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Abstract – Carotenoids are involved in the sensorial and nutritional values of dairy products. In
grazing systems, both herbage maturity stage and grazing management may aﬀect the amount of
carotenoid ingested, thus these factors may aﬀect carotenoid concentrations in milk. Two homogenous plots of mountain grassland (1.4 and 2.0 ha) were grazed during two cycles of growth by 6
dairy cows in mid lactation, in strip (SG) and rotational grazing (RG), respectively. We monitored
the changes in carotenoid concentrations in sward and milk, measured by HPLC twice a week.
Seven carotenoids were identified in the sward: violaxanthin, antheraxanthin, epilutein, lutein, zeaxanthin, ß-carotene and 13-cis ß-carotene. Forage quality decreased throughout the course of the first
growth stage, but carotenoid concentration in sward did not significantly change. In early regrowth,
forage quality was high and the concentration of ß-carotene and xanthophylls also tended to be
higher. Carotenoid concentrations in sward were not aﬀected by grazing management, averaging
350 µg per g DM. The carotenoids identified in milk were β-carotene (75%) and lutein (25%). A
significant decrease in ß-carotene concentration in milk was observed throughout the course of the
first growth stage, from 5.37 to 3.87 µg per g fat, whereas it increased to 4.91 µg per g fat in early
regrowth. β-carotene concentration in milk was not aﬀected by grazing management, averaging
4.72 and 5.03 µg per g fat for RG and SG, respectively. However, lutein concentration was slightly
lower for RG than for SG, averaging 1.39 and 1.74 µg per g fat, respectively. It is concluded that
carotenoids in milk were only slightly aﬀected by herbage maturity stage, and to a lesser extent by
grazing management.
carotenoids / cow’s milk / mountain grassland / maturity stage / grazing management
Résumé – Eﬀets du stade de l’herbe et du mode de pâturage d’une prairie de montagne sur
la teneur en caroténoïdes de l’herbe et du lait de vache. Les caroténoïdes sont impliqués dans
les caractéristiques sensorielles et nutritionnelles des produits laitiers. Au pâturage, les teneurs en
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caroténoïdes du lait pourraient dépendre du stade de l’herbe et du mode de pâturage, qui conditionnent la quantité et la qualité de l’ingéré. Pour valider cette hypothèse, deux prairies naturelles
de montagne homogènes, de 1,4 et 2,0 ha, ont été exploitées par 6 vaches en milieu de lactation,
en pâturage tournant rapide (SG) et lent (RG), respectivement, pendant deux cycles de végétation.
Nous avons suivi l’évolution des teneurs en caroténoides de l’herbe et du lait, déterminées par HPLC
sur deux prélèvements par semaines. Dans l’herbe, sept caroténoïdes ont été identifiés : violaxanthine, anthéraxanthine, épilutéine, lutéine, zéaxanthine, ß-carotène et 13-cis ß-carotène. Au cours
du premier cycle de végétation, la valeur nutritive de l’herbe a fortement diminué, mais sa teneur en
caroténoïdes n’a pas été significativement modifiée. Les teneurs en ß-carotène et xanthophylles et la
valeur nutritive de l’herbe étaient les plus élevées au début du deuxième cycle. La concentration en
caroténoïdes de l’herbe n’a pas été aﬀectée par le mode de pâturage, et était en moyenne de 350 µg
par g MS. Dans le lait, les caroténoïdes identifiés ont été le ß-carotène (75 %) et la lutéine (25 %).
La concentration en ß-carotène dans le lait a diminué significativement de 5,37 à 3,87 µg par g MG
pendant le premier cycle de végétation, et était la plus élevée au début du deuxième cycle (4,91 µg
par g MG). La concentration en ß-carotène dans le lait n’a pas été aﬀectée par le mode de pâturage,
en moyenne 4,72 et 5,03 µg par g MG pour RG et SG, respectivement. Cependant, la concentration
en lutéine était légèrement plus faible avec RG (1,39 µg par g MG) qu’avec SG (1,74 µg par g MG).
En conclusion, la concentration en caroténoïdes dans le lait a été légèrement aﬀectée par le stade de
l’herbe, et dans une moindre mesure par le mode de pâturage.
caroténoïdes / lait de vache / prairie de montagne / stade de l’herbe / mode de pâturage

