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Abstract
Aim: To study the effect of dietary supplementation of lecithin and carnitine on growth performance and nutrient digestibility 
in pigs fed high-fat diet.

Materials and Methods: A total of 30 weaned female large white Yorkshire piglets of 2 months of age were selected and 
randomly divided into three groups allotted to three dietary treatments, T1 - Control ration as per the National Research 
Council nutrient requirement, T2 - Control ration plus 5% fat, and T3 - T2 plus 0.5% lecithin plus 150 mg/kg carnitine. 
The total dry matter (DM) intake, fortnightly body weight of each individual animal was recorded. Digestibility trial was 
conducted toward the end of the experiment to determine the digestibility coefficient of various nutrients.

Results: There was a significant improvement (p<0.01) observed for pigs under supplementary groups T2 and T3 than that 
of control group (T1) with regards to growth parameters studied such as total DM intake, average final body weight and 
total weight gain whereas among supplementary groups, pigs reared on T3 group had better intake (p<0.01) when compared 
to T2 group. Statistical analysis of data revealed that no differences were observed (p>0.05) among the three treatments on 
average daily gain, feed conversion efficiency, and nutrient digestibility during the overall period.

Conclusion: It was concluded that the dietary inclusion of animal fat at 5% level or animal fat along with lecithin (0.5%) 
and carnitine (150 mg/kg) improved the growth performance in pigs than non-supplemented group and from the economic 
point of view, dietary incorporation of animal fat at 5% would be beneficial for improving growth in pigs without dietary 
modifiers.
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 Introduction

Swine industry has a major economic impact on 
agriculture throughout the world. Compared to other 
livestock species, pig rearing is considered to be more 
advantageous due to its low investment for farming, 
quick returns, better feed conversion efficiency, higher 
fecundity, short generation interval, and significance 
in improving socioeconomic status of weaker section 
of the society [1,2]. Pork is considered as the second 
most important meat in the world and is an excel-
lent source of energy, protein, and vitamins. As per 
ICMR [3], out of 60 g of daily protein requirement, 
about 20 g should be from animal protein source. The 
global meat production is estimated to be 308.3 million 
tons including pork around 115 million tons [4]. Asia, 
the leading pork producing region account for 60% of 
total production. During 2012-13, our domestic pro-
duction of pork was 0.45 million tons with an average 

meat yield of about 39 kg/animal, which is lower than 
the world average (79 kg/animal) [5,6].

Feed cost plays a major role in determining prof-
itability of swine production and feed itself contrib-
utes 65-75% of total cost of production [6-8]. Cereal 
grains eventhough expensive comprise largest part 
of dietary energy in most swine diet. The major goal 
of nutritionist or swine producer should be to sup-
ply at feasible cost the nutrients at the right time in 
animal’s life [8,9]. Many alternative energy sources 
potentially cost-effective and useful in swine ration 
are produced by various industries. One such is ani-
mal fats which are a by-product of rendering process 
that includes lard, choice white grease, beef tallow, 
poultry fat which is said to contain 2.25 times metab-
olisable energy as compared to cereal grains [9,10]. 
Many researches indicate that addition of animal fat 
improves feed conversion efficiency, average daily 
gain, and increases feed palatability as well as reduces 
weaning stress to piglets [10,11].

In swine diet, fat utilization can be improved 
by feed additives such as lecithin and L-carnitine. 
For proper utilization of fat by animals, they should 
be digested and absorbed well in gastrointestinal 
tract [12,13]. Because fat is insoluble in water and 
difficult to handle in liquid medium emulsification is 
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required for their digestion. Lecithin (phosphatidyl-
choline), a phospholipid extracted from soybeans are 
used as an exogenous emulsifier to enhance utilization 
of dietary fat [14]. Lecithin promotes incorporation of 
non-polar fatty acids of animal fat into the micellar 
phase and thereby increases the absorption of fat [14]. 
Carnitine is a quaternary amine compound. D- and 
L-carnitine are its two isomeric forms, of which most 
biologically active one is L-form [15]. Synthesis of 
carnitine take place mainly in liver and kidney and it 
depends on two precursors, methionine and L-lysine. 
For efficient transport of long-chain fatty acids into the 
compartment of mitochondria matrix from cytoplasm, 
carnitine is required and thus it improves utilization 
of fat [16]. This will lead to subsequent oxidation by 
the fatty acid oxidase complex for energy production; 
therefore, it plays a key role as energy regulator in tis-
sues [16,17].

