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Abstract — The aim of this correlational study was to: (1) characterize the composition of cow’s
milk farmhouse cheeses in terms of average contents and variability in fatty acids, retinol, o-toco-
pherol, folate, B-carotene, xanthophylls, calcium, phosphorus, magnesium, potassium, zinc, sodium
chloride and total antioxidant capacity (TAC) and (2) identify herd characteristics and feeding prac-
tices associated with differences in cheese composition. Three hundred and six farmhouse pressed
cheeses, produced under real herd management conditions throughout the year, were collected. The
conditions of milk production were identified beforehand by means of surveys. The farmhouse
cheese was characterized by a high variability in composition. The nature of the basic fodder ration
(pasture vs. preserved forages, in particular) explained a great part of the variability in the fat-solu-
ble components in the cheese. The cheese fat was richer in C4:0, C18:0, cis-9 C18:1, trans-11
C18:1, cis-9, trans-11 C18:2 (CLA), B-carotene, xanthophylls, retinol, o-tocopherol and TAC and
poorer in C10:0, C14:0 and C16:0 with the pasture-based rations compared with the preserved-
forage-based rations. In the grazing period, it was the poorest in C6:0 to C14:0, B-carotene and reti-
nol and the richest in cis-9 C18:1, C18:2 n-6 and C18:3 n-3 with the alpine pasture. It was higher in
trans-11 C18:1, CLA, B-carotene and xanthophylls and lower in C16:0 with a first-use pasture com-
pared with a pasture of higher use rank. A higher percentage of concentrate was associated with
higher levels of C14:0 and C16:0 and lower levels of trans-11 C18:1, CLA, C18:2 n-6, C18:3 n-3,
xanthophylls and retinol. In the indoor feeding period, the cheese fat was the poorest in trans-11
C18:1,CLA, C18:3 n-3 and B-carotene with the maize-based rations, while the vitamin A and E sup-
plementation was associated with higher retinol and o-tocopherol contents, respectively. Herd cha-
racteristics did not markedly affect the cheese composition, except the breed. In particular, Abon-
dance and Montbéliarde breeds were associated with higher CLA percentage in the cheese than the
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Holstein breed, while the carotenoid content in the cheese was the highest with the Montbéliarde
breed and the lowest with the Abondance breed.

cheese / cow’s milk / nutritional composition / feeding practices / herd characteristics
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Résumé — Relations entre les conditions de production du lait de vache et les teneurs en com-
posés d’intérét nutritionnel dans le fromage fermier au lait cru. L’objectif de cette étude corré-
lationnelle était de : (1) caractériser la composition de fromages fermiers au lait de vache en termes
de teneurs moyennes et de variabilité en acides gras, rétinol, o-tocophérol, folate, B-caroténe, xan-
thophylles, calcium, phosphore, magnésium, potassium, zinc, chlorure de sodium et potentiel
antioxydant total (TAC), et (2) identifier les caractéristiques du troupeau et les pratiques alimen-
taires associées a des différences de composition du fromage. Trois cent six fromages fermiers a
pate pressée, produits en conditions réelles tout au long de I’année, ont été prélevés. Les conditions
de production du lait ont été préalablement identifiées au moyen d’enquétes. Le fromage fermier se
caractérise par une grande variabilité de composition. La nature de la ration fourragere (paturage vs.
fourrages conservés, en particulier) explique une grande partie de la variabilité en composés lipo-
solubles du fromage. La matiere grasse du fromage est plus riche en C4:0, C18:0, C18:1 cis-9,
C18:1 rans-11, C18:2 cis-9, trans-11 (CLA), B-caroténe, xanthophylles, rétinol, o-tocophérol et
TAC et plus pauvre en C10:0, C14:0 et C16:0 avec les rations a base de paturage comparées aux
rations a base de fourrages conservés. En période de paturage, elle est la plus pauvre en C6:0 a
C14:0, en B-caroteéne et en rétinol et la plus riche en C18:1 cis-9, C18:2 n-6 et C18:3 n-3 avec un
paturage en alpage. Elle est plus riche en C18:1 trans-11, CLA, B-caroténe et xanthophylles et plus
pauvre en C16:0 avec un paturage de premiere utilisation comparé a un paturage d’utilisation de
rang supérieur. Un pourcentage plus important de concentré est associé a des niveaux plus impor-
tants en C14:0 et C16:0 et plus faibles en C18:1 trans-11, CLA, C18:2 n-6, C18:3 n-3, xanthophyl-
les et rétinol. En hiver, la matiere grasse du fromage est la plus pauvre en C18:1 frans-11, CLA,
C18:3 n-3 et B-caroténe avec les rations a base de mais, tandis que la supplémentation en vitamines
A et E est associée a des niveaux plus importants de rétinol et d’a-tocophérol, respectivement. Les
caractéristiques du troupeau ont peu d’incidence sur la composition du fromage excepté la race.
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En particulier, les races Abondance et Montbéliarde sont associées a un pourcentage en CLA plus
élevé dans le fromage que la race Holstein, alors que la teneur en caroténoides du fromage est la
plus élevée avec la race Montbéliarde et la plus faible avec la race Abondance.

fromage / lait de vache / composition nutritionnelle / pratiques alimentaires / caractéristiques

du troupeau

1. INTRODUCTION

Reliable and sufficiently detailed food
composition data are essential for food and
nutrition science, dietetics, food manufac-
turing and labeling, ensuring food quality
and safety and consumer education [27].
Unfortunately, the food composition data-
bases are currently inadequate. Much of the
food composition information used world-
wide is insufficiently reliable and accurate
because itis based on outmoded technology
and on analytical techniques that have been
improved since the data were collected
years ago. Moreover, the representative-
ness of these data is often questionable con-
sidering the low number of analytical
samples from which result certain average
values when this information is known. For
the same reason, the variability inherent in
a food is currently likely to be underesti-
mated in many cases. In addition, the lack
of accuracy in description of the food com-
position in most of the databases mainly
results from the lack of knowledge of the
influence of the production factors on the
nutritional characteristics of foods [27].

