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ABSTRACT - The effects of carnitine in diets with or without added fat (5% lard or soybean oil) were evaluated in 72 
Large White X Landrace XDuroc pigs weaned at 35 days of age. Pigs were fed a 1.30% lysine com-soybean basal diet+15% 
dried whey+4% fish meal with carnitine at 0 or 50 mg/kg and either 0% added fat, 5% soybean oil or 5% lard for 6 
weeks in a 2X3 factorial trial (6 treatments, 3 pens per treatment, 4 pigs per pen). Addition of carnitine increased average 
daily gain (ADG) and average daily feed intake (ADFI) in the second two weeks of the six-week trial and overall, but had 
no significant effect on feed per gain (F/G). Lard alone depressed ADG (p<0.05) in the last two weeks of the trial and 
overall, but the ADG for pigs fed lard+carnitine was similar to the control. Lard reduced feed intake in the first two 
weeks of the trial (p<0.05). Carnitine reduced the percentage of pigs with poor (ADG<375 g/d) growth (15 vs 40%; 
p<0.05). The greater uniformity of growth was most evident in low-weaning-weight pigs in the second period (16 vs 62%, 
p<0.005). Addition of fat did not produce any positive effect on uniformity and had no interaction with carnitine on 
uniformity. Carnitine addition increased serum total camitione and short-chain acyl-camitine levels (p<0.05), but did not 
modify free carnitine levels. Serum carnitine levels were lower at weaning than at 14, 28 or 39 days after weaning (p< 
0.05). Carnitine increased serum protein levels on day 14 (p<0.05). Addition of fat in the form of soybean oil or lard did 
not improve piglet growth performance. Addition of 50 mg/kg of carnitine to the diet of weanling pigs enhanced 
postweaning performance. (Asian-Aus, J, Anim. Sci, 1999, Vol. 12, No・ 8 : 1263-1272)
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INTRODUCTION

Many studies have examined the effects of 
supplementing pigs with the vitamin-like substance 
L-camitine. 0 -oxidation of fatty acids is dramatically 
increased by infusion or addition of carnitine in 
colostrum-deprived newborn piglets and in liver and 
muscle tissue cultures obtained from colostrum- 
deprived piglets (Honeyfield and Froseth, 1990; Ven 
Kempen and Odle, 1993, 1995; Odle et al., 1995). 
Piglets fed camitine-free diets for two to three weeks 
displayed decreased blood, urine and muscle carnitine 
content, vesicular fat deposition in skeletal muscle and 
decreased in vitro hepatocyte -oxidation of palmitate. 
In vitro -oxidation of palmitate by hepatocytes from 
carnitine deficient piglets was improved by addition of 
carnitine (Penn et al., 1996).

Several European researchers have demonstrated 
improvements in weaning pig growth performance with 
addition of carnitine at the rate of 20 to 80 ppm 
(LONZA, 1996b; Weeden et al., 1990) Neither 
carnitine nor soybean oil resulted in any effect on 
growth performance during the first two weeks after 
weaning. Soybean oil improved ADG and carnitine 

improved F/G in phase 2, while carnitine tended to 
improve soybean oil utilization in phase 2. A similar 
effect of carnitine on feed conversion ratio and a 
similar effect of soybean oil on ADG in the period 3 
to 5 weeks after weaning was reported by Owen et 
al. (1996).

Soybean oil and animal fats are frequently used in 
swine diets to enhance dietary energy density. 
Research on utilization of dietary fat by the weaned 
pig and differences in utilization of vegetable vs 
animal fats have yielded variable results (Cera et al., 
1990; Dove, 1993; Tokach et al., 1995). Carnitine has 
been shown to have significant effects on energy 
metabolism, particularly metabolism of fatty acids; 
however, there is little data published on the effect of 
carnitine on the utilization of saturated fatty acid (lard) 
and unsaturated fatty acid (soybean oil) in piglets. The 
present studies were designed to evaluate the effect of 
two different fat sources, soybean oil and lard, in 
postweaning piglets fed diets with and without 
carnitine.

MATERIALS AND METHODS

Experimental design and dietary treatments
A 2X3 factorial trial was conducted using 

com-soy bean-whey -fishmeal based diets containing 
1,30% lysine supplemented with L-camitine (Lonza, 
Basel, Switzerland) at levels of 0 and 50 mg/kg 
combined with 0% added fat, 5% soybean oil or 5% 
lard (table 1).
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Table 1. Composition of experimental diets

Control Soybean oil White grease
Ingredients :

Com 50.11 45.02 45.02
Soybean meal 27.5 27.5 27.5
Whey powder 15.0 15.0 15.0
Fish meal (Peruvian) 4.0 4.0 4.0
Soybean oil 0.0 5.0 0.0
Lard 0.0 0.0 5.0
Lysine 0.25 0.26 0.26
Methionine 0.12 0.13 0.13
Threonine 0.02 0.04 0.04
Monocalcium phosphate 1.0 1.05 1.05
Limestone 1.0 1.0 1.0
Vitamin-mineral premix1 1.0 1.0 1.0
Antioxidant (BHT) 10.0 mg/kg 10.0 mg/kg 10.0 mg/kg