Addition of higher quantities of fat in the diet 
for pigs may cause oxidative stress and to prevent this 
stress antioxidant such as vitamin E (α-tocopheryl 
acetate) is to be included in the diet. Antioxidants will 
protect fat from oxidation and thereby prevent the pro-
duction of rancidity substances [12,13]. Considering 
all these facts, this study was undertaken for determin-
ing the effect of dietary supplementation of lecithin 
and carnitine in weaned large white Yorkshire piglets 
fed high-fat diet on growth performance and nutrient 
utilization.
Materials and Methods
Ethical approval

The experimental design and plan of this study 
strictly followed the norms of the Institutional Animal 
Ethics Committee of Kerala Veterinary and Animal 
Sciences University (KVASU), Pookode, Kerala. 
Requisite permission for the selection of animals 
and laboratory analysis was granted by Academic 
Council and Institutional Animal Ethics Committee of 
KVASU, Pookode, Kerala.
Study area

The study was conducted at Centre for Pig 
Production and Research, College of Veterinary and 
Animal Sciences, Mannuthy, Thrissur.
Experimental design

A total of 32 weaned female large white Yorkshire 
piglets of 2 months of age were selected and randomly 
divided into three dietary groups as uniformly as pos-
sible with regard to weight. Each group had four rep-
licates with two piglets per replicate in control group 
(T1) and three piglets per replicate in experimen-
tal groups (T2 and T3). All piglets were maintained 
under uniform management conditions throughout the 
experimental period of 98 days. Each piglet was fed 
with standard grower and finisher ration containing 
18% and 16% of crude protein (CP) and 3265 kcal of 
metabolizable energy per kg of feed. The three groups 
of piglets were allotted to three dietary treatments as 
follows: T1 (control ration as per National Research 

Council [18]), T2 (control ration plus 5% animal fat) 
and T3 (T2 plus 0.5% lecithin and 150 mg/kg carni-
tine). All piglets were fed twice daily. Restricted feed-
ing was followed by allowing them to consume as 
much as possible within the period of 1 h and balance 
feed, if any, were collected and weighed after each 
feeding.
Data recording

Record of daily feed intake was maintained 
throughout the experimental period. Moisture con-
tent of both feed and leftover feed were analyzed to 
calculate total dry matter (DM) intake. The piglets 
were weighed at the beginning of the experiment and 
subsequently at fortnightly intervals to estimate total 
weight gain, average daily gain, and feed conversion 
efficiency, respectively. A digestibility trial was con-
ducted toward the end of the experiment to determine 
the digestibility coefficient of the nutrients and avail-
ability of minerals like calcium and phosphorus by 
total collection method.
Analytical procedures

Chemical compositions of feed and fecal sample 
were analyzed as per methods described in Association 
of Official Analytical Chemists [19].
Statistical analysis

Data collected on various parameters were sta-
tistically analyzed by completely randomized design 
method as described by Snedecor and Cochran [20]. 
Means were compared by Duncan multiple range test 
using Statistical Package for Social Studies software. 
Ingredient and chemical composition of experimental 
grower and finisher rations are presented in Tables-1 
and 2.
Results and Discussion

Data on weekly average feed intake of pigs given 
the three experimental rations T1, T2 and T3 are pre-
sented in Table-3. The total feed intake recorded 
for the three treatments were 164.73, 177.34 and 
181.04 kg, respectively. No significant difference was 
observed among treatment groups for average DM 
intake during 1st, 2nd and 12th week whereas supple-
mentary groups (T2 and T3) showed similar and bet-
ter intake than control group in all weekly intervals 
except 5th, 6th and 9th week where combination group 
(T3) showed higher intake than T1 and T2 group. This 
is in agreement with the findings of Overland and 
Sundstol [21] and Piao et al. [22] who had reported 
increased average DM intake in pigs fed diet incor-
porated with 5% and 6% tallow compared to control. 
Rincker et al. [17] observed a linear increase in feed 
intake by dietary incorporation of 50-100 ppm of 
L-carnitine along with 4-6% fat in pigs.

L-carnitine serves as a co-substrate for the 
enzyme carnitine acyltransferase for reversible acetyl-
ation of coenzyme A and thereby acts as a carrier for 
transport of long-chain fatty acid from the cytosol into 
the inner mitochondrial membrane for undergoing 
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Table-1: Ingredient composition of experimental grower and finisher ration (%).