Within the Western diet, cheese repre-
sents a large part of the total dairy product
consumption, in particular in countries such
as France, Greece or Italy [12] and in higher
socioeconomic classes [64]. Owing to its
high macronutrient and micronutrient con-
tents, this dairy product is therefore likely
to have some influence on the consumer’s
health [19, 47]. Generally, the macronutri-
ent contents in cheese are relatively well
known and handled owing to their important
role in organoleptic and technological
properties [25]. On the other hand, its fine
composition in components of nutritional
interest such as fatty acids (FA), vitamins,
minerals, trace elements and antioxidant
compounds is affected by the lack of avail-
able reliable and accurate data, in particular

due to the great number of factors likely to
influence it. Firstly, the composition of the
original milk from which cheese is manu-
factured can vary according to nutritional,
genetic and physiological factors. The
botanical composition, maturity stage and
preservation mode of forages fed to the
ruminants are factors known to influence
the milk composition in FA, vitamins and
carotenoids [14, 29]. Similarly, the FA pro-
file of milk greatly depends on the nature
and quantity of concentrate in the diet [13].
In addition, mineral and vitamin supple-
mentations increase the contents of certain
of these micronutrients in milk [28, 29].
Besides the dietary factors, the nutritional
composition of milk also depends on the
species, breed, parity, milk yield and stage
of lactation of the animals [28, 29, 36, 59].
Secondly, during the cheese-making proc-
ess, the composition of the original milk is
modified differently depending on the proc-
ess. For example, the mineral composition
of cheese greatly varies according to the
rate of acid production and the pH of whey
atdraining [49], while its content of vitamin
B mainly depends on the level of microbial
synthesis [61].

While the main factors influencing the
nutritional composition of cheese seem
broadly identified, their relative influence
on the nutritional characteristics of cheeses
produced under real production conditions
in coherent production systems is currently
poorly known. In a previous study [48], we
showed that the cheese composition in FA,
carotenoids and o-tocopherol, as well as to
alesser extent in retinol, mainly depends on
the milk composition and consequently on
the conditions of milk production. Simi-
larly, the total antioxidant capacity (TAC)
in cheese could also be influenced by the
conditions of milk production. In contrast,
the variations in mineral and folate contents
in cheese are almost exclusively caused by
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the cheese-making process. The following
step thus consists of considering the influ-
ence of the different conditions of milk pro-
duction on the nutritional composition of
cheese, focusing on the components likely
to vary in cheese according to these param-
eters, i.e. FA, carotenoids, retinol, o-toco-
pherol and TAC.

In this context, the aim of this study was
to: (1) characterize the nutritional compo-
sition of cow’s milk farmhouse cheese in
terms of average contents and variability in
a large range of components of nutritional
interest (FA, retinol, o-tocopherol, folate,
B-carotene, xanthophylls, calcium, phos-
phorus, magnesium, potassium, zinc, sodium
chloride and TAC), and (2) specify the role
of the management practices in this varia-
bility in composition.

2. MATERIALS AND METHODS

2.1. Study design

This work was a correlational study con-
ducted between August 2002 and Decem-
ber 2004 in two French mountain areas, i.€.
Northern Alps and Massif Central. It was
carried out under real herd management
conditions to study a large range of condi-
tions of milk production and on the scale of
the farm in order to be able to link the cheese
characteristics with the conditions of milk
production. Three French farmhouse cow’s
raw milk cheese varieties were studied:
Abondance cheese (pressed semi-cooked
cheese) and Tomme de Savoie cheese
(pressed uncooked cheese) in the Northern
Alps area, and Cantal-type cheese (pressed
uncooked cheese) in the Massif Central
area. The main characteristics of these
cheeses have been previously described
[48]. In total, 54 farms were sampled by the
producer trade unions of these cheeses so as
to have a farm sample representing the
existing broadness of the conditions of milk
production. Cheese samples were obtained
directly from the farmhouse producers,
except 24 Cantal-type cheeses which were
manufactured in an experimental dairy
from milk collected in different farms. For
each cheese variety, the collected samples

were produced at 6 periods of the year,
including 2 in the indoor feeding period
when the cows received a diet based on pre-
served forages, and 4 throughout the graz-
ing period. In total, 306 cheeses were
collected.

2.2. Data collection

A first general survey was done in order
to characterize the farms and validate the
diversity of the production systems among
the selected farmhouse producers. Ques-
tions were asked about (1) farm character-
istics (altitude, area and milking material);
(2) herd characteristics (dairy cow number,
breed, age, parity and calving distribution);
(3) milk production; (4) cheese production;
(5) forage management (forage character-
istics, cutting and grazing periods, and fer-
tilization); and (6) herd feeding (types of
feed). The main characteristics of the three
groups of farms are presented in Table I.

Thereafter, a survey was carried out on
the day of manufacturing of each collected
cheese directly at the farm. The collected
data were related either to herd characteris-
tics (milk yield, breed, calving distribution
and percentage of primiparous) or to herd
feeding (forage, concentrate and vitamin
and mineral supplementations). Special
attention was paid to: (1) characteristics of
forages, i.e. type of forage (maize or grass),
type of grassland (highland, permanent
grassland or temporary grassland), preser-
vation mode (pasture, hay, silage or wrapped
forages), use rank of the grass (first use or
higher use rank); (2) composition of con-
centrates; (3) composition of supplements
(vitamins A and E, Ca, P, Mg, K and Zn);
and (4) estimated levels of each one of these
feeds fed to the herd.