1. INTRODUCTION
Carotenoids are natural pigment precursors of the yellow to red colour range
in vegetal and animal tissues. They are
synthesised by superior algae and plants,
where they have specific functions related to photosynthesis. These compounds
are characterised by a linear polyisoprene
structure with conjugated double bonds,
either not derived (lycopene, C40 H56 ), or
derived by cyclisation of the two extremities, with (xanthophylls) or without (carotenes) oxidation. Except in diets
supplemented with synthetic ß-carotene,
forages represent the main source of
carotenoids for ruminants, where they develop several functions including provitamin A function, antioxidant function,
cell communication, enhancement of immune function, and UV skin and macula protection [25]. Nearly 10 carotenoids
have been identified in forages: lutein, epilutein, antheraxanthin, zeaxanthin, neoxanthin and violaxanthin for xanthophylls,
all-trans ß-carotene, 13-cis ß-carotene and
α-carotene for carotenes [3, 5, 13, 21]. Although xanthophylls, mainly lutein, ac-

count for the main carotenoid in forages, ß-carotene is the main carotenoid
deposited in bovine tissues [27] and
milk [11, 15]. Many studies on ß-carotene
in bovines have been conducted to improve fertility [2] or reduce reproductive disorders [18] and mammary infections [6, 7]. Furthermore, since the amount
of ß-carotene deposited in adipose tissue
and/or secreted in milk fat varies widely
according to the carotenoid content in the
feed, it plays a role in the sensorial and
nutritional value of the final carcass and
dairy products [22]. Carotenoids are found
in higher concentrations in milk produced
through grass-based diets, especially pasture [11,15]. These characteristics are considered as positive or negative depending
on the specific target market of the products [26]. Recently, there has been increasing consumer interest in a “clean and green
image” of animal production, particularly
grazing production systems. The value of
dairy products can therefore be enhanced
by the implementation of traceability systems. Along with other micronutrients
(some fatty acids, fat-soluble vitamins,
terpenes, flavonoids...), carotenoids have
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been recognised as potential feeding management biomarkers in dairy cows [16], but
studies have mainly compared highly contrasting feeding situations [11, 15, 20]. In
grazing systems, a change in carotenoids
in milk in the course of time may depend on the change in both the amount
of carotenoid intake and milk yield. The
carotenoid concentration in sward may
decrease as the plant maturity stage increases [17, 20]. It has also been well established that in grazing systems, herbage
maturity stage and grazing management
influence the botanical composition, nutritive value and ingestibility of herbage,
and subsequently the feeding choices of
animals [8, 10]. It was thus expected
that maturity stage aﬀects the amount of
carotenoid ingested, particularly with low
stocking rate situations of grazing management. However, since these factors may
also aﬀect milk yield, their impact on
carotenoid concentrations in milk is unknown.
The aim of the present work was to
study the influence of both herbage maturity stage and grazing management on
carotenoid concentrations in sward and
milk from dairy cows in mid-lactation.