Ingredients Experimental grower rations Experimental finisher rations

T1 T2 T3 T1 T2 T3

Yellow maize 70 70 70 74 74 74
Wheat bran 1.5 1.5 1.5 3.6 3.6 3.6
Soyabean meal 26.25 26.25 26.25 20.5 20.5 20.5
Salt 0.5 0.5 0.5 0.5 0.5 0.5
Dicalcium phosphate 0.9 0.9 0.9 0.65 0.65 0.65
Calcite 0.85 0.85 0.85 0.75 0.75 0.75
Total 100 100 100 100 100 100
Animal fat (kg) 0 5 5 0 5 5
Lecithin1 (kg) 0 0 0.5 0 0 0.5
Carnitine2 (g) 0 0 15 0 0 15
Hyblend AB2D3K3 (g) 25 25 25 25 25 25
Becon-DS BE4 (g) 25 25 25 25 25 25
Zinc oxide5 (g) 45 45 45 30 30 30
Rovimix E-506 (g) 10 10 10 10 10 10
1Jubidol (Jubilant Life Science Ltd., Block 133, Village Samlaya Taluk-Sauli, Vadodara, Gujarat) contains optimal blend 
of lysophospholipids and phospholipids. 2L-carnitine (Lot No-3-2014-001, Manufactured by Shanghai Kangxin Chemical 
Co-Ltd., China) containing lab graded L-carnitine. 3Hyblend AB2D3K (Virbac Animal Health India Pvt. Ltd., Mumbai) 
contains: Vitamin A - 82,500 IU, vitamin B2 - 50 mg, vitamin D3 - 12,000 IU, Menaphthone sodium bisulphite - (vitamin K 
- Stabilized) - 10 mg. 4Becon-DS BE (Varsha® Multi Tech, KengeriHobli, Bengaluru) contains: Vitamin B1 – 8 mg, vitamin 
B6 – 16 mg, vitamin B12 – 80 mcg, vitamin E – 45 mg, calcium pantothenate – 30 mg, niacin – 120 mg, active live 
yeast – 600 MU, lactobacillus – 20 ms, folic acid – 2 mg, elemental calcium – 130 mg, elemental phosphorus – 6 mg. 
5Zinc oxide (Nice Chemicals Pvt. Ltd., Kochi) containing 81.38% of Zn. 6Rovimix E-50 adsorbate (DSM Nutritional 
Products Ltd., Mumbai) contains 52.3% α-tocopheryl acetate (antioxidant)

Table-2: Chemical composition* of pig grower and finisher rations (%).

Parameters Grower rations1 Finisher rations1

T1 T2 T3 T1 T2 T3

DM 90.01 90.26 90.35 89.05 89.92 89.92
CP 17.93 18.27 18.03 16.23 15.84 15.83
Ether extract 3.00 9.07 8.39 3.02 9.05 8.53
CF 2.48 2.29 3.31 2.51 2.54 3.19
Total ash 6.08 6.32 5.52 5.28 4.73 4.94
NFE 70.50 64.07 64.86 72.97 67.87 67.51
AIA 0.98 0.82 0.75 0.91 0.96 1.05
Calcium 0.74 0.62 0.63 0.75 0.65 0.64
Phosphorus 0.67 0.64 0.67 0.65 0.66 0.69
Gross energy (kcal/kg) 3938.06 4209.64 4111.40 3899.98 4163.24 4070.17

*On DM basis, 1Mean of four values with SE. DM=Dry matter, SE=Standard error, AIA=Acid insoluble ash, CP=Crude 
protein, CF=Crude fiber, NFE=Nitrogen free extract

Table-3: Weekly average DM intake of pigs maintained on the three experimental rations (kg).

Week Treatments1 p value

T1 T2 T3

1 9.02±0.12 9.04±0.07 9.06±0.06 0.96ns

2 9.14±0.05 9.82±0.16 9.96±0.16 0.31ns

3 9.29±0.37a 10.04±0.02b 10.37±0.16b 0.01*
4 9.95±0.10a 10.57±0.20b 10.93±0.17bc 0.004**
5 10.17±0.31a 11.22±0.13b 11.94±0.01c 0.00**
6 10.99±0.31a 12.28±0.08b 12.65±0.02c 0.00**
7 11.88±0.32a 13.06±0.30b 13.55±0.00bc 0.003**
8 12.63±0.20a 14.16±0.03b 14.15±0.05b 0.001**
9 13.01±0.01a 14.42±0.03b 14.52±0.01c 0.00**
10 13.28±0.19a 14.75±0.09b 14.87±0.02b 0.002**
11 13.67±0.10a 14.89±0.21b 15.05±0.05b 0.00**
12 13.58±0.12 14.32±0.72 14.81±0.20 0.24ns

