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ABSTRACT

The current study was carried out at Animal Experimental Station and the
Laboratory of Physiology and Biotechnology, belonging to the Animal Production
Department, Faculty of Agriculture, Mansoura University, during the period from
September to December 2014. The aim of this experiment is to study the effect of
daily oral administration of free L-canitine (LC) at two levels (350 and 700 mg/h/d)
during an experimental period of 63 days on growth performance, rumen and blood
parameters, and carcass quality of growing Rahmani lambs. A total of nine Rahmani
lambs weighing 33.9+0.69 kg and about 10 months old were assigned according to
body weight into 3 groups which were then assigned at random to receive the three
experimental treatments. Animals in the 1% group (G1) were fed the control diet
(14.4% CP). The 2™ and 3" groups were fed the same diet, but orally treated with LC
at levels of 350 (G2) and 700 (G3) mg/h/d for 63 days as an experimental period.
Growth performance parameters, rumen and blood parameters at slaughter and
carcass traits were determined. The obtained results revealed that overall feed intake
by lambs in G2 and G3 was reduced by about 2.4 and 6.1% as compared to the
controls during the whole feeding period. Live body weight of lambs in G2 and G3 was
slightly lighter than that in the control group during all intervals of the experimental
period. Averages of total and daily body gains of lambs were not significantly affected
by LC treatment, although total gain was slightly higher in G2 and slightly lower in G3
than in G1. Feed conversion was almost the best in G2 than in G3 and G1 during
feeding intervals or during the experimental period. Ruminal pH value and NHs-N
concentration decreased (P<0.05) in G2 as compared to that in G1, being 6.88 and 8.88
mg/dl, and 7.2 and 17.77 mg/dl, respectively. However, pH value and NHsz-N
concentration insignificantly decreased to 7.06 and 13.62 mg/dl in G3, but did not differ
significantly from those in G2 and G1. Total VFA’s concentration in rumen liquor
increased (P<0.05) by about 34.7% in G3 as compared to G1. While, nearly similar
VFA'’s concentration was obtained for G2 and G1 (16.33 mEqui./dl). Only concentration
of total proteins in blood plasma decreased (P<0.05) in G2, while triglycerides
concentration decreased (P<0.05) in G2 and G3 by about 52.6 and 50.3% as compared
to G1, respectively. Concentration of thyroid hormone (T3) insignificantly increased in
G2 and G3 (1.95 and 1.68 ng/ml) as compared to 1.6 ng/ml in G1, respectively. The LC
had no effect on urea-N concentration in blood plasma. Carcass traits were not
significantly affected by LC treatment, although there was an increase in dressing
percentage of lambs in both treatment groups (G2 and G3, being 48.13 and 50.94%
as compared to 47.93% in the control lambs, respectively. It could be concluded that
LC treatment slightly improved feed conversion as a result of improving rumen
parameters.
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INTRODUCTION

Carnitine can be synthesized in the animal body from protein-bound
lysine and methionine, being in the form of L-carnitine and D-carnitine, but
biologically the active form is L-carnitine (Vaz and Wanders, 2002). L-
carnitine (B8-hydroxy-y-trimethylammonium butyrate) is vitamin-like amino acid
as a polar natural compound (Groff and Gropper, 2000). It play an important
role in the cellular detoxification (Arrigoni-Martelli and Caso, 2001) and in lipid
metabolism by carrying long-chain fatty acids to the mitochondria for (-
oxidation to produce ATP required for cell function (Hoppel, 2003). In
addition, it is also important as antioxidant for protection of the cell
membranes against oxidative damages (Kalaiselvi and Panneerselvam,
1998).

Despite some studies indicated that supplemental LC in the diet is not
required, it's use is recommended in domestic animals to increase
performance and to support medical treatment (La Count et al., 1995). In
addition, some other studies indicated that dietary supplementation with L-
carnitine (20 to 500 mg/kg diet) raised L-carnitine level in blood plasma, liver
and milk of ruminants (La Count et al., 1995). It also increases growth
performance (Carlson et al., 2006) by improving apparent digestibility of lipid,
energy and fatty acids (La Count et al., 1995) and enhanced digestibility of
most nutrients and rumen fermentation (Sherief, 2014).

There are scant information in the literature regarding the effect of
L-carnitine on growth performance and carcass traits of local Egyptian sheep.
Therefore, this experiment aimed to study the effect of daily oral treatment of
free L-canitine at two levels (350 and 700 mg/h/d) during an experimental
period of 63 days on growth performance, rumen and blood parameters, and
carcass quality of growing Rahmani lambs.

MATERIALS AND METHODS

The current study was carried out at Animal Experimental Station and
the Laboratory of Physiology and Biotechnology, belonging to the Animal
Production Department, Faculty of Agriculture, Mansoura University, during
the period from September to December 2014.

