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ABSTRACT

Sixteen adult female pigeonswererandomly divided into two groupsthat werefed either corn or peas.
Within each group, four pigeonsreceived asupplement of 2.5g L -car nitine/l drinkingwater. After an adap-
tation period of 7d, all excretaweregathered per birdin a7d collection period. Coefficientsof apparent di-
gestibility of dry matter, organic matter, crude fat, crude fiber and nitrogen-free extract and apparent
nitrogen retention wer e calculated from proximate analyses of feedstuffsand excreta. Blood sampleswere
taken at theend of thetrial and plasma sampleswereanalyzed for car nitineand related compounds. Sup-
plementation of L -carnitinedid not affect digestibility but it did reduce apparent nitrogen retention in the
cor n-fed pigeons. Plasmaanalysisof y-butyrobetain gave indications for a negative feedback mechanism of
high L-carnitine dosage on de novo L -car nitine synthesis.

SAMENVATTING

Zestien volwassen vrouwelijke duiven werden at random verdeeld in twee groepen die ofwel met mai's, ofwel
met erwten werden gevoed. Binnen elke groep kregen vier duiven een drinkwatersupplement van 2,5 g L-carniti-
ne/l. Naeen adaptatieperiodevan 7 dagen werd in een 7 dagen durende coll ectieperiode al demest per vogel verza-
meld. De coéfficiénten van de schijnbare verteerbaarheid van droge stof, organische stof, ruw vet, ruwe vezel en
overige kool hydraten en van de schijnbare stikstofretentie werden berekend uit de Weendeanal yse van de voeder-
middelen en de excreta. Op het einde van de proef werden bl oedstal en genomen en de plasmastal en werden geana-
lyseerd voor carnitine en verwante verbindingen. De supplementatie van L-carnitine had geen invlioed op de
verteerbaarheid maar verminderde de schijnbare stikstofretentie bij de met mai's gevoederde duiven. De analyse
vany-butyrobetainein plasmalaat een negatief feedbacksysteem vermoeden van hoge L -carnitinesupplementatie
op de de novo synthese van L-carnitine.
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INTRODUCTION

Fatty acid metabolism isimportant in pigeons be-
cause of the need for fat-derived energy during flight
(Parker and George, 1975) and the production of the
fat-rich crop-milk during breeding (De Smeth et al .,
1981). The vitamin-like substance L-carnitine is an
intermediary factor in fatty acid metabolism because
it transports acyl compounds through the inner mi-
tochondrial membrane (Fritz, 1955). Previousstudies
inpigeonshaveshownthat L -carnitinesupplementation

of typical pigeon feeds improves energy utilization
efficiency interms of growth (Janssenset al., 2001),
reproduction (Janssens et al., 2000a), activity (Jans-
sens et al., 1998) and immune response (Janssens et
al., 2000b). The fact that L-carnitine supplementation
affectsthiswiderangeof physiological aspects, indi-
catesthat itsfunction at the cellular level is probably
similar in all tissues. The intestinal mucosaisrichin
L-carnitine (Floreset al., 1996), which giveseviden-
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cefor itsimportancein the proper functioning of mu-
cosal cells.

Lecluyse et al. (1993) found that the mucosal ab-
sorption of certain drugswasstimulated by the provi-
sion of long-chain acyl carnitines. This suggests that
mucosal absorptionissubjecttotheL-carnitinestatus
of the mucosal cells. Nevertheless, information on
theeffect of carnitine on nutrient absorptionishardto
find. The present study was intended as an initial at-
tempt toinvestigatethe potential effect of L-carnitine
supplementation on digestibility in pigeons fed two
different feedstuffs: peas, asan example of aprotein-
rich feedstuff, and corn, as an example of acarbohy-
drate-rich feedstuff. In an attempt to clarify potential
effects, carnitine-related metabolites are determined
in the blood plasma: g-butyrobetainisthelast stepin
the biosynthesis of L-carnitine (Fritz, 1955) and can
thus provide information on the de novo synthesisin
thebody, acetylcarnitineindicatesthelevel of acylation
of L-carnitine and isobutyrylcarnitine can give indi-
cationson the catabolism of protein, asitisametabo-
lite of valine (Roe et al., 1998).

MATERIAL AND METHODS

Animalsand housing

Sixteen adult female pigeons (Columba livia do-
mestica) werehousedingroup cagesmeasuring2.2m
high, 1.5 m wide and 2.2 m long.

All birdswere fed acommercial mixture of grains
(Moulding Extra, Versele-LagaL td., Deinze, Belgium)
ad libitumfor two months. After thisperiod, thepigeons
were individually housed for fifteen days in battery
cagesonwiredfloor, measuring 25 cmhigh, 40cmwide
and 80 cm long.

