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This paper reports two experiments. In the first experiment, 51 laying hens
killed at four different stages of eggshell formation (6, 10, 14 or 16 h after a previous
oviposition). The individual contents of the duodenum and jejunum were studied for
soluble Ca concentration (Cas). The Cas increased in the duodenum and the proximal
jejunum during shell secretion (14 and 16 h) ; the values recorded in the distal jejunum
were lower than those of the upper segments. At the same physiological stages, an
inverse relationship was evident between Cas and plasma inorganic phosphorus content
0.7 to - 0.8). A negative relationship was also calculated between the Pi
(Pi) (r
value at 14 h and the shell weight of the last two eggs produced before slaughter.
In the second experiment, blood samples were taken from 35 hens at 10, 12, 14 and
16 h after oviposition. The surface under the Pi curve was calculated for each hen and
used as an estimation of bone mobilization. The weight of the shell secreted during the
sampling period was negatively correlated with this Pi surface (r = - 0.68) when studied
in a covariance analysis including egg weight.
The different possible relationships among the factors of intestinal ability to absorb
calcium, bone mobilization, inorganic phosphatemia and shell deposition in ute!o are
considered.
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Introduction.
It has been shown by Feinberg et al. (1937), and in more detail by Mongin
and Sauveur (1979), that the amount of inorganic phosphorus in the plasma of
laying hen (Pi) increases sharply between 10 and 14 h after the previous oviposition. This period corresponds to the beginning of eggshell deposition in the
uterus and is also characterized by a sharp increase in phosphorus excretion by
the kidney (Prashad and Edwards, 1973). Thus, it is tempting to interpret this
increase in Pi as the result of acute bone mobilization linked to the need of
calcium for eggshell formation.
During the previous study by Mongin and Sauveur (1979), it was noted that
the shape of the Pi curve varied greatly among hens ; in some birds, Pi increased
up to the 18-h stage after oviposition, while it slowly returned to basal level after
12 or 14 h in most of the hens. As there are only two possible origins for

eggshell calcium &horbar; the skeleton and the intestine &horbar; an experiment was undertaken to test whether the shape variations of the Pi curves could be related to
individual differences in the ability of the intestine to absorb calcium.
studies have been conducted on intestinal calcium
absorption during eggshell formation, individual differences have seldom been
considered. Hurwitz and Bar (1965) were the first to show that duodenal and
jejunal calcium absorption increased during eggshell calcification. They then
demonstrated that diffusion was the most probable mechanism for the entry of
++ into the intestinal mucosa (Bar and Hurwitz, 1969). The short-term
Ca
regulation of intestinal calcium absorption has been shown to be independent of
duodenal calcium-binding protein (Bar and Hurwitz, 1972) and of the renal
activity of 25-hydroxycholecalciferol-l-hydroxylase (Montecuccoli et al., 1977).
More recently, Mongin (1976b) and Nys and Mongin (1980, 1982) using a
different methodology, confirmed that the rate of intestinal calcium absorption
during eggshell formation is principally controlled by the chemical gradient of this
element.
So, the level of soluble calcium in intestinal contents at given physiological
stages has been used in the present study to estimate the individual ability to
absorb calcium. Eggshell weight was recorded simultaneously to show any
putative effect of calcium origin &horbar; intestinal or skeletal &horbar; on eggshell
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deposition.
Material and methods.
The first experiment was conducted with 51 mediumExperiment 1.
heavy, brown-egg laying hens (Warren ISA) during the second half of their
laying year. The animals were housed in individual cages equipped with an
automatic oviposition recording system and situated in a room with constant
temperature and humidity. The lights were on for 16 h a day. The hens were fed
ad libitum a complete commercial diet containing 30 g of calcium/kg, 4 g of
available phosphorus/kg and 2 000 IU of vitamin D
/kg.
3
Variable numbers of hens (see table 1) were slaughtered at different stages
of egg formation, i.e. 6, 10, 14 or 16 h after the previous oviposition. The
presence of an egg in the oviduct was verified by rectal palpation. A blood
sample was taken from the wing vein and, immediately afterwards, the hens
were killed by an overdose of penthobarbital. The digestive tract was
immediately exposed and the contents of the duodenum and the upper and
lower jejunum were collected according to Mongin (1976a). After centrifugation,
the supernatants were used for measuring the soluble calcium contents (Cas) by
flame photometry (Eppendorf). Plasma inorganic phosphorus was measured after
dialysis of plasma samples in a Technicon Auto Analyser.
When possible, the eggs of each hen were collected for one to three weeks
before slaughter. The physiological parameters recorded were correlated with the
shell weight, taking into account the last egg gathered, the last 2 eggs gathered,
or all the eggs gathered.
-