2.3. Cheese collection and analyses

Cheese samples were collected and
freeze-dried as previously described by
Lucas et al. [48]. Dry matter and fat con-
tents in the cheese were determined using
the AFNOR method [1] and the Heiss buty-
rometric method [30], respectively. Sodium
chloride (NaCl) content was measured
using a chloride analyzer (Model 926,
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Abondance Tomme de Savoie Cantal-type
Herd number 16 18 20
Area
Farm altitude (m) 973 + 165 674 +249 827 + 165
Usable farm area (ha) 94 + 44 111 84 119 61
Dairy main fodder areal! (ha) 70 + 38 80 =51 75 +51
Fodder area (number of herds)
Highland pasture 9 6 3
Permanent grassland 16 17 20
Temporary grassland 3 8 7
Other fodder crops? 1 6 5
Herds
Dairy cow number 40+ 13 56 + 36 55 +26
Percentage of primiparous (%) 28 +8.2 28 + 12 21+74
Milk yield (L-cow!-year1) 5690 = 1300 4948 + 1607 4548 + 1157
Breed? (number of herds)
Abondance 10 4 0
Montbéliarde 5 3 13
Holstein 0 3 3
Other breeds and breed mix 1 8 4
Calving period4 (number of herds)
Winter (January — February — March) 0 2 8
Spring (April — May — June) 0 0 7
Summer (July — August — September) 1 3 2
Autumn (October — November — December) 12 5 0
Distributed 3 8 3
Dairy cow’s feeding
Winter feeding
Forages fed (number of herds)
Hay 16 17 5
Hay + maize silage 0 1 5
Hay + fermented grass 0 0 10
Concentrates distributed (kg-cow—!-day~!) 63+1.9 46+23 5120
MVSS distributed daily (number of herds) 16 15 17
Summer feeding
Pasture-based ration (number of herds) 16 18 20
Fodder supplementation (number of herds)
Hay 9 17 19
Green maize fodder 2 5 0
Concentrates distributed (kg-cow—!-day~!) 39+1.8 31+1.8 35+1.3
MVSS distributed daily (number of herds) 9 14 17

1 Area exclusively used for the feeding of the dairy cows in production. 2 Maize, beet or sorghum.
3 A herd was considered as a breed mix when the percentage of cows of the dominant breed represented
less than 70% of the total number of cows. 4 The distribution of calving of a herd was considered as dis-
tributed when the number of cows calving during the dominant calving period represented less than 40%
of the total calving number of the year. > MVS: mineral-vitamin supplements.
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Corning, Halstead, Essex, United Kingdom).
The fatty acid (FA) profile was analyzed by
gas chromatography after transesterifica-
tion of FA to FA methyl esters [45]. Retinol
(vitamin A), o-tocopherol (vitamin E),
B-carotene and xanthophyll (lutein and
zeaxanthin) contents were simultaneously
measured by HPLC using an UV-visible
photodiode-array detector after saponifica-
tion and hexane extraction, adapted from
Lyan et al. [50] as previously described
[48]. Folate (vitamin B9) content was
determined by microbiological assay using
Lactobacillus rhamnosus [15] following an
extraction performed by trienzyme treat-
ment [56]. Calcium (Ca), magnesium (Mg)
and zinc (Zn) contents were determined by
atomic absorption spectrophotometry,
potassium (K) content by atomic emission
spectrophotometry [46] and phosphorus (P)
content by a colorimetric method [2]. The
total antioxidant capacity (TAC) was
assessed using the ferric reducing/antioxi-
dant power (FRAP) assay adapted from
Benzie and Strain [7] as previously
described by Lucas et al. [48].

2.4. Data analysis

In a previous work [48], we showed that
apart from the aspects related to the dry
matter content, the FA, carotenoid, retinol,
a-tocopherol and TAC levels in cheese did
not depend on the type of cheese-making
technology. Consequently, the composi-
tion databases of the three studied cheese
varieties were pooled after adjustment for
the fat content for fat-soluble components
or for the dry matter content for TAC.

The general analytical principles used to
establish the relationships between the con-
ditions of milk production and the nutri-
tional characteristics of the cheese were
based on those described by Dohoo et al.
[23]. First, the number of explanatory var-
iables was reduced by performing synthetic
variables and each quantitative variable
was categorized prior to investigating asso-
ciations with cheese composition. Nine cat-
egorical explanatory variables were
performed: (1) nature of the basic fodder
ration; (2) percentage of concentrate in the

herd diet; (3) percentage of fat from con-
centrate in the herd diet, (4) level of vitamin
A supplementation; and (5) level of vitamin
E supplementation as nutritional factors;
(6) herd breed as a genetic factor; (7) herd
lactation stage; and (8) percentage of prim-
iparous in the herd as physiological factors;
and (9) herd milk yield. The modalities of
these different predictor variables are
described in Table II. The variable concern-
ing the nature of the basic fodder ration was
performed after summarization of the infor-
mation about the different characteristics of
forages (type of forage, type of grassland,
preservation mode and use rank of the
grass). The data about the percentage of
concentrate, percentage of fat from concen-
trate, level of vitamin A supplementation,
level of vitamin E supplementation, milk
yield and percentage of primiparous were
only categorized to perform the correspond-
ing explanatory variables. The fat content of
concentrates and the vitamin contents of
supplements were obtained from the com-
mercial labels. The variable for breed was
established by regrouping the cheeses
resulting from milk of herds with the same
dominant breed, considering a breed as
dominant when it represented more than
70% of the total number of cows. To clas-
sify the cheeses according to the herd lac-
tation stage we considered the average
lactation stage of the herd and the percent-
age of cows in early lactation (< 2 months)
and in late lactation (> 7 months). Finally,
each quantitative dependent variable was
categorized into two clusters with a view to
multiple correspondence analysis (MCA).

