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Mammary metabolism was studied in 4 normal lactating goats (group N) and
in 4 non-pregnant goats induced to lactate by hormonal treatment (group 1). Tissue was
sampled by biopsy after 3, 9 and 18 weeks of lactation. Although milk potential was the
same in both groups, group I produced 45 % less milk than group N.
The RNA/DNA ratio, activities of lipoprotein lipase (LPL1, glucose-6-phosphate dehydrogenase and acetyl-CoA carboxylase, and the /3-casein % of in vitro protein synthesis
were not significantly lower in the I than in the N goat mammary tissue. This suggests that
differences in mammary cell hyperplasia during hormonal treatment, and not potential
metabolic activities, partially accounted for the difference in milk yield levels.
Milk composition was comparable in the two groups. However, milk fat in group N
had a higher long-chain fatty acid content (stearic and oleic acids) during the first month of
lactation due to the higher mobilization of body lipids in high-yielding animals. Another
qualitative difference was the delayed increase in milk LPL secretion during the first 3
months of lactation in induced goats.

Summary.

Introduction.
Few studies have been done on changes in the metabolic activities of
mammary tissue during lactation in cows (Currie, 1972 ; Shirley, 1973 ; Marinez
et al., 1976) and goats (Marinez et al., 1976 ; Chilliard et al., 1978 ; Reddy and
Ray, 1982 ; Knight and Peaker, 1984). Only one experiment of this type was
conducted on non-pregnant cows induced to lactate by hormonal treatment

(Collier

et

a/., 1976).

The aim of the present work was to compare changes in the different
metabolic activities of the mammary tissue in goats during normal or hormonally
induced lactation and to assess if they were closely related to milk yield and the
secretion of milk fatty acids and proteins.

Material and methods.

Two groups of 4 multiparous goats of the French Alpine breed 3 to 5 years
old and having the same milk potential (table 1) were compared. Group N (normal
) included goats that were already pregnant and groupI (induced
1
goats) (
lactation) non-pregnant goats receiving an hormonal treatment programmed so
that both groups began lactation at the same time. This treatment was applied in
December.
The hormonal treatment given to groupI goats (Delouis, 1975) began 22 days
before the goats were milked. Injections of progesterone (31 mg) and of 170oestradiol (12.5 mg) were given twice daily for 7 days, followed by 25 mg of
hydrocortisone between days 18 to 22 after the onset of the treatment. The
hormones were from Roussel-Uclaf.
When they were dry, i.e. 10 weeks before lactation, all goats received a diet
containing 75 % lucern hay and 25 % concentrates. This diet covered about
130 % of the energy maintenance requirements (75 g of ration per kg of
metabolic weight, ).
75 During lactation all the animals were given lucern hay ad
,
p0
libitum and 500 g of concentrate (for a 60-kg goat), as well as 250 g concentrate
per kg of milk yielded beyond 1 kg/day.
The milk yield of the goats was measured every day and its fat and protein
contents each week on representative samples from 2 consecutive milkings. Fatty
acid composition (Bas, 1985) and lipoprotein lipase activity (Chilliard and Fehr,
1976) of the milk were measured at 1, 3, 6, 9, 12, 15 and 18 weeks of lactation.
Mammary tissue was sampled by biopsy at weeks 3,9 and 18 : the goats
were given a tranquillizer (Rompun, Bayer, 0.1 mg/kq live weight), then 5 ml of
procaine were infiltered under the skin in the upper-posterior part of the
mammary gland. After the skin was incised with a scalpel, about 5 g of secretory
tissue were cut off with scissors.
The mammary tissue was rinsed in saline, dried on a blotter and dissected.
Aliquot parts were either deep-frozen for different assays, or kept cold for 1 h
before incubation (3 h with !4C-labelled amino acids) to measure the amount of (3casein (after immunoprecipitation) in the proteins synthesized in vitro (% ¡
3-CAS),
as described by Skarda et a/. (1982).
The activities of acetyl-CoA carboxylase (ACX), glucose-6-phosphate
dehydrogenase (G6PDH) and lipoprotein lipase (LPL) were measured in mammary
tissue as described by Pascal et a/. (1977), Fitch et al. (1959) and Chilliard (1979,
1985). The first two enzymes are involved in the de novo synthesis of fatty acids,
the third in the hydrolysis and the uptake of circulating triglycerides.
Nucleic acid levels were measured as described by Schmidt and Tannhauser
(1945). RNA and DNA levels were estimated in the supernatants of the alkaline

(!) List of abbreviations :Group I: goats with hormonally-induced lactation ; group N : normal
goats ; ACX : acetyl-CoA carboxylase ; RNA (DNA) : (deoxy) ribonucleic acid ; G6PDH : glucose
6-phosphate dehydrogenase ; LPL : lipoprotein lipase ;j
3-CAS : proportion of i3-casein in in vitrosynthesized proteins.

and acid

310

hydrolyses, respectively, using absorption differences

at

260 and

nm.