2.
The second experiment was conducted with 35 Warren
ISA hens-housed as described in experiment 1. Blood samples, taken from the
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wing vein of each hen at 10, 12, 14 or 16 h after oviposition, were used for
inorganic phosphorus analysis. The shells of eggs laid on the day following
sampling were weighed in order to study the relationship between bone
mobilization and the amount of deposited eggshell.
Bone mobilization was estimated by the surface under the Pi curve between
10 and 16 h after the previous oviposition. This surface was calculated using
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of Pi at 10, 12, 14 and 16 h, respectively, after oviposition. The validity of this
formula, whatever the form of the Pi curve, is demonstrated in figure 1.
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Results.

Experiment 1.

The mean values of plasma Pi and of intestinal soluble
calcium recorded at different times after oviposition are reported on table 1.
Intestinal Ca content increased between 6 and 10 h and then stabilized between
10 and 14 h. A new significant increase was seen between 14 and 16 h,
principally in the duodenum and the upper jejunum. The Cas value recorded in
the distal jejunum was more constant and significantly lower than those of the
two upper segments. The peak of the mean Pi values was found at 14 h after
oviposition ; it was followed by a small decrease between 14 and 16 h.
The relationships between Cas in the three intestinal segments and Pi are
indicated on table 2 while the illustration on figure 2 concerns only the
duodenum.
-

The values of the correlation coefficients (table 2) clearly show that there
an inverse relationship between the calcium content of the intestinal
supernatant and the value of Pi recorded at the same time. This relationship was
non-significant at 6 or 10 h after oviposition but highly significant during eggshell
formation (14 and 16 h after oviposition) ; similar results were recorded for the
three intestinal segments studied.
A covariance analysis performed on these data showed that the slope of the
relationships between Cas and Pi remained constant for the four studied
physiological stages ; only intercepts with the ordinate varied significantly
(p < 0.001) (fig. 2). The slope values (b) and the correlation coefficients (r) of
the common regressions (Pi)
b (Cas) + a for the 14 and 16-h stages only or
the 6 to 16-h stages are also given on table 2.
The values of the correlation coefficients reported on table 3 also seem to
indicate that, at least at short-term, the hens secreting poor shells were
characterized by a high Pi value at 14 h. On the contrary, Cas concentration in
the duodenum was positively correlated with the amount of deposited eggshell,
and the same observation was true for jejunal Ca content at 16 h. These
was
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relationships became proportionally weaker as the average eggshell weights,
used in calculating the r coefficients, were estimated from eggs progressively
anterior to the slaughtering day. Moreover, no relationship was evident between
eggshell weight and Pi at 16 h.
For studying the relationships between the amount of
Experiment 2.
deposited eggshell and bone mobilization estimated by the surface under the Pi
curve, the eggs were separated into there classes according to weight (table 4).
The class limits were chosen in order to obtain enough data within each class.
The three regression lines obtained are shown on figure 3.
The data clearly demonstrate that an inverse relationship existed between
eggshell deposition and so-called bone mobilization. Covariance analysis (table 4)
indicated that the regression coefficient did not vary among the three classes of
egg ; the common regression was : (eggshell weight) (g) = - 0.006 (surface)
+ a ; (r
0.68 ; p <0.001).
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Discussion.
The present study was undertaken firstly to test whether individual differences in plasma inorganic phosphorus concentration during eggshell formation
could be related to individual differences in intestinal soluble calcium content.

The results demonstrate that such a relationship actually existed : the higher the
intestinal soluble calcium during eggshell formation, the lower was the
simultaneous Pi value (14 and 16 h after oviposition).
The profile of intestinal soluble calcium content observed here was in good
agreement with and completed that previously reported by Mongin (1976a). In
the duodenum and upper jejunum this content increased twofold between 6 and
16 h after oviposition, i.e. during eggshell formation. Besides, the intestinal
calcium content decreased between the duodenum and the lowest part of the

jejunum ; this decrease confirmed that there
absorption in the duodenum and upper jejunum,
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considerable calcium
observed by