They had ad libitumaccessto fresh drinking water.
A solid mineral supplement and a mixture of ground
shellsand stoneswere availablead libitum. Although
these supplements made the interpretation of the re-
sultsmore complex, they werethought to be necessa-
ry to supply mineralsand to maintain the proper func-
tioning of the gizzard and crop.

Treatments

Eight pigeons (group ZM) received a diet consis-
ting of 25 g corn grains (Zea mays.) per day, whereas
the other eight pigeons (group PS) received a diet of
25 g peas (Pisum sativum L.) per day. The nutrient
composition of the corn grains and peasis presented
in Table 1.
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Table 1. Chemical analysis of corn and peas.

Corn Peas
Dry matter (g/kg) 864.2 871.0
Crude ash (g/kg) 139 335
Crude protein (g/kg) 90.6 207.1
Ether extract (g/kQg) 51.3 22.6
Crudefiber (g/kg) 28.5 50.3
Nitrogen-free extract (g/kg) 679.9 557.5
Organic matter (g/kg) 850.3 837.5

Within each group, four pigeons (CAR) were ran-
domly assigned to receive a drinking water supple-
ment of 2.5 g L-carnitine per liter (Lonzagroup Ltd.,
Basel, Switzerland). Theother four pigeons(CON)in
each group received unsupplemented drinking water.

A 7d-adaptation period was followed by a 7d-col-
lection period during which adaily total collection of
the excretawas performed for each pigeon. All pigeons
were weighed individually at d1, d8 and d15. Daily
intakesof feed, water, pickstoneand grit wereregiste-
red both for the preliminary period and for the collec-
tion period.

Blood samples were taken from aleg vein of each
pigeon at theend of the collection period in heparinized
tubes. The plasma was stored at —20°C until HPLC
analysis.

Chemical analyses

Corn, peas and excreta samples were subjected to
proximate analysis.

Carnitine and related compounds were analyzed
by HPLC as described by Janssens et al. (1999).

The carnitine content of the corn and peas was not
determined because vegetal feedstuffs contain only
negligible amounts of L-carnitine when compared to
the applied dose (Baumgartner and Blum, 1997).

Statistical analysis

All datawerestatistically analyzed using atwo-way
analysisof variancewith L-carnitine dose and diet as
independent variables. Inthe event of an over-all signi-
ficant effect, the differences between the separate
groups were evaluated using a Duncan post-hoc test
(Neter et al., 1991).
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Table2. Nutrient digestibility and nitrogen retention in pigeonswith or without L -car nitine supplementation fed cor n of

peas (mean + SD).
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Peas Corn
CON CAR CON CAR
AD dry matter (%) 63.3x2.9° 65.9+2.32 84.4+0.9° 83.1+1.1°
AD crude fat (%) 76.8x1.7° 76.9+3.4° 84.5+3.9° 84.1+2.5°
AD crudefiber (%) 14.2+6.9° 22.0+3.1 17.9+4.5° 12.9+6.5°
AD nitrogen-free extract (%) 85.4+1.02 85.1+0.92 92.2+0.1° 92.4+1.0°
AD organic matter (%) 67.9+1.32 68.4+2.32 86.3+0.6°" 84.8+0.9°
Nitrogen retention (%) 37.2+1.7% 38.1+6.72 61.1+2.2° 47.6+4.8°¢

AD: apparent digestibility

CAR: 2.5 mg L-carnitine/l drinking water; CON: no supplement.
2> Different subscripts indicate significant differences within arow (P < 0.05).

RESULTS

Body weight

Theinitial body weightswerenot significantly dif-
ferent between thegroups. Theaverageinitial weight
was 427 + 32 g. During the preliminary period, the
average body weight decreased to 403 + 38 g (P <
0.001). Body weight did not changeduring thecoll ec-
tionperiod: theaveragefinal weight was401 + 30g.

Water intake

No significant differences were seen in water intake
due to supplementation or feed. The water intake of
thepigeonsaveraged 34+ 8mi/d. Thisimpliesthat the
daily L-carnitine intake for the L-carnitine supple-
mented pigeonswason average 85 + 20 mg/pigeon.

Apparent digestibility and nitrogen retention

Table 2 shows the apparent digestibility coeffi-
cientsandtheapparent nitrogen retention coefficients
of each of thefour groups. No significant differences
were seen due to L-carnitine supplementation except
for a significantly lower apparent level of nitrogen
retention in the corn-fed group.

Thecoefficientsof apparent nitrogenretentionand
apparent digestibility of dry matter, organic matter,
ether extract and nitrogen-free extract were all signi-
ficantly higher with corn than with peas (P < 0.001).

The apparent digestibility coefficient of crude fiber
was not significantly different.