13 14.10±0.14a 14.29±0.28ab 14.75±0.04bc 0.02*
14 14.02±0.15a 14.48±0.02b 14.43±0.02b 0.00**
Total feed intake 164.73±0.92a 177.34±1.58b 181.04±0.34c 0.00**
1Mean of four observations with SE. a,b, cMeans having different superscripts within the same row differ significantly. 
*Significant at 5% level (p<0.05), **significant at 1% level (p<0.01), ns: Non significant, DM=Dry matter
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β-oxidation of fatty acids [15,23]. Carnitine is ade-
quately synthesized from precursor lysine, and hence, 
it is not considered as dietary essential for adult ani-
mals but for young ones attenuated de novo synthesis 
of carnitine [16] may necessitate dietary demand for 
carnitine [17]. Most animal products, including sow’s 
colostrum are a good source of carnitine, its greatest 
concentration is found in animal tissues, but they are 
poor in plant sources [15,24]. The primary biochem-
ical mechanism of L-carnitine is that it forms esters 
with long chain activated fatty acids in the cytosol of 
the cells catalyzed by carnitine palmitoyl transferase 
Type Ι. These esters have the capacity to penetrate 
mitochondrial membrane [23,25]. Within mitochon-
drial membrane, the esters are cleaved off again from 
L-carnitine and fatty acids catalyzed by Type ΙΙ of 
carnitine palmitoyl transferase and this activated fatty 
acid released inside mitochondrion can be utilized 
for the production of energy. It is often classified as 
quasi-vitamin because of its essential role in fatty acid 
metabolism [26,27].

Danek et al. [28] suggested that dietary sup-
plementation of lecithin at 0.1% level along with 
fat (1.3%) showed 4-9% improvement in total feed 
intake than the non-supplemented group. Several 
authors [7,21,29] reported that animal fat was found 
to be less digestible in young pigs compared to fats 
of vegetable origin. Cho et al. [30] revealed that uti-
lization of rendered fat is limited due to its high long 
chain, saturated, non-polar fatty acids and the entry 
of these fatty acids into micellar phase is restricted, 
thereby reducing fat absorption. To improve absorp-
tion, lecithin (phosphatidylcholine) can be added as 
an emulsifier (phospholipids) which enhances the 

incorporation of non-polar fatty acids into micellar 
phase thereby increasing fat absorption in pigs [29]. It 
was observed that lecithin helps to improve diet’s fat 
digestibility by 3.1% and nutrient utilization [31]. For 
assisting transportation of lipids from the liver, leci-
thin is required thereby they can function as an energy 
source and it can also act as an emulsifier to support 
inadequate supply of bile acids secreted by the pig-
lets [28,32].

The data with regard to fortnightly average 
body weight of pigs are presented in Table-4 and data 
regarding total weight gain, average daily gain and 
feed conversion efficiency of pigs during the overall 
period in Table-5. The statistical analysis of the data 
(Table-4) revealed that the supplementary groups 
(T2 and T3) were found to have significantly bet-
ter average body weight when compared to control 
group (T1) in all fortnightly intervals. The present 
results are in agreement with Leibbrandt et al. [33] 
and Brumm and Peo [34] who had reported addition 
of tallow at 5% level improved final body weight 
of pigs linearly (p<0.01) compared with non-sup-
plemented group. Reis et al. [29] observed 60% 
increase in body weight in pigs fed diet incorporated 
with 1.5% lecithin along with 6.5% tallow compared 
with control. Heo et al. [25] had reported a positive 
effect on body weight in pigs by adding 150 mg of 
L-carnitine per kg diet along with six per cent tal-
low. In contrary to the present findings, Mitchaothai 
et al. [11] reported that the average final body 
weight was not significantly different between pigs 
fed diet incorporated with beef tallow at 6% level. 
Chen et al. [35] reported no effect on body weight in 
finisher pigs by incorporating 250 mg of L-carnitine 

Table-4: Fortnightly average body weight of pigs maintained on the three experimental rations (kg).