Animals:

A total number of 9 Rahmani lambs (averaged 33.9+0.69 kg live body
weight and about 10 mo old) was purchased from the flock of El-Serw
Experimental Station, belonging to Animal Production Research Institute.
Animals were assigned into 3 groups similar in LBW and age (3 animals in
each). The 3 groups were assigned at random to receive 3 experimental
dietary treatments. Animals in the 1% group (G1) were fed a control diet
without any treatments. In the 2" and 3™ groups, animals were fed the same
diet, but orally dosed with L-carnitine at levels of 350 (G2) and 700 (G3)
mg/h/d for 63 days as treatment period, respectively. The experimental
animals of each treatment were kept in semi-open pen and were maintained
under the same environmental and managerial conditions.
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Feeding system:

Animals were group fed on a basal diet including concentrate feed
mixture (CFM), berseem hay (BH). The CFM contained 50% barely, 32%
ground yellow corn, 15% soybean meal, 1% limestone, 1% vitamins and
minerals and 1% common salt. Based on the chemical analysis, the basal
ration contained 91.5% DM, 14.39% CP, 4.5% CF, 0.50% EE, 67.61% NFE
and 4.50% ash, while BH contained 88.5% DM, 14.59% CP, 38% CF, 0.50%
EE, 25.41% NFE and 10% ash.

Prior to the beginning of the experiment, lambs were fed hay and
concentrate feed mixture (CFM) ad libitum for at least 2 weeks, as an
adaptation period. After that, lambs were fed on adjusted amount of hay
(750 g/h) and CFM (750 g/h). Amounts of feeds were then adjusted every
2 weeks according to body weight to reach 1.5 kg hay and 1.2 kg CFM at
the end of the experimental period.

Experimental procedures
Growth performance parameters:

Live body weight of lambs were individually recorded at the beginning
of the experiment, and on days 21, 42 and 63 (end of the experimental
period), then total and average daily gain were calculated.

Slaughter and carcass traits:

At the end of the experiment (63 days), all lambs were slaughtered
after fasting for about 12 h. Pre-slaughter weight, net carcass weight, and
weights of internal organs, head, skin and legs were recorded, then dressing
percentage was calculated.

Rumen liquor samples:

Rumen liqguor samples were collected at the end of the experiment
after slaughter from all animals in each group. All animals were fasted for 12-
14 h before slaughtering. Rumen contents were collected and filtered through
double layers of cheese cloth. Rumen pH value was immediately determined
using Orian 680 digital pH meter, then samples were stored in dry clean glass
bottles with added 2 drops of mercuric chloride and kept in a deep freezer for
later chemical analysis. The concentration of total VFA's was determined in
rumen liquor samples by the steam distillation method (Warner, 1964) using
markham micro-distillation apparatus. The concentration of NH3;-N was
determined using saturated solution of magnesium oxide distillation according
to AOAC (1990).

Blood sampling:

Blood samples were collected from all animals at the end of the
experimental period into dry clean glass heparinized tubes. The collected
blood samples were centrifuged at 3000 rpm for 15 min. to separate blood
plasma, which was stored at -20°C till analyses to determine concentrations
of some biochemical and hormones in blood plasma. Biochemical blood
parameters in plasma were determined calorimetrically using commercial kits
(diagnostic system laboratories, INC, USA) and spectrophotometer.
Concentrations of total proteins, total cholesterol, triglycerides, high (HDL)
and low (LDL) density lipoproteins, and urea nitrogen, as well as
concentration of hormones triiodothyronine (T3) and tetraiodothyronine
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(Thyroxin, T4) were determined by Eliza Kit as methods described by
manufactured company (Mono bind Inc, USA).
Statistical analysis:

Data were statistically analyzed by the one way analysis of variance
using the General Linear Model procedures of SAS (2004). Duncan multiple
range test was used to test the differences among means (Duncan, 1955) at
P<0.05.

RESULTS AND DISCUSSION

Growth performance parameters of lambs:
Feed consumption:

Average total feed intakes by lambs during different intervals of the
experimental feeding period (63 days) are presented in Table 1. Results
revealed that feed intake from the concentrate feed mixture and berssem hay
as a whole diet showed some differences between both treatment groups (G2
and G3) as compared to the control group (G1). Lambs in treatment groups
decreased their feed intake at different feeding intervals as compared to the
control group, but the rate of decrease was marked for lambs in G3 than in
those in G2. As overall, lambs in G2 and G3 reduced their feed consumption
by about 2.4 and 6.1% as compared to the controls during the whole feeding
period. This means that increasing LC dose from 350 to 700 mg/h/d resulted
in reducing feed intake of lambs.

In contrary, Noseir et al. (2003) found that DM and TDN intakes were
significantly greater with LC administration during the first 2 months of
postpartum period in multiparous buffalo cows. Similarly, Newton and Haydon
(1988 and 1989) found that weanling animals fed diet supplemented with LC
had increased feed intake. Recently, Sherief (2014) found that feed intake as
DM, TDN and DCP was significantly (P<0.05) higher for bulls treated with 2 g
LC/h/d than in the control group, while those treated with 1 g LC/h/d did not
significantly differ from that in both groups.

Table 1: Effect of L-carnitine on feed consumption (kg) of lambs during
different feeding intervals.

L—Carnitine level
Interval Control (G1) 350mg (G2) | 700 mg (G3)
Feed amount (kg/group):
0 ~ 21 days 130.0 120.9 128.3
21 ~ 42 days 170.7 169.2 166.2
42 ~ 63 days 152.0 151.8 130.6
0 ~ 63 days 452.7 441.9 425.2

Live body weight:

Averages of live body weight (LBW) of lambs at different feeding
intervals of the experimental period are presented in Table 2. Results show
that LBW of lambs was not significantly affected by LC treatment. Despite
these small differences, lambs in treatment groups tended to be slightly
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lighter than those in the control group during all intervals of the experimental
period.

