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ABSTRACT

Six teen adult fe ma le pi ge ons were ran dom ly di vi ded into two groups that were fed eit her corn or peas. 

Wit hin each group, four pi ge ons re cei ved a sup ple ment of 2.5 g L-car ni ti ne/l drink ing wa ter.  After an adap -

ta ti on pe ri od of 7d, all ex cre ta were gat he red per bird in a 7d col lec ti on pe ri od.  Coef fi cients of ap pa rent di -

ge sti bi li ty of dry mat ter, or ga nic mat ter, cru de fat, cru de fi ber and ni tro gen-free ex tract and ap pa rent

ni tro gen re ten ti on were cal cu la ted from proxi ma te ana ly ses of feed stuffs and ex cre ta.  Blood sam ples were

ta ken at the end of the tri al and plas ma sam ples were ana ly zed for car ni ti ne and re la ted com pounds.  Sup -

ple men ta ti on of L-car ni ti ne did not af fect di ge sti bi li ty but it did re du ce ap pa rent ni tro gen re ten ti on in the

corn-fed pi ge ons.  Plas ma ana ly sis of γ-bu ty ro be tain gave in di ca ti ons for a ne ga ti ve feed back mecha nism of

high L-car ni ti ne do sa ge on de novo L-car ni ti ne syn the sis.

SA MEN VAT TING

Zes tien vol was sen vrou we lij ke dui ven wer den at ran dom verd eeld in twee groe pen die of wel met maïs, of wel

met erw ten wer den ge voed. Bin nen elke groep kre gen vier dui ven een drink wa ter sup ple ment van 2,5 g L-car ni ti -

ne/l. Na een adap ta tie pe ri o de van 7 da gen werd in een 7 da gen du ren de col lec tie pe ri o de al de mest per vo gel ver za -

meld. De co ëfficiënten van de schijn ba re ver teer baar heid van dro ge stof, or ga ni sche stof, ruw vet, ruwe ve zel en

ove ri ge kool hy dra ten en van de schijn ba re stik stof re ten tie wer den be re kend uit de Ween de a na ly se van de voe der -

mid de len en de ex cre ta. Op het ein de van de proef wer den bloed sta len ge no men en de plas mas ta len wer den ge a na -

ly seerd voor car ni ti ne en ver wan te ver bin ding en. De sup ple men ta tie van L-car ni ti ne had geen in vloed op de

ver teer baar heid maar ver min der de de schijn ba re stik stof re ten tie bij de met maïs ge voe der de dui ven. De ana ly se

van γ-bu ty ro be ta ïne in plas ma laat een ne ga tief feed back sys teem ver moe den van hoge L-car ni ti ne sup ple men ta tie

op de de novo syn the se van L-car ni ti ne.

INTRO DUC TI ON

Fat ty acid me ta bo lism is im por tant in pi ge ons be -

cau se of the need for fat-de ri ved ener gy du ring flight

(Par ker and Ge or ge, 1975) and the pro duc ti on of the

fat-rich crop-milk du ring bree ding (De Smeth et al.,

1981). The vi ta min-like sub stan ce L-car ni ti ne is an

in ter me di a ry fac tor in fat ty acid me ta bo lism be cau se

it trans ports acyl com pounds through the in ner mi -

tochon dri al mem bra ne (Fritz, 1955). Pre vi ous stu dies 

in pi ge ons have shown that L-car ni ti ne sup ple men ta ti on 

of ty pi cal pi ge on feeds im pro ves ener gy uti li za ti on

ef fi cien cy in terms of growth (Jans sens et al., 2001),

re pro duc ti on (Jans sens et al., 2000a), ac ti vi ty (Jans -

sens et al., 1998) and im mu ne res pon se (Jans sens et

al., 2000b).  The fact that L-car ni ti ne sup ple men ta ti on

af fects this wide range of phy si o lo gi cal as pects, in di -

ca tes that its func ti on at the cel lu lar le vel is pro ba bly

si mi lar in all tis su es. The in tes ti nal mu co sa is rich in

L-car ni ti ne (Flo res et al., 1996), which gi ves evi den -
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ce for its im por tan ce in the pro per func ti o ning of mu -

co sal cells.  