The results were analysed using non-parametric tests (Tomassone, 19811, the
U-test of Mann-Whitney to compare the groups, and the sign test (binomial law)
to compare the lactation stages (intra-animal variation).

Results and discussion.
Milk yield.
The maximal weekly milk yield of former lactations, by which
animal milk potential was estimated, was identical in the 2 groups (table 1
).
During experimental lactation, group N reached its milk potential, while groupI
yielded only about 55 % of that potential (P < 0.015).
-

The lactation curves of the 2 groups were different, groupI goats
maintaining a maximal yield between weeks 6 and 18, while the yield in group N
decreased (fig. 1The lactation curve of hormonally-induced goats resembled

that of goats which aborted (Chilliard

et

al., 19781.

Hormonally-induced animals consumed enough feed from the first week of
lactation to satisfy their energy and protein requirements, contrary to normal
goats (weeks 9 and 3, respectively) (see Chilliard, 1985). Thus limited nutrient
availability was probably not the reason for the low milk yield of groupI goats.
However, the relative failure of the hormonal treatment might have been
partly due to the fact that it was given during a short-day period (December), as
indicated by various observations in cows (Kensinger et al., 1979 ; Davis et al.,
1981 ; Johke et al., 1981) and goats (De Montigny et al., 1978 ; Hart and
Simmonds, 1982) as well as in pregnant ewes (Bocquier et al., 1986).
Mammary metabolism. &horbar; Few significant differences between groups or
between lactation stages were noted, as regards DNA level, RNA/DNA ratio,
lipogenic enzyme activities and (3-CAS percentage (table 21. The same was true of
enzyme activities as related to DNA. The wide variability in the results between
animals and between lactation stages could reflect some heterogeneity in the
tissue taken by biopsy.

Metabolic activities measured in vitro by other authors (Shirley, 1973 ;
Marinez et al., 1976 ; Chilliard et al., 1978 ; Reddy and Ray, 1982 ; Sarma and
Ray, 1984), studying cow and goat mammary tissue during normal lactation,
reached a maximum during the first month of lactation. However in other
reported cases, these activities (or the RNA/DNA ratio) were steady or else
augmented up to the 5 th or 6 th month of lactation (Currie, 1972 ; Shirley, 1973 ;
Knight and Peaker, 1984). A decrease in mammary DNA level between weeks 3
and 23 was also reported in the goat (Knight and Peaker, 1984).
The absence of a relationship between mammary enzyme activities and
secretion of the different milk components suggests that the measured enzyme
potential did not necessarily reflect the intensity of the metabolic pathways as
they operate in vivo. For example, there was no relationship between ACX and
G6PDH activities and the levels of capric and lauric acids in the milk fat (table 2),
although these acids are synthesized by a metabolic pathway involving both
enzymes. As regards the intensity of the metabolic pathways, it should be noted
that ACX activity could be inhibited in vivo by long-chain (C16-C18) fatty acids
(Numa, 1981) (table 2).
Moreover, the metabolic potential per gram of tissue or in proportion to
mammary DNA was comparable in hormonally-induced goats and normal
animals. It is thus probable that the lower milk yield of the former resulted from a