2. MATERIALS AND METHODS
2.1. Pastures, animals, and grazing
management
This experiment was conducted in a
natural mountain grassland in the French
Massif Central (1100 m a.s.l.), from the
31st of May to the 1st of July 2003 (first
growth), then from the 1st to the 6th of October 2003 (regrowth). The grassland was
divided into two similar plots of 1.4 and
2.0 ha, each grazed by a group of six dairy
cows in two ways: strip grazing (SG plot)
or rotational grazing (RG plot) for compared two situations of availability and selectivity of forage. Under SG, fences were
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moved every two days, allowing a limited
surface per animal of 75 m2 per cow per
day. Under RG, during the first growth,
3 subplots of 0.67 ha each were defined and
grazed over 3 successive periods: the cows
were moved on the 13th and 24th of June,
allowing surfaces of 93, 102 and 140 m2
per cow per day for the 3 periods, respectively. For the fourth experimental period
(regrowth), the experiment was suspended
after 6 days due to adverse climatic conditions, resulting in surfaces of 150 and
186 m2 per cow per day for SG and RG
respectively.
Two homogeneous groups of multiparous dairy cows were formed according
to breed (5 Tarentaise and 1 Montbeliarde
per group), days in milk (96 days) and milk
yield (22.6 kg per day) at the beginning of
the experiment. Each group was allocated
to either the SG or RG grazing management system.
A concentrate mixture (0.95 UFL, 110 g
PDIN and 122 g PDIE per kg [12]; Galaxel
production, UCL Centraliment, Aurillac,
France) was fed individually after the
morning milking. During the first 3 experimental periods (first growth), the amount
of concentrate remained constant and was
determined according to milk yield at the
beginning of the experiment: 5.5 kg per
day for cows producing more than 20 kg
milk per day, 2.8 kg for cows producing
15 to 20 kg milk per day, and no concentrate for cows producing less than 15 kg
milk per day. Between periods 3 and 4,
the two groups of dairy cows grazed together, and the concentrate was given individually and adjusted weekly according
to the cows’ individual production. In addition to the concentrate, each animal received 180 g per d of a mineral supplement
including 6 × 105 , 12 × 104 and 1300 UI
per kg of vitamins A, D3 and E, respectively. During the fourth period (regrowth),
the animals were fed only grazed sward.
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2.2. Milk and sward sampling
Individual milk production was
recorded twice daily, and milk fat was
determined weekly on four consecutive
milkings. Individual milk samples were
collected on June 6, 10, 13 (i.e. days 6, 10
and 13 in period 1), June 17, 20 and 24 (i.e.
days 3, 6 and 10 in period 2), June 27 and
30 (i.e. days 3 and 6 period 3), October
3 and 6 (i.e. days 3 and 6 period 4).
Individual pooled samples of 50 mL (60%
morning and 40% evening milk) were
constituted, and then stored away from
light at –20 ◦ C until determination of
carotenoid concentrations.
Herbage samples were collected on the
same days as milk. In each plot, five lines
(200 cm × 10 cm) were randomly collected by cutting at 2 cm above ground.
One line was used to determine the botanical components, and three lines were dried
at 103 ◦ C for biomass determination, as
described previously [24]. The remaining
was stored in vacuum bags away from light
at –20 ◦ C until determination of chemical
composition, net energy for lactation, nitrogen and fill values (UFL, PDI and UEL,
respectively [12]), according to Andrieu
et al. [1], and carotenoid concentrations.
2.3. Determination of carotenoid
concentrations
Carotenoid concentrations in sward and
milk were determined by HPLC using the
technique described by Lyan et al. [14] and
modified according to Cardinault et al. [4]
for forages and Nozière et al. [20] for
milk. All extractions were performed at
room temperature under yellow light, with
echinenone as the internal standard. The
HPLC apparatus consisted in a Waters Alliance 2996 HPLC with photodiode array detector monitoring between 280 and
600 nm. Millenium 32 software (version
3.05.01) from Waters SA (Saint-Quentinen-Yvelines, France) was used for instru-

ment control, data acquisition and data
processing). Carotenoids were separated
as described by Lyan et al. [14] using
a 150 × 4.6 mm, RP C18, 3 mm Nucleosil column, coupled with a 250 ×
4.6 mm RP C18, 5 mm Vydac TPS4
column (Interchim, Mountluçon, France).
The flow rate was 2 mL per min and
the mobile phase consisted of acetonitrile (70%), methanol-acetate ammonium
50 mM (15%), dichloromethane (10%) and
water (5%). Carotenoids were detected at
450 nm and identified by comparison of
their retention time and spectral analysis
with those of pure standard (>95%). Concentrations of carotenoids were calculated
by using an external standard curve and
then were adjusted by percent recovery of
the added internal standard.
2.4. Statistical analysis
Data were statistically analysed using
the MIXED procedure of SAS [23]. Data
on milk yield were analysed as repeated
measurements with grazing management
as the fixed eﬀect. Sward and other milk
data were analysed with grazing management, period, and day nested in period,
with the grazing management × period interaction as the fixed eﬀect. For all milk
data, a covariate term using the data obtained from each cow on day 1 of the
experiment was included in the model,
and animal was included as a random effect. The within-period relationships between total carotenoids and chemical composition of sward were determined with a
covariance model using the Minitab software [19].
3. RESULTS
3.1. Sward
The average herbage biomass available,
the botanical composition and maturity
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SG

RG
SG

RG
SG

RG
SG

RG
SG

RG
SG

Epilutein1

Lutein

Zeaxanthin

ß-carotene

Cis-ß-carotene

Total xanthophylls

420
218

13.7
11.9

52.0
29.1

60.3
27.3

262
126

46.2
22.8

14.8
0.0

36.6
42.0

305
406

10.0
19.0

33.5
49.9

17.1
67.4

179
217

34.1
38.1

16.9
9.0

57.4
74.8

328
290

16.5
14.8

47.3
32.2

49.8
47.2

193
151

36.0
29.3

12.9
6.4

36.4
56.2

RG 65.6
43.4
63.8
SG 41.0
68.9
47.0
G = grazing management (rotational grazing vs. strip grazing).
P = period (1 vs. 2 vs. 3 vs. 4).
D = day nested in period.
GP = grazing management × period interaction.
** P < 0.01; * P < 0.05; † P < 0.10; NS P > 0.10.
1
Xanthophyll identified and quantified as epilutein.
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Antheraxanthin