Le cluy se et al. (1993) found that the mu co sal ab -

sorp ti on of cert ain drugs was sti mu la ted by the pro vi -

si on of long-chain acyl car ni ti nes. This sug gests that

mu co sal ab sorp ti on is sub ject to the L-car ni ti ne sta tus 

of the mu co sal cells.  Ne ver the less, in for ma ti on on

the ef fect of car ni ti ne on nu trient ab sorp ti on is hard to

find. The pre sent stu dy was in ten ded as an ini ti al at -

tempt to in ves ti ga te the po ten ti al ef fect of L-car ni ti ne

sup ple men ta ti on on di ge sti bi li ty in pi ge ons fed two

dif fe rent feed stuffs: peas, as an exam ple of a pro tein-

 rich feed stuff, and corn, as an exam ple of a car bo hy -

dra te-rich feed stuff. In an at tempt to cla ri fy po ten ti al

ef fects, car ni ti ne-re la ted me ta bo li tes are de ter mi ned

in the blood plas ma: γ-bu ty ro be tain is the last step in

the bi o syn the sis of L-car ni ti ne (Fritz, 1955) and can

thus pro vi de in for ma ti on on the de novo syn the sis in

the body, ace tyl car ni ti ne in di ca tes the le vel of acy la ti on

of L-car ni ti ne and iso bu ty ryl car ni ti ne can give in di -

ca ti ons on the ca ta bo lism of pro tein, as it is a me ta bo -

li te of va li ne (Roe et al., 1998).

MA TE RI AL AND ME THODS

Ani mals and hou sing

Six teen adult fe ma le pi ge ons (Co lum ba li via do -

mes ti ca) were hou sed in group ca ges me a su ring 2.2 m

high, 1.5 m wide and 2.2 m long.

All birds were fed a com mer ci al mix tu re of grains

(Moul ding Extra, Ver se le-Laga Ltd., Dein ze, Bel gi um)

ad li bi tum for two months. After this pe ri od, the pi ge ons

were in di vi du al ly hou sed for fif teen days in bat te ry

cages on wi red floor, me a su ring 25 cm high, 40 cm wide

and 80 cm long.

They had ad li bi tum ac cess to fresh drink ing wa ter.

A so lid mi ne ral sup ple ment and a mix tu re of ground

shells and sto nes were avai la ble ad li bi tum. Although

the se sup ple ments made the in ter pre ta ti on of the re -

sults more com plex, they were thought to be ne ces sa -

ry to sup ply mi ne rals and to main tain the pro per func -

ti o ning of the gizzard and crop.

Tre at ments 

Eight pi ge ons (group ZM) re cei ved a diet con sis -

ting of 25 g corn grains (Zea mays.) per day, whe re as

the ot her eight pi ge ons (group PS) re cei ved a diet of

25 g peas (Pi sum sa ti vum L.) per day. The nu trient

com po si ti on of the corn grains and peas is pre sen ted

in Table 1.

Wit hin each group, four pi ge ons (CAR) were ran -

dom ly as sig ned to re cei ve a drink ing wa ter sup ple -

ment of 2.5 g L-car ni ti ne per li ter (Lon zag roup Ltd.,

Ba sel, Swit zer land). The ot her four pi ge ons (CON) in

each group re cei ved un sup ple men ted drinking water.

A 7d-adap ta ti on pe ri od was fol lo wed by a 7d-col -

lec ti on pe ri od du ring which a dai ly to tal col lec ti on of

the ex cre ta was per for med for each pi ge on. All pi ge ons

were weig hed in di vi du al ly at d1, d8 and d15. Dai ly

in ta kes of feed, wa ter, pick sto ne and grit were re gis te -

red both for the pre li mi na ry pe ri od and for the col lec -

ti on pe ri od.

