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Summary: L-carnitine stimulates the transport of long-chain fatty acids across the 

inner mitochondria membrane to produce energy. It is synthesized with lysine and 

methionine as precursors. During lactation， the potential for biosynthesis of L-

caritine in piglet has not yet developed， and so its supply depends on milk. The 

effects of L-carnitine supplementation to the feed of sows during pregnancy and 

lactation were demonstrated in earlier studies. The present study aimed to evaluate 

the effect of short-term L-carnitine supplementation in the following : on its concen-

tration in milk during lactation， on the return of estrus， and on the growth perform-

ance of piglets. Fourteen crossbred sows with similar farrowing days were used at 

a commercial farm. They were classified into 2 groups ; a control group， in which 

sows were fed normal commercial f強(Land an L-carnitine-treated group， in which 
~\ 日 •. 0(¥ 

the feed included 50 ppm of L-car.wiJine. Milking was conducted on days 0， 2， 3 and 
ぷ予~

11 after farrowing and the concentTation<of total， free and acetyl-form L-carnitine in 

milk were quantitatively analyzed. Milk yield was determined on days 1， 7， 14 and 

weaning by the weigh-suckle-weigh method. The number of piglets born， birth 

weight. deaths due to weakening， weaning weight， and the return date of estrus 

were recorded. The individual birth weight of piglets in the L-carnitine-treated 
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group was significantly higher than that in the control group， but there was no 

significan t di釘erencein the litter weights at birth. Daily gain in the L-carnitine-

treated group tended to be higher than the control group. For milk yield， the L-

carnitine-treated group tended to be higher than the control group during week 1 

with a decrease on the weaning day. On day 11 free L-carnitine concentrations in 

the L-carnitine-treated group were significantly (P < 0.l0) higher than that in the 

control group. Return of estrus tended to be earlier in the L-carnitine-treated group. 

The following results have been suggested : 50 ppm supplementation of L-carnitine， 

even for short periods， positively affects the growth of piglets and return of estrus. 

This seemed to be due to the increase in the L-carnitine level in sow milk， and the 

better growth performance of piglets contributes to lessening the burden of lacta-

tion on sows. 

巴Jpn.J Swine Science， 45， 1 " 1-9 

Key words : sows， carnitine， lactation， growth of piglets， return of estrus 

In trod uction 

The bio-function of L-carnitine is similar to 

vitamins ; at one time it was called vitamin 

BT 1). How巴ver，it was found later on that 

L-carnitine was endogenously synth巴sized

with Iysine and methionine as precursors， and 

it is no longer classified as a vitamin but as a 

conditionally essential nutrient. In investigat-

ing the bio-function of L-carnitine many trials 

have been carried out under various condi-

tions. It plays a role in the transport of long-

chain fatty acids across the inner mitochon-

dria membrane to produce energylJ. Endoge-

nous products such as acetyl-carnitine are ex-

creted from mitocondria under intense stress， 

i.e. L-carnitine plays a two-way rol巴inmaterial 

uptake (normal energy requirement status) 

and acetyl residue release (under acute anaero-

bic stress) for energy metabolism modulation 

(Fig.I-3). For human nutrition， various kinds 

of functional foods containing L-carnitine 

have been developed and commercialized 

Large amounts of L-carnitine are found in the 

muscles and tissues of mammals， wher巴aslt 

2 

seldom occurs in plants. The intake of animal 

foodstuff increases the L-carnitine intake 

amount， however recently， restriction of ani-

mal f巴edstu仔 utilizationhas decreased the in-

take amount. Studies on the roles of L-car-

nitine have been performed on di仔erentdo-

mestic animals under different conditions2). 

The effects of L-carnitine supplementation in 

the feed of sows on milk production31， various 

hormone secretions4.5J， and growth perform-

ance of piglets6
•7J were evaluated. In these 

studies the supplementation of L-carnitine 

was carried out over a long period through 

pregnancy to lactation. The present study be-

gan 1 week prior to farrowing and the e仔ects

of short-term supplementation on its concen-

tration in milk， milk yield， growth perform-

ance of piglets and return of estrus were eval u-

ated 

Materials and Methods 

Experimental protocol was approved by the 

Animal Experiment Committee in Tokyo Uni-

versity of Agriculture. 
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Fig， 2. Energy metabolic pathway under 

acute anaerobic stress where car-

bohydrate is used as major energy 

source resulting in stagnancy for 

A TP generation 

Animals and feeding 

Fourteen crossbred sows were used in this 

study. They were fed at a commercial farm 

(Uchimodori Shuton Kumiai). The animals 

were classified into two groups of 7 sows each， 

a control-group and an L-carnitine-treated 

group， according to their r巴productivecycles 

and performances. Artificial control of sexual 

cycle using hormonal materials was not car-

ried out in this study. The sows were kept in a 

single farrowing pen， and they consumed a set 

amount of commercial feed (guaranteed CP 

14.0% and TDN 74.0%) twice a day. Chemical 
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Fig. 3. Possible energy metabolic pathway 