Total ß-carotene
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SG

Violaxanthin

Date June 6 June 10 June 13
Period
1
Day in period
6
10
13

22.6
24.8

195
201

4.7
6.1

18.0
18.6

7.6
29.8
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115

23.4
20.7

8.2
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35.5

42.2
55.3
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9.4
18.2
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11.6
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30.3
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58.6
52.5
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22.4
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June 17 June 20 June 24
2
3
6
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22.5
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36.5
30.5
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211

37.2
28.3

18.2
8.2

59.7
48.4

42.1
47.0
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203

9.6
13.3

32.5
33.8

19.5
35.1
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113

25.2
15.6

12.9
5.5

44.2
33.5

June 27 June 30
3
3
6
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37.6

60.4
91.4

47.1
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335

50.5
40.1

13.5
8.6

49.6
99.8

23.7
72.9
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328

2.7
21.2

21.0
51.8

0.0
46.7

96
196

18.0
30.6

0.0
5.0

79.0
50.3

Oct. 3 Oct. 6
4
3
6

Table I. Change in carotenoids in grassland (µg per g DM) according to herbage maturity stage and grazing management.
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stage of the herbage have been reported
previously [24]. Briefly, herbage biomass
averaged 2.3, 1.9, 1.8 and 0.8 T DM
per ha for the 4 experimental periods, respectively, corresponding to 17.3 vs. 21.4,
14.3 vs. 19.4, 13.5 vs. 25.2 and 12.0 vs.
14.9 kg DM per cow per day for SG vs.
RG, respectively. The grassland consisted
in 14 poaceae and 32 dicotyledon species.
The proportions of dicotyledons in DM
weight of the pasture samples increased
from 17% (period 1) to 31% (period 3)
and was 22% for period 4. The maturity
stage was noted once a week for 3 key
plants. Between 1st June and 1st July, it
changed from boot to ripening stage for
Dactylis glomerata, from complete flowering to seed formation stage and leafy regrowth for Meum Athamanticum, and from
leafy to 75% flower stage for Achillea
millefollium.
In sward, seven carotenoids were identified (Tab. I): violaxanthin, antheraxanthin,
lutein, zeaxanthin, all-trans ß-carotene, 13cis ß-carotene, and a xanthophyll identified
and quantified as epilutein, averaging 14%,
3%, 49%, 10%, 11%, 4% and 9% of total
carotenoids. Concentrations of carotenoids
in sward did not vary significantly over
the first 3 periods, which corresponded to
the first cycle of growth (Fig. 1). Concentrations of ß-carotene tended to be higher
at the beginning of the 4th period (regrowth), and the same trend was observed
for xanthophylls, although failing to reach
statistical significance. Concentrations of
most carotenoids decreased strongly during this 4th period. Concentrations of most
carotenoids were not aﬀected by grazing
management, averaging 351 and 348 µg
total carotenoids per g DM for RG and
SG, respectively. However, antheraxanthin
was slightly higher and zeaxanthin slightly
lower in RG than in SG. In addition, alltrans and 13-cis ß-carotene concentrations
were lower in RG than in SG, but diﬀerences mainly occurred during the 4th period (regrowth).

Forage quality decreased over the first
3 periods, which corresponded to first
growth (Fig. 1). Between 6th and 30th
June, crude protein (CP), organic matter digestibility (OMD), net energy and nitrogen
values decreased from 139 to 104 g per kg
DM (P = 0.044), 71 to 63% (P = 0.027),
0.90 to 0.76 UFL per kg DM (P = 0.023)
and 87 to 66 g PDI per kg DM (P = 0.012),
respectively, whereas fill value increased
from 1.05 to 1.14 UEL per kg DM (P =
0.028), and crude fibre (CF) content did not
significantly vary (297 to 294 g per kg DM,
P = 0.90). Forage quality was the highest (P < 0.01) during the 4th period, corresponding to regrowth, where CF and CP
content and OMD, net energy, nitrogen and
fill values averaged 250 g per kg DM, 171 g
per kg DM, 75%, 0.97 UFL per kg DM,
96 g PDI per kg DM and 0.99 UEL per kg
DM, respectively. The eﬀect of day nested
in period was not statistically significant on
any of the variables tested, although forage quality tended to decrease during the
4th period. There were no significant differences in chemical composition or nutritive value of plots between grazing managements.
Significant correlations (P < 0.001)
were observed between total carotenoids
and CF, CP, and OMD (Fig. 2). Within experimental periods, the slopes of the relationships between total carotenoids and
CF, CP or OMD, were similar for both SG
and RG (P = 0.36, P = 0.15, P = 0.23,
respectively).