These results revealed that LC treatment at levels of 350 and 700
mg/h/d did not improve LBW of lambs. Such results may be attributed to LC
treatment level, being lower doses. In this respect, Sherief (2014) found
significant (P<0.05) improvement in LBW of bulls treated with 2 g LC/h/d, but
LC treatment at lower level (1 g/h/d) had no significant effect on LBW.

Table 2: Effect of L-carnitine on live body weight (kg) of lambs during
different feeding intervals.

Control L—carnitine level
Item (G1) | 350 mg (G2) | 700 mg (G3) | *°EM
Average live body weight (kg):
Initial weight 33.26 32.70 33.33 0.48
At 21 days 37.60 36.86 37.33 0.84
At 42 days 43.70 42.83 42.36 1.15
At 63 days (final weight) | 48.10 47.96 46.60 0.57

Body weight gain:

Average weight gain as total weight gain (TWG) and daily gain (ADG)
of lambs at different feeding intervals of the experimental period is presented
in Table 3. Results show that TWG and ADG of lambs were not significantly
affected by LC treatment, although TWG was slightly higher in lambs treated
350 mg LC/h/d (G2) and slightly lower in those treated with 700 mg LC/h/d
(G3) than in the controls (G1).

It is of interest to note that ADG showed inconsistent trend of
differences among the experimental groups, being lower in treatment groups
than in the control one at the first and second feeding intervals (0O~ 21 or 21~
42 days). However, at the following intervals (42~ 63 d) or during the whole
feeding period, lambs treated with 350 mg LC/h/d (G2) showed slightly
higher ADG than the control lambs, while those in G3 treated with 700 mg
LC/h/d showed the lowest ADG, being lower than the control lambs.
However, all differences in TWG and ADG were not significant.

Table 3: Effect of L-carnitine on total and daily weight gain (kg) of
lambs during different feeding intervals.

Control L—carnitine level
Item (G1) [350mg (G2)[ 700 mg (G3) | *°bM
Total weight gain (kg/63 days) 14.83 15.26 13.26 0.73
Average daily gain (g/h/d):
0 ~ 21days 206.35 198.41 190.47 30.03
21~ 42 days 290.47 284.12 239.68 46.75
42~ 63 days 209.52 244 .44 201.58 54.29
0 ~ 63 days 235.45 242.32 210.58 11.63

In disagreement with the present results, Sherief (2014) found
significant (P<0.05) improvement in TWG and ADG. Bulls treated with 2 g
LC/h/d showed significantly (P<0.05) the highest TWG and ADG as
compared to those treated with 1 g LC/h/d and control bulls. Also, Weeden et
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al. (1990) found that dietary LC supplementation increased weight gain of
weaning pigs.

These results revealed that LC treatment at levels of 350 or 700
mg/h/d failed to induce significant increase in weight gain of lambs during the
experimental period. Such results may be attributed to LC treatment level,
being lower doses.

Feed conversion ratio:

Feed conversion ratio (FCR) of lambs at different feeding intervals of
the experimental period is presented in Table 4. Results show that FCR was
almost the best for lambs treated with 350 mg LC than those treated with high
LC dose of the control lambs during feeding intervals or during the
experimental period, but these differences were not tested statistically,
because feed intake was in group.

Table 4: Effect of L-carnitine on feed conversion ratio of lambs during
different feeding intervals.

Interval Control L—carnitine level
(G1) 350 mg (G2) | 700 mg (G3)
Feed conversion ratio (feed intake (kg)/kg gain):
0 ~ 21days 10.00 9.67 10.69
21~ 42 days 9.33 9.45 11.01
42~ 63 days 11.52 9.86 10.28
0 ~ 63 days 10.17 9.65 10.68

In agreement with the present results regarding FCR of lambs treated
with 350 mg LC/h/d, supplemental LC in diet of weaning pigs (Weeden et al.,
1990). Also, Owen et al. (1996) reported that adding up to 1,000 ppm of
carnitine to nursery pig diets containing soybean oil (SBO) improved feed
efficiency 3 to 5 wk post weaning. On the other hand, Sherief (2014) reported
that LC treatment at a level of 1 or 2 g/h/d significantly (P<0.05) improved
FCR of bulls. Yavuz et al. (1997) and White et al. (1998) reported that LC and
various protein sources decreased gain: feed ratio in Holstein calves fed
broiler litter and LC. Also, Greenwood et al., (2001) found that oral dose of LC
(2 g LC/d) had no effect on average daily gain and feed conversion ratio of
growing and finishing steers.

Researchers hypothesized that supplementing animals with carnitine
during the weaning period may help the animals to reap more benefits from
their high energy diets (Rincker et al., 2001). This finding was indicating for
growing lambs treated with 350 mg LC/h/d in this study.

Generally, the reported trends regarding growth performance
parameters in comparison with the present results on lambs may indicate that
LC treatment may be affected by treated species, age at treatment as well as
dose and type of LC administration.

