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Male Hubbard chickens were fed on a diet supplemented with canthaxanthin. The
carotenoid was chemically unmodified during its absorption of distribution.

Pigment was preferentially stored in the skin of legs. The percent distribution of
carotenoid in the different organs did not vary with the administered dose or during
the treatment.

Digestibility, expressed as the ratio absorbed: ingested pigment, was maximal in
the first day, and then decreased. Digestibility was dependent on the animal body
weight.

Canthaxanthin is often used in aviculture
as a dietary additive together with other
carotenoid pigments, in order to obtain
the appropriate colour in fat and eggs (6).
In addition, it is used in oral artificial
suntanners for human consumption, as
well as a food additive (3).

In previous papers we have described
methods for the extraction and chromato
graphic separation of several carotenoids,
as well as the patterns of intestinal absorp
tion of lutein and helenene in chicken
(4, 5). The aim of the present study is
to investigate the absorption, digestibility
and fate of the carotenoid canthaxanthin
in growing chickens.

Materials and Methods

Male Hubbard chickens (Gallus dotnes-
ticus), 8-10 days old, were used throughout 

this study. The animals were fed for up
to 24 days on a diet consisting of wheat
and fish flours (1 : 1), which was virtually
free from carotenoids (4). The birds had
access to this diet plus water ad libitum.
In addition, 2 or 6 mg of canthaxanthin
were given orally every day. The pigment
was administered in the form of aqueous
emulsion in 5 ml water. At various times,
five animals were separated, allowed to
starve for 24 hours, and then sacrified.
The following fractions were obtained
from each chicken: Digestive tract, viscerae
(kidneys, lungs, heart and liver), muscle,
skin (from legs), skin (other), blood and
faeces.

The different fractions were separately
blended with acetone in a waring blender.
Hexane and water then added up to a
ratio acetone : hexane : water (5:2: 3),
in order to extract the carotenoids. The
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extracted pigments were separated on a
thin layer of silica gel G, with ethyl
ether : hexane (7 : 3), as solvent (5).

Canthaxanthin was identified by co
chromatography with reference samples
(Roche), absorption spectra in the visible
range and characterization of the sodium
borohydride reduction products (1).
Quantitative determination was achieved
by measuring the absorbance in hexane
at 475 nm, according to (2).

Analysis of the extracted pigments al
lowed an estimation of the amount of
absorbed carotenoid (A). Pigment ingested
daily (I) was 2 or 6 mg, as indicated
above. Digestibility (D) was calculated as
follows: D = (A/d XI)X 100, where d
is the number of days after onset of
treatment.

Experimental data represent mean val
ues + standard error of the estimated
mean, for five independent experiments.

Fig. 1. Canthaxanthin storage in various tis
sues during the treatment with 6 mg pigment/
day (----- ) and 2 mg pigment/day (—).
(□) total; (•) skin (legs); (O) viscerae; (A) skin
(other); (O) muscle. Points represent average
values of 5 experiments. Skin (other) and mus
cle, do not present any diferences in both diets.

Results and Discussion

Experiments performed on untreated
chickens revealed the absence of cantha
xanthin in all fractions. However, small
amounts of lutein, helenene, zeaxanthine,
etcetera, were found as residues from the
standard farm diet.

In the treated animals, these yellow
pigments were found in the same trace
amounts. In addition, only canthaxanthin
was detected. On the other hand, the
amount of absorbed plus excreted cantha
xanthin represented nearly the total in
gested carotenoid. The data support the
idea that canthaxanthin is not chemically
modified during the intestinal absorption,
blood transport or storage. Most of the
ingested pigment was excreted in faeces.
The amount of canthaxanthin in the
digestive tract could not be measured ac
curately, as varying amounts of the caro
tenoid adhered to the intestinal mucosa.
The levels of canthaxanthin in blood re
mained essentially constant throughout
the experiments, at 0.5 ± 0.05 /xg/ml.

Figure 1 shows the storage of cantha
xanthin in various tissues during the treat
ment with 6 mg and 2 mg pigment/day.
Very similar results were found in both
cases. The total amounts of pigment stored
after the 24 days of treatment were respec
tively 41.3 ± 1.71 /xg and 29.6 ± 0.27 /xg
per gram wet weight tissue in the 6 mg
and 2 mg diets. Carotenoid was deposited
in the different tissues very rapidly at the
beginning of the treatment, and then at
somewhat slower rate for the remainder
of the experiment. Important differences
were found in the storage levels of the
different organs. The highest amount of
pigment was stored in the skin of the
legs, where the rate of deposit was charac
teristically high between days 6 and 13.
In this period, the storage rate was much
slower in the other organs under study.