3.2. Milk
All-trans β-carotene (75%) and lutein
(25%) were the only carotenoids identified
in milk (Fig. 3). In milk, there was a significant decrease (P < 0.0001) in both ßcarotene yield (from 4.17 to 2.38 mg per
d) and concentrations (0.191 to 0.154 µg
per mL, i.e. 5.38 to 4.25 µg per g fat) during the first three periods. In the 4th period,
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Figure 1. Change in total carotenoids, net energy, nitrogen and fill values of grassland according to
herbage maturity stage and grazing management ( strip grazing;  rotational grazing).

the concentration of ß-carotene in milk increased to 0.208 µg per mL (P < 0.0001),
i.e. 4.93 µg per g fat (P < 0.005). Between
periods 3 and 4, yield of ß-carotene decreased under SG (P = 0.018) but did not
significantly diﬀer under RG (P = 0.76). In
contrast with ß-carotene, there was a slight
increase in lutein in milk during the first
three periods (P < 0.0001), from 0.052 to
0.066 µg per mL, i.e. 1.46 to 1.78 µg per
g fat, but lutein yield was not significantly
aﬀected (P = 0.99), averaging 0.98 mg
per d. Both yield (P < 0.0001) and concentrations of lutein (P < 0.001) significantly decreased between periods 3 and
4 under SG, but remained unaﬀected under RG (P = 0.09 and P = 0.33, respectively). There was no significant grazing management eﬀect on concentrations
of β-carotene in milk or ß-carotene yield
(P = 0.48). Concentrations averaged 0.178
and 0.185 µg per mL (P = 0.76), i.e. 4.72
and 5.03 µg per g fat (P = 0.57) for RG

and SG, respectively. However, concentrations of lutein in milk and lutein yield were
slightly lower under RG compared to SG,
i.e. 0.78 vs. 1.03 mg per d (P = 0.03) and
0.052 vs. 0.065 µg per mL (P < 0.001), i.e.
1.39 vs. 1.74 µg per g fat (P < 0.0001), respectively. This diﬀerence occurred mainly
during periods 2 and 3.
Milk yield (data not shown) decreased
drastically during the experiment (P <
0.0001) from 22.4 to 9.3 kg per day on average between the beginning (96 days in
milk) and the end (220 days in milk) of
the experiment. This decrease was particularly pronounced during the 4th period,
and was similar between the SG and RG
groups (P = 0.93). Milk yield averaged
22.4 and 22.0 (period 1), 19.8 and 19.0 (period 2), 18.0 and 17.1 (period 3), 12.8 and
12.1 (period 4) kg per day for RG and SG,
respectively. Milk fat (data not shown) did
not significantly vary during the first three
periods (P = 0.319), averaging 36 g per kg,
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but increased significantly (P < 0.0001) to
an average 42 g per kg in the 4th period.
Milk yield and milk fat content were not
aﬀected by the grazing management system, averaging 16.8 and 16.9 kg per day
and 37.3 and 37.5 g per kg for RG and SG,
respectively.
4. DISCUSSION
4.1. Milk yield and forage quality

Figure 2. Within-period relationship between
total carotenoids (TC, µg per g DM) and crude
fibre (CF, % DM), crude protein (CP, % DM),
or organic matter digestibility (OMD, %) of
grassland, according to grazing management
( strip grazing;  rotational grazing). TC =
1766 (±249)*** – 48.9 (±8.7)*** CF, N =
20, Nper = 8, RMSE = 68, R2 = 0.83. TC =
−455 (±126)*** + 61.4 (±9.3)*** CP, N =
20, Nper = 8, RMSE = 60, R2 = 0.87. TC =
−1828 (±345)*** + 31.9 (±5.0)*** OMD, N =
20, Nper = 8, RMSE = 61, R2 = 0.86. ***
P < 0.001, N = number of data, Nper = number
of period × grazing management, RMSE = root
of mean square error.