previously

Hurwitz and Bar (1965) and Bar et a/. (1976).
In the introduction to the present paper, we recalled the reasons why the
soluble calcium content of the gut is a good predictor of the amount of absorbed
calcium. The relationship between plasma inorganic phosphorus concentration
and bone mobilization is discutable. It is known that intestinal absorption of total
phosphorus slightly increases during eggshell formation (Hurwitz and Bar, 1965),
but the exact effect of this process on plasma inorganic phosphorus
concentration is not known. On the other hand, the urinary excretion of
phosphate seems to follow rather than precede the increase of plasma
concentration (Mongin and Sauveur, 1979). Thus, it seems that plasma inorganic
phosphorus concentration may be considered as a satisfactory indirect estimator
of bone mobilization.
If these hypotheses are admitted, the present results demonstrate that, as
formerly seen in young chicks by Hurwitz, Bar and Cohen (1973), there could be
an
inverse relationship between intestinal calcium absorption and bone
mobilization in the laying hen secreting an eggshell. These results also support
the hypothesis, already formulated by Mongin and Sauveur (1979), that bone
mobilization after the 12-h stage would depend on individual capacity to absorb
calcium. The connection between these two physiological compartments is
unknown, although a decrease in plasma ionic calcium and a parathyroid
hormone discharge are the most probable events. Such a decrease has been
observed after the 9-h stage by Luck and Scanes (1979), and the same authors
have shown that plasma ionic calcium can be increased by injecting bovine PTH
during eggshell formation (Luck, Sommerville and Scanes, 1980). The present
impossibility of measuring the blood levels of endogenous PTH in the laying hen
prevents further study of this.
Another new fact observed in the present study was the inverse relationship
between plasma Pi value and eggshell deposition. There are two hypotheses for
this observation. The most probable one is that a high Pi value by itself would
have a negative effect on calcium carbonate precipitation in utero ; many
experiments have shown that excessive dietary phosphorus reduces eggshell
quality and, recently, Miles and Harms (1982) calculated a correlation coefficient
equal to - 0.98 between egg specific gravity and variations of plasma
phosphorus obtained by dietary treatments. Many years ago, Simkiss (1968)
summarized the negative effects of phosphates on eggshell formation. Thus, it is
possible that when our hens were obliged to mobilize a large quantity of bone
calcium due to poor intestinal calcium absorption, eggshell formation was
decreased by the high Pi value.
The second hypothesis would be that hens with poor intestinal calcium
absorption could not mobilize enough bone to provide for the total calcium
requirement of the shell gland. Further studies are required to elucidate these

problems.
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durant la formation de la coquille de l’oeuf chez la
le calcium intestinal et le poids de la coquille sécrétée.

phosphatémie

avec

La forte élévation de teneur en phosphore inorganique du plasma (Pi) qui accompagne la formation de la coquille de l’oeuf est un signe de mobilisation osseuse facile à
appréhender et qui montre d’importantes variations individuelles (Mongin et Sauveur,
1979). Afin d’étudier si ces variations pourraient être dues à des déficiences d’absorption
intestinale du calcium nécessaire à la formation de la coquille, on a abattu 51 poules à différents stades de formation de l’oeuf (exactement à 6, 10, 14 ou 18 h après une oviposition) et on a mesuré les teneurs en calcium soluble du contenu du duodénum et du jéjunum

(Cas).

Les valeurs de Cas augmentent pendant la sécrétion de la coquille dans le duodénum
et le jéjunum proximal tandis qu’elles sont constantes et toujours plus faibles dans le jéjunum distal. Une corrélation négative (r
0,7 à - 0,8) existe entre Cas de chaque segment et la valeur de phosphatémie aux stades 14 et 16 h. Pi à 14 h est également corrélé
négativement avec le poids de coquille moyen des deux oeufs précédant l’abattage.
Dans un autre essai, des échantillons de sang ont été prélevés sur 35 poules à 10, 12,
14 et 16 h après une oviposition. La surface sous la courbe de phosphatémie a été calculée pour chaque poule comme estimateur de la mobilisation osseuse. Le poids de la
coquille sécrétée pendant cette période apparaît corrélé à - 0,68 avec cette surface lorsque le poids de l’oeuf est introduit dans une analyse de covariance.
Ces résultats indiquent que, au cours de la formation de la coquille, la mobilisation
osseuse intervient de façon complémentaire à l’absorption intestinale pour assurer l’approvisionnement en calcium de l’utérus. Il est proposé que l’hyperphosphatémie qui en résulte
puisse être, en tant que telle, un facteur défavorable au dépôt de la coquille.
=
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