Subsequently, an overview of the com-
plex relationships between and among the
dependent and explanatory variables was
established using MCA. Pearson correla-
tions were initially undertaken between the
FA, p-carotene, xanthophylls, retinol,
o-tocopherol and TAC. The linearity of the
relationship was graphically checked. MCA
was performed using Statistica 6.1 software
(Statsoft Inc., Maison-Alfort, France). To
describe in an optimum way simultane-
ously the vitamin and carotenoid contents
and the FA profile of the cheese, only some
of the components were used to construct
the factorial axes. These components were
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Table II. Categorical variables describing management practices.
Variable label Level n!  Abbr.2
Basic fodder ration  Alpine pasture (100%) including high percentage of first-use grass (89%) 23 PAI
First-use permanent grassland pasture (100%) 15 PP1
Second or more use permanent grassland pasture (100%) 31 PP2
First-use permanent grassland pasture (78%) with hay supplementation (22%) 32 PPI/H
Second or more use permanent grassland pasture (69%) with hay 91  PP2/H
supplementation (31%)
Temporary grassland pasture (60%) with hay supplementation (25%) 17 PT/H
High percentage of fermented grass-based forages (61%) 12 Ferm
First-cut permanent grassland hay (72%) 36 HP1
High percentage of second-cut permanent grassland hay (54%) 32 HP2
High percentage of temporary grassland hay (40%) 8 HT
High percentage of maize-based forages (54%) 9 Maize
Percentage of Low percentage in the herd diet (15%) 114 Ce-
concentrate Medium percentage in the herd diet (26%) 104 Ce=
High percentage in the herd diet (41%) 88 Ce+
Percentage of fat Low percentage in the herd diet (0.32%) 93 Fat—
from concentrate Medium percentage in the herd diet (0.62%) 133  Fat=
High percentage in the herd diet (1.1%) 80 Fat+
Level of vitamin A None 52 VAO
supplementation Low daily supplementation (29000 IU-cow~1) 81 VA-
Medium daily supplementation (76000 IU-cow—1) 68 VA=
High daily supplementation (157000 IU-cow-1) 47 VA+
Unknown 58 -
Level of vitamin E~ None 56 VEO
supplementation Low daily supplementation (50 IU-cow-1) 109 VE-
Medium daily supplementation (160 TU-cow~1!) 52 VE=
High daily supplementation (350 IU-cow—1) 31 VE+
Unknown 58 -
Breed Herd of Abondance breed (96% of the herd) 82 Ab
Herd of Montbéliarde breed (96% of the herd) 137 Mo
Herd of Holstein breed (88% of the herd) 38 Ho
Herd of other breed and breed mix 49 -
Stage of lactation Herd predominantly in early lactation (3.3 months, 63 % of cows in early lactation) 25 SL—
Herd really in medium lactation (5.3 months, 70 % of cows in medium lactation) 117 SL=
Herd apparently in medium lactation (5.2 months, 38 % of cows in medium lactation) 82 -
Herd predominantly in late lactation (7.1 months, 58 % of cows in late lactation) 82 SL+
Milk yield Low level (13.2 L-cow-!l-day-1) 92 MY-
Medium level (18.1 L-cow—!-day-!) 138  MY=
High level (22.8 L-cow—!-day—!) 76 MY+
Percentage of Low percentage (8% of the herd) 104 Pri—
primiparous Medium percentage (23% of the herd) 139 Pri=
High percentage (38% of the herd) 63 Pri+

I Number of cheeses. 2 Abbreviation.
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chosen by taking into account both the
importance of their nutritional interest and
their ability to be good indicators of other
components considering the results of the
correlation studies. We chose to use the fol-
lowing components to construct the facto-
rial axes of the MCA: the sum of C12:0,
C14:0 and C16:0 owing to their important
nutritional interest (potential hypercholes-
terolemic effect) and as good indicators of
the other saturated FA (SFA); cis-9 C18:1
as the main unsaturated FA in milk fat;
cis-9, trans-11 C18:2 as a good indicator of
both polyunsaturated FA (PUFA) and trans
FA; and B-carotene, retinol and o-tocophe-
rol owing to their nutritional interest and as
good indicators of xanthophylls and TAC.
The other dependent variables and the
explanatory variables were then plotted
onto the projection as illustrative variables.

Finally, the data were analyzed using
multivariable ANOVA procedures (Statis-
tica 6.1 software, Statsoft Inc., Maison-
Alfort, France). All explanatory variables
were initially screened for a simple associ-
ation with the dependent variables using a
univariate ANOVA procedure. Variables
that met a critical value of P <0.25 upon ini-
tial screening were considered in additional
multivariate modeling and variables were
considered significant at P <0.05. A value
of P <0.25 was used in the initial screening
to permit a broad subset of variables to be
included in the model-building process. At
the same time, this value would eliminate
obviously nonassociated variables. Multi-
variable model building used a forward-
selection stepwise procedure with a crite-
rion of P < 0.05 to remain in the model.
Pairwise comparison of least-square means
for the various levels of categorical varia-
bles was performed. A first analysis showed
a strong association between the nature of
the basic fodder ration (pasture-based
rations vs. preserved-forage-based rations,
in particular) and the variations in cheese
composition which probably masked the
effect of the other predictor variables. Con-
sequently, the effects of the categorical var-
iables were subsequently analyzed within
the pasture-based rations and within the
preserved-forage-based rations.