Blood sam ples were ta ken from a leg vein of each

pi ge on at the end of the col lec ti on pe ri od in he pa ri ni zed

tu bes. The plas ma was sto red at –20°C un til HPLC

ana ly sis. 

Che mi cal ana ly ses

Corn, peas and ex cre ta sam ples were sub jec ted to

proxi ma te ana ly sis.

Car ni ti ne and re la ted com pounds were ana ly zed

by HPLC as des cri bed by Jans sens et al. (1999).  

The car ni ti ne con tent of the corn and peas was not

de ter mi ned be cau se ve ge tal feed stuffs con tain only

ne gli gi ble amounts of L-car ni ti ne when com pa red to

the ap plied dose (Baum gart ner and Blum, 1997).

Sta tis ti cal ana ly sis

All data were sta tis ti cal ly ana ly zed using a two- way

ana ly sis of va ri an ce with L-car ni ti ne dose and diet as

in de pen dent va ri a bles. In the event of an over-all signi -

fi cant ef fect, the dif fe ren ces be tween the se pa ra te

groups were eva lu a ted using a Dun can post-hoc test

(Ne ter et al., 1991).
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Ta ble 1. Che mi cal ana ly sis of corn and peas.

Corn Peas

Dry mat ter (g/kg) 864.2 871.0

Cru de ash (g/kg) 13.9 33.5

Cru de pro tein (g/kg) 90.6 207.1

Ether ex tract (g/kg) 51.3 22.6

Cru de fi ber (g/kg) 28.5 50.3

Nit ro gen-free ex tract (g/kg) 679.9 557.5

Orga nic mat ter (g/kg) 850.3 837.5



RE SULTS

Body weight

The ini ti al body weights were not sig ni fi cant ly dif -

fe rent be tween the groups. The ave ra ge ini ti al weight

was 427 ± 32 g. Du ring the pre li mi na ry pe ri od, the

ave ra ge body weight de cre a sed to 403 ± 38 g (P <

0.001). Body weight did not change du ring the col lec -

ti on pe ri od: the ave ra ge final weight was 401 ± 30g.

Wa ter in ta ke

No sig ni fi cant dif fe ren ces were seen in wa ter in ta ke

due to sup ple men ta ti on or feed.  The wa ter in ta ke of

the pi ge ons ave ra ged 34 ± 8 ml/d. This im plies that the 

dai ly L-car ni ti ne in ta ke for the L-car ni ti ne supple -

men ted pi ge ons was on ave ra ge 85 ± 20 mg/pi ge on.  

Appa rent di ge sti bi li ty and ni tro gen re ten ti on

Ta ble 2 shows the ap pa rent di ge sti bi li ty coef fi -

cients and the ap pa rent ni tro gen re ten ti on coef fi cients 

of each of the four groups. No sig ni fi cant dif fe ren ces

were seen due to L-car ni ti ne sup ple men ta ti on ex cept

for a sig ni fi cant ly lo wer ap pa rent le vel of ni tro gen

retention in the corn-fed group.  

The coef fi cients of ap pa rent ni tro gen re ten ti on and 

ap pa rent di ge sti bi li ty of dry mat ter, or ga nic mat ter,

ether ex tract and ni tro gen-free ex tract were all sig ni -

fi cant ly hig her with corn than with peas (P < 0.001).

The ap pa rent di ge sti bi li ty coef fi cient of cru de fi ber 

was not significantly different.  

Plas ma ana ly sis

The re sults of the HPLC ana ly ses are pre sen ted in

Ta ble 3. Non-es te ri fied car ni ti ne le vels were sig ni fi -

cant ly hig her in the corn-fed pi ge ons than in the peas

fed pi ge ons (P = 0.033), alt hough the post-hoc was

una ble to in di ca te the dif fe ren ces. The ace tyl car ni ti ne

and iso bu ty ryl car ni ti ne le vels were not in flu en ced by

the tre at ments, but γ-bu ty ro be tain was sig ni fi cant ly

hig h er in corn-fed pi ge ons wit hout L-car ni ti ne sup ple -

men ta ti on than in the ot her three groups (P = 0.042).

