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Abstract

The study was conducted to determine the effects of feeding diets containing two levels of
metabolisable energy (normal or low) and three sources of fat (palm-, sunflower- or fish-oil) with or without
L-carnitine (0 or 500 mg/kg diet) on the performance and egg quality parameters of Brown egg-type laying
hens. The hens receiving the low energy diet had significantly higher body weights and feed intakes (FI) than
the birds on the normal energy diet, but their feed conversion ratio (FCR) was poorer.
L-carnitine in the diet containing sunflower oil (SO) increased FI significantly, resulting in a poorer FCR.
However, the FI and FCR were higher when the fish oil (FO) was added to diets without L-carnitine
compared to the other diets. The palm oil (PO) supplemented diet without L-carnitine significantly decreased
the specific gravity of the eggs. L-carnitine inclusion into the diet containing PO significantly increased the
Haugh unit and albumen index of the eggs, while the inclusion of FO in the low energy diet increased the
Haugh unit and albumen index significantly. However, when PO was included these parameters decreased
significantly. The addition of L-carnitine to the normal energy diet reduced the pH of the egg yolk, while it
increased egg yolk pH when added to the low energy diet. The inclusion of FO in the low energy diet
resulted in a significant increase in yolk pH. Albumen pH was significantly decreased by dietary L-carnitine
supplementation, but increased when the diet low in energy contained FO, as well as the normal energy diet
containing SO. The inclusion of FO to both the normal and low energy diets, except the low energy diet with
L-carnitine, improved the breaking strength of the eggshells. Similarly, SO and PO inclusion to low energy
diets with L-carnitine increased eggshell breaking strength. The supplementation of PO and L-carnitine to
the diet enhanced the Haugh unit and albumen index. Palm oil and the normal energy diet decreased egg yolk
indices.
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Introduction

L-carnitine (B-OH-y-N-trimethylaminobutyric acid) is a water-soluble quaternary amine with a low
molecular weight, and occurs naturally in microorganisms, plants and animals (Bremer, 1983). L-carnitine is
biosynthesised in vivo from the essential amino acids, lysine and methionine, in the kidneys and liver in the
presence of ferrous ions. The three vitamins, ascorbate, niacin and pyridoxine, are required as cofactors for
the enzymes involved in the metabolic pathway of L-carnitine synthesis (Bieber, 1988; Mast et al., 2000).

L-carnitine has antioxidative properties. The major metabolic role of L-carnitine is reducing the
availability of lipids for peroxidation by facilitating the transport of long-chain fatty acids across the inner
mitochondrial membrane for [B-oxidation. Thus, dietary L-carnitine supplementation promotes the
B-oxidation of these fatty acids to generate adenosine triphosphate (ATP) energy and improves energy
utilisation (Neuman et al., 2002). Rabie et al. (1997) observed that L-carnitine (500 mg/kg diet) did not
influence the laying performance of hens, nor external egg quality, yolk index (YI) or yolk colour score of
eggs. However, albumen quality (albumen height (AH) and Haugh unit (HU)) was improved by
supplemental dietary L-carnitine. They concluded that L-carnitine has a beneficial effect on albumen quality
and could modify the components of the edible part of the egg during the late laying period. Leibetseder
(1995) pointed out that the supplementation of a standard layer diet with either 500 mg L-carnitine or
nicotinic acid, or a combination of the two substances had neither beneficial nor detrimental effects on body
weight (BW), feed intake (FI), egg production (EP) and concentrations of serum and yolk cholesterol during
the early laying period. However, the L-carnitine content of yolks was significantly increased in
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supplemented groups. Celik et al. (2004) reported that body weight change (BWC), F1, EP and some external
egg qualities were not affected by L-carnitine supplementation although relative albumen weight (AW) and
height (AH) were significantly increased by supplemental L-carnitine.

There does not seem to be literature dealing with the effects on performance and egg quality
parameters of laying hens receiving diets containing L-carnitine and different fat sources and energy levels.

The present study was planned to determine the effects of feeding diets at two levels of metabolisable
energy and three sources of fat with or without supplemental L-carnitine on the performance and egg quality
parameters of Brown egg-type laying hens.