Fortnight Treatments1 p value

T1 T2 T3

0 21.59±0.06 21.78±0.12 21.76±0.08 0.74ns

1 27.39±0.12a 31.33±0.14b 32.04±0.27bc 0.00**
2 38.38±2.13a 49.00±2.30b 49.25±0.60b 0.004**
3 48.75±0.75a 57.46±2.29b 58.92±0.58b 0.002**
4 59.77±2.14a 68.79±2.03b 71.93±0.43b 0.001**
5 73.50±1.75a 81.84±2.92b 84.13±1.14b 0.04*
1Mean of four observations with SE. a,b,cMeans having different superscripts within the same row differ significantly. 
*Significant at 5% level (p<0.05), **Significant at 1% level (p<0.01). ns=Non significant, SE=Standard error

Table-5: Total weight gain, average daily gain and feed conversion efficiency of pigs maintained on three experimental 
rations during the overall period.

Parameters Treatments1 p value

T1 T2 T3

Average initial body weight (kg) 21.59±0.06 21.78±0.12 21.76±0.08 0.74ns

Average final body weight (kg) 73.50±1.75a 81.84±2.92b 84.13±1.14b 0.04*
Total weight gain (kg) 51.92±1.80a 60.06±2.82b 62.37±1.19b 0.04*
Average daily weight gain (g) 581.50±19.80 659.97±30.99 677.81±19.96 0.14ns

Total feed intake on DM basis (kg) 164.71±0.93a 177.31±1.58b 181.04±0.34c 0.00**
Feed conversion efficiency 3.18±0.10 2.97±0.12 2.91±0.06 0.35ns

1Mean of four observations with SE. a,b,cMeans having different superscripts within the same row differ significantly. 
*Significant at 5% level (p<0.05), **Significant at 1% level (p<0.01). ns=Non significant, DM=Dry matter
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along with basal diet. Edward [36] reported that no 
significant effect was noted on final body weight 
by dietary incorporation of 0.5% lecithin in finisher 
pigs.

Statistical analysis of data presented in Table-5 
revealed that the treatment groups (T2 and T3) had 
significantly better total weight gain than the control 
group (T1) which are in accordance with the earlier 
reports of Baudon et al. [37] who had reported 5% 
increase in total weight gain by adding 6% tallow in 
the diet of pigs compared to control. Heo et al. [26] 
had observed improved total weight gain in pigs 
fed different level of protein along with 500 mg/kg 
L-carnitine in the diet of growing pigs compared to 
control. Todorova et al. [38] had reported a 6.5% 
increase in daily gain of pigs fed diet supplemented 
with 1% lecithin. The data also revealed that no differ-
ences were observed for average daily gain and feed 
conversion efficiency among treatment groups T1, 
T2 and T3. Min et al. [39] inferred that no signifi-
cant difference on average daily gain and gain:feed 
ratio could be observed for those group of pigs fed 
on diet added with 5% fat. James et al. [23] observed 
no effect on average daily gain and gain:feed ratio 
by feeding L-carnitine at 50 mg/kg for pigs weigh-
ing 36-86 kg, respectively. No significant difference 
on average daily gain was reported by Papadopoulos 
et al. [40] by supplementing 0.5 g/kg lysolecithin 
along with 7 g/kg fat in the diet of weaned piglets.

The apparent digestibility of nutrients and avail-
ability of minerals in the experimental rations esti-
mated from digestibility trial in pigs belonging to 
three dietary treatments are represented graphically 
in Figures-1 and 2. The digestibility of nutrients and 
mineral availability for three experimental rations 
were 82.75-85.76% for DM, 83.11-85.69% for CP, 
57.17-65.76% for ether extract, 54.30-57.03% for 
crude fiber (CF), 90.52-91.82% for nitrogen-free 
extract, 57.67-61.32% for calcium, 53.03-57.32% for 
phosphorus, respectively. The digestible energy value 
for three dietary groups T1, T2 and T3 were 3509.57, 
3729.11 and 3683.66 kcal/kg, respectively. No signif-
icant change (p>0.05) in the digestibility coefficient 
of nutrients and minerals was observed among the 
dietary groups which are in agreement with the earlier 
reports of Han and Thacker [16] who had observed 
no significant improvement in apparent digestibil-
ity of DM (81.2% versus 80.6%), CP (79.6% versus 
76.8%), CF (42.4% versus 44.8%) when L-carnitine 
was added at the rate of 50 ppm in the diet of crossbred 
pigs compared to control. Kim et al. [14] reported that 
dietary supplementation of lecithin at 2.5% and 5% 
level along with 2.5% animal fat did not affect nutri-
ent digestibility in finishing pigs. Huang et al. [41] 
noticed no differences on DM digestibility (81.90% 
and 81.92%) and nitrogen digestibility (80.88% and 
79.54%) by adding 3.5% tallow along with the ration 
of crossbred pigs.