lower secretory cell hyperplasia, while induced lactation was being established,
since no nutrient defiency was noted in these goats (see above). Collier et al.
(1976) reported differences in the in vitro metabolic activities of the mammary
tissue of 4 hormonally-induced cows for 2 weeks before and one week after
milking was begun. These activities reflected differences in milk yield. It should be
noted that measurements were carried out earlier than in the present study after
the onset of the induction treatment had begun.
Fleming (1977) reported that when lactation was hormonally-induced in
cows, a progressive differentiation of mammary cells could occur up to 30 to 110
days after hormone injections. Such a « delayed effect» could explain the better
milk yield persistency in hormonally-induced goats (fig. 1), as well as the trend
toward higher metabolic activities in mammary tissue at the 18 th week of
lactation (table 2).
The composition of secreted milk was analogous in both groups (fig. 1).
However the milk fat of normal goats contained higher levels of oleic and stearic
acids, and fewer medium-chain fatty acids (C10 to C16) during the first weeks of
lactation. The more intense mobilization of body lipids in these animals as
opposed to hormonally-induced goats can account for these differences (see
Chilliard, 1985 and table 2). This might partly explain the higher milk fat content
(P < 0.10) observed in normal goats the first week. The drop (non-significant) in
milk protein content in normal goats (fig. 1) might be partly due to the « dilution »
effect of the fluid part of the milk and partly to the energy deficiency of these
animals (Remond, 1985).

Milk LPL activity. &horbar; Milk LPL activity in normal goats at the onset of
lactation was very low. It then increased up to the 9 th week of lactation (fig. 2)
in agreement with Bjorke and Castberg (1976) and Chilliard et aL (19811.).

The LPL activity in the milk of hormonally-induced goats was significantly
lower at the peak of lactation than in normal goat milk (weeks 6 to 12). No
significant differences were noted between the 2 groups from the 15 th week of
lactation onwards. This lack of difference was confirmed in 42 Saanen breed
goats (18 normal and 24 induced) in full lactation (Y. Chilliard and C. Delouis,

unpublished data).
Neither the evolution of milk LPL activity nor the differences between groups
related to mammary tissue LPL activity. The secretory mechanisms of this
enzyme in milk are not known. The LPL is probably synthesized in the secretory
cells and then migrates to the capillary endothelium, which is its normal site of
action. However, a portion of the enzyme also escapes into the milk (Olivecrona
et al., 1975 ; Chilliard et al., 1979). The low levels of secretion at the onset of
lactation, particularly in hormonally-induced goats, could reflect a sparing
mechanism of the enzyme which is primarily directed towards the mammary
hydrolysis of circulating lipids. A comparable process is observed when the
animals are given a high-lipid diet (Chilliard et al., 19811.).

were

Conclusion.
The composition of the milk of goats that have been hormonally induced to
lactate is similar to that of normal goats. Potential mammary enzyme activities are
also comparable. The lower milk yield of hormonally-induced goats may be partly
due to a lower hyperplasia in the mammary secretory cells during hormonal
treatment, especially if the treatment is given during a short-day season. The
qualitative differences observed are mainly a slower rise in the milk lipoprotein
lipase content and, due to less body lipid mobilization, a lower proportion of longchain fatty acids in the milk fat secreted at the onset of induced lactation.
11e Reunion du groupe Developpement I.N.R.A.,
Montpellier, 22-24 mai 1985.
Résumé.

Métabolisme mammaire de la chèvre pendant la lactation normale

ou

induite

par des hormones.

Le métabolisme mammaire a été étudié chez 4 chèvres pendant une lactation normale
(lot N) et 4 chèvres non gravides pendant une lactation induite par traitement hormonal
(Lot I). Le tissu était prélevé par biopsie en 3e, 9e et 18
e semaine de lactation. Bien que les
deux lots aient le même potentiel laitier, les chèvres du lot I ont produit 45 % de lait de
moins que celles du lot N.
Le rapport ARN/ADN, les activités de la lipoprotéine-lipase (LPL1, de la glucose-6phosphate déshydrogénase et de l’acétyl-CoA carboxylase, et le pourcentage de caséine0
dans les protéines synthétisées in vitro n’étaient pas plus faibles dans le tissu mammaire
des chèvres du lot I que dans celui des chèvres du lot N. Ceci suggère que ce sont des différences dans l’hyperplasie des cellules mammaires pendant le traitement hormonal, et non
les activités métaboliques potentielles, qui expliquent en partie les différences de production laitière.
La composition du lait était comparable dans les deux lots. Toutefois, la matière grasse
du lait du lot N était plus riche en acides gras à longue chaîne (acides stéarique et oléique)
pendant le premier mois de lactation, en raison de la plus forte mobilisation des lipides corporels chez les animaux forts producteurs. Une autre différence qualitative réside dans
l’augmentation plus lente de la sécrétion de LPL dans le lait, observé chez les chèvres induites pendant les 3 premiers mois de lactation.
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