Materials and Methods

One hundred and eighty Isabrown laying hens, 27 weeks old, were randomly allocated to laying cages.
The birds were assigned to 12 dietary treatments replicated five times with three hens per replicate. In a
2 x 2 x 3 factorial arrangement, laying hens were fed diets containing two levels of metabolisable energy
(ME) (11.51 or 10.88 MJ ME/kg) and three sources of fat, palm (PO)-, sunflower (SO)- or fish-oil (FO), with
or without supplemental L-carnitine (0 or 500 mg/kg diet) in the form of Carniking (LONZA Ltd., Basel,
Switzerland). The L-carnitine content of the diets was calculated based on the L-carnitine content of the
ingredients used (Harmeyer et al., 1998). The composition and the calculated nutrient content of the
experimental diets are presented in Table 1. Prior to diet formulation, feed ingredients were analyzed for
their dry matter, crude ash, crude protein (CP) (N x 6.25), crude fat, calcium, starch and total sugar content,
according to the methods of the Association of Analytical Chemists (AOAC, 2007). The AOAC numbers for
dry matter, crude ash, crude protein, crude fat, calcium, starch and total sugar laboratory techniques were
934.01, 942.05, 988.05, 920.39, 927.02, 920.40 and 974.06, respectively. The ME levels of the feed
ingredients were calculated based on the analyzed values of the feedstuffs (WPSA, 1989). Except for energy
level, all diets were formulated to meet the minimum nutrient requirements for laying hens, as recommended
in the Isabrown Technical Handbook (Anonymous, 2000a). During the feeding period that lasted 84 days,
the experimental diets in mash form and drinking water were provided ad libitum. The photoperiod was set
at 16L : 8D throughout the experimental period. All birds were weighed at the start and end of the
experiment. Feed intake (FI) was recorded weekly and EP and egg weight (EW) were recorded daily.
Performance characteristics (FI, EP, EW, egg mass (EM), feed conversion ratio (FCR) and mortality), egg
internal qualities (HU, yolk index (Y1) and albumen index (Al), yolk and albumen pH) and external qualities
(egg shell thickness (EST), egg specific gravity (ESG) and percentage of cracked eggs (CE)) were evaluated
three times during the 84-d experiment period. All eggs laid during the 26 to 28 d period were collected for
these measurements. The internal and external parameters of egg were measured for three consecutive days.
Body weight, BWC, FI, EM, EW, EP, FCR (g Fl/g EM), CE ratio, ESG, albumen and yolk pH, shell
breaking strength (SBS), EST, Al, YI and HU (Rauch, 1965; Card & Nesheim, 1972) were calculated
throughout the experiment. The ESG of a whole egg was measured using the Archimedes’ method with an
instrument designed for the measurement of egg weight (EW) in air (EWa) and in water (EWw) and ESG
was calculated using the following formula [ESG= EWa/(EWa-EWw)] (Hamilton, 1982; Hempe et al.,
1988). Shell breaking strength was measured using an instrument (Dr. ING. George Wasna
Mess+Priiftechnick, Berlin) that assessed the resistance of the egg to crushing (kg/cm?). Eggshell thickness
was measured using a micrometer (Mitutoya, 0.01 mm, Japan). Albumen height (H) was measured using a
tripod micrometer (Mitutoya, 0.01 mm, Japan), albumen length (AL) and albumen width (AW) using a
compass (SMI, 0.1 mm, Italy) and then Al was calculated using the following formula [AI=AH/(AL+AW/2)
x 100]. Yolk height (YH) was measured using a tripod micrometer (Mitutoya, 0.01 mm, Japan) and yolk
diameter (YD) using a compass. The YI was calculated using the following formula [Y1= (YH/YD)x100].

The HU was calculated using the records of AH and EW and employing the formula: [HU = 100 x Log
(AH+7.57-1.7 EW**")]. For yolk and albumen pH measurements, eggs were broken and separated into yolk
and albumen. The albumen and yolk samples were stirred with a glass rod during pH measurements (Hanna,
Instrument, HI 9321 microprocessor pH meter, Portugal).