Economics of gain
The cost of feed per kg for three rations (T1, T2 

and T3) for the overall period was Rs. 24.38, 25.41 
and 27.56, respectively. The cost of ingredients used 
for this study was as per the rate contract fixed for the 
supply of various feed ingredients to the farm for the 
year 2014-2015. The cost of feed per kg body weight 
gain of pigs maintained on the three dietary treatments 
was Rs. 77.37, 75.03 and 80.00 for the overall period 
and the values were statistically similar.
Conclusion

The dietary incorporation of animal fat at 5% 
level or animal fat along with lecithin (0.5%) and 
carnitine (150 mg/kg) had significantly improved 
the total DM intake, average final body weight, and 
total weight gain in pigs than non-supplemented 
group but no differences were observed among them 
for average daily gain, feed conversion efficiency, 
and nutrient digestibility during the overall period. 
From the economic point of view, dietary supple-
mentation of animal fat at five per cent level (T2) 
would be beneficial for improving the growth in 
weaned Large White Yorkshire pigs without dietary 
modifiers.
Authors’ Contributions

KA was involved in the design of the study. AS 
carried out the experiment, collection, and analysis of 
the data and prepared the first draft of the manuscript 
under the guidance of KA. KA, PG revised the manu-
script. PSB drafted and edited the manuscript.

Figure-1: Apparent digestibility of nutrients of the three 
experimental rations, %. DM=Dry matter, CP=Crude 
protein, EE=Ether extract, CF=Crude fiber, NFE=Nitrogen 
free extract, ns=Non significant (p>0.05).

Figure-2: Availability of minerals of the three experimental 
rations (%). ns=Non significant (p>0.05).



Veterinary World, EISSN: 2231-0916 154

Available at www.veterinaryworld.org/Vol.10/February-2017/3.pdf

Acknowledgments

The authors are thankful to Dean, College of 
Veterinary and Animal Sciences, Mannuthy, Thrissur, 
KVASU, Pookode, Wayanad for providing all the 
facilities and funds to carry out this study. The first 
author is thankful to Dr. George Sherin K, Dr. Dipu 
M T and Dr. Usha A.P for providing needful facilities.
Competing Interests

The authors declare that they have no competing 
interests.
 References
1. Velayuthan, D.E., Kim, I.H. and Nyachoti, C.M. (2015a) 

Characterization of dietary energy in swine feed and feed 
ingredients: A review of recent research results. Asian Aust. 
J. Anim. Sci., 28(1): 1-13.

2. Shipp, T.E., Miller, M.W. and Althen, T.G. (1992) Effects of 
supplemental dietary fat on growth and carcass characteris-
tics of growing-finishing swine. Prof. Anim. Sci., 12: 32-36.

3. ICMR (Indian Council of Medical Research). (2009) 
Nutrient Requirements and Recommended Dietary 
Allowances for Indians. A Report of the Expert Group of the 
Indian Council of Medical Research, ICMR, New Delhi. 
p334.

4. FAO (Food and Agricultural Organization). (2010) 
Statistical Year Book. Food and Agricultural Organization, 
Rome, Italy. Available from: http://www.faostat.fao.org. 
Accessed on 25-05-2016.

5. Noblet, J. (2006) Nutrition of the growing pig: Adaptation 
of diet characteristics to animal and environment condi-
tions. In: Swine Nutrition and Management. Technical 
Report Series. American Soyabean Association, Singapore. 
p60-70.

6. King, R.H., Campbell, R.G., Smits, R.J., Morley, W.C., 
Ronnfeldt, K., Butler, K.L. and Dunshea, F.R. (2004) The 
influence of dietary energy intake on growth performance 
and tissue deposition in pigs between 80 and 120 kg live 
weight. Aust. J. Agric. Res., 55: 1271-1281.

7. Shurson, G.C., Kerr, B.J. and Hanson, A.R. (2015) 
Evaluating the quality of feed fats and oils and their effects 
on pig growth performance. J. Anim. Sci. Biotechnol., 
6: 10-18.