Chemical composition (%, as fed)2 :

Digestible energy (mcal/kg) 3.13 3.36 3.36
Crude protein 19.69 19.68 19.68
Fat 2.03 6.83 6.83
Calcium 0.85 0.85 0.85
Phosphorus 0.70 0.70 0.70
Lysine 1.30 1.30 1.30

1 Vit-Min premix provide ed kilogram weight of basal diet : Vitamin A, 5512 IU; Vitamin D, 3551 IU; Vitamin Bi务 27.6
//g;- Vitamin K, 2.2 mg; riboflavin, 5.5 mg; d-pantothenate, 13.8 mg; niacin, 30.3 mg; choline chloride, 551 mg; Mn, 100
mg; Fe, 100 mg; Zn, 100 mg, Cu, 250 mg; I, 0.3 mg; Co, 1 mg; Se, 0.3 mg.

2 All the above nutrient data were the analyzed results expect DE, which was derived from the China Feed Data Base (1995).

Anim 이 s
Seventy-two crossbred (Large White X Landrace X 

Druoc) pigs, weaned at 35 days of age, were 
randomly assigned to 6 dietary treatments in 1.5 X 1.5 
m pens of 4 pigs (2 barrows and 2 gilts), each with 
3 pens per dietary treatment. Pigs had ad libitum 
access to feed and nipple waterers and were housed in 
a thermal neutral environment in a well ventilated pig 
house on slatted steel rod flooring. Pigs were
individually identified with an ear tag. They were
weighed at the beginning of the trial, at 14 days, 28
days and the termination of the trial (39 days). Feed
intake was recorded at 14 days, 28 days and 39 days. 
Blood was drawn from two healthy pigs (one barrow 
and one gilt selected randomly in each pen at 14 
days, 28 days and 39 days. The serum and plasma 
were separated and stored at -40 °C pending analysis.

Biochemical analysis
Serum was analyzed for total protein, glucose, 

triglycerides, cholesterol and blood urea nitrogen 
(BUN) using a Technicon R A-1000 Autoanalyzer. 
Total protein was analyzed by the biuret method 
(Skaggs and Hochstrasser, 1964). Glucose was 
analyzed by a hexokinase method (Leon et al., 1997). 
BUN was analyzed by the enzymatic method of 

Tiffany et al. (1976). Cholesterol was identified by an 
enzymatic m래hod for glycerol after hydrolysis with 
lipoprotein lipase, using glycerol-phosphate-oxidase, 
which releases H2O2 (Fossati and Precipe, 1982). Test 
reagents for total protein, glucose, cholesterol, 
triglycerides and BUN were manufactured by Beijing 
Zhongsheng Hightech Bioengineering Co., Beijing, 
China.

Serum was analyzed for free carnitine after 
perchloric acid (PCA) extraction and for total acid 
soluble carnitine after alkaline hydrolysis of the PCA 
extract. Carnitine was measured by an enzymatic 
method using carnitine acetyltansferase (CAT) to 
transfer acetyl from acetyl-CoA to carnitine, resulting 
in formation of acetylcamitine and reduced CoA (Co 
ASH). 5,5,-dithiobis-2-nitrobenzoic acid (DTNB) was 
used as an indicator and the absorbance of the yellow 
DTNB-CoASH complex measured with a spectro­
photometer at 412 nm. Short-chain acyl-camitines were 
calculated as the difference between the total and the 
free serum carnitine concentrations.

Gas chromatography
Fatty acid methyl esters were prepared from serum 

according to the method of Sukhija and Palmquist 
(1988) Fatty acids of 아lain length 16 to 18 carbons 
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were separated in a HP6890 gas chromatograph 
(Hewlett-Packard, Wilmington, DE) with a 30 mX0.32 
mm X 0.02 mm Innowax column. Peaks were identified, 
integrated and quantitated with the HP Chemstation 
software.

Statistics
Data were analyzed as a 2X3 factorial and by 

treatment group using analysis of variaiide (ANOVA). 
When ANOVA indicated a significant P. means were 
separated using Duncan's multiple range test. The 
daily gains were dichotomized into range groups 
according to weaning weight and analyzed by a T-test. 
The daily gains were further dichotomized into range 
groups according to weaning weight and growth rate 
and analysis of four-fold tables was performed with 
carnitine inclusion rate as the risk factor using the 
Epllnfo6 epidemiological statistical analysis software 
(Center for Disease Control and WHO, 1997).