Rumen liquor parameters:

Rumen liquor parameters, including pH value, and concentrations of
total volatile fatty acids (TVFA) and ammonia-nitrogen (NHs-N) in rumen liquor
(RL) of lambs, taken at slaughter (post-12 h fasting) are presented in Table 5.
Results show that only ruminal pH value and NH;-N concentration were
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significantly (P<0.05) affected by LC treatment. Ruminal pH value and NH5-N
concentration significantly (P<0.05) decreased in G2 as compared to that in
G1(control), being 6.88 and 8.88 mg/dl, and 7.2 and 17.77 mg/dl, respectively.
However, pH value and NH3-N concentration insignificantly decreased to 7.06
and 13.62 mg/dl in G3, but did not differ significantly from that in G2 and G1.

In addition, TVFAs concentration in RL significantly (P<0.05) increased
by about 34.7% in G3 as compared to G1 (control). While, nearly similar NH;-N
concentration was obtained for G2 and G1 (16.33 mEqui./dl).

The present results indicated that LC treatment at level of 700 mg/h/d
significantly (P<0.05) increased TVFA concentration and insignificantly
decreased pH value and NH3-N concentration in RL, although LC treatment at
a level of 350 mg/h/d decreased pH value and NH3-N (significantly, P<0.05)
without significant (P<0.05) effect on TVFAs concentration. Such results may
be attributed to NH;-N concentration in each group, being markedly lower in G2
and with less degree in G3.

Table 5: Effect of L-carnitine on rumen liquor parameters of lambs at

slaughter.
Control L—carnitine level /h/d
Item (G1) [ 350 mg (G2) | 700 mg (63) | *5EM
Rumen parameters:
pH value 7.20° 6.88° 7.06™ 0.05
TVFAs (mEg/dl RL) 16.33° 16.33° 22.00° 1.64
Ammonia-N (mg/dIRL) | 17.77° 8.88" 13.62% 1.87

a and b: Means denoted within the same row with different superscripts are significantly
different at P<0.05. TVFAs: Total volatile fatty acids.

In accordance with the present results, Bunting et al. (2002) reported
that rumen TVFAs concentration did not differ in Holstein calves fed
supplemental LC from those fed the control diets. Also, La Count et al. (1996)
observed that ruminal proportions of the major VFA were not affected when
graded levels of LC were fed up to a maximum of 300 ppm of diet. However,
La Count et al. (1995) reported that TVFA concentration and molar
proportions of propionate tended to increase, and molar proportions of
acetate tended to decrease, in cows fed supplemental LC. These effects
were attributed to potential effects on DM intake and carbohydrate supply
than to direct changes in ruminal biochemistry.

In agreement with the obtained results, White et al. (2001) showed a
decrease in ruminal NH;-N concentration in grazing calves fed a molasses-
urea based liquid supplement with LC. However, Morris et al., (1998) found that
oral administration (1 g/day) of an LC solution in mature ewes for 10 days did
not affect ruminal NHs-N concentrations. However, several authors indicated
an opposite trend (La Count et al., 1995 and 1996; Fernandez et al., 1997).

It is well known that ruminal pH value is the most important factor
affecting microbial fermentation and function of microorganisms in the rumen
(Prasad et al., 1972). The optimal pH value for the maximal activity of
photolytic microorganisms ranged between 6 and 7 (Abou-Akkada and
Blackbrum, 1963). However, the maximum activity of cellulolytic
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microorganisms can be noticed near the neutral pH value (Mehrez et al.,
1977 and Ganev et al., 1979).

In contrast to the current study, many authors found that pH value of
ruminal fluid was higher in lambs fed LC containing diets and ruminants fed
diets containing as affected by LC (Kertz et al., 1982 and Fernandez et al.,
1997). It should be stressed that rumen liquor parameters are greatly
influenced by time of sampling and type of basal diet which can help in
explaining variations in different studies.

Blood metabolites and thyroid hormones:

Blood metabolites, including concentration of total protein (TP), total
cholesterol (TC), triglycerides (TG), high (HDL) and low (LDL) density
lipoproteins, and urea-nitrogen (UN) as well as concentration of thyroid
hormones (T3 and T4) in blood of lambs, taken at the end of experimental
period (day 63) are presented in Table 6. Results show that only concentration
of TP and TG were significantly (P<0.05) affected by LC treatment. However,
other metabolites and thyroid hormones concentrations were not affected by
LC treatment.

Table 6: Effect of L-carnitine on some biochemicals and thyroid
hormones in blood plasma of lambs at slaughter.

Item Control L—carnitine level /h/d SEM
(G1) | 350 mg (G2) | 700 mg (G3)
Blood plasma metabolites:
Total protein (g/dl) 6.68° 6.32% 6.05° 0.14
Total cholesterol (mg/dl) | 52.55 54.12 48.05 2.68
Triglycerides (mg/dl) 37.75° 17.90° 18.77° 2.24
HDL (mg/dI) 18.17 18.53 13.03 1.70
LDL (mg/dl) 26.83 32.00 31.26 3.10
Urea nitrogen (mg/dl) 50.92 46.55 49.17 3.1
T3 (ng/ml) 1.60 1.95 1.68 0.11
T4 (ng/ml) 11.38 10.25 8.53 2.29

a and b: Means denoted within the same row with different superscripts are significantly
different at P<0.05.