The decrease in milk yield during the
first three experimental periods, i.e. –26%
in one month, was remarkably high compared to what is commonly observed during this lactation period for multiparous
animals with similar potential [9]. It is certainly related to the decrease in nutrient
intake from forage, whereas we chose to
provide a constant amount of concentrate
throughout the first growth period. Both
the strong decrease in nutritive value and
the increase in fill value are likely to be
responsible for a marked decrease in intake. The change in sward quality in this
experiment was almost certainly related
to particular climatic conditions during
the summer of 2003. During this period,
temperatures were high and precipitations
were low compared to average values for
the previous 35 years (19.1 vs. 12.0 ◦ C,
43 vs. 96 mm). These conditions hindered
herbage growth, which in turn aﬀected forage quality and led to a significant increase in DM compared to what is commonly observed in this area under normal
climate conditions and in conditions where
herbage availability is not limiting [12].
Furthermore, there were significant variations in the maturity stage of key plants
during the first 3 periods, from vegetative
to mature stage for Dactylis glomerata,
flowering to reproductive stage and leafy
regrowth for Meum athamanticum, and
leafy to 75% flowers for Achillea millefollium from June 3rd to 1st July, as previously reported by Tornambé et al. [24]. The
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Figure 3. Change in lutein and ß-carotene in milk fat according to herbage maturity stage and
grazing management ( strip grazing;  rotational grazing); values are means for 6 cows ± SEM).

decrease in milk yield was less marked between experimental periods 3 and 4 (−22%
in 2 months), due to more usual feeding
management (higher amounts of concentrate) and higher nutritive value and digestibility of forage at the beginning of
the 4th period, which corresponded to regrowth. The drastic decrease in milk yield
during this 4th period was due to snow that
began to fall, thus rapidly aﬀecting ingestion. The experiment was thus stopped 6
days after the beginning of the 4th period.
No grazing management eﬀect was observed on chemical composition or nutritive value of the plots, nor on milk production. This suggests that intake of digestible
nutrients was similar in both groups, although average stocking rate was lower for
SG than for RG, i.e. 75 vs. 113 m2 per
cow per day during the first 3 periods (1st
growth) and 150 vs. 186 m2 per cow per
day during the 4th period (regrowth), respectively. However, this result does not
preclude a potential eﬀect of grazing management on the nature of the plant items
the animals chose to ingest.
4.2. Carotenoids in sward and milk
Total carotenoid concentrations in the
pasture averaged 350 µg per g DM for
the 1st growth period and 447 µg per g
DM for the regrowth period. This increase
was consistent with the increase in nutri-

tive value. Also, within each experimental
period, it should be underlined that evolutions in carotenoid concentrations paralleled evolutions in the nutritive value of
sward, irrespectively of grazing management, as illustrated by Figure 2. Carotenoid
concentrations, averaging 350 µg per g
DM, were 46% lower than those reported
by Prache et al. [21] for pasture in less
drastic climatic conditions, i.e. June 2002
at 800 m a.s.l. (averaging 650 µg per
g DM). Data on the diversity of xanthophylls and carotene in forages remain
scarce [4, 5, 21]. In the present study, we
detected 5 diﬀerent xanthophylls and both
13-cis and all-trans isomers of ß-carotene.
Epilutein corresponded to a xanthophyll
identified and quantified according to retention time and HPLC spectrum of an
epilutein standard, as previously reported
in forage [3–5], digesta and plasma from
sheep [3, 4]. However, further analyses
are required to characterise this molecule
more accurately. The change in carotenoid
concentrations from the beginning to the
end of the experiment remained comparable among molecules. This evolution
was moderate throughout the first 3 periods, although both the vegetative stage
of herbage (as described above) and the
botanical compositions of the available
herbage varied significantly: a proportion
of dicotyledons increased from 17% to
31% of DM weight [24].
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The main carotenoids recovered in
milk were all-trans-ß-carotene followed by
lutein, which was consistent with what
is generally reported. Zeaxanthin, which
was present at a non-negligible level in
pasture, was not recovered in milk, although its ability to be secreted in milk
has been demonstrated [11]. Preliminary
results indicate instability of violaxanthin
and antheraxanthin in the rumen [3], which
may be related to microbial degradation or
conversion into zeaxanthin [25]. In contrast, intestinal absorption has been reported in sheep for epilutein and 13-cis
ß-carotene [4]. The presence of epilutein
has previously been reported in plasma
from sheep [4] but not in cows, whereas
13-cis ß-carotene has been evidenced in
plasma from dairy cows [20] but not in
sheep. It is important to note that the proportion of ß-carotenes in total carotenoids
in milk was lower in the present study
(75%) than in previously reported trials
(85%) [11, 15, 17]. This may be related to
the low proportion of ß-carotene in total
carotenoids in sward in the present study
(averaging 15%), compared to other determinations on pasture (34–37% [21]) or
grass silage (22–23%, [5]). In the present
study, concentrations of ß-carotene and
lutein in milk were comparable to those
previously reported with similar breeds
grazing in the same geographical area [15].
The moderate decrease in ß-carotene
concentrations in milk over the 3 first periods (21% on average) was consistent with
the results reported by Martin et al. [15]. It
may be attributed to the balance between a
high decrease in intake of ß-carotene and
the high decrease in milk yield inducing
a concentration eﬀect. As discussed above,
DM intake may have drastically decreased
during the three first growth periods, inducing a large decrease in ß-carotene intake, whereas ß-carotene concentrations in
sward were only slightly aﬀected. At a
constant ß-carotene intake, a decrease in
milk yield has been shown to increase milk