8. Lauridsen, C., Christensen, T.B., Halekoh, U. and 
Jensen, S.K. (2007) Alternative fat sources to animal fat for 
pigs. Lipid Technol., 19(7): 156-159.

9. Elanchezhian, N., Ally, K., Mercy, A.D., Gangadevi, P., 
Kuttinarayanan, P. and Usha, A.P. (2014b) Effect of sup-
plementation of animal fat on growth and feed conversion 
efficiency in large white Yorkshire pigs. Int. J. Agric. Food 
Sci. Technol., 5(3): 145-154.

10. Elanchezhian, N., Ally, K., Mercy, A.D., Gangadevi, P., 
Kuttinarayanan, P. and Usha, A.P. (2013) Effect of replace-
ment of maize by animal fat on plasma and muscle lipid 
profile of large white Yorkshire pigs. Int. J. Food Nutr. Sci., 
2(2): 62-67.

11. Mitchaothai, J., Yuangklang, C., Wittayakun, S., 
Vasupen, K., Wongsutthavas, S., Srenanul, P., Hovenier, R. 
and Everts, H. (2007) Effect of dietary fat type on meat 
quality and fatty acid composition of various tissues in 
growing-finishing swine. Meat Sci., 76: 95-101.

12. Davis, J.M., Urriola, P.E., Shurson, G.C., Baidoo, S.K. 
and Johnston, L.J. (2015) Effects of adding supplemental 
tallows to diet containing 30% distillers dried grains with 
solubles on growth performance, carcass characteristics, 
and pork fat quality in growing-finishing pigs. J. Anim. Sci., 
93(1): 266-277.

13. Park, J.C., Kim, S.C., Lee, S.D., Jang, H.C., Kim, N.K., 
Lee, S.H., Jung, H.J., Kim, I.C., Seong, H.H. and Choi, B.H. 

(2012) Effects of dietary fat types on growth performance, 
pork quality, and gene expression in growing-finishing pigs. 
Asian Aust. J. Anim. Sci., 25(12): 1759-1767.

14. Kim, W.T., Shinde, P. and Chae, B.J. (2008) Effect of lec-
ithin with or without chitooligosaccharides on the growth 
performance, nutrient digestibility, blood metabolites 
and pork quality of finishing pigs. Can. J. Anim. Sci., 
88: 283-292.

15. Eder, K., Ramanau, A. and Kluge, H. (2002) Effects of 
L-carnitine supplementation on performance parameters in 
gilts and sows. J. Anim. Physiol. Anim. Nutr., 85: 73-80.

16. Han, Y. and Thacker, P.A. (2006) Effects of L-carnitine, 
selenium-enriched yeast, jujube fruit and hwangto (red clay) 
supplementation on performance and carcass measurements 
of finishing pigs. Asian Aust. J. Anim. Sci., 19(2): 217-223.

17. 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.

18. NRC (National Research Council). (1998) Nutrient 
Requirement of Swine. 10th ed. National Academy of 
Sciences, Washington, DC. p210.

19. AOAC. (2012) Official Methods of Analysis. 19th ed. 
Association of Official Analytical Chemists, Gaithersburg, 
Maryland, USA.

20. Snedecor, G.W. and Cochran, W.G. (1994) Statistical 
Methods. 8th ed. The Iowa State University Press, Ames, IA. 
p314.

21. Overland, M. and Sundstol, F. (1995) Effects of lecithin on fat 
utilization by weanling pigs. Livest. Prod. Sci., 41: 217-224.

22. Piao, X.S., Jin, J., Kim, J.H., Kim, J.D., Shin, I.S. and 
Han, I.K. (2000) Utilization of fat sources in pigs weaned at 
21 days of age. Asian Aust. J. Anim. Sci., 13(9): 1255-1262.

23. James, B.W., Tokach, M.D., Goodband, R.D., 
Nelssen, J.L., Dritz, S.S., Owen, K.Q. and Woodworth, J.C. 
(2014) Interactive effects of dietary ractopamine HCl and 
L-carnitine on finishing pigs: Ι. Growth performance. 
J. Anim. Sci., 91: 3265-3271.

24. Pietruszka, A., Jacyno, E. and Kolodziej, A. (2009) Effects 
of L-carnitine and iron diet supplementations on growth 
performance, carcass characteristics and blood metabolites 
in fattening pigs. Agric. Food Sci., 18: 27-34.