Concentration of TP significantly (P<0.05) decreased only in G2, while
TG concentration significantly (P<0.05) decreased in G2 and G3 by about 52.6
and 50.3% as compared to G1 (control), respectively. It is of interest to note
that T3 concentration increased in G2 and G3 (1.95 and 1.68 ng/ml) as
compared to 1.6 ng/ml in G1, respectively.

In agreement with the present results, Sherief (2014) reported that LC
treatment significantly (P<0.05) increased concentration of total protein (TP)
as a result of significant (P<0.05) increase in globulin (GL) and insignificant
increase in albumin (AL) concentrations. Other authors found that serum AL
concentration of lambs was not significantly affected by carnitine treatment
(Chapa et al., 1998) or in cows (Carlson et al., 2007), however, Citil et al.
(2009) observed an increased amount of AL in blood samples of carnitine
treated ewes.
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Several reports found that LC supplementation could influence lipid
metabolism (Heo et al., 2000) and LC treatment decreased tissue lipid
content (Chen et al., 2008). This effect of LC could be associated with
stimulation of lipid metabolism through transfer of acyl groups across the
mitochondrial membranes (Owen et al., 1996). The present results indicated
significant (P<0.05) reduction in TC and TG concentrations in blood plasma
of lambs (Table 6) as also reported in bulls by Sherief (2014). Similarly, Citil
et al. (2009) reported that oral carnitine treatment in healthy suckled ewes
resulted in alterations in TG and TC, which are indicators of energy
metabolism. Addition of 500 mg carnitine to ewe diet led to a reduction in
serum TC level. Similar results were reported by Kellog and Miller (1977).
Supplementation of LC reduced the concentration of TG in blood plasma
(Hausenblasz et al., 1996), because it lowered esterification rate of palmitate
to triglycerides (Drackley et al., 1991 a and b), which showed the essential
role of LC for fatty acid oxidation in ruminant liver.

L-carnitine administration did not induce statistically significant
changes in blood serum concentrations of TC, and HDL.

The present results in Table 6 also showed that LC had no effect on
urea-N concentration in lamb plasma. In the same line, Rincker et al. (2003)
observed no difference in urea-N in weanling pigs fed added LC. However,
others reported that LC addition (500 mg) to ewe diet led to a reduction in
serum urea level (Citil et al., 2009).

Carcass traits:

Carcass fraits, including weights of net carcass, head, legs, skin- wool
and dressing percentage of lambs are presented in Table 7. Results revealed
that all carcass traits studied were not affected significantly by LC treatment,
although there was an increase in dressing percentage of lambs in both
treatment groups (G2 and G3, being 48.13 and 50.94% as compared to
47.93% in the control lambs, respectively. The observed tendency of
increasing dressing percentage in lambs of both treatment groups in spite
decreasing their net carcass weight may attributed to tendency of reduction in
weight of head and skin-wool relative to pre-slaughter weight
Table 7: Effect of L-carnitine on carcass traits of lambs at slaughter.

Control | L-carnitine level /h/d

Hem (G1) 350 mg (G2)[700 mg (G3)| *SEM
Pre-slaughter weight (kg) 48.23 47.10 45 0.75
Carcass net weight (kg) 23.10 22.67 22.97 0.96
Head Weight (kg) 3.57 3.49 3.05 0.21

Relative weight (%) 7.37 7.38 6.78 0.39
Legs Weight (kg) 1.17 1.13 1.12 0.02

Relative weight (%) 2.34 2.47 2.50 0.08
Skin- Weight (kg) 7.42 6.56 6.42 0.23
wool Relative weight (%) | 15.43 14.57 13.64 0.48
Dressing (%) 47.93 48.13 50.94 1.57
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Some researches indicated decrease in weight of body fat and increase
in weight of body muscle as affected by LC. In this respect, oral LC
supplements increased the LC content in lean muscle (Benevenga et al., 1989;
Iben and Meinart, 1997) and can result in greater lean muscle deposition and
reduced back fat thickness (Owen et al., 1993 and 2001 a and b).

CONCLUSIONS

It could be concluded that LC treatment slightly improved feed
conversion as a result of improving rumen parameters.

REFERENCES

Abou-Akkada, A.R. and Blackburn, T.H. (1963). Some observation on the
nitrogen metabolism of rumen proteolytic bacteria. J. Gen. Microbiol.,
13: 461.

AOAC (1990). Official Methods of Analysis 15" ed. Association of Official
Analytical Chemists. Arlington, Virginia, USA .1141 p.

Arrigoni-Martelli, E. and Caso, V. (2001). Carnitine protects mitochondria and
removes toxic acyls from xenobiotics. Drugs Exp. Clin. Res., 27: 27-
49.

Benevenga, N.J.; Steinman Goldsworthy, J.K.; Crenshaw, T.D. and Odle, J.
(1989). Utilization of medium-chain triglycerides by neonatal piglets: |I.
Effects on milk consumption and body fuel utilization. J. Anim. Sci., 67:
3331-3339.