concentrations of ß-carotene [20]. Also,
variations in ß-carotene digestibility with
herbage maturity cannot be excluded, but
have not been demonstrated to date. Between periods 3 and 4, the increase in milk
concentrations of ß-carotene was consistent with the increased forage digestibility and concentrations of ß-carotene, together with the low decrease in milk yield.
In contrast to ß-carotene, milk concentrations of lutein increased through the 3 first
growth periods, and only slightly varied
between periods 3 and 4. It is likely that
compared to ß-carotene, plasma concentrations of lutein are less sensitive to intake [20], [Martin et al., unpublished results], meaning that lutein concentrations
in milk were strongly inversely related to
milk yield. This is consistent with the fact
that lutein yield did not significantly vary
during the first 3 periods. It may be thought
that ß-carotene in milk could be more sensitive to evolutions in herbage maturity
stage with a feeding management strategy allowing a better maintenance of milk
yield. In contrast, the increase in milk terpenes with herbage development observed
in the present study [24] may be less important with more steady milk yield. Indeed, the high increase in terpene concentration in herbage during the first 3 periods,
which was due to the increase in dicotyledon proportion (17 to 31%) and maturity
stage (development of flowers and fruits of
the plants), induced a high increase in terpene concentrations in milk that was exacerbated by the decrease in milk yield. This
highlights the complementarity of terpenes
and carotenoids as tools for tracing grazing
management.
Lastly, no eﬀect of day nested in period
on milk carotenoid concentrations was observed. This may be related to the short
period lengths. Almost 10 days are necessary before significant diﬀerences can be
shown in milk ß-carotene concentrations
following changes in ß-carotene intake in
mid-lactation [20].

Carotenoids in sward and cow’s milk

The ß-carotene concentrations in pasture were 22% higher under SG than in
RG, but no significant eﬀect of grazing
management system was observed on ßcarotene in milk. In contrast, although
lutein concentrations were similar for both
SG and RG in pasture, they were 25%
higher in milk under SG than under RG.
This may be related to between-group differences in feeding choices of animals at
pasture, as supported by previously reported results on terpenes [24]. Also, it
cannot be ruled out that the diﬀerences
in ß-carotene concentrations in pasture between SG and RG, which were only slight,
were not strong enough to induce shortterm diﬀerences in milk.
5. CONCLUSIONS
This study revealed a wide range of
carotenoids in diversified mountain grassland. Although carotenoid concentrations
paralleled changes in the nutritive value
of grass related to maturity stage, we
could only demonstrate slight changes in
carotenoid concentrations during the first
cycle of vegetation. This study was conducted under severe dryness conditions in
this area, and thus the eﬀects of phenological stage under more usual climatic conditions remain unclear. Carotenoid concentrations in milk varied only slightly, but
could be more responsive to grass maturity
stage in more intensive feeding systems.
In contrast, there were no diﬀerences in
carotenoid content in milk between the two
grazing managements investigated in the
present study. These observations should
be confirmed in more usual climatic conditions.
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