY JO [OULROL UDILY YOS dY |

sunIuIed-7 yim g YSTH - 9J, Punuwied-T noyim gy YSTH - SL
QUNIUIRO-T YHM N WNIPSA] - 1. SUNIUIEO-" INOYIM FIN WNIPIN - €], DUNIUILO-T YIM HIN MOT - T “SUHILIRO-T JNOWIM N MOT - 11
SUBOW (U99M]0q I0) SuotE SSOUSIRJFIP oY} JO I0IId pIEpur]S - "W'd's
AS10u5 s[qestjoqeow — N ‘(ured §/paaj §) ONEI UOISIOAT0D Pad] — YD NIt pagj — [ ‘ured yySrom Apoq —OMH
(00 < &) 13131p 10U Op $1dLIOSIdANS TOWILOD YHIM SUBOUL UUWINJOD) e

66°0 96'0 6°0 zLo 89°0 6°0 0L0 780 L0 uonoRION]
$8°0 ¥8°0 S0 w0 Ly'0 50 LEO 650 1€0 anfeA g
961 0L'1 0€'l 190€ 861¢ €98 8561 €621 999 8w 001
LS 0Ll €1 870€ €L1T $68 9¢61 z8T1 9 Bur g
uniuIe)
000 00'0 000 wo 9%°0 89°0 000 100 100 oneA g
LTSI aS9'T 9T1 990€ $0TC 198 +610C o VEET 789 dIN YSTH
GLS'T 489'1 oFET L00€ 9914 S8 4061 4 C8T1 18€9 HIN TIPSy
191 oLL'T €T 090€ 9612 98 €061 QIVTl wlS9 N MO
A31oug
$10913° ulej]A
100 £0°0 00 9 8y ST 1§ 9¢ 0z “wra’s pajood
Sl $9'1 LTT 990€¢ 102C 998 610C peel $89 9L
A 991 $T1 990¢€ 602¢ 968 810 433 £89 1L
LS1 691 €1 L10E ¥91¢ €68 LT61 ¥8T1 vr9 A
LS'T 89'1 Sl L6 Shic 158 €161 0821 €€9 €L
191 LLT 0l 860€ 67TC 698 6261 0921 699 7L
191 9L'1 €61 zog £91¢ 658 LL8T 1€21 99 1L
sIJ
SYOM O-0 SPPOM Gp  SNPM g0 (SPeM 9-0)  (SPRM 9-F)  (SYM €-))  SNPOM9-)  SYPIM O-p  SHOM £
(3/3) (3/3) (8/3) (p11q/3) (p11q/3) (p11q/3) (p11q/3) (priq/3) (p11q/3)
DA Rk ek 14 14 14 omd omd omd

s19]101q Jo douewioyrod ymois uo uonejudwo[ddns sunuIed-T pue (FIA) ANSUSp A310Ud JO ST T dlqe L

90UQOG [RUIUY I0] A1Q100g URILIY YINOS ©
() L€ ‘L00T 20UdIOS [rIUY JO [BUINO[ UedLTY YInog

89




South African Journal of Animal Science 2007, 37 (2) 69
© South African Society for Animal Science

Table 3 shows the effects of cnergy density and L-carnitine supplementation on carcass traits, the
chemical composition of the muscle and some blood parameters of the chickens. Dietary ME density and
L-carnitine supplementation had no significant effect on the serum glucose, BUN, cholesterol, triglyceride
and creatinine concentrations of the chickens. Feeding a diet with a high energy level significantly increased
AST activity compared to broilers on a low energy diet. Neither dietary energy nor L-carnitine
supplementation had significant effects on carcass yield, abdominal fat, leg and breast yield. With the
exception of DM content of breast muscle, the chemical composition of leg and breast muscle was not
influenced by dictary energy and carnitine levels. Feeding a diet with a low ME content significantly
increased DM content of breast muscle. There was no interaction between energy density and L-carnitine
level in terms of carcass traits, chemical composition of the muscle and some blood parameters of the
broilers. Regardless of dietary L-carnitine supplementation, dietary energy levels had a significant effect on
BWG and FCR during all feeding periods. Findings in the present study concurred with those of Rabie &
Szilagyi (1998) who reported that the feeding with a high ME diet significantly improved BWG and FCR of
broiler chickens compared to broilers fed medium or low ME diets. Skinner er al. (1993) indicated that
broilers fed high ME diets showed better FCR than those fed lower energy diets. However, they also reported
that abrupt changes in diet energy density did not cause any significant impairment in F1 and BWG when
compared to a high ME diet. This may be because broilers are able to compensate their feed intake according
to the energy density of the diet. Thus, similar weight gain should be maintained over a range of dietary
energy levels. However, the low and medium dictary ME levels in this investigation caused significantly
lower BWG at slaughter age than the high dietary ME treatment. The birds that received low ME diets may
not have been able to adjust their feed intake because of high daily ambient temperatures during the study
period. Fast growing broilers produce more heat and have greater difficulty in dissipating heat in hot
temperatures (Cahaner & Leensta, 1992; Eberhart & Washburn, 1993; Yal¢n ef al., 1997), which leads to
higher body temperatures (Cahaner ez al., 1993) and reduced performance.