Bunting, L.D.; Yavuz, M.; Fernades, J.M. and Solaiman, S.G. (2002). Growth
and metabolic responses of Holstein calves fed broiler litter-based
diets supplemented with L-carnitine. J. Anim. Feed. Sci. and Tec., 98:
61-71.

Carlson, D.B.; Litherland, N.B.; Dann, H.M.; Woodworth, J.C. and Drackley,
J.K. (2006). Metabolic effects of abomasal L-carnitine infusion and
feed restriction in lactating holstein cows. j. Dairy Sci, 89:4819-4834.

Carlson, D.B.; McFadden, J.W.; D'Angelo, A.; Woodworth, J.C. and Drackley,
J.K. (2007). Dietary L-carnitine affects periparturient nutrient
metabolism and lactation in multiparous cows. J. Dairy Sci., 90: 3422—
3441.

Chapa, A.M.; Fernandez, J.M.; White, T.W.; Bunting, L.D.; Gentry, L.R,;
Ward, T.L. and Blum, S.A. (1998). Influence of intravenous L-carnitine
administration in sheep preceding an oral urea drench. J. Anim. Sci.,
76: 2930-2937.

Chen, C.P.; Chan, S.H.; Chao, T.C.; Ting, C. and Ko, B.T. (2008). Low-
bandgap poly (thiophene—phenylene—thiophene) derivatives with
broaden absorption spectra for use in high-performance bulk-
heterojunction polymer solar cells. J. Am. Chem. Soc., 130: 12828-
12833.

388



J. Animal and Poultry Prod., Mansoura Univ., Vol. 6 (6), June, 2015

Citil, M.; Mahmut, K.; Hidayet, M.E.; Rahsan, Y.; Emine, A. and Onur, A.
(2009). Effect of orally administered L-carnitine on selected
biochemical indicators of lactating Tuj-ewes. Small Ruminants
Research, 81: 174-177.

Drackley, J.K.; Beitz, D.C. and Young, J.W. (1991a). Regulation of in vitro
palmitate oxidation in liver from dairy cows during early lactation. J.
Dairy Sci., 74: 1884-1892.

Drackley, J.K.; Beitz, D.C. and Young, J.W. (1991b). Regulation of in vitro
metabolism of palmitate by carnitine and propionate in liver from dairy
cows. J. Dairy Sci., 74: 3014-3024.

Duncan, B.D.(1955). Multiple range and multiple F-test. Biometrics, 11: 1-42.

Fernandez, J.M.; Sahlu, T.; Lu, C.D.; Ivey, D. and Potchoiba, M.J. (1997).
Production and metabolic aspects of non-protein nitrogen incorporation
in lactation rations of dairy goats. Small Rumin. Res., 26: 105-117.

Ganev, G.E.; @rskov, R. and Smart, R. (1979). The effect of roughage or
concentrate feeding and retention time on total degradation of protein
in the rumen. J. Agric. Sci. Camb., 93: 651.

Greenwood, R.H.; Titgemeyer, E.C.; Stokka, G.L.; Drouillard, J.S. and Loest,
C.A. (2001). Effects of L-carnitine on nitrogen retention and blood
metabolites of growing steers and performance of finishing steers. J.
Anim. Sci., 79: 254-260.

Groff, J.L. and Gropper, S.S. (2000). Advanced nutrition and Human
Metabolism. 3" ed. Wadsworth/Thomson Learning, Belmont, CA.
Hausenblasz, J.; Acs, M.; Petei, A. and Mezes, M. (1996). Effect of L-
carnitine on some metabolic parameters of foals. Allattenyesz

Takarmonyozas (Hung.), 45: 397-403.

Heo, K.; Odle, J.; Han, I.K.; Cho, W.; Seo, S.; van Heugton, E. and Pilington,
D.H. (2000). Dietary L-carnitine improves nitrogen utilization in growing
pigs fed low energy, fat-containing diets. J. Nutr., 130: 1809-1814.

Hoppel, C. (2003). The role of carnitine in normal and altered fatty acid
metabolism. Am. J. Kidney Dis., 41(Suppl.4): S4-12.

Iben, C.H. and Meinart, S. (1997). Carnitin beim Masthuhn - Wirkung von
Lund DL-Carnitin. (Carnitin for fattening hens effects of L- and D
carnitine). Wien. Tieraerztl. Mschr., 84: 228-232.

Kalaiselvi, T. and Panneerselvam, C. (1998). Effect of L-carnitine on the
status of lipid peroxidation and antioxidants in aging rats. J. Nutr.
Biochem., 9: 575-581.

Kellog, D.W. and Miller, D.D. (1977). Effects of thyroxin, carnitine and
pantothenic acid plus cystein on milk production and certain blood
metabolites of cows receiving a low energy ration, New Mexico State
Univ. Las Cruces. Agric. Exp. Sta. Bull., 654: 1-23.

Kertz, A.F.; Koepke, M.K.; Davidson, L.E.; Betz, N.L.; Norris, J.R.; Skoch,
L.V,; Cords, B.R. and Hopkins, D.T. (1982). Factors influencing intake
of high urea-containing rations by lactating dairy cows. J. Dairy Sci.,
65: 587-604.

389



Mehrez, A. Z. et al.