RESULTS AND DISCUSSION

Addition of carnitine to diets with and without 
added fat increased ADG and feed intake (p<0.05) 
during the second period, from 15 to 28 days after 
weaning (table 2). During this period, the ADG of 
pigs fed the basal diet was increased to 0.42 kg/d, 
while the ADG of pigs consuming the basal diet plus 

50 mg/kg carnitine was increased to 0.52 kg/d 
(p<0.05). Addition of fat in the form of soybean oil 
or lard did not increase ADG significantly. Addition 
of carnitine to the diet containing soybean oil 
increased ADG significantly. Addition of carnitine to 
the diet containing soybean oil increased ADG 
(p<0.05) from 0.46 kg/d to 0.58 kg/d; addition of 
carnitine to die diet containing lard resulted in a 
smaller (p그0.05) increase, from 0.46 g/d to 0.50 kg/d. 
Addition of carnitine increased feed intake during the 
period 15 to 28 days after weaning (p그0.05), but 
dietary fat did not significantly modify intake during 
the second period (table 2).

During the first two weeks of the trial, carnitine 
addition produced no significant effects on ADG, 
ADFI or F/G (table 2). Addition of fat during this 
period reduced ADFI (p<0.05). Addition of lard 
depressed in feed intake more than did soybean oil 
(p<0.05), but numerically improved F/G (p>0.05). 
There were no significant carnitine X fat interactions in 
the periods 0 to 14 days and 15 to 28 days.

In the third period from 28 to 39 days 
post-weaning, addition of carnitine numerically 
improved ADG and F/G, Addition of soybean oil or 
lard significantly reduced intake during this period 
(p<0.05) (table 2); however, addition of carnitine to 
the lard diet resulted in increased feed intake as 
compared to the diet containing lard alone (p<0.05).

Added L-carnitine level Added fat level

Table 2. Factorial analysis of performance of 35 day weaned pigs fed diets containing 0 or 50 mg/kg 
L-camitine and either 0% added fat or 5% added fat in the form of soybean oil or lard

Period 0 
mg/kg

50 
mg/kg

SEM1 P 0
5% 

Soybean 
oil

5% Lard SEM P

Carnitine X Fat 
Interaction p

Day 0-14
Daily feed intake2 0.45 0.46 0.02 0.86 0.51c 0.46d 0.40e 0.02 그 0.01 0.34
Daily gain 0.22 0.22 0.02 0.85 0.23 0.21 0.22 0.02 0.84 0.63
Feed per gain 2.35 2.39 0.16 0.87 2.52 2.55 2.02 0.19 0.12 0.78
Day 15-28
Daily feed intake 0.75a 0.99b 0.04 0.00 0.86 0,94 0.83 0.05 0.18 0.42
Daily gain 0.44a 0.53b 0.02 0.00 0.49 0.52 0.48 0.02 0.23 0.59
Feed per gain 1.74 1.90 0.08 0.22 1.79 L94 1.74 0.11 0.46 0.27
Day 29-39
Daily feed intake 1.11 1.12 0.03 0.70 1.20° 1.10d 1.05a 0.03 그 0.01 >0.013
Daily gain 0.52 0.57 0.03 0.14 0.58 0,54 0.53 0.03 0.29 0.12
Feed per gain 2.22 2.00 0.08 0.06 2.10 2.22 2.03 0.11 0.40 0.48
Day 0-39
Daily feed intake2 0.79a 0.83b 0.01 0.03 0.84c 0.82c 0.73d 0.03 0.01 0.38
Daily gain 02 0.43b 0.01 0.05 0.43 0.42 0.39 0.02 0.17 0.14
Feed per gain 1.96 1.96 0.06 0.96 1.95 2.00 1.93 0.06 0.80 0.45

Standard error of mean.
2 Means with different superscripts (a, b or c, d, e) are significantly different (p<0.05).
3 Daily feed intake for Lard + Carnitine greater than for Lard (p<0.05).
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Table 3. Average daily gain of pigs weaned at 35 days of age with low and high weaning weights fed diets 
containing 0 and 50 mg/kg camitine

Carnitine - 
(mg/kg)-

Weaning weight group1
Low (0-50 percentile) High (50-100 percentile) p-values

0 50 SEM3 P 0 50 SEM P Cam2 WW2 CXWW2
0-14 days 0.16 0.16 0.03 0.56 0.28 0,22 0.03 0.67 0.22 0.01 0.04

15-28 days 0.38 0.51 0.02 >0.01 0.53 0.52 0.02 0.74 0.01 0.01 0.04
29-39 days 0.48 0.53 0.03 0.14 0.55 0.61 0.04 0.42 0.08 0.09 0.67

0-39 days 0.35 0.40 0.01 0.03 0,46 0.46 0.03 0.81 0.09 0.01 0.32
1 Median weight at 35 days weaning was 10.3 kg.

Low=below median weaning weight (0 to 50 percentile); High = above median weaning weight.
2 Cam ^L-Carnitine; WW = Weaning Weight; CXWW = Carnitine X Weaning Weight Interactions.
3 SEM=Standard error of mean.

supplementation.
7 p-Values for MLE greater than 0.05 indicate no significant effect of camtine supplementation.