The data obtained from the experiment were analyzed statistically using the General Linear Model
Procedure of the SPSSWIN (1994). Significant differences between treatment means were separated using
Duncan’s Multiple Range Test with a 5% probability (Duncan, 1955).
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Table 1 The composition and the calculated nutrient content of experimental diets (as fed)

Dietary Treatments (g/kg diet)

Ingredients Normal energy (11.51 MJ ME/kg) Low energy (10.88 MJ ME/kg)
Ci (0 mg) G, (500 mg) C1 (0 mg) G, (500 mg)

SO PO FO SO PO FO SO PO FO SO PO FO
Maize 559 564 562 559 565 562 504 507 504 504 507 504
Soyabean meal 213 219 215 216 222 215 220 220 213 220 219 213
Sunflower meal 101 89.8 95.6 97.4 85.0 957 105 107 119 105 108 119
Sunflower oil 20.0 - - 20.0 - - 20.0 - - 20.0 - -
Palm oil - 20.0 - - 20.0 - - 20.0 - - 20.0 -
Fish oil - - 20.0 - - 20.0 - - 20.0 - - 20.0
Limestone 82.1 81.7 81.7 81.7 81.7  80.7 81.5 81.7 81.6 81.7 81.6 81.7
Salt 3.50 3.54 3.42 3.42 3.53 342 3.46 3.46 3.47 3.46 3.46 3.46
DCP’ 14.9 15.1 15.1 15.0 15.1 15.0 15.1 15.0 14.9 15.2 15.0 14.9
Vitamin premix' 2.50 2.50  2.50 2.50 2.50 250 2.50 2.50 2.50 2.50 250  2.50
Mineral premix” 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Methionine 3.00 2.96 3.00 2.98 298  3.00 2.99 2.94 2.83 2.99 294 284
Lysine - 0.400 0.680 - 0.190  0.680 0.550 - - 0.550 - -
L-carnitine - - - 1.00 1.00 1.00 - - - 1.00 1.00 1.00
Sand - - - - - - 43.9 39.4 37.7 42.6 38.5 36.6
Calculated nutrient contents (g/kg)
ME MlJ/kg 11.4 11.4 11.5 11.5 11.4 11.5 10.8 10.8 10.9 10.8 10.7 10.8
Available P 4.00 4.00  4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00  4.00
Methionine 5.80 5.70 5.70 5.80 5.70 5.70 5.70 5.70 5.60 5.70 5.70 5.60
Met.+Cys. 8.60 8.50 8.50 8.60 8.50 8.50 8.50 8.50 8.40 8.50 8.50 8.40
Lysine 8.40 8.70 8.90 8.40 8.50 8.90 8.90 8.50 8.40 8.90 8.50 8.40
Carnitine mg/kg 7.01 7.01 6.99 507 507 507 6.88 6.91 6.91 506 506 506
Analyzed nutrient contents (g/kg)
Crude matter 891 891 890 892 891 890 897 897 896 897 897 896
Crude ash 123 123 123 123 123 122 165 162 161 165 161 160
Crude protein 175 177 176 175 175 176 175 177 176 176 176 175
Crude fat 41.8 42.0 410 41.9 42.1 41.0 40.3 40.5 39.4 40.3 40.5 39.4
Calcium 35.8 36.2 35.5 35.7 36.1 35.9 36.2 36.3 35.8 35.7 359 36.4

"Provides per kg of diet: 12 000 IU vit. A; 2 000 IU vit. D3; 35mg vit. E 35; 4 mg vit. K3; 3 mg vit. Bj; 7 mg vit. B,; 5 mg vit. Bg; 0.015 mg vit. Bj,; 50 mg vit. C ; 20 mg niacin;
1 mg folic acid; 10 mg calcium D-pantothenate; 0.045 mg biotin; 125mg choline chloride . 2 Provides per kg of diet: 60 mg Fe; 5 mg Cu; 80 mg Mn; 0.2 mg Co; 60 mg Zn;

1 mg1;0.15 mg Se. *DCP - Dicalcium phosphate. NE - Normal energy; LE - Low energy; SO - Sunflower oil; PO - Palm oil; FO - Fish oil;

C1 - without supplemental L-carnitine; C2 - with supplemental L-carnitine.
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Results and Discussion

There were no significant differences in BW (1816 + 14.19 g), EW (59.31 £ 1.09 g) or EP (97.25
+ 1.69%) of the laying hens between treatments at the beginning of the experiment. No mortalities were
recorded over the total feeding period.

The effects of dietary treatments on performance parameters are presented in Table 2. Metabolisable
energy and L-carnitine levels and fat sources did not affect EM, EW, EP and CE significantly.