3. RESULTS AND DISCUSSION

3.1. Nutritional characteristics
of the cheese

The average composition of the cheeses
is shown in Table III. Our data confirmed
that cow’s milk cheese fat is characterized
by an unbalanced FA profile with regard to
the human nutritional requirements. Indeed,
an excessively high dietary saturated fat to
unsaturated fat ratio has been associated
with a higher risk of coronary heart diseases
[31]. Now, on the basis of a daily consump-
tion of 40 g of pressed cheese [12], 39% of
the recommended dietary allowances
(RDA) for an adult man of SFA and only
39%, 1.6% and 4.3% of the RDA of
monounsaturated FA (MUFA), n-6 and n-3
PUFA are on average covered, respec-
tively. Similarly, cheese fat is a significant
source of trans FA whose excessive con-
sumption has been associated with a higher
risk of coronary arterial diseases [16]. How-
ever, it is interesting to note that the contri-
bution of pressed cheese consumption to
the maximum recommendations for an
adult man in trans FA is about four times
lower than its contribution to the RDA in
SFA which means that the limiting factor in
cheese consumption is more its SFA con-
tent than its frans FA content. In contrast,
pressed cheeses are interesting sources of
some micronutrients. For instance, the con-
sumption of 40 g of the cheeses studied con-
tributes on average to 35%, 27%, 13% and
9.2% of the RDA of an adult man of Ca, P,
Zn and vitamin A, respectively. On the
other hand, pressed cheeses are relatively
poor in o-tocopherol, folates and Mg since
only 0.6%, 2.5% and 2.7% of the RDA of
these micronutrients are covered by the
consumption of 40 g of pressed cheese,
respectively. Finally, although cheese con-
tains NaCl, of which the consumption in
excess has been associated with a high
blood pressure [58], the contribution of the
consumption of 40 g of pressed cheese to
the maximum recommendations ranged
only between 8.5% and 14%. These results
agree with previous findings [6, 24, 68].
Altogether, they show that cheese is a sig-
nificant source of certain micronutrients,
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but its excessive consumption must be
avoided so that it does not unbalance the
human diet, in particular its FA profile.

There was, however, a great variability
in composition in the cheese (Tab. III). For
the fat-soluble components, this variability
was partly due to variations in the fat con-
tent in the cheese, whose ratio of the 95th
centile value to the 5th centile value (95:5
centile ratio) was on average 1.2. With
regard to the FA, the 95:5 centile ratio
ranged on average from 1.4 for C14:0t0 3.9
for cis-9, trans-11 C18:2. Vitamin and car-
otenoid contents of the cheese also greatly
varied since the 95:5 centile ratio was on
average 5.6, 3.9, 2.4, 4.6 and 3.6 for B-car-
otene, xanthophylls, retinol, a-tocopherol
and folates, respectively. Similarly, an
average 95:5 centile ratio comprising
between 1.2 for P and 2.1 for NaCl was
observed for the minerals. This high varia-
bility in the NaCl content suggests that a
better control of salting in the cheese-mak-
ing process could limit the supply of
sodium by the cheese. Finally, with an aver-
age 95:5 centile ratio of 2.3, the TAC in the
cheese also varied significantly, probably
owing to variations in antioxidants such as
[B-carotene and o-tocopherol, as previously
suggested [48]. From a nutritional point of
view, this variability is really interesting.
For instance, on the basis of a daily con-
sumption of 40 g of cheese, the contribution
of Abondance cheese to the nutritional rec-
ommendations for an adult man ranged
between the 5th centile value and the 95th
centile value from 36 to 47% for SFA, from
7.0 to 20% for trans FA, from 5.5 to 14%
for vitamin A, from 5.9 to 13% for NaCl
and from 32 to 48% for Ca, respectively. It
is also interesting to note that the potentially
hypercholesterolemic FA, ie. C12:0,
C14:0 and C16:0 [31], were subjected to a
higher variability than the total SFA, with
an average 95:5 centile ratio of 1.4.

3.2. Correlation studies

As regards the nutrients whose level in
cheese depends on the conditions of milk
production, i.e. FA, carotenoids, retinol,
a-tocopherol and TAC [48], there were
strong correlations between many nutrients

in the cheese after adjustment for the fat or
dry matter content (Tab.IV), suggesting
that they may be influenced by the same
factors of production. Hence, the C4:0 was
highly positively correlated with C6:0 (r =
0.67) and, to a lesser extent, with C8:0
(r = 0.43). Similarly, C6:0, C8:0, C10:0,
C12:0 and C14:0 were strongly positively
correlated with each other (r=0.69 to 0.96)
and, to a lesser extent, with C16:0 for C10:0
(r=10.35) and C14:0 (r = 0.47) and nega-
tively correlated with C18:0 (» = -0.39 to
—0.72) and cis-9 C18:1 (r =-0.65 to —0.88)
and, to a lesser extent, with trans-11
(+trans-10) C18:1, cis-9, cis-12 C18:2,
cis-9, trans-11 C18:2 and cis-9, cis-12,
cis-15C18:3 (r=-0.22t0-0.45). Similarly,
trans-11 C18:1, cis-9, trans-11 C18:2,
-carotene, xanthophylls and o-tocopherol
were strongly positively correlated with
each other (r = 0.40 to 0.97) and negatively
correlated with C16:0 (r =-0.47 to —0.80).
Finally, the TAC was positively correlated
with the antioxidants, i.e. B-carotene and
a-tocopherol (r=0.34t00.47). The positive
correlations between SFA ranged from
C4:0 to C16:0 are due to the fact that they
are synthesized in the mammary gland from
the same metabolic pathway [13]. Simi-
larly, the long-chain FA, which arise either
from diet or from body fat mobilization, are
correlated owing to this common origin [13].
In addition, they have a direct inhibitory
effect on the de novo synthesis of the short-
and medium-chain FA, hence the negative
correlations between these two groups of
FA [13].