La Count, D.W.; Drackley, J.K. and Weigel, D.J. (1995). Responses of dairy
cows during early lactation to ruminal or abomasal administration of L-
carnitine. J. Dairy Sci., 78: 1824-1836.

La Count, D.W.; Emmert, L.S. and Drackley, J.K. (1996). Dose response of
dairy cows to abomasal administration of four amounts of L-carnitine.
J. Dairy Sci., 79: 591-602.

Mehrez, A.Z.; @rskov, E.R. and McDonald, I. (1977). Rates of rumen
fermentation in relation to ammonia concentration. Br. J. Nutr., 38: 437.

Morris, AA; Olpin, S.E.; Brivet, M.; Turnbull, D.M.; Jones, R.A. and Leonard,
J.V. (1998). A patient with carnitine-acylcarnitine translocase deficiency
with a mild phenotype. J. Pediatr., 132 (3 Pt 1): 514 - 516.

Newton, G.L. and Haydon, K.D. (1988). Carnitine in nursery pig diets. J.
Anim. Sci., 66 (Suppl.1): 40 (Abstr.).

Newton, G.L. and Haydon, K.D. (1989). Carnitine supplementation for
finishing pigs. J. Anim. Sci., 67 (Suppl. 1): 267(Abstr.).

Noseir, W.M.B.; Hegazy, M.A. and Elekhnawy, K.E. (2003). Effect of L-
Carnitine supplementation on productive and reproductive performance
of buffalo cows. Buffalo Bulletin, 22 (2): 39-45.

Owen, K.Q.; Ji, H.; Maxwell, C.V.; Nelssen, J.L.; Goodband, R.D.; Tokach,
M.D.; Tremblay, G.C. and Koo, S.I. (2001b). Dietary L-carnitine
suppresses mitochondrial branched-chain keto acid dehydrogenase
activity, and enhances protein accretion and carcass characteristics of
swine. J. Anim. Sci., 79: 3104-3112.

Owen, K.Q.; Nelssen, J.L.; Goodband, R.D.; Tokach, M.D. and Friesen, K.G.
(2001a). Effect of dietary L-carnitine on growth performance and body
composition in nursery and growing-finishing pigs. J. Anim. Sci., 79:
1509-1515.

Owen, K.Q.; Nelssen, J.L.; Goodband, R.D.; Weeden, T.L. and Blum, S.A.
(1996). Effect of L-carnitine and soybean oil on growth performance
and body composition of early-weaned pigs. J. Anim. Sci., 74: 1612—
1619.

Owen, K.Q.; T.L. Weeden; J.L. Nelssen; S.L. Blum and R.D. Goodband
(1993). The effect of L-carnitine additions on performance and carcass
characteristics of growing-finishing swine. J. Anim. Sci., 71 (Suppl. 1):
62(Abstr.).

Prasad, J.; Ahluwalia, S.S. and Joshi, B.P. (1972). Clinicobio-chemical
studies in digestion in cattle and buffaloes. India J. Anim. Sci., 42: 911.

Rincker, M.J.; Carter, S.D.; Fent, R.W.; Senne, B.W. and Owen, K.Q. (2001).
Effects of L-carnitine in the diet of weanling pigs ii. apparent nutrient
digestibility, whole body composition, and tissue Accretion. Animal
Science Research Report Agricultural Experiment Station, Oklahoma
State University (P-986): 5 pp.

Rincker, M.J.; Carter, S.D.; Real, D.E.; Nelssen, J.L.; Tokach, M.D;
Goodband, R.D.; Dritz, S.S.; Senne, B.W.; Fent, R.W.; Pettey, L.A. and
Owen, K.Q. (2003). Effects of increasing dietary L-carnitine on growth
performance of weanling pigs. J. Anim. Sci., 81: 2259-2269.

SAS Institute, (2004). SAS/STAT User's Guide. Relaase Version 7.00. SAS
Institute Inc.,. Cary.North Carolina.

390



J. Animal and Poultry Prod., Mansoura Univ., Vol. 6 (6), June, 2015

Sherief, M.A.M. (2014). Effect of some metabolic factors on semen quality
and carcass traits of Friesian males. Ph.D. Thesis, Faculty of
Agricultural, Mansoura University.

Vaz, F.M. and Wanders, R.J.A. (2002). Carnitine biosynthesis in mammals.
Biochem. J., 36: 417—-429.

Warner, A.C.I. (1964). Production of volatile fatty acids in the rumen, method
of measurements. Nut. Abst. and Rev., 34: 339-352.

Weeden, T.L.; Nelssen, J.L.; Hines, R.H.; Li, D.F. and Swanson, J.A. (1990).
The effect of L-carnitine on the utilization of soybean oil fed to early
weaned pigs. J. Anim. Sci., 68(Suppl.1): 374. (Abstr.)

White, T.W.; Fernandez, J.M.; Armes, G.K. and DeRouen, P.T. (1998).
Influence of L-caranitine on growth rate and blood metabolites of
weaning calves. J. Anim. Sci., 76: (Suppl.1), 325 (Abstr.).

White, T.W.; Fernandez, J.M.; Gentry, G.T.; Gentry, L.R.; DeRouen, P.T. and
Froetschel, M.A. (2001). Influence of urea alone or combined with fish
solubles, fish meal, or feather meal in liquid supplement with and
without L-carnitine on performance and ruminal and metabolic
parameters of weanling calves. The professional animal scientist, 7:
145-153.