In the current study, dietary L-carnitine supplementation or ME and L-carnitine interaction did not
significantly affect broiler performance. Although the basic carnitine level was low, and in spite of
differences in ME supplied, no effect of supplemented carnitine was detected. Our results demonstrated that
carnitine is not linked to energy utilization. Likewise, Rodehutscord ef al. (2002) showed that carnitine
supplementation is not linked to energy or protein utilization. Buyse et al. (2001) pointed out that
performance data is not the only criteria from which the effectiveness of carnitine as a feed supplement
should be evaluated. They found that chickens had clevated heart weights due to carnitine supplementation
and expected these animals to be less sensitive to metabolic diseases. Lien & Horng (2001) demonstrated
that differences in serum triacylglycerols and nonesterified fatty acids as well as differences in hepatic
carnitine palmitoyl transferase activity in broiler chickens fed L-carnitine supplemented diets can be
uncoupled from growth and feed conversion data. Dictary L-carnitine supplementation or dietary ME levels
did not significantly affect FI. Our FI results are in agreement with those of other researchers who used
L-carnitine at levels of up to 500 mg/kg in broiler diets (Cartwright, 1986; Barker & Sell, 1994; Leibetseder,
1995; Rabie & Szilagyi, 1998; Buyse et al., 2001; Lien & Horng, 2001; Rodehutscord ef al., 2002; Xu et al.,
2003). Carnitine in diets of growing broilers should probably be included at higher levels than in the present
study, especially in light of the limited intestinal absorptive capacity of carnitine and its considerable
microbial degradation in the intestine (Xu ez al., 2003). However, Lettner ef al. (1992) demonstrated that
L-carnitine supplementation from 20 to 60 mg/kg in broiler diets tended to improve growth performance.
Rabie ez al. (1997b) indicated that the supplementation of dietary L-carnitine at levels of 50, 100 or 150
mg/kg in the basal diet significantly increased BWG of broiler chickens compared to those of broilers fed the
basal diet. It is well established that L-carnitine plays an important role in the mitochondrial oxidation of
long-chain fatty acid in the production of energy. In this instance the energy supply available to stimulate
protein deposition may increase and thus, promote growth. The discrepancies between studies may result
from different levels of L-carnitine supplementation, basic carnitine levels in the raw ingredients, the supply
or absence of essential amino acids, (Rodehutscord er al., 2002), the possible effects of enzymatic
breakdown of branched-chain amino acids (Owen ef al., 2001), sparing effects of carnitine with regard to its
precursors (lysine and methionine), limited intestinal absorptive capacity of carnitine and its considerable
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microbial degradation in the intestine (Xu er af., 2003), interspecies differences, age, sex, feeding
programme, and the managerial or environmental conditions (Celik & Ozturkcan, 2003) of the animals.