DIS CUS SI ON

Coef fi cients of ap pa rent nu trient di ge sti bi li ties

and ap pa rent ni tro gen re ten ti on for corn and peas

were si mi lar to tho se in ot her di ge sti bi li ty tri als with

pi ge ons (Hul lar et al., 1999; Sa les and Jans sens,

2003b). In both ca ses, se ver al coef fi cients dif fe red

sub stan ti al ly from tho se ob tai ned in com mon poul try, 

as des cri bed by Hul lar et al. (1999). The re a sons why

the se fi gu res can dif fer be tween chic kens and other

birds are discussed by Sales and Janssens (2003a).

The pre sent tri al pro vi ded no evi den ce for the hy -

po the sis that L-car ni ti ne sup ple men ta ti on could en -

han ce nu trient ab sorp ti on by mu co sal cells: the only

coef fi cient for which an ef fect of L-car ni ti ne sup ple -

men ta ti on was de mon stra ted is ap pa rent ni tro gen re -
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Ta ble 2. Nut rient di ge sti bi li ty and ni tro gen re ten ti on in pi ge ons with or wit hout L-car ni ti ne sup ple men ta ti on fed corn of
peas (mean ± SD). 

Peas    Corn
    

    CON
 

 CAR     CON
 

 CAR

AD dry mat ter (%)   63.3±2.9 a 65.9±2.3 a   84.4±0.9 b 83.1±1.1 b

AD cru de fat (%)   76.8±1.7 a 76.9±3.4 a   84.5±3.9 b 84.1±2.5 b

AD cru de fi ber (%)   14.2±6.9 a 22.0±3.1 a   17.9±4.5 a 12.9±6.5 a

AD ni tro gen-free ex tract (%)   85.4±1.0 a 85.1±0.9 a   92.2±0.1 b 92.4±1.0 b

AD or ga nic mat ter (%)   67.9±1.3 a 68.4±2.3 a   86.3±0.6 b 84.8±0.9 b

Nit ro gen re ten ti on (%)   37.2±1.7 a 38.1±6.7 a   61.1±2.2 b 47.6±4.8 c

AD: ap pa rent di ge sti bi li ty
CAR: 2.5 mg L-car ni ti ne/l drink ing wa ter; CON: no sup ple ment.
a,b Dif fe rent sub scripts in di ca te sig ni fi cant dif fe ren ces wit hin a row (P < 0.05).



ten ti on for corn. It can not be ex clu ded that this ef fect

was only at the le vel of pro tein me ta bo lism af ter ab -

sorp ti on. As uri na ry ni tro gen and fe cal ni tro gen were

not se pa ra ted, an effect on protein digestibility could

not be demonstrated.  

Stu dies have de mon stra ted that L-car ni ti ne sup ple -

men ta ti on can im pro ve ni tro gen re ten ti on (e.g. pigs:

Heo et al., 2000). The fact that it also oc curs in pa ren -

ter al nu tri ti on (Böhles et al., 1984) in di ca tes an ef fect

post-ab sorp ti on. The pre sent tri al re ve a led de cre a sed

ap pa rent ni tro gen re ten ti on due to L-car ni ti ne sup ple -

men ta ti on in corn-fed pi ge ons in ste ad. To ex plain

the se con tras ting fin dings, one could sug gest that the

fair ly high do sa ge in the pre sent stu dy may have exer -

ted a ne ga ti ve feed back mecha nism. Plas ma ana ly sis

did in deed show a re du ced le vel of the L-car ni ti ne

pre cur sor γ-bu ty ro be tain in the L-car ni ti ne sup ple -

men ted pi ge ons (in the corn group), sug ge sting that

de novo L-car ni ti ne syn the sis was ham pe red. The

first evi den ce for such a mecha nism was described by

Janssens et al. (2000a).