under acute anaerobic stress with 

sufficient L-Carnitine supply which 

buffers acetyl group to maintain 

free CoA level resulting in ad hoc 

intracellular optimization against 

the in tense stress 

compositions of basal commercial feed are 

shown in Table 1. This feed was used for both 

groups， while the supplementation of 50 ppm 

L-carnitine in the treated groups was started 7 

days before farrowing. Chemical compositions 

were determined by usual methodsB). Until 

weaning， sows in the しcarnitine-treatedgroup 

consumed the feed supplemented with 50 ppm 

L-carnitin巴 Thedosage of L-carnitine was 

based on an earlier study by OWEN et a1.9
) Feed 

amount for sows varied in accordance with 

their development stage ; during week 1 be-

fore farrowing， the amount was 3.0 kgjd ; dur-

ing days 2 to 3 after farrowing， 1.6 kgjd ; day 4 

after farrowing， 2.4 kgjd ; days 5 to 6 after far-

rowing， 3.0 kgjd ; days 7 to 9 after farrowing， 

4.5 kgjd， and the period from day 10 to wean-

ing was 7.2 kgjd. The L-carnitine used was 

Carniking， a comm巴rcialtype from Lonza Ja-

pan Co.Ltd.， which contains 50% しcarnitine.

Milk samples 

On days 0， 2，3， and 11 of farrowing， milk was 

collected by hand milking to determine 

amounts of total， free， and acetyl-type car-

nitine. Determination of all types of carnitine 

3 -
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was entrusted to SRL CO.Ltd. The concentra-

tions of each type of carnitine were deter-

mined according to an enzymatic cycling 

method using carnitine dehydrogenase by 

TAKAHASHI et al. 10). Milk output was measured 

daily from 0900 h to 1500 h on days 1， 7， 14， and 

the day of weaning (from about days 18 to 22) 

for all sows using the “weigh-suckle-weigh" 

method"). Daily milk output was calculated 

according to the mean of piglet gain for each 

suckling and litter siz巴.

Dαta collection 

The number of piglets born (total， number 

born alive and number of death due to weak-

ening) was recorded. Individual piglets were 

weighed at birth (not later than 6h after birth)， 

and at weaning day. Weaning day was de-

cided according to the customary standard for 

the commercial farm. Th巴自rstday of estrus 

return after weaning and the performance of 

artificial insemination were recorded 

Statistical analysis 

Data were treated using t-Test method. For 

statistically significant F-values， means of the 

groups were compared by the multiple range 

test. Means were considered significant1y dif 

ferent at P<0.10. 

Results 

L-carnitine intake 

Each L-carnitine intake derived from feed 

andjor supplementation is shown in Table 1. 

Actual intakes of L-carnitine are included in 

Table 2. 

Birth performance and weight gain of piglets 

during suckling (Tableの
Litter size in the L-carnitine-treated group 

was slightly higher than the control group， but 

the alive ratio of piglets did not differ between 

both groups. Although body weight of piglets 

at birth in the L-carnitine-treated group was 

significantly (P < 0.l0) lower than the control 

Table l. Concentration of nutrients in 

the basal feed 

Moisture， % 12.3 

Crude protein， % 14.1 

Ether extract， % 4.3 

Nitrogen free extracts， % 60.7 

Crude fiber， % 3.7 

Crude ash， % 4.9 

Acid detergent fiber， % 7.3 

Total digestible nutrients， %1 73.0 

Gross energy， kcal/g 4.1 

L-carnitine， mgjkg 4.4 

1 : Guaranteed value 

Table 2. Actual intakes (mgjd) of L-carnitine 

One week prior to farrowing 

and on farrowing day 

After farrowing 

2-3thdays 

4thday 

5-6thdays 

7-9thdays 

10th-weaning day 

4 

Control 

6.6 

7.04 

10.56 

13.20 

19.80 

31.68 

+ L-carnitine 
81.6 

87.04 

130.56 

163.20 

244.80 

391.68 
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Table 3. The effect of L-carnitine supplem巴ntationin sows on the piglet during the 