Table 2 The effects of metabolisable energy, L-carnitine level and fat source in the diets of hens on their
performance parameters

BW BWC FI EM EW EP FCR CE
g g g/day  g/bird/day g % g/g %
Main effects
Energy Level
NE 1996 184 124% 61.9 63.7 97.0 2017 0.930
LE 20398 218 1318 61.7 63.8 96.6 2.138 0.890
s.e.m. 13.9 10.9 0.880 0.590 0.480 0.450 0.020 0.200
Carnitine Level
C, 2020 201 126 62.2 63.9 97.2 2.04 0.940
G, 2014 201 128 61.4 63.7 96.4 2.10 0.880
s.e.m. 13.9 10.9 0.880 0.590 0.480 0.450 0.020 0.200
Fat Source
SO 19998 181 127 62.3 64.2 96.8 2.05 0.900
PO 19878 175 125 61.2 63.8 95.9 2.06 1.22
FO 2066" 247 129 62.0 63.3 97.8 2.09 0.610
s.e.m. 17.0 13.4 1.08 0.720 0.590 0.550 0.030 0.250
Main effects (P value)
E * * *xk NS NS NS ok NS
C NS NS NS NS NS NS * NS
F *okk ok NS NS NS NS NS NS
C*F NS NS * NS NS NS * NS
E*C NS NS NS NS NS NS NS NS
E*F NS NS NS NS NS NS NS NS
E*C*F NS * NS NS NS NS NS NS

AB Column means with common superscripts do not differ “P>0.05; P >0.01; P >0.001; NS - None significant.
s.e.m - Standard error of the differences among (or between) means.

E - Energy; C - Carnitine; F - Fat; BW - Body weight; BWC - Body weight change; FI - Feed intake; EM - Egg mass;
EW - Egg weight; EP - Egg production; FCR - Feed conversion ratio (g feed intake/g egg mass); CE - Cracked eggs.
NE - Normal energy (11.51 MJ ME/kg); LE - Low energy (LE, 10.88 MJ ME/kg).

C1 - without supplemental L-carnitine; C2 - with supplemental L-carnitine.

SO - Sunflower oil; PO - Palm oil; FO - Fish oil.

Feeding the diet low in energy (LE) significantly increased BW and FI, but resulted in poorer FCR
compared to those of hens receiving the normal energy (NE) diet. The level of energy intake of the laying
hens was compensated for, with the increased FI. The dietary fat intake and net energy intake were probably
increased due to the increased FI in the LE diet. Bish et al. (1985) observed that when fat replaced starch as a
source of energy, the net energy available to the bird was enhanced, and this could result in an increase in the
BW of hens. The effect of fat sources on the body weight of hens differed between treatments (P <0.001)
(Table 2). The BW of hens fed a diet containing FO was significantly higher than that of hens fed diets with
SO and PO. Being rich in polyunsaturated fatty acids (PUFAs), FO might have stimulated the increase in
BW (Hu et al., 2002).

The significant interaction between L-carnitine levels and dietary fat sources in terms of FI and FCR is
presented in Table 3. The use of FO in the diet of the hens without L-carnitine significantly increased the
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Table 3 The effects of interaction between dietary L-carnitine levels and fat sources in terms of feed intake
(FI) and feed conversion ratio (FCR) of laying hens

Fat sources

Parameters L-carnitine s.e.m.
Sunflower oil Palm oil Fish oil
C, 12482 12552 13078
e C, 1307 126" 128% 133
FCR C 1.97% 2.03% 2.11% 0.04
feed/g egg mass) C, 2.13%° 2.09% 2.07% :
(g gegg

B Capital letters are used to compare L-carnitine levels with fat sources.
A B Line means with common superscripts do not differ ‘P >0.05.

2> Small letters show the comparison of fat sources with L-carnitine levels.
P Column means with common superscripts do not differ “P >0.05.

C1 - without supplemental L-carnitine; C2 - with supplemental L-carnitine.

FI and worsened the FCR compared to the diet containing SO or PO. However, the effect of fat sources on
the FI was not significant due to L-carnitine supplementation. L-carnitine supplementation to the diets
promotes the mitochondrial B-oxidation of long-chain fatty acids (LCFAs) by facilitating their transfer across
the inner mitochondrial membrane. Thus, supplemental L-carnitine could improve fatty acid and energy
utilization (Mast et al., 2000). A non-profitable conversion of dietary energy due to a deficiency of L-
carnitine in the diet containing a fat source rich in long-chain fatty acids might have increased the FI and
worsened the FCR of the hens. The L-carnitine supplementation to the diet containing SO significantly
increased the FI and resulted in a poorer FCR compared to a diet without L-carnitine.