Table 4. Tabular analysis of rapid or slow growth of pigs weaned at 35 days of age with low or high
weaning weights fed diets containing 0(3r 50 mg/kg carnitine

Weaning weight group1
Carnitine (mg/kg) Low High All

0 50 0 50 0 50
Days 0-142
% Rapid growth pigs 25 21 83 64 44 42
% Slow growth pigs 75 79 17 36 56 58
MLE of odds ratio6 0.80 0.38 0.89
p-Value for MLE7 0.527 0.250 0.500
Days 15-283
% Rapid growth pigs 38 84 83 88 53 86
% Slow growth pigs 62 16 17 12 47 14
MLE of odds ratio 8.40 1.48 5.53
p-Value for MLE 0.002 0.556 0.002
Days 29-394
% Rapid growth pigs 50 52 83 94 53 86
% Slow growth pigs 50 48 17 6 47 14
MLE of odds ratio 1.12 2.88 1.53
p-Value for MLE 0.556 0.384 0.290
Days 0-395
% Rapid growth pigs 38 76 91 93 60 85
% Slow growth pigs 62 34 9 7 40 15
MLE of odds ratio 4.85 1.35 3.65
p-Value for MLE 0.027 0.680 0.025
1 Median Weight at 35 day weaning was 10.3 kg.

Low = below median weaning weight (0 to 50 percentile); High = above median (50 to 100 percentile).
2 Median overall (all groups) growth rate ~ 200 g/d. Ra^d growth = above median (그200 g/day).
3 Median overall (all groups) growth rate ~ 450 g/d. Rapid growth = above median (그450 g/day).
4 Median overall (all groups) growth rate〜500 g/d. Rapid growth = above median (그500 g/day).

Median overall (all groups) growth rate ~ 375 g/d. Rapid growth = above median (그375 g/day).
Maximum Likelyhood Estimate (MLE) of Odds Ratio, odds of a pig displaying rapid growth as result of carnitine

After 28 days of the trial, it was observed that the 
pigs fed diets containing carnitine appeared more 
uniform and had a lower incidence of runts and 
poor-doing pigs than the other groups. To test this 
hypothesis, an odds ration calculation was performed.

The average growth rate of the pigs during each 
period was calculated and pigs were assigned to either 
rapid or slow growth rate categories. If a pig grew at 
or faster than the median growth rate, it was tabulated 
with the rapid growth group. Pigs growing slower than 
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the median growth rate were tabulated with the slow 
growth group. A Chi-square analysis was conducted 
using carnitine inclusion as the risk factor. This 
yielded to results presented the right hand column 
("All") in table 4. For the period from 14 to 28 days, 
an odds ratio of 5.53 (p=0.002) indicated a highly 
significant effect of carnitine in reducing the incidence 
of slow growing pigs. The data set was next further 
subdivided into weaning weight groups. The median 
weaning weight for this study was 10.3 kg. Pigs were 
divided into low and high weaning weight groups 
based upon their weaning weights. This yielded the 
data presented in the left-hand portion of table 4. This 
analysis revealed that the main effect of carnitine in 
reducing the incidence of slow growing pigs occurred 
in pigs with lower weaning weights (odds ration 8.4; 
p=0.002), and that there was little effect (odds 
ratio-1.48; p=0.556) in the heavier pigs. The ADG of 
each subgroup was calculated, and it was found that 
the low weaning weight pigs supplemented with 
carnitine grew at a rate similar to that of the higher 
weaning weight pigs (0.51 kg/d), while the 
unsupplemented group grew much more slowly (0.38 
kg/d). The effect was highly significant (p=0.0005). 
Factorial ANOVA using fat inclusion as a factor and 
stratified tabular analysis revealed no significant effect 
of fat supplementation and no significant carnitine X fat 
intera가ions (p>0.35).

At the conclusion of the trial, the data were 
dichotomized by growth rate and weaning weight for 
each period of the trial (tables 3 and 4). The results 
showed that carnitine had no effect in the first two 
weeks after weaning, but there was a highly
significant effect in increasing growth in the period 14 
to 28 days after weaning (table 3). This effect
occurred in the "bottom end" pigs with lower weaning
weights and resulted in an overall improvement in
growth rate among the small pigs that lessened in the 
last period of the trial (tables 3 and 4). Lower 
weaning weight pigs that received carnitine in this 
study gained an average of 47 grams per day faster 
than their counterparts that did not receive Carnitine 
(p=0,03) (table 3), which amounted to over 1800 
grams more for the overall trial period. The average 
weaning-weights of carnitine supplemented (n=25) 
and-unsupplemented (n=30) lower weight pigs were 
similar (p>0.78), 9.58 ±4.7 kg and 9.58 ±5.5 kg, 
respectively. Larger weaning weight pigs grew more 
rapidly than lower weaning weight pigs for the overall 
period, whether or not carnitine was supplemented 
(table 3).