suckling period 

Control + L-carnitine Significance 

Sows， n 

Piglets， n 

7 

70 

7 

74 

Piglets bornjlitter， n 11.8:t0.5 12.4土0.6

86:t5 

0.5016 

0.5859 

0.0474取

0.4905 

0.6338 

0.6305 

0.1593 

Alive ratio of piglets at birth， % 84土4

Weight of piglets at birth， kg l.43:t0.11 l.26:t0.15 

15.9:t0.9 

22士0.4

211:t13 

Weight of piglets at birthjlitter， kg 16.8:t1.0 

Suckling period， days 22:t0.7 

Daily gain， gjd 204:t30 

Daily gain， kgjlitterjd 1.98:t0.10 2.23:t0.13 

Mean:tS.E 

Table 4. The e仔ectof L-carnitine supplementation in sows on their 

milk production on days 0， 7， 14 and weaning and return of 

estrus 

Control 

Sows， n 7 

Milk production， kgjd 

day 0 5.27土0.99

day 7 4.72土0.53

day 14 4.11:t0.46 

weaning day 4. 34:t0. 66 

Sows， n 7 

R巴turnof estrus， d 8.1:t2.4 

Mean:tS.E. 

group， there was no significant difference in 

the litter weights at birth. Daily gain and 

daily gain per litter in the L-carnitine-treated 

group tended to be higher. 

Milk production， L-carnitine and its deriva-

tive concentration in milk， and return of es-

trus (Table 4 and Fig. 4-6) 

Although sows in the L-carnitine-treated 

groups tended to produce large amounts of 

milk on days 0 and 7， milk yield decreased at 

weaning day when compared to the control 

group. Total L-carnitine content in milk 

- 5 

+ L-carnitine 

7 

6. 08:t l. 24 

5.21:t0.91 

3. 99:t 1.40 

3.84土0.48

6 

4.7:t0.2 

Significance 

0.2337 

0.2805 

0.8396 

0.1656 

0.1722 

tended to be high巴rin the L-carnitine-treated 

group during the suckling period. Free L-

carnitine content in the L-carnitine-treated 

group showed a significantly (P< 0.05) higher 

value than that of the control group on day 11. 

Acetyl-carnitine content tended to be higher 

during the early suckling period from days 0 

to 3， but on day 11 it decreased. Before deter-

mination of the return of estrus， a sow in the 

L-carnitine-treated group was sacrificed due to 

an accident in its hind leg. Return of estrus 

tended to be earlier in the L-carnitine-treated 
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Fig.4. Total L-carnitine contents in the 

milk from sows in both groups 

There is no significant di仔erenc巴

between the control and + L.carni 

tme groups 
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Fig. 5. Free L-carnitine contents in the 

milk from sows in both groups 

There is significant di仔erence(P< 

0.05) between the di仔erentsuper-

script letters 

group. Conception was recognized in all sows 

used in this observation. 

Discussion 

In a review of the use of L-carnitine sup 

plements in domestic animal feed (HARMEYER， 

(μmol/L) 
口 C側川

300 口 +L叩 'nitme

200 

100 

。
o 2 3 11 

After farrowing (day) 

Fig. 6. Acetyl-carnitine contents in the 

milk from sows in both groups 

There is no significant differ巴nce

between the control and + L-carni-

tme groups. 

2003)2)， investigations were more actively con 

ducted in experiments using pigs than with 

the other domestic animal species. In these 

studies using pigs3•6.7•9) , dietary supplements of 

L-carnitine ranged from dose rates of 25 to 

1250 mg/kg feed. These studies were conduct-

ed under various conditions. Positive effects 

on daily gains in piglets were shown in almost 

all reports. These studies using sows and pig-

lets were started from the early period of ges-

tation， while this study began 1 week prior to 

farrowing and the effects of short-term supple-

mentation on its concentration in milk， milk 

yield， growth performance of piglets and re-

turn of estrus were evaluated. Basal feed nor-

mally used contained 4.4 mg/kg of naturally 

occurring L-carnitine per feed. For reference， 

we determined the L-carnitine content in sev-

eral commercial feeds that ranged from 2.5 to 

6.6 mg/kg. Supplementation of 50 mg/kg feed 

is about 11 times the value found in usual feed， 

but it is still much lower than that used for 

humans nutrition. Actual intake of L-carni-

tine in the experimental group was about 12.4 

6 -
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times higher than that of the control group as 

shown in Table 2. 

Although long-term supplementation of し

carmtm巴tosows a仔ectsthe n um ber of piglets 

born and birth weights31， when the present 

experiment began， the embryos had already 

developed in the uterus. In this study， the sig-

nifican t differences recognized in indi vid ual 

birth weight of piglets may be caused by litter 

size， becaus巴 therewas no significant di仔e-

rence in the litter weights at birth. L-carnitine 

supplementation to th巴sows'feed might a仔ect

the weight gain of piglets due to the large 

amount of milk production in sows in the early 

period of suckling. Furthermore its milk con-

tained a higher value of L-carnitine. This ef-

fect was recognized in the phenomenon that 

small body weight piglets born in the L-car-

nitine-treated group reach巴dweaning weight 

within the same number of days from birth. 