3.3. Overview of the relationships
between the cheese nutritional
characteristics and the manage-
ment practices

The MCA results are shown in Figure 1.
The first factorial axis, which explained
about half of the total inertia (49.3%),
clearly showed that the cheese was richer in
C18:0, cis-9 C18:1, trans-11 (+trans-10)
C18:1, conjugated linoleic acid (CLA),
C18:3 n-3, xanthophylls, B-carotene, reti-
nol and o-tocopherol and poorer in C6:0 to
C16:0 SFA when cows were fed pasture-
based rations, low percentages of concentrate
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Figure 1. Representation of the relationships between the cheese nutritional characteristics and the
management practices using multiple correspondence analysis. Nutritional characteristics (bold
characters): C6:0-C10:0: C6:0+C8:0+C10:0; C12:0-C16:0: C12:0+C14:0+C16:0; CLA: cis-9,
trans-11 C18:2; tl11: trans-11 (+trans-10) C18:1; C18:1: cis-9 C18:1; C18:2: cis-9, cis-12 C18:2;
C18:3: cis-9, cis-12, cis-15 C18:3; Xan: xanthophylls; Car: B-carotene; Ret: retinol; Toc: or-toco-
pherol; TAC: total antioxidant activity; —: low level; +: high level. Management practices (italic

characters): see Table II for abbreviations.

and fat from concentrate and were in late
lactation than when cows were fed pre-
served-forage-based rations, high percentages
of concentrate and fat from concentrate and
were in early lactation. The second axis,
which explained 17.5% of the total inertia,
showed that cheese made from milk of
herds of the Abondance breed, with a low
milk yield and grazing first-use alpine pas-
tures was higher in C18:0, cis-9 C18:1,
C18:2 n-6 and C18:3 n-3 and lower in C4:0
to C16:0 SFA, PB-carotene, retinol and
o-tocopherol than cheeses made from milk
of herds of the Holstein or Montbéliarde
breeds, with a high milk yield and grazing
first-use permanent grassland pasture or
temporary grassland pasture with a hay sup-
plementation. Finally, it appears that the

percentage of primiparous was not clearly
related to any specific nutritional character-
istics. Similarly, there was no association
between the vitamin A and E supplementa-
tion and the retinol and o-tocopherol con-
tents in cheese.

This overview suggested that the preser-
vation mode of forages (pasture vs. preserved
forages) is an important influencing factor
of both the FA profile and the fat-soluble
micronutrient contents in cheese within the
studied range of conditions of milk produc-
tion. The higher long-chain FA percentages
and micronutrient contents in cheese asso-
ciated with pasture agree with experimental
results related to milk [52]. In addition,
within the pasture period, it seems that the
alpine pasture led to a particular FA profile,
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as already reported [11, 17]. However, the
variations in the cheese composition were
also associated with other production factors,
which make the interpretation of results
difficult. These results illustrate that the
management practices are applied within
coherent production systems under real
conditions of production. Indeed, there are
more or less strong associations between
the different management practices which
can influence synergically or in an oppos-
ing way the cheese composition. For exam-
ple, the variations in the FA profile in
cheese according to the preservation mode
of forages could be strengthened by the
lower percentage of concentrate associated
with pasture [22, 69], whereas they could be
weakened by the earlier stage of lactation
associated with preserved forages [13]. In
this study, we subsequently attempted to
isolate the effect of each production factor
on the cheese composition.

3.4. Effects of the individual manage-
ment practices on the nutritional
characteristics of cheese

All the FA, carotenoids, retinol, o-toco-
pherol and TAC levels in cheese were sig-
nificantly influenced by the conditions of
milk production (P < 0.001). The statistical
model including all the explicative varia-
bles explained more than 50% of the vari-
ance of C16:0, trans-11 (+trans-10) C18:1,
cis-9, trans-11 C18:2 (CLA), C18:3 n-3,
[-carotene and o-tocopherol (Tab. V). The
variations in these latter nutrients of cheese
were therefore greatly due to the studied
conditions of milk production. In contrast,
less than 30% of the variance of C4:0, C6:0,
C12:0, C14:0, C18:0, cis-9 C18:1, retinol
and TAC were explained by this statistical
model (Tab. V), which means that the var-
iations in these components greatly
depended on unmeasured factors such as
the energy balance of cows for FA [13] or
the cheese-making process for retinol and
TAC [48].

3.4.1. Basic fodder ration

Among the different management prac-
tices considered in this study, the nature of

the basic fodder ration had the strongest
influence on most of the nutrients in the
cheese (Tab. V). Thus, except for total
SFA, total PUFA, C18:2n-6 and C18:3 n-3,
more than 40% of the variance explained by
the full statistical model was due to the
nature of the basic fodder ration (Tab. V).
The pasture-based rations strongly con-
trasted with the preserved-forage rations
(Tab. VI). Compared with the preserved-
forage-based rations, the cheese fat was sig-
nificantly higher in C4:0, C18:0, cis-9
C18:1, trans-11 (+trans-10) C18:1, CLA,
B-carotene, xanthophylls, retinol and
a-tocopherol and lower in C10:0, C14:0
and C16:0 with the pasture-based rations.
Similarly, the pasture-based feeding was
associated with a higher TAC in the cheese,
probably owing to the higher levels of anti-
oxidants (B-carotene and ortocopherol).
These results agree with previous experi-
mental findings related tomilk [5, 52]. They
are explained by a lower supply of total FA,
in particular C16:0, C18:2 and C18:3, xan-
thophylls, B-carotene and o-tocopherol by
the preserved forages owing to their oxida-
tive degradation during some operations of
the preserved forage-making such as shad-
ing, wilting and drying of the grass [9, 20,
33, 62]. The higher intake of FA from fresh
grass brings about a greater formation of
C18:0, cis-9 C18:1 and trans-11 C18:1
which result from the ruminal biohydro-
genation of dietary C18:2 and C18:3 and a
higher intestinal absorption of these long-
chain FA. As a result, there are lower per-
centages of short- and medium-chain FA in
milk fat due both to a higher absorption of
long-chain FA from the blood by the mam-
mary gland (dilution effect) and to a lower
de novo synthesis of FA through a direct
inhibitory effect on acetyl-CoA carboxy-
lase [13]. Moreover, since C18:0 and
trans-11 C18:1 can be partially desaturated
in the mammary gland, the higher absorp-
tion of these FA with pasture feeding results
in higher percentages of cis-9 C18:1 and
cis-9, trans-11 C18:2 in milk, respectively.
Similarly, within certain limits, the amount
of xanthophylls, B-carotene, retinol and
a-tocopherol secreted into milk fat depends
directly on their level in the ration [29]. For
retinol, it also depends directly on the level
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Table V. Percentage of variance explained by the full statistical model, the error and the nine

explanatory variables!.