As the pri ma ry func ti on of L-car ni ti ne is to sup port

fat ty acid com bus ti on in the mi tochon dria (Fritz,

1955), the need for it will in cre a se with in cre a sing

die ta ry fat in ta ke, which coin ci des with the fact that

the hig hest le vel of γ-bu ty ro be tain was in the un sup -

ple men ted corn-fed pi ge ons. If the high do sa ge of

L-car ni ti ne im pai red op ti mal fat ty acid com bus ti on,

it is ob vi ous that ot her ener gy sour ces, such as ami no

acids, came into play and, as a con se quen ce, ni tro gen

re ten ti on drop ped. This was not seen in the pi ge ons

fed on peas be cau se the fat le vel in peas is far lo wer

than in corn, especially when expressed in terms of

weight per gram protein.

The plas ma le vel of the (non-es te ri fied) car ni ti ne

it self was not al te red by L-car ni ti ne sup ple men ta ti on,

but fee ding peas in du ced a hig her plas ma non-es te ri -

fied car ni ti ne le vel in com pa ri son to fee ding corn.

Corn con tains more fat than peas, which can ex plain

the gre a ter flow of free car ni ti ne from blood to wards

tis su es, in or der to sup port the trans port of acyl groups 

to the mi tochon dria. The plas ma con cen tra ti on of ace -

tyl car ni ti ne might re flect the le vel of car ni ti ne acy la -

ti on in the mitochondria, though this could not be

demonstrated. 

Iso bu ty ryl car ni ti ne is an in ter me di a ry pro duct of

the ca ta bo lism of va li ne, a bran ched-chain ami no acid 

(Roe et al., 1998). A change in this com pound can thus 

give an idea of the use of ami no acids for ener gy pro -

duc ti on. The plas ma le vels in this tri al pro vi ded no

evi den ce for a dif fe rent use of pro tein for ener gy ge -

ne ra ti on, alt hough the ra tio be tween pro tein and the

ot her ener gy sub stra tes, fat and car bo hy dra tes, is qui te

hig her in peas than in corn. A plau si ble ex pla na ti on is

that even the low pro tein:ener gy ra tio in corn is suf fi -

cient to cope with the pro tein de mands of adult,

non-pro duc ti ve pi ge ons.

To con clu de, the pre sent stu dy could not pro ve an

ef fect of L-car ni ti ne sup ple men ta ti on on di ge sti bi li ty,

though ni tro gen re ten ti on was al te red, pre su ma bly by

a ne ga ti ve feed back mecha nism. Fu tu re stu dies should

in ves ti ga te this to pic at lo wer do sa ges of L-car ni ti ne.
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Ta ble 3. Plas ma le vels (nmol/ml) of car ni ti ne, acyl car ni ti nes and γ-bu ty ro be tain in pi ge ons with or wit hout L-car ni ti ne
sup ple men ta ti on fed corn or  peas (mean ± SD; N = 4). 

Corn       Peas       

 
 CON CAR

 
 CON CAR

Non-es te ri fied car ni ti ne   107 ± 65 a 111 ± 93 a   29 ± 5 a 42 ± 17 a

Ace tyl car ni ti ne   49 ± 29 a 47 ± 44 a   31 ± 7 a 22 ± 12 a

Iso bu ty ryl car ni ti ne   137 ± 35 a 135 ± 72 a   125 ± 93 a 138 ± 88 a

γ-Bu ty ro be tain   375 ± 270 b 75 ± 23 a   109 ± 50 a 31 ± 22 a

CAR: 2.5 mg L-car ni ti ne/l drink ing wa ter; CON: no sup ple ment.
a,b Dif fe rent sub scripts in di ca te sig ni fi cant dif fe ren ces wit hin a row (P < 0.05).
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