The interaction between metabolisable energy and L-carnitine levels and fat sources in terms of body
weight change (BWC) (P <0.05) is summarized in Table 4. Supplementing the LE diet containing SO with
L-carnitine significantly decreased BWC compared to the diet without L-carnitine (Table 4). In addition, the
BWC of hens fed LE diet containing SO and without L-carnitine was significantly higher than that of hens
receiving the NE diet (Table 4).

Table 4 The effect of metabolisable energy and dietary L-carnitine levels and fat sources on body weight
changes (BWC) in laying hens

Parameter Normal energy (NE, 11.51 MJ ME/kg) Low energy (LE, 10.88 MJ ME/kg)
Sunflower oil Palm oil,; Fish oil Sunflower oil; Palm oil; Fish oil
C 1074 1714 256" 2654 153% 2574
C, 1734 174 225% 1798 204" 250"
C1 C2
Sunflower oil Palm oil; Fish oil Sunflower oil ~ Palm oil; Fish oil
BWC NE 1074 1712 256" 1734 174 2258
LE 2658 1534 257° 179 204" 250"
&) Normal energy Low energy
Cl C2 C1 C2
SO 1078 1734 265" 1792
PO 1718 1742 1538 2044
FO 256" 225" 2577 250"

A% Column means with common superscripts do not differ P >0.05.
C1 - without supplemental L-carnitine; C2 - with supplemental L-carnitine.
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The BWC of hens fed a diet with LE and containing SO without L-carnitine was significantly higher
than that of hens fed a diet with supplemental L-carnitine. Consequently, L-carnitine supplementation to
diets reduced the amount of LCFAs availability for esterification to triacylglyserols and storage fat in
adipose tissue (Barker & Sell, 1994; Xu et al., 2003). Thus, dietary L-carnitine supplementation promotes
the B-oxidation of these fatty acids to generate adenosine triphosphate (ATP) energy and improves energy
utilisation (Rabie et al., 1997; Neuman et al., 2002). In addition, the use of SO or PO in diets with a NE and
without L-carnitine significantly reduced BWC compared to the diet containing FO. However, feeding the
diet with LE containing SO or FO and without supplemental L-carnitine significantly increased BWC
compared to that of hens fed the diet that contained PO (Table 4).

Palm oil is rich in the saturated fatty acid, palmitic acid (C16:0), constituting about 45% of total fatty
acids. Saturated fats rich in LCFAs (>14C atoms) are less digestible than fats high in medium-chain fatty
acids or unsaturated fatty acids (Vila & Esteve-Garcia, 1996). It has been shown that a large percentage of
saturated fatty acids in chicken excreta is in the form of unutilized soap in contrast to that of unsaturated fatty
acids (Atteh & Leeson, 1983). There is evidence that saturated fatty acids, particularly palmitic and stearic
acid, are less efficiently utilized compared to unsaturated fatty acids (Renner & Hill, 1961;Young & Garrett,
1963). In addition, a high fraction of C16:0 in PO is bound at the sn-1 or sn-3 position of the glycerol
molecule (Mu & Hoy, 2004). Long-chain saturated fatty acids bound at the sn-1 and sn-3 positions are
absorbed less efficiently than those bound at the sn-2 position (Smink et al., 2008).

The effects of metabolisable energy and L-carnitine levels and fat sources on egg quality parameters
are summarized in Table 5.

Table 5 The effects of metabolisable energy and L-carnitine levels and fat sources in diets of laying hens on
egg quality parameters