M E BFR PC PFC VA VE B SL MY PP

Fatty acids
Total SFA2 57 43 22
C4:0 19 81 17
C6:0 22 78 15
C8:0 31 69 21
C10:0 40 60 24
C12:0 24 76 15
C14:0 26 74 20
C16:0 65 35 60
C18:0 25 75 20
Total MUFA2 43 57 37
C18:1 ¢9 24 76 18
C18:1t11 (+110) 65 35 34
Total PUFA? 60 40 17
C18:2 (n-6) 40 60 6
C18:2¢9t11 (CLA2) 63 37 30
C18:3 (n-3) 50 50 17
C12:0+C14:0+C16:03 56 44 31
Total trans FA2:4 66 34 33
Vitamins and carotenoids
B-Carotene 68 32 54
Xanthophylls 37 63 16
Retinol 16 84 14
a-Tocopherol 50 50 44
TACS 25 75 25

- - - 1 1 1 -
— - - - 3 - -
_ _ _ _ 4 _ _
_ _ _ _ _ 3 _
_ - - - - 5 -
— - - - - 5 -
_ _ _ _ _ 3 _
_ _ _ 4 _ _ _
_ - - 4 - - -
_ _ _ _ _ 2 _
_ _ _ 3 _ _ _
- - - 6 1 2 -
4 - - 10 - 5 -
_ _ _ 4 _ _ _
_ _ _ 7 _ 2 _
_ - - 2 - -
— - - 3 - - -
_ _ _ 8 _ _ _
— - - 8 - - -
_ 3 - - - - -
_ _ _ _ _ 2 _

IM: full statistical model; E: error; BFR: type of basic fodder ration; PC: percentage of concentrate in the
herd diet; PFC: percentage of fat from the concentrate in the herd diet; VA: level of vitamin A supple-
mentation; VE: level of vitamin E supplementation; B: herd breed; SL: herd lactation stage; MY: herd
milk yield; PP: percentage of primiparous in the herd. 2SFA: saturated fatty acids; MUFA: monounsatu-
rated fatty acids; PUFA: polyunsaturated fatty acids; CLA: conjugated linoleic acid; trans FA: trans fatty
acids. 3Potentially hypercholesterolemic saturated fatty acids [31]. 4% (trans-C16:1; trans-C18:1; cis,
trans-C18:2; trans, cis-C18:2; trans, trans-C18:2; trans-C20:1 without trans-CLA). STAC: total antioxi-

dant capacity.

of provitamin A in the forages, in particular
[B-carotene, which is partially converted
into vitamin A in the wall of the small intes-
tine [29]. Thus, a higher intake of these
micronutrients from fresh grass brings
about a greater secretion into milk.

3.4.1.1. Pasture-based rations

Within the grazing period, the cheeses
resulting from cows fed a fodder ration
made up exclusively of alpine pasture sig-
nificantly differed from the other cheeses as
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regards the FA profile (Tab. VI), in agree-
ment with previous studies [11, 17]. They
were the richest in cis-9 C18:1, C18:2 n-6
and C18:3 n-3 and the poorest in C6:0 to
C14:0. In addition, the cheese fat was sig-
nificantly poorer in B-carotene and also
tended to be poorer in retinol (P =0.09) with
the first-use alpine pasture than with the
first-use permanent grassland pasture
(Tab. VI). Variations in the botanical com-
position of grasslands according to their
altitude [10, 35] and differences in FA and
carotenoid contents in pasture between the
grass species [9, 21, 38, 60] could have led
to differences in FA and carotenoid intake
by the cows. The harsher conditions of
grazing in highland pastures than in middle
mountain grasslands could also partially
explain the observed differences in FA
composition according to the pasture alti-
tude. Indeed, both the relatively low envi-
ronmental temperatures and the increased
physical activity for the search of food on
alpine pastures could lead to a negative
energy balance in the cows [8, 63] resulting
in a greater amount of long-chain FA (pre-
dominantly C18:0 and cis-9 C18:1) taken
up from the plasma by the mammary gland
due to body fat mobilization [13], as previ-
ously suggested by Bugaud et al. [11]. The
lower milk yield of cows grazing in alpine
pastures compared with that of cows grazing
in other pastures (13.6 vs. 17.9 L-cow-day1,
respectively) strengthens this hypothesis.
Another explanation of these differences in
FA profile in cheese could be the presence
in alpine pasture of secondary plant ingre-
dients which may inhibit FA hydrogenation
in the rumen, as hypothesized by Leiber
et al. [44].

The cheese fat was significantly higher
intrans-11 (+trans-10) C18:1 and CLA and
lower in C16:0 with a first-use alpine or per-
manent grassland pasture than with a per-
manent grassland pasture of higher use rank
(Tab. VI). Similarly, the cheese fat was sig-
nificantly richer in B-carotene and xantho-
phylls with a first-use permanent grassland
pasture than with a permanent grassland
pasture of higher use rank. These results, in
agreement with previous experimental find-
ings [52], could be explained by the pattern
of change of the total FA, xanthophyll and

B-carotene concentrations of some plant
species which are the highest in immature
grass, usually during spring, and the lowest
in mature grass, during the summer months
[9, 21, 43, 53, 74].