The data from serum carnitine analysis indicated 
lower free carnitine levels at weaning than at 14, 28 
or 39 days after weaning. This indicates the presence 
of some endogenous production of carnitine in the 
post-weaning period, as the free carnitine levels were 

higher after weaning than at weaning time in both 
supplemented and unsupplemented pigs (tables 6 and 
7). Supplementation of carnitine did not increase free 
carnitine levels, but short-chain acyeated carnitine 
levels were higher at day 14 and 28 in pigs that 
received supplemental carnitine (p<0.10).

Biochemical data indicated that at 14 days after 
weaning, serum protein levels were significantly 
elevated (p<0.05) by supplemental carnitine (table 5). 
There was a tendancy toward elevated serum protein 
in the pigs that received dietary fat (p=0.12). Serum 
glucose levels at day 14 were numerically higher in 
pigs receiving either fat or carnitine, but there was no 
significant carnitine X fat interaction. Serum cholesterol 
levels on day 14 tended to be elevated when carmtine 
or soybean oil was supplemented and were 
significantly elevated when lard was added. Addition 
of dietary fat resulted in reduced blood urea nitrogen, 
the effect being significant during the second period 
(p<0.05). Addition of dietary fat on day 39 increased 
serum cholesterol levels significantly. Serum cholesterol 
was lower in the pigs receiving lard during the second 
period, but was higher when both lard and carnitine 
were supplemented than when lard alone was provided 
in the diet. Triglycerides were increased by the 
addition of carnitine during the second period, the 
effect approaching significance at p=0.06.

Gas chromatographic analysis of serum fatty acids 
(table 8) indicated that at the end of the first two 
weeks after weaning at 35 days, fatty acids C16, 
C18:0 and C18:l were significantly elevated (p<0.10) 
in the groups receiving carnitine. C18:2 and total 
16-18 carbon chains were numerically increased by 
addition of carnitine. Addition of lard elevated C18:2 
(p<0.10) and numerically increased total C16-18 fatty 
acids at 14 days post weaning, whereas soybean oil 
feeding did not result in modified C16-18 fatty acid 
levels. At day 28, C16-18 fatty acid levels in pigs 
receiving carnitine did not differ from those not 
receiving carnitine. Addition of lard resulted in 
significantly lower levels (p<0.10) of all C16-18 fatty 
acids except C18:l. Addition of soybean oil elevated 
C18:l levels (p<0.10), but did not alter the levels of 
other fatty acids. At day 39, carnitine addition resulted 
in lowered C18:2 levels (p<0.10). Addition of fat did 
not modify C16-18 levels at day 39. There were no 
significant interactions of carnitine and dietary fat.

It has been shown that carnitine can improve fatty 
acid oxidation in the pig in vivo and in vitro 
(Honeyfield and Froseth, 1990; Van Kempen and 
Odle, 1993, 1995; Odle et al., 1995; Penn et al., 
1996). The biochemical data in the present experiment 
indicates that pigs fed under practical conditions may 
demonstr간e significant modifications in fat and energy 
metabolism when carnitine is supplemented. Interes­
tingly, most of the biochemical changes appeared in
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Table 5. Biochemical data of 35 days weaned pigs fed 0 or 50 mg/kg L-camitine and either 9% or 5% added 
fat in the form of soybean oil ot lard

Day
Added L-camitine level Added fat level

-Carnitine X Fat 
Interaction p0 mg/kg 50 mg/kg SEM1 P 0 5%

Soybean oil 5% Lard SEM P

Blood urea nitrogen (mmol/1)
14 4.8 4.7 0.57 0.99 5.1 4.7 4.5 0.5 0.78 0.73
28 3.8 4.4 0.80 0.56 6.0a 3.4b 3.3b 0.5 0.01 0.58
39 5.3 5.2 0.89 0.75 6.5 5.0 4.3 0.7 0.18 0.49
Cholesterol (mg/리)

14 90 114 13 0.10 7 기 107at, 117b 5 0.05 0.50
28 76 86 17 0.64 101a 92a 50b 5 0.01 0.02
39 109 109 13 0.94 82a 119a 119b 6 0.04 0.74
Glucose (mg/dl)
14 103 121 9 0.11 102 110 122 8 0.23 0.49
28 87 86 8 0.87 85 89 86 5 0.93 0.74
39 101 92 7 0.32 90 97 102 6 0.48 0.71
Triglycerides (mg/dl)
14 68 69 24 0.99 55 88 58 21 0.52 0.66
28 49 49 10 0.06 49 39 31 10 0.52 0.06
39 41 41 7 0.66 33 48 33 8 0.22 0.53
Total protein (g/dl)
14 6.3a 7.3b 0.4 0.04 6.1 7.0 7.2 0.4 0.12 0.71
28 5.9 5.9 0.4 0.81 6.4 5.8 5.6 0.4 0.45 0.60
39 7.0 7.2 0.4 0.69 6.8 7.3 7.1 0.4 0.80 0.51
1 Standard error of mean.
2 Means with different superscripts (a, b) are significantly different (p<0.05).