ESG Yolk  Albumen SBS EST
g/em’ pH pH HU Al Y1 kg/cm? um
Main effects
Energy (E)
NE 1.092 6.26 8.53 79.9 8.21 44.0" 2.35 451
LE 1.092 6.21 8.51 79.8 8.13 4488 2.52 452
s.e.m. 0.000 0.010 0.010 0.440 0.100 0.180 0.030 1.71
Carnitine (C)
C 1.092 6.24 8.53% 80.0 8.21 443 243 454
G, 1.091 6.24 8.51°8 79.6 8.12 44.5 2.44 449
s.e.m. 0.000 0.010 0.010 0.440 0.100 0.180 0.030 1.71
Fat source (F)
SO 1.093 6.21 8.48 79.9 8.19 44 8" 2.38 449
PO 1.091 6.24 8.50 80.4 8.33 43.98 2.38 451
FO 1.092 6.27 8.58 79.1 7.98 445" 2.55 455
s.e.m. 0.001 0.010 0.010 0.540 0.120 0.220 0.04 2.10
Main effects (P value)
E NS ok NS NS NS oAk HoE NS
C NS NS . NS NS NS NS NS
C*F * NS NS ok ok NS ok NS
E*C NS * NS NS NS NS NS NS
E*C*F NS NS NS NS NS NS oAk NS

A B Column means with common superscripts do not differ P >0.05; P >0.01; ~ P >0.001. s.e.m - Standard error of
the differences among (or between) means; NS - None significant.

ESG - Egg specific gravity; HU - Haugh unit; Al - Albumen index; YT - Yolk index; SBS - Shell breaking strength;
EST - Egg shell thickness. NE - Normal energy (11.51 MJ ME/kg); LE - Low energy (10.88 MJ ME/kg).

C1 - without supplemental L-carnitine; C2 - with supplemental L-carnitine.

SO - Sunflower oil; PO - Palm oil; FO - Fish oil.
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The interactions between metabolisable energy and L-carnitine levels and fat sources observed for SBS
(P <0.001) are presented in Table 6. L-carnitine supplementation to LE diets containing SO or PO
significantly increased SBS compared to a NE diet without L-carnitine. However, L-carnitine in the LE diet
containing FO significantly decreased SBS compared to the diet without L-carnitine.

Table 6 The effects of metabolisable energy and L-carnitine levels, and fat sources in the diets of laying hens
on shell breaking strength (SBS)

Parameter Normal energy (NE, 11.51 MJ ME/kg) Low energy (LE, 10.88 MJ ME/kg)
Sunflower oil Palm oil Fish oil Sunflower oil Palm oil Fish oil
C 2.26% 2.24% 2.55% 2.42% 2374 2.76%
C, 2.24% 228" 2.56" 2.61° 2.62° 2338
C1 C2
Sunflower oil Palm oil Fish oil Sunflower oil Palm oil Fish oil
NE 226" 2.24% 2.55% 2.24% 2.28% 2.56"
SBS A A A B B B
2 LE 2.42 2.37 2.76 2.61 2.62 2.33
(kg/cm®)
Normal energy Low energy
Cl C2 Cl C2
SO 2.26° 2.24° 2.42° 2.61%
PO 2.24° 2.288 2.37° 2.62%
FO 2.55% 2.56% 2.76% 2.338

A B Column means with common superscripts do not differ P >0.05
SO - Sunflower oil; PO - Palm oil; FO - Fish oil
C1 - without supplemental L-carnitine; C2 - with supplemental L-carnitine;

The inclusion of FO to the NE diet with or without L-carnitine significantly increased SBS compared
to the diets containing SO and PO. Although FO inclusion to the LE diet without L-carnitine enhanced SBS
(P <0.001), supplemental L-carnitine in the same diet decreased SBS (P <0.001) compared to diets
containing SO or PO.

Peterson et al. (1960) and Clunies et al. (1992) recorded that dietary calcium levels required to
maintain optimum eggshell quality are between 2.7 and 3.5% or 3.5 or 4.5%, respectively. Dietary Ca levels
in the present study ranged from 3.55 to 3.64%. Increasing the calcium content of the diets seems to be
detrimental not only to fat and energy utilization but also to calcium retention (Atteh & Leeson, 1984). This
is mainly due to the problem of soap formation, which tends to increase with an increase in dietary calcium
level, especially in the presence of saturated fatty acids (Atteh & Leeson, 1984). Increased calcium demands
during the laying cycle in hens are associated with a proportional increase in intestinal calcium absorption
(Bar et al., 1978) and a decrease in renal calcium excretion (DeLuca et al., 1990). Low dietary ratios of n-6 :
n-3 fatty acids might increase intestinal calcium absorption, and lower bone Ca turnover (Classen et al.,
1995). Fish oil reduced urinary calcium excretion significantly. Particularly, eicosapentaenoic acid (C20 :
5n-3) is effective in inhibiting bone resorption (Buck et al., 1991). Increasing renal calcium excretion due to
the B-oxidation of LCFAs in metabolism by supplemental L-carnitine might reduce SBS. Increase of SBS in
hens fed a diet without L-carnitine might be a result of a reduced urinary calcium excretion.