The relative distribution of canthaxan
thin in the various tissue fractions was in
dependent of time and of the amount of
administered carotenoid (table I). THese
indicate that the various tissues have dif
ferent affinities for the pigment, which
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Table 1. Distribution of canthaxanthin (°/o) In the different tissues for both pigment doses.
Data correspond to the 1st and 24th days of treatment, as well as to the mean of 7 dif

ferent days.
Mean values ± S.E.M. of 5 independent experiments.

Tissue fraction
Mole (%)

1st day 24th day Mean

canthaxanthin (2 mg/day)
Viscerae 30.5 ±1.16 32.3 ± 2.13 31.1 ± 1.12
Muscle 5.9 ± 0.45 5.1 ± 0.15 5.1 ± 0.60
Skin (legs) 50.3 ± 1.50 47.9 ± 2.14 50.2 ± 1.50
Skin (other) 13.7 ± 0.59 14.7 ± 1.32 13.6 ± 0.59

canthaxanthin (6 mg/day)
Viscerae 28.4 ± 1.12 30.6 ±0.98 28.3 ± 1.57
Muscle 4.0 ± 0.62 4.8 ± 0.34 4.5 ± 0.36
Skin (legs) 52.3 ± 2.31 51.2 ± 1.98 53.1 ± 2.48
Skin (other) 15.3 ± 0.45 13.4 ± 0.93 14.1 ± 0.83

are inherent to them and cannot be mod
ified by the diet.

The variation of canthaxanthin diges
tibility with time is shown in figure 2 for
both pigment doses. The variation in ani
mal body weight is also shown. At all
times, digestibility for the 2 mg diet was
about twice that for the 6 mg. In both
cases, digestibility was maximal the first
day, and then decreased gradually. This

Fig. 2. Variation of canthaxanthin digestibil
ity (straigth line) during the treatment with
2 mg (9) and 6 mg (4k) pigment/day, and
variation of chicken body weight (dotted line).
Points represent average values of 5 experi

ments.

could mean that absorption levels decrease
with the increase in stored pigment. From
the 2nd week on, a slight increase in
digestibility was observed, which could be
attributed to the concomitant increase in
animal body weight

Digestibility was also calculated for the
different tissue fractions. Figure 3 repre-

Fig. 3. Average values of canthaxanthin di
gestibility In various tissue fractions during
treatment with 6 mg (open bars) and 2 mg

(filled bars) carotenoid/day.
V, viscerae; M, muscle; SI, skin (legs); So, skin
(other). Bars denote mean values of 5 experi

ments and S.E.M.
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scnts the average canthaxanthin diges
tibility in the different tissue fractions, for
both diets. It can be seen that, especially
in the case of leg skin and other pigment
accumulating tissues, the digestibility was
significantly higher (about twice) in the
2 mg than in the 6 mg diet.

The data presented here could be ap
plied for optimal pigmentation in chick
ens. The results in figure 1 prove that
by using higher doses of canthaxanthin,
despite lower digestibility (fig. 2), the same
storage levels are reached at much earlier
stages, without affecting the pigment dis
tribution (table I). Maximal pigmentation
could then be achieved by administering
small doses over a short period of time.
Moreover, according to the data pre
sented in figure 2, three independent fac
tors appear to enhance digestibility. These
are: low pigment doses, early stages of
treatment and period of increase of body
weight. A compromise has to be reached
with respect to the carotenoid dose be
tween digestibility and storage levels. It is
apparent, then, that rapid and efficient
pigmentation will be achieved by admin
istering relatively high doses of cantha
xanthin for short periods of time, when
rapid weight gain is taking place.

Resumen

Se estudia en polios Hubbard machos la ab-
sorcidn y almacenamiento de cantaxantina, para 

lo cual se alimentan con una dieta rica en di-
cho producto.

Se determina que la cantaxantina no se mo-
difica quimicamente durante su absorci6n o
distribucidn. El almacenamiento del pigmento
se realiza preferentemente en la piel de las
patas y la distribucidn porcentual del carotenoi-
de en los diferentes organos no varia con la
dosis administrada a Io largo del tratamiento.

Se comprueba tambidn que la digestibilidad
(cociente pigmento absorbido: pigmento inge-
rido) es maxima el primer dia, luego decrece
y depende en gran manera del peso del animal.
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