Table 6. Serum carnitine concentrations ("m/ml) by time (all treatments)'

Carnitine fraction
Day post-weaning

0 14 28 39 SEM1 P
Total carnitine2 0.265 0.268 0.272 0.284 0.004 0.41
Free carnitine 0.193a 0.214b 0.221b 0.212b 0.002 0.04
Short chain acyl carnitine 0.073 0.054 0.051 0.071 0.008 0.24

Standard error of mean.
Means with different superscripts (a, b) are significantly different (p<0.10).

Ta비e 7. Serum camitine concentrations ("m/ml) by treatment'

Carnitine fraction
Carnitine supplementation

o mg/kg 50 mg/kg SEM1 P
Day 14
Total carnitine2 0.252a 0.278b 0.008 0.01
Free carnitine 0.206 0.210 0.008 0.62
Short-chain acyl carnitine 0.054a 0.082b 0.010 0.03
Day 28
Total carnitine 0.265 0.287 0.016 0.20
Free carnitine 0.223 0.210 0.013 0.33
Short-chain acyl carnitine 0.042a 0.077b 0.017 0.07
Day 39
Total carnitine 0.286 0.272 0.011 0.24
Free carnitine 0.206 0.222 0.013 0.27
Short-chain acyl carnitine 0.080 0.050 0.018 0.14
1 Standard error of mean.
2 Means with different superscripts (a, b) are significantly different (p<0.10).
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Table 8. Fatty acids (C16-18) in serum of 35 day weaned pigs fed 0 or 50 mg/kg L-Camitine and 0 or 5 % 
added fat in the form of lard or soybean oil (G/L)

Added L-camitine level Added fat level

Fatty acid ° 50 SEM p
mg/kg mg/kg

5% P
0 Soybean 5% Lard SEM 

oil

Carnitine X Fat 
Interaction p

8
 2
 5
 1
6

3
 6
 6
 8
 7

1
8
 6
 3
 4

5
 2
 6
 0
 1

°-
0-
0-
0-
0-

00
60
30
40
00

1
 

3
 8
 4

o
 1
 o
 o
 o

6
 6
 7
 0
 0

2
 1
6
 3
 4

4
 5

0
 8
 8
 0
 0

5
 9
 8
 0
 0

1
 

3

20
26

3
 5
 0
 0
 0

9
 7
 8
 0
 0

3
 4
 0

1
 2

8
 5
 2
 6
 7

0
 0
 0
 2
 1

3
 0
 4
 0
 0

8
 4

16
30
60

0
 
0
 
0

^

0

7
 7
 9
 
애
 o

2
 1
7
 4
 6
3
 
4

6
 4
 0
 0
 0

7
 5
 6
 0
 0

1
7
 0

1
 2

6
 8
 6
 9
 9

9
 9
 8
 9
 9

1
7
 2
 5
 2
 

o
 o
 o
 o
 o

7
 2
 3
 0
 0

1
3
 7
 4
 7

7
 6

7
 9
 0
 0
 0

7
 8
 1
0
 0

2
 1
4
1± 1±

9
 

日 6
 

日
아

2
 2
 7
 5
 7

5
 6

o
 o
 o
 o
 o

8
 6
 0
 0
 0

2
 2
 2
 4
 2

4
 5

8
 8
 7
 1
2

7
 4
 6
 6
 7

1• 
1• 
1•

99
°-
0-
0-
0-

1
 o
 o
 o

7
 7
 4
 6

2
 9
 2

1
 2

o
 o
 0

心
心

3
 1
5
 0
 0

2
 2
 4
 1
0

3
 4

o
 o
 o
 O
0

o
 5
 3
 o
 
애

2
 1
3
 2
 9

4
 4

3
 8
 8
 0
 2

8
 5
 2
 1
2

47 °-
17 °-
3
 8
 4

7
 9
 9

7
 1
0
 0
 6

2
 1
2
 0
 7

1
1
3

1
 7

o
 o
 o
 o
 o

2
 1
5
 0
 0

3
 2
 7
 1
4

6
 7

60
50
10
00
00

3
 2
 8
 4
 8

6
 7

o
 o
 o
 o
 o

7
 1
6
 0
 0

3
 2
 6
 1
4

6
 7

07
62
02
01
01

22
20
67
60
90

!
 2
2

o
 o
 o
 o

7
 3
 6
 o
 
애

3
 2
 8
 1
6

5
 6

o
 
o
 
o
 Q

 Q

2
 2
 2
 
애
애

3
 2
 6
 4
 5

7
 8

Day 14
C16
C18:0
C18:l
C18:2
Total
Day 29
C16
C18:0
C18;l
C18:2
Total
Day 39
C16
C18:0
C18:l
C18:2
Total

the first two weeks after weaning, when there were no 
apparent effects on carnitine or fat on growth 
performance, while there was little modification in the 
biochemical parameters during the period from 14 to 
28 days, during which the effects on growth 
performance were observed. Serum glucose and protein 
levels were significantly modified by the addition of 
carnitine, which can have positive effects on the 
growth, health and well-being of the pig.