There was no significant interaction between ME and L-carnitine levels. L-carnitine supplementation
did not influence any of the performance parameters examined in the current study in response to dietary ME
level. Neither dietary L-carnitine supplementation, nor dictary ME level significantly affected the serum
glucose, BUN, cholesterol, triglyceride and creatinine concentrations in broiler chickens (Table 3). It did
influence AST activity. Findings in this study are consistent with Arslan et al. (2004) who reported
L-carnitine administration via drinking water did not influence serum total cholesterol, total lipid and
triglyceride of Japanese quail. However, they did find that L-carnitine supplementation significantly
increased serum glucose level compared with a control group. Plasma AST activity may reflect changes in
hepatic function in addition to alterations in muscle membrane permeability (Coles, 1986). External factors
such as heat, trauma, infection, toxin and exercises can lead to increased free radicals and other reactive
oxygen species (ROS) (Elstner, 1991; Halliwell e al, 1992). ROSs, including hydrogen peroxide,
superoxide and hydroxyl, have the potential to induce considerable cell deaths via lipid peroxidation
(Halliwell & Gutteridge, 1990). The broiler chickens fed diets with high ME levels ingested higher levels of
carbohydrate and fat than those of broilers receiving diets with low or normal ME levels. No significant
effect of energy density on feed intake was determined. As a result, high heat stress can stimulate ROS
production. These agents may cause lipid peroxidation in the membrane of the cell, resulting in tissue injury
to organs, including the lungs, heart and liver. The increase in the AST activity is an indicator of a
progressive liver cell injury followed by the increased production of ROS resulting in the induction of a
chain of oxidative reactions in the liver and other organs (Arab et al., 2006). L-carnitine supplementation or
dietary ME level did not significantly affect carcass yield and abdominal fat content. This may be due to the
experiment being conducted in summer. High ambient temperatures may have limited the heat production of
the broilers in order to prevent heat stress and inhibit fatty acid B-oxidation. The fatty acid B-oxidation rate
may have prevented the carnitine supplement from significantly affecting the weight of the abdominal fat
pad (Lien & Horng, 2001). The findings in this study concur with those of other researchers who
supplemented their experimental diets with from 50 to 500 mg L-camnitine/kg (Cartwright, 1986; Barker &
Sell, 1994; Leibetseder, 1995; Rabie ef al., 1997a; b; Daskiran & Teeter, 2001; Lien & Horng, 2001; Celik ef
al., 2003). However, Lettner ef al. (1992) found that the composition of the abdominal fat weight was
significantly influenced by the addition of L-carnitine to the diet. Rabie e al. (1997a, b), Rabie & Szilagyi
(1998) and Xu et al. (2003) reported that the quantity and percentage of abdominal fat was significantly
reduced by the addition of L-carnitine to broiler diets. L-carnitine could reduce the deposit of subcutaneous
fat by decreasing the total activity of enzymes (glucose-6-phosphate dehydrogenase, malic dehydrogenase,
isocitrate dehydrogenase, and lipoprotein lipase) in this tissue (Xu et al., 2003).

Supplementing the diets of broiler chickens from the age of 0 to 42 days with L-carnitine or feeding
different dietary levels of ME did not significantly affect protein, fat and DM contents of leg muscle or the
protein and fat content of breast muscle. However, the diet with a low ME level significantly increased the
DM content of the breast muscle of the broilers. The results of the present study are in agreement with those
reported by other authors who used L-carnitine at levels of 50 - 500 mg/kg in broiler diets (Barker & Sell,
1994; Rabie et al. 1997b; Rabie & Szilagyi, 1998). In contrast, Xu ef al. (2003) showed that the fat content in
breast muscle of male broilers was significantly increased when 50 or 75 mg of L-carnitine/kg was included
in the diets. L-carnitine could increase the fat content in breast muscles by decreasing the activity of carnitine
palmitoyl transferase-1 (CPT-I) (Velasco et al., 1997; 1998) and result in a lower rate of B-oxidation of fatty
acids (Kudo et al., 1995; Winder & Hardie, 1996; Velasco et al., 1997), thereby enhancing the fat content of
muscles.

Conclusions

No significant interactions could be observed between L-carnitine and dietary energy density of broiler
diets in terms of growth performance, some blood parameters and carcass traits of broiler chickens. The
results of L-carnitine supplementation differed from the results obtained when a high ME diet was fed. High
levels of ME significantly improved BWG and FCR without any significant changes in carcass composition
of broiler chickens. It can be concluded that L-carnitine supplementation at different dietary densities of
energy would have no additional benefits in terms of broiler growth and carcass quality. However, the effects
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of heat stress due to high ambient temperatures during the course of the experiment should be taken into
consideration when interpreting these results.
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