Stimulation of 'growth performance of piglets 

in the しcarnitine-treatedgroup was also ob-

tained in an earlier report9.IO. 12. 13). Further-

more， in the later period of suckling， milk pro-

duction amount in the L-carnitine-treated 

group tended to be less in comparison with the 

control group. This tendency seemed to affect 

the return of estrus. Although there was no 

significant difference， the return of estrus in 

the L-carnitine-treated group tended to be ear-

lier in these results. On the other hand， the 

return of estrus in some sows in the control 

group was later in comparison with the usual 

data. Therefore supplementation of L-carni-

tine might a仔ectthe stability rather than the 

brevity of the return period of estrus. L-

carnitine content in milk in the L-carnitine-

lrealed group was higher than that in the non-

treated control group， especially for acetyl-

carnitine， which tended to have higher value 

on days 0 to 3 then decreasing on day 11. 

These results suggest that sows appropriated 

L-carnitine for energy production during lac-

tation in the early period after farrowing when 

physical stress increased， and specifically 

while great energy demand reached a lower 

level on day 11， i.e.， sows in the L-carnitine-

treated group recovered earlier from the 

stressful conditions to a normal state than the 

untreated group did. Furthermore， it was re-

ported that higher levels of acetyl-carnitine in 

the milk were reduced again in the tissues of 

piglets and/or incorporated into the TCA cy-

cle by its transfer from acetyl group to CoA to 

produce acetyl CoA， follow巴dby energy pro-

ductionI4). Th巴 resultsof this study suggest 

that the continuous supplementation of L-

carnitine played an important role in milk pro-

duction of sows. The details of hormonal bal-

ance and other mechanism， how巴ver，remam 

to be studied in future work. 
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分娩 1週間前から泌乳期間の母豚への L-カルニチン補給が

母乳中カルニチン濃度，発情回帰および

子豚の発育に及ぼす影響

池田周平・佐藤光夫*.土井芙里 ・村岡和美林 -
渡遺直久**・王堂哲山 ・祐森誠司

東京農業大学畜産学科，神奈川県厚木市船子 1737，243-0034 

*東京農業大学富士農場，静岡県富士宮市麓 422，418-0109 

判川崎三鷹製薬(株)，神奈川県川崎市川崎区中瀬 3-19-11，210-0818 

仲ロンザ ジャパン(株)，東京都中央区新}11 2-20-8， 104-0033 

(2007年 4月 13日受付， 2007年 10月23日受理)

要約 カルニチンがエネルギ一生産を促すことや，メチオニン，リジンを前駆物質と

して体内で生合成されることが知られている。 しかし，晴乳期の子豚はその生合成能力が

低いため，母乳に含まれるものを利用する。これまでに妊娠期から泌乳期間の長期に母豚

にカルニチンを給与し，その効果を認めている報告がある。本試験は母豚への給与を分娩

1週間前から泌乳期間の短期間とし，母乳中のカルニチン濃度，母豚の発情回帰への影響，

および子豚の発育に及ぼす影響を検討した。供試母豚は，協力養豚場において同時期に分

娩予定となった 14頭の交雑種を用いた。これらを 7頭ずつに分け，対照区の母豚には市販

飼料色試験区の母豚にはカルニチンを 50ppm添加して給与した。分娩後 0，2， 3および

11日目に搾乳し，乳汁中総カルニチ ン，遊離カルニチンおよびアシルカルニチンの濃度を

測定した。泌乳量は分娩後 1，7， 14および離乳日に晴乳前後の子豚の体重差から算出し

た。出生子豚の頭数，出生体重，生存率，離乳体重と母豚の発情回帰日を記録した。一腹

の出生子豚が多かったためにカルニチン給与区で出生時体重が低かったが，一腹総体重に

は差は認め られなかった。試験区の子豚の増体量は大きい傾向にあり，分娩後 1週間以内

の泌乳量は多く，離乳時には少なくなる傾向にあった。総カ Jレニチ ン濃度は試験区で高く

なる傾向にあり， 11日目に試験区の乳汁中遊離カルニチン濃度が有意に (p<0.10)高く

なった。発情回帰は試験区で短くなる傾向にあったが，有意差は認められなかった。短期

間でも母豚にカルニチンを 50ppm程度補給することが子豚の発育， 母豚の発情回帰に対

して良好に影響することが示唆された。これは乳汁中のカルニチン増加によるも のであ

り，子豚の発育向上は母豚の泌乳における負担を軽減したと考えられた。

キーワード:母豚，カルニチン，泌礼子豚発育，発情回帰
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