Yavuz, M.; Butnting, L.D.; Fernandez, J.M.; Solaiman, S.G.; Maloney, M.A.
and Blum, S.A. (1997). Influence of L-carnitiine on growth and
metabolic criteria of calves fed rations containing broiler litter. J. Anim.
Sci., 75 (Suppl.1): 23 (Abstr).

uLhAJ ‘?'ﬁ‘\’ u.u)ﬁ\ Jlw ul.ul.ﬁ UAUJY\ G\AY‘UJQ *yaid IS-_“ @JAS J,gﬁl:a
4l Alas N aleY) & Aoyl

dana aBlS jale g IS daal Jilg ) BN Lo wd) BIAY 2 | G jaa S s
san — b gaial) daala - Ae 30 AS - () gaad) L) aud

1_\;}1).\543\}@}!)@\JMJL;\\)_\chLu‘x’\u)mpuj@u\)ﬂ\b;a,u_\ﬁ\
u_aa)_\sl\d)\Aa‘)j_.a.mﬂ\WB A_c\JJS\A_\E ul}_\aﬂcl_u\e_uﬂu.\uu\u_,.\ﬂ\
LY OV (DY O S) saanns I (shT) aaians

Yoo You )wﬁﬁAw)\S-J\@)uﬁuu\thﬂ\auU_Aua.gj\uls
ol S Qi il | ALEY) oY) e (a5t F) et 3 58 OIS (0 si/a s ale
el s ple S dapdl Clica

J)é_.."n\n‘).‘::;)(?aS”quvv,q)u‘)}.ku):\.ug;ﬂ.n;‘)uhq :u‘);ﬂ\ a&&?m‘u\
(G1) AsY) A gaaall & AU gall Cude e gane SO ) Ll pde @l gaall e Hg
gu\yg\u;-;mm\jumbw\@m (P15 50 %) 1) Tl ARl o
mFaJﬁseyWVMJﬂ\ahdjlae}J\@u\Pdﬁ(G3) ‘JdAV"}
RARUREN JJMJSJ\) ) i s (VA 5hll el alea¥) 5.8 55— NH,-N
sl oy as — S (gl — AHESH Aaidiall oy all — ASESH Alle () aall — AEDE

391



Mehrez, A. Z. et al.

—ul ) — Andll) Aa ) i 5 (L s Coams e — a5l () 5a g — 25l 5D
(il A — i gaall 5 alal) — ol LY

LA 5 4l de ganal) OMas 8 JsSLall S o33l Jana il ) i) o i)
LIS Ayl 3 yial) IR ld y Lol Ao senally 4 adl il e (%7,) 5 Y, €) Jasy
Ao senall (o dddl da jay o) A 5 A0 e anal) (Oles B Al auall 05 Jane OIS
pse T¥= IYSEY EYIYY Y0 ) dabiaal) A el ol il Ayl )

A1 (e pe oy i SL Alabaadly b sina o sall 5 KU Cani€all ()50 dan i iy o
Ae sanall (d Adil A y0y JB)5 200 A sanall Akl da Hay ot SH Sl ¢l oS
2 ally gl e pand) 8 32 Jysad Jame cun) S Al de sl e 230
IS Ay il 5 il OMA ) Al Gl DA Al A Ao geaally

A A sanall (8 Ly sina L sa¥) Cam s 580 S 55 (5 S A ges A 50 il
AAIFEA P SPARRYAPTIIPNFY R IV RENE CRUNNGUE 1) WSSOU PP S - B
V1) G LsaY) G s S i A gl Aa sl Ll sl e (e ¢+ /p)ale
e ARl (5 gina s Gl 1ia LS5 AN e sanal) 8 () ¢+ /ol ale VY TY
o515 A de ganall

= %YV,Y (s Lysine (i ,S0 il 85 )kl Aaal) (aleal) 38 5500 )
il 5 kll diaall alea¥) 5 55 S Wi | (o) Ao sanall go 4 aally L de sanall
(e + S VYY) Y15 A e sanall (e US (G

S5 il ety Al e genall (8 L gine aal) La 3 (A ASI (5 50 (il
e sanall pe A5l 53l (e %00 5% O, T (Jsan Ly st A5 iy yualall
A Al Ao panall (B Ay sine g8 3L 30l SO G5l Gsep S 5 Akl
s sl e (Cofal s sl ), T) Al de senally Dl (Jof al 2 5i6Y VA ) 20)
Al eall e 33 8 Ly sl Com s 3858 e oS -1 I 5 ellla oS

e 335 lllia S b (g pe Sl 5 i Sl Alalaally L gine Al s il ]
%O+ AE 5 %A VT CulS Cun G 5 Al de ganall b Olanll ELatl) Aol & gina
Sl e %€V A Al de panall ae i jlaally

Jusail) Jama (e Al da 50 G (085 LS Alabadll of ) 038 (e aliiions
OIS Jils Ll (panil A€ 310R])
Al Gl il Jile ¢ saill (IS ) (Dlaal) rdgalidal) cilalsl)

392