Dietary fat produced significant modifications in 
biochemical parameters but no significant effects on 
growth. The diets fed contained amino acid levels 
equal to or higher than those currently in use for 
10-20 kg pigs in China (Li, 1996), but the lower 
BUN levels might indicate that the pigs fed the diets 
containing supplemental fat could have profited from 
slightly higher amino acid levels. Yen et al. (1986) 
observed lower BUN levels associated with feeding of 
amino acid levels below the nutritive requirement of 
the pig. The relationship of dietary energy and lysine 
levels has been well established (Kyriazakis and 
Emmans, 1992; Quiniou et al., 1995). The issue of 
whether or not to add fat to diets for weaning pigs is 
problematic, as many studies show little or no benefit 
of supplemental fat in the diet of the young pig, and 
many hypotheses for the lack of effect have been 
offered (NRC, 1998). In the present study, dietary fat 
produced no significant effect on piglet performance 
and there was no significant interaction between 
carnitine and dietary fat on piglet performance. It has 

been postulated that low lipase a다ivity in the intestine 
of the weaned pig is responsible for the lack of 
response to dietary fat observed in some studies 
(Weeden et al., 1990). The data in the present study 
seems to indicate that fat absorption was occurring 
during the first two weeks of the study, as evidenced 
by elevations in serum cholesterol, glucose, 
triglycerides and linoleic acid levels in pigs receiving 
fat supplementation. The decreased supply of nutrients 
relative to energy would seem to be a factor, as feed 
intake was significantly decreased by addition of fat.

Supplemental carnitine improved piglet growth 
performance in the period 14 to 28 days after 35 day 
weaning at 35 days but had no effect on feed 
conversion ration. Weeden et al. (1990) and Owen et 
al. (1996) found no effect of carnitine in the two 
week period immediately following weaning. Both 
Weeden and Owen reported a F/G response to 
carnitine in the second phase after weaning, but no 
such effe다 was found in the present study. Neither 
Weeden nor Owen reported an increase in ADG due 
to carnitine in the second phase, but both reported a 
growth response to soybean oil, and Weeden found 
that carnitine improved soybean oil phase 2. Hoffman 
et al. (1983) reported that addition of carnitine 
produced no effect on ADG, Gain per megacalorie 
ME, energy metabolizability or nitrogen retention in 
pigs weaned at 3 days of age and fed diets that 
contained isolated soy protein, com syrup solids and 
dextrose and either 1.2 or 12% soybean oil. In the 
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present study, although the group that received both 
comitine and soybean oil had the numerically highest 
daily gains among treatments in phase 2, the daily 
gains were not significantly different from the those of 
the group that received carnitine alone. The present 
study is the first to report a weaning weight 
dependent effect of carnitine. Added fat in the form of 
soybean oil or lard did not improve piglet 
performance. There were no significant interactions of 
carnitine and fat on growth performance, but carnitine 
did restore a portion in feed intake associated with the 
feeding of lard.

At present, the major metabolic functions of 
carnitine in mammalian systems are generally 
considered to be those functions related to transport 
and transient stocking of activated fatty acids in the 
cell. These functions include acceptance of long-to 
medium-chain acyls across the mitochondrial 
membrane, receipt of acetyl from acetyl-CoA, transfer 
of acetyl among mitochondria, cells and organs, and 
receipt and transport of potentially toxic acids out of 
mitochondria (Siliprandi et al., 1989; Angelini et al., 
1992). In addition, a variety of other metabolic 
functions are attributed to carnitine, including 
membrane regener가ion and stabilization, maintenance 
of immune competency, intracellular pH buffering, and 
neuroprotective neurotransmitter (possibly cholinergic) 
effects (Ramsay and Arduini, 1993; Uhlenbruck, 1996).

The function of carnitine in acyl group transfer 
involves the esterification of carnitine to acyl groups 
at the -hydroxy position of carnitine. This
esterification is modulated by a group of enzymes 
known as carnitine acyltransferases. Carnitine acyl­
transferases have been found associated not only with 
mitochondria, but with other cellular organelles, 
including the plasma membrane, endoplasmic reticulum, 
sarcoplasmic reticulum, and peroxisomes, The basic 
carnitine acyltransferase reaction, acyl-CoA + L-camitine 
—CoASH + acyl-L-camitine, serves and important 
function, in that the limited supply of CoA is 
regenerated and acyls are safely stored. Accumulated 
acyl-CoA leading to a high acyl-CoA/CoA ratio 
inhibits the activity of many enzymes, including 
pyruvate dehydrogenase, essential for metabolism of 
glucose into energy, and acyl-CoA: lysophospholipid 
acyltransferase, which functions in membrane repair. 
The cellular pool of acyl-camitine not only frees up 
CoA for metabolic processes, but serves as a readily 
available acetyl energy reserve (Ramasy and Arduini, 
1993; Angelini et aL, 1992).