Interactions between L-carnitine levels and fat sources for ESG, HU and Al are presented in Table 7.
The use of PO in diets without L-carnitine significantly decreased the ESG compared to the diets containing
FO or SO. However, the ESG of hens fed the diet containing FO with L-carnitine was lower than that of hens
fed the diets containing SO or PO, or the diet without L-carnitine (P <0.001).

L-carnitine inclusion in the diet containing PO significantly increased HU and Al compared to the diet
without L-carnitine. However, L-carnitine supplementation to the diet containing SO significantly decreased
HU and Al compared to the diet without L-carnitine. HU and Al were significantly reduced by L-carnitine
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Table 7 The effects of the interaction between L-carnitine levels and fat sources in the diets of laying hens
on the specific gravity (ESG), haugh unit (HU) and albumen index (Al) of the eggs

Fat sources

Parameters L-carnitine s.e.m.
Sunflower oil Palm oil Fish oil
ESG C 1.09342 1.090%2 1.093%2 0.001
C, 1.092%2 1.091% 1.090%° '
C, 81.1% 79.148 79.8%8
HU 0.770
G, 78.75° 81.8°° 78.558
AL C, 8.45"2 8.06"2 8.1372 0.180
G, 7.948° 8.59AP 7.8382 '

AB Capital letters are used for the comparison of L-carnitine levels with fat sources;
A BT ine means with common superscripts do not differ "P >0.05;

2P Small letters show the comparison of fat sources with L-carnitine levels;

2 Column means with common superscripts do not differ "P >0.05.

C1 - without supplemental L-carnitine; C2 - with supplemental L-carnitine.

Table 8 The effect of interactions between metabolisable energy levels and fat sources in the diets of laying
hens on the haugh unit (HU) and albumen index (Al) of their eggs

Fat sources

Parameters Energy level s.e.m.
Sunflower oil Palm oil Fish oil
NE 0.5™ 1.772 48
HU 8 SAa 8 7Ab 77 Ab 0.770
LE 79.3 79.2 80.8
Aa Aa Ba
Al NE 8.35Aa 8.69Ab 7.59Ab 0.130
LE 8.04 7.97 8.37

AB Capital letters are used for the comparison of energy levels with fat sources;
A BLine means with common superscripts do not differ "P >0.05;

b Small letters show the comparison of fat sources with energy levels;

2P Column means with common superscripts do not differ P >0.05.

NE - Normal energy (11.51 MJ ME/kg); LE - Low energy (10.88 MJ ME/kg).

supplementation of the diets containing FO or SO compared to the diet with PO. Albumen quality usually
depends on the amount of ovamicin, and ovamicin is synthesized from magnum (Anonymous, 2000b). High
concentrations of dietary carnitine stimulate palmitate oxidation (Chiu et al., 1999). The inclusion of
L-carnitine in the diet containing PO rich in palmitic acid might have increased ovamicin synthesis by
enhancing energy production due to its stimulating effect on palmitate oxidation.

There was a significant interaction between metabolisable energy levels and fat sources in terms of HU
and Al (Table 8).

Fish oil inclusion in the NE diet significantly decreased HU and Al of eggs compared to the diets
containing PO or SO, or in the LE diet. The inclusion of PO to the NE diet significantly increased the HU
and Al of the eggs compared to the LE diets. The fatty acid digestibility was increased by increasing
unsaturation. The high digestibility of the fish lipids rich in PUFAs indicates a high energy value and
positively affected HU and Al (Anonymous, 1985). The YI was significantly influenced by the dietary
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Table 9 The effects of the interaction between metabolisable energy and L-carnitine levels on the egg yolk
pH

Without supplemental With supplemental

Parameter Energy level L-carnitine L-carnitine s.e.m.
NE 6.28" 6.24%
Yolk pH LE 6.20°° 6.2382 0.014

B Capital letters are used for the comparison of energy levels with L-carnitine levels;
A BT ine means with common superscripts do not differ ‘P >0.05;

b Small letters show the comparison of L-carnitine levels with energy levels;

P Column means with common superscripts do not differ “P >0.05.