25. Heo, K., Odle, J. and Han, I.K. (2000a) Effects of dietary 
L-carnitine and protein level on plasma carnitine, energy 
and carnitine balance, and carnitine biosynthesis of 20 kg 
pigs. Asian Aust. J. Anim. Sci., 13: 1568-1575.

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

27. Heo, K. (2000) Nutritional and metabolic assessment of 
carnitine for young pigs. Graduate Thesis. North Carolina 
State University, Raleigh, NC. p232.

28. Danek, P., Paseka, A., Smola, J., Ondracek, J., Beckova, R. 
and Rozkot, M. (2005) Influence of lecithin emulsifier on 
the utilisation of nutrients and growth of piglets after wean-
ing. Czech. J. Anim. Sci., 50(10): 459-465.

29. Reis, T., Peiniau, J., Mounier, A. and Aumaitre, A. (1995) 
Effects of addition of tallow and lecithin in the diet of 
weaned piglets on the apparent total tract and ileal digest-
ibility of fat and fatty acids. Anim. Feed Sci. Technol., 
52: 77-91.

30. Cho, J.H., Chen, Y.J., Yoo, J.S., Kim, W.T., Chung, B. 
and Kim, I.H. (2008a) Evaluation of fat sources (lecithin, 
mono-glyceride and mono-diglyceride) in weaned pigs: 
Apparent total tract and ileal nutrient digestibilities. Nutr. 
Res. Pract., 2(2): 130-133.

31. Overland, M., Mroz, Z. and Sundstol, F. (1994) Effect of lec-
ithin on the apparent ileal and overall digestibility of crude 
fat and fatty acids in pigs. J. Anim. Sci., 72: 2022-2028.

32. Hertrempf, J. (1997) Aiding the piglet’s fat digestion. Pig. 



Veterinary World, EISSN: 2231-0916 155

Available at www.veterinaryworld.org/Vol.10/February-2017/3.pdf

Int., 27(12): 33-35.
33. Leibbrandt, V.D., Hays, V.W., Ewan, R.C. and Speer, V.C. 

(1975) Effect of fat on performance of baby and growing 
pigs. J. Anim. Sci., 40(6): 1081-1085.

34. Brumm, M.C. and Peo, E.R. (1994) Effect of fat source 
in receiving diets and reduced nocturnal temperatures 
on commingled feeder pig performance. J. Anim. Sci., 
72: 1522-1529.

35. Chen, Y.J., Kim, I.H., Cho, J.H., Yoo, J.S., Wang, Q., Wang, Y. 
and Huang, Y. (2008) Evaluation of dietary L-carnitine or 
garlic powder on growth performance, dry matter and nitro-
gen digestibilities, blood profiles and meat quality in finish-
ing pigs. Anim. Feed Sci. Technol., 141: 141-152.

36. Edward, M.V. and Edward, A.H. (2011) Lecithin and 
Carcass Quality in Finishing Pigs. Co-Operative Res. 
Centre. Available from: http://www.apri.com.au/2H 117_
Final_Report_110918.pdf. Accessed on 16-09-2011.

37. Baudon, E.C., Hancock, J.D. and Llanes, N. (2003) Added 
fat in diets for pigs in early and late finishing. Swine Day, 
9: 155-158.

38. Todorova, M., Ignatova, M. and Petkova, M. (2011) Effect 
of lecithin supplementation in standard diet for weaned pigs 
on growth performance and blood cholesterol level. Arch. 
Zootech., 14(4): 45-50.

39. Min, B.J., Kwon, O.S., Lee, W.B., Hong, J.W. and Kim, I.H. 
(2006) The effect of soybean oil, dried palm oil powder and 
monoglyceride supplementation on growth performance 
and serum lipid changes in weaned pigs. J. Anim. Sci. 
Technol. (Korean), 48(2): 203-210.

40. Papadopoulos, G.A., Muller, K., Schertling, D. and 
Benedetto, M. (2014) Supplementation of lysolecithin 
in combination with a multi-non-starch polysaccharides 
enzyme improves the feed efficiency during the post wean-
ing period in piglets. Acta Agric. Scand., 64(2): 130-136.

41. Huang, Y., Yoo, J.S., Kim, H.J., Wang, Y., Chen, Y.J., Cho, 
J.H. and Kim, I.H. (2010) The effects of different copper 
(inorganic and organic) and energy (tallow and glycerol) 
sources on growth performance, nutrient digestibility and 
fecal excretion profiles in growing pigs. Asian Aust. J. 
Anim. Sci., 23(5): 573-579.

********



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