Plasma analysis

The results of the HPL C analyses are presented in
Table 3. Non-esterified carnitine levels were signifi-
cantly higher in the corn-fed pigeons than in the peas
fed pigeons (P = 0.033), although the post-hoc was
unable to indicate the differences. The acetylcarnitine
and isobutyrylcarnitine levels were not influenced by
the treatments, but y-butyrobetain was significantly
higher in corn-fed pigeons without L-carnitine supple-
mentation than in the other three groups (P = 0.042).

DISCUSSION

Coefficients of apparent nutrient digestibilities
and apparent nitrogen retention for corn and peas
were similar to those in other digestibility trialswith
pigeons (Hullar et al., 1999; Sales and Janssens,
2003b). In both cases, severa coefficients differed
substantially fromthoseobtained in common poultry,
asdescribed by Hullar et al. (1999). Thereasonswhy
these figures can differ between chickens and other
birds are discussed by Sales and Janssens (2003a).

The present trial provided no evidence for the hy-
pothesis that L-carnitine supplementation could en-
hance nutrient absorption by mucosal cells: the only
coefficient for which an effect of L-carnitine supple-
mentation was demonstrated is apparent nitrogen re-
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Table 3. Plasma levels (nmol/ml) of carnitine, acylcar nitinesand g-butyrobetain in pigeonswith or without L -car nitine

supplementation fed corn or peas(mean + SD; N = 4).

Corn Peas
CON CAR CON CAR
Non-esterified carnitine 107 £ 65° 111 + 93° 29 £ 52 42 +17%
Acetylcarnitine 49 + 29° 47 £ 442 31+7? 22 +12*
Isobutyrylcarnitine 187 == SB° 135+ 72° 125 + 93° 138 + 88*
g-Butyrobetain 375+ 270° 75+ 23* 109 + 50° 31+ 22°

CAR: 2.5 mg L-carnitine/l drinking water; CON: no supplement.
a0 Different subscripts indicate significant differences within arow (P < 0.05).

tention for corn. It cannot be excluded that this effect
was only at the level of protein metabolism after ab-
sorption. Asurinary nitrogen and fecal nitrogen were
not separated, an effect on protein digestibility could
not be demonstrated.

Studieshavedemonstratedthat L -carnitinesupple-
mentation can improve nitrogen retention (e.g. pigs:
Heoet al., 2000). Thefact that it also occursin paren-
teral nutrition (Bohleset al., 1984) indicates an effect
post-absorption. The present trial revealed decreased
apparent nitrogenretentiondueto L-carnitinesupple-
mentation in corn-fed pigeons instead. To explain
these contrasting findings, one could suggest that the
fairly high dosageinthepresent study may haveexer-
ted anegative feedback mechanism. Plasmaanalysis
did indeed show a reduced level of the L-carnitine
precursor y-butyrobetain in the L-carnitine supple-
mented pigeons (in the corn group), suggesting that
de novo L-carnitine synthesis was hampered. The
first evidencefor such amechanismwas described by
Janssens et al. (2000a).

Astheprimary function of L-carnitineisto support
fatty acid combustion in the mitochondria (Fritz,
1955), the need for it will increase with increasing
dietary fat intake, which coincides with the fact that
the highest level of y-butyrobetain was in the unsup-
plemented corn-fed pigeons. If the high dosage of
L-carnitine impaired optimal fatty acid combustion,
it is obvious that other energy sources, such as amino
acids, came into play and, as a consequence, nitrogen
retention dropped. This was not seen in the pigeons
fed on peas because the fat level in peasisfar lower
than in corn, especially when expressed in terms of
weight per gram protein.

The plasma level of the (non-esterified) carnitine
itself wasnot altered by L -carnitine supplementation,
but feeding peasinduced a higher plasmanon-esteri-
fied carnitine level in comparison to feeding corn.
Corn contains more fat than peas, which can explain
the greater flow of free carnitine from blood towards
tissues, inorder to support thetransport of acyl groups
tothemitochondria. Theplasmaconcentration of ace-
tylcarnitine might reflect the level of carnitine acyla-
tion in the mitochondria, though this could not be
demonstrated.

Isobutyrylcarnitine is an intermediary product of
thecatabolism of valine, abranched-chainaminoacid
(Roeetal., 1998). A changeinthiscompound canthus
givean ideaof the use of amino acidsfor energy pro-
duction. The plasma levels in this trial provided no
evidence for adifferent use of protein for energy ge-
neration, although the ratio between protein and the
other energy substrates, fat and carbohydrates, is quite
higher in peasthanin corn. A plausibleexplanationis
that even thelow protein:energy ratioin cornissuffi-
cient to cope with the protein demands of adult,
non-productive pigeons.

To conclude, the present study could not prove an
effect of L-carnitine supplementation on digestibility,
though nitrogen retention wasaltered, presumably by
a negative feedback mechanism. Future studies should
investigatethistopicat |ower dosagesof L-carnitine.
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