NE - Normal energy (11.51 MJ ME/kg); LE - Low energy (10.88 MJ ME/kg).

Table 10 The effects of interaction between metabolisable energy levels and fat sources of laying hens on

their egg yolk pH
Fat sources
Parameters Energy level s.e.m.
Sunflower oil Palm oil Fish oil
NE 6.24"2 6.29" 6.26"
Yolk pH 0.018
P LE 6.185 6.19% 6.28"
NE 8.52M 8.52%4 8.54"
Albumen pH 0.016
P LE 84580 84882 8.60°

AB Capital letters are used for the comparison of energy levels with fat sources;
A B ine means with common superscripts do not differ ‘P >0.05;

b Small letters show the comparison of fat sources with energy levels;

b Column means with common superscripts do not differ "P >0.05.

NE - Normal energy (11.51 MJ ME/kg); LE - Low energy (10.88 MJ ME/kg).

energy level and fat source (Table 5). The inclusion of SO or FO in the diet enhanced (P <0.001) the YI
compared to the diet containing PO. Feeding LE diets significantly increased YI compared to the NE diet.
The increase in YI might be due to an improvement in the hepatic biosynthesis rate of yolk precursors and/or
an alteration in the mode of their transport from the liver into the ovarian follicle and oocyte (Rabie et al.,
1997). In this connection, it has been reported that 95% of the total lipids of yolk is derived from
triacylglycerol-rich lipoprotein which is synthesized in the liver and transferred into rapidly-developing yolk
from the plasma over a period of several days before ovulation. The remaining yolk lipid is derived from the
lipovitellin component of plasma vitollegenin (Griffin et al., 1984).

A significant interaction between metabolisable energy and L-carnitine levels in terms of yolk pH is
presented in Table 9. L-carnitine supplementation to the NE diet significantly reduced yolk pH compared to
those without L-carnitine. In contrast to these findings, egg yolk pH was increased significantly when
L-carnitine was included in the LE diet compared with the LE diet without L-carnitine. In the NE diet
without L-carnitine egg yolk pH increased (P <0.01), compared to that in the LE diet.

Albumen pH was significantly decreased by supplemental L-carnitine compared to the diet without
L-carnitine (Table 5). A significant interaction between metabolisable energy levels and fat sources in terms
of yolk pH and albumen pH was demonstrated (Table 10). The inclusion of FO to the LE diet resulted in a
significantly higher increase in yolk pH than when the hens were fed the diets containing SO or PO.
However, the yolk pH was significantly reduced by the use of SO or PO in the LE diet compared to the NE
diet. Albumen pH was significantly increased with FO inclusion to the LE diet compared to a diet containing
SO or PO, or the NE diet. The NE diet containing SO caused a significantly higher albumen pH compared to
the LE diet containing SO.
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Dietary treatments did not significantly affect EST (Table 5). In fact, reports on the effects of dietary
L-carnitine on the egg quality of laying hens are limited. No comparable data could be found in the literature
in connection with the effects of dietary L-carnitine level, energy level and fat source on egg qualities.

The results in the present study are consistent with those of Leibetseder (1995), Rabie et al. (1997) and
Celik et al. (2004). Leibetseder (1995) pointed out that EP, FT or BW during the early laying period were not
significantly affected by the supplementation of a laying hen’s diet with either 500 mg L-carnitine or
nicotinic acid, or a combination of the two substances. Celik et al. (2004) reported that L-carnitine had no
effect on any performance parameters or internal egg quality with the exception of albumen weight and
height. Rabie et al. (1997) observed that L-carnitine (500 mg/kg diet) did not influence EP, external egg
quality and Y1. They concluded that L-carnitine has a beneficial effect on albumen quality and could modify
the components of the edible part of the egg during the late laying period.

Conclusions

Dietary supplemental L-carnitine or dietary ME levels or fat sources and/or interaction among dietary
treatments significantly affected FI and FCR and egg quality parameters, except EST. Supplemental
L-carnitine in a diet containing SO or PO and with LE may improve broken egg problems of egg producers’
by increasing SBS. The inclusion of FO to the LE diet with L-carnitine is not recommended because FO
decreases SBS. In conclusion, results obtained from the present study may be put into practice with the
versatile preferences due to the positive effects of different energy levels or L-carnitine levels or fat sources
used in laying hen diets on performance and egg quality.
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