Carnitine may be obtained exogenously from 
dietary sources or endogenously synthesized. Plant 
source feedstuffs used in livestock feeds, such as 
grains and oilseed meals, are low in carnitine cantent, 
whereas animal source feedstuffs and proteins, such as 
fishmeal and milk products, are rather high in 

carnitine content. Notably, dried plasma protein is low 
in carnitine (Neumann, 1996; LON乙—1996a).

In endogenous carnitine synthesis, lysine is incorpor 
ated into lysine-rich protein, which is methylated to e 
-N-trimethyllysine using methionine as a methyl group 
donor. The e -N-trimethyllysine is released from the 
protein by a hydrolase and is converted to 0 - 
hydroxy- e -trimethyllysine via a gydroxylation requring 
ascorbic acid. The B -hydroxy- e -trimethyllysine is 
converted in several steps to / -butyrobetaine. Most of 
the reactions leading the production of / -butyrobetaine 
take place in muscle tissue. / -Butyrobetaine, also 
known as deoxycamitine, is exchanged for carnitine by 
the muscle cells. Deoxycamitine is hydroxylated in the 
liver and kidney to carnitine by butyrobetaine 
hydroxylase (Siliprandi et al., 1989; Rebouche, 1996). 
Butyrobetaine hydroxylase activity in the liver of 
human infants less than 3 months of age is less than 
12% of adult activity (Atkins and Clandinin, 1990). 
This hydroxylation reaction requires ascorbic acid 
(Yang and Zhang, 1992). Guinea pigs, which cannot 
synthesize ascorbate and require a dietary source of 
ascobate, display decreased tissue carnitine levels as a 
result of carnitine deficiency. Resupplementation of 
ascorbate in vitro using cultured guinea pig 
hepatocytes and in vivo results in improved carnitine 
status and increased B -oxidation of fatty acids (Ha et 
al., 1994).

Weaning piglets may be deficient in ascorbic acid 
(Mahan et al., 1994) which is essential for endogenous 
carnitine synthesis. It has been shown in humans that 
carnitine synthesis can be modified by the adequacy of 
the diet in providing lysine and methionine (Rebouche 
et al., 1989). Improved management and/or genetics 
may result in increased need for dietary lysine and 
methionine (Stahly et al., 1994; Williams and Stahly, 
1995). Schuhmacher et al. (1993) concluded that the 
effect of carnitine on growth rate and feed conversion 
was more pronounced when lysine or sulfur amino 
acids were marginal than when these amino acids 
were supplied to requirements. Cho et al. (1998) found 
that 21-d-old piglets fed diets containing 1,000 mg/kg 
carnitine with 1.6% lysine level improved growth 
performance, indicating that the age of piglets and the 
dose of dietary carnitine may be factors influencing 
the efficacy of carnitine on pig growth performance.

The present study found that serum acylcamitine 
levels were significantly elevated in pigs receiving 
supplemental carnitine. This would seem to indicate 
that endogenous carnitine production in the first 4 
weeks after weaning does not provide sufficient 
carnitine for receipt of acyl groups in fatty acid 
metabolism and processes such as glycolysis that 
results in the production of acetyl and amino acid 
degradations that yield other acyl groups such as the 
valproyl and benzoyl which result from degradation of 
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valine, tyrosine and phenslalanise. This - information, 
combined with the growth rate data, suggests 
supplementation of carnitine promoted growth by 
mechanisms which involve acyl metabolism. 
Endogenous carnitine production may be more limiting 
in pigs at the lower end of the weight distribution. 
The results of the present study show that carnitine 
can produce a significant growth response in the 
weaned piglet but that the effect may be mainly in 
the smaller pi읺ets. It is postulated that in the smaller 
piglets, the endogenous synthesis of carnitine may be 
inadequate to support optimum growth and that 
carnitine supplementaion may relieve one factor 
restricting growth.

IMPLICATIONS

Variation in weight at weaning is constantly a 
problem in swine production and is the result of many 
factors, including genetics, sow age, litter size, 
nutrition, disease, and management factors. Finding 
ways to reduce variation and better manage pig 
variability could reduce costs and improve pig health 
and variability. Further work should be done to 
determine the factors associated with endogenous 
carnitine synthesis and to determine the conditions 
under which carnitine supplementation is useful and 
necessary. There is a relationship between carnitine 
and energy metabolism. Further work should be done 
to determine the effects of carnitine in combination 
with different dietary energy levels and various energy 
sources and to determine the effects of carnitine on 
immune function in the pig.
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