The basic fodder rations made up exclu-
sively of a first-use permanent grassland
pasture were associated with higher levels
of CLA, trans-11 (+trans-10) C18:1, B-car-
otene, xanthophylls and o-tocopherol in
cheese fat than the first-use permanent
grassland pasture-based rations with a hay
supplementation (Tab. VI). Similar results
were observed with the rations made up of
second-use permanent grassland pasture for
xanthophylls and o-tocopherol. The lower
supply of total FA, xanthophylls, B-carotene
and o-tocopherol by the preserved forages
compared with the fresh grass probably
explains these results [9, 20, 33, 62].

3.4.1.2. Preserved-forage-based rations

In the indoor feeding period, the nutri-
tional composition of the cheese also
depended on the nature of the basic fodder
ration fed to the cows but in a less definite
way than in the grazing period (Tab. VI).
The cheeses from cows fed a maize-based
ration were significantly lower in trans-11
(+trans-10) C18:1, CLA and C18:3 n-3
than those from cows fed preserved-grass-
based rations. These results agree with pre-
vious findings [32, 34]. They could be
explained by a higher linoleic acid content
and a lower linolenic acid content in maize-
based forages than in grass-based forages [55].

When the cows were fed a fodder ration
rich in fermented grass, the resulting cheeses
were higher in B-carotene than when cows
were fed hay- or maize-based rations and in
retinol than when cows were fed maize-
based rations (Tab. VI). Similar findings
were previously reported for the carotenoid
content in milk [18, 40, 66]. A lower deg-
radation of B-carotene in the fermented for-
age-making compared with the hay-making
[18, 33, 40] likely leads to a higher quanti-
tative secretion of B-carotene into milk.
Similarly, these results suggest a higher
B-carotene supply by the fermented grass
compared with the maize. In addition, the
higher B-carotene content in fermented
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Table VII. Nutritional characteristics of cheese according to the percentage of concentrate in the

pasture-based diet!.

Percentage of concentrate? P3
Low Medium High
Fatty acids (% total FA%)

Total SFAS 66.52 67.7b 68.2b wk
C4:0 4.14 4.27 4.17 ns
C6:0 2.55 2.66 2.61 ns
C8:0 1.61 1.70 1.67 ns
C10:0 343 3.58 3.54 ns
C12:0 3.84 4.03 4.09 ns
C14:0 12.04 12.3ab 12.5b *
C16:0 25.82 26.4b 26.8b *
C18:0 8.73 8.65 8.58 ns

Total MUFAS 27.4b 26.83b 26.32 *
C18:1 ¢9 18.1 17.9 17.8 ns
C18:1¢11 (+110) 3.16b 2.602 2.492 HoAk

Total PUFAS 4.82b 4.182 4.263 HkE
C18:2 (n-6) 1.59b 1.432 1.462 *
C18:2 ¢9 t11 (CLAS) 1.36P 1.102 1.062 HE
C18:3 (n-3) 0.89b 0.772 0.812 oAk

C12:0+C14:0+C16:06 41.62 42.7b 43.3b ok

Total trans FAS7 5.55b 4.763 4.582 HkE

Vitamins and carotenoids

B-Carotene (mg-kg~! fat) 4.83 4.81 4.39 ns

Xanthophylls (mg-kg-! fat) 0.35b 0.32b 0.272 sl

Retinol (mg-kg~! fat) 5.76b 5.69b 5.264 *

o-Tocopherol (mg-kg-! fat) 7.53 7.90 7.02 ns

TAC (mol Fe2+-kg-1 DM)8 14.8 14.9 14.6 ns

! Values indicated are least-square means. 2 Low: 15%; Medium: 26%; High: 41% (in the total diet).
3 Significance of the effect of the percentage of concentrate in the herd diet; ns: not significant; * P <
0.05; ** P < 0.01; *** P < 0.001. 4 Total FA: total fatty acids. 5 SFA: saturated fatty acids; MUFA:
monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; CLA: conjugated linoleic acid; trans
FA: trans fatty acids. © Potentially hypercholesterolemic saturated fatty acids [31]. 7 T (trans-C16:1;
trans-C18:1; cis, trans-C18:2; trans, cis-C18:2; trans, trans-C18:2; trans-C20:1 without trans-CLA).
8 TAC: total antioxidant capacity; DM: dry matter. &b:c Values without a common letter differ signifi-

cantly (P < 0.05) in the same row.

grass probably explains the higher TAC in
cheese associated with the fodder rations
rich in fermented forages (Tab. VI).

3.4.2. Nature and percentage
of concentrate

The percentage of concentrate in the
herd diet had a significant effect on the

cheese composition only when cows were
fed pasture-based rations. In this case, as the
percentage of concentrate fed to the cows
was lower, hence that of green grass was
higher, the cheese fat was poorer in C14:0
and C16:0 and richer in trans-11 (+trans-10)
C18:1,CLA, C18:2n-6,C18:3 n-3, xantho-
phylls and retinol (Tab. VII). These results
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agree with previous findings for the FA [22,
69]. They suggest that there were higher FA
and carotenoid contents and/or bioavailability
in the green grass than in the concentrates.

The level of fat from the concentrates fed
to the cows significantly influenced only
the C18:2 n-6 percentage in cheese. The
cheese fat was so rich in C18:2 n-6 that the
percentage of fat from the concentrates in
the herd diet was high in both the grazing
period and the indoor feeding period. Thus,
the C18:2 n-6 percentage increased from
1.37% total FA in the grazing period and
from 1.26% total FA in the winter period
with the low percentage of fat from the con-
centrates to 1.63% total FA in both the graz-
ing period and the winter period with the
high percentage of fat from the concen-
trates. The FA profile of concentrates prob-
ably explains this effect. Linoleic acid is the
predominant FA in the fat of cereal and
oilseed fat [55]. Consequently, a higher
intake of fat from concentrate probably
brings about a higher secretion of linoleic
acid into milk, as previously shown exper-
imentally [13].

3.4.3. Vitamin supplementation

The vitamin supplementation of the pas-
ture-based rations had no significant effect
on the retinol and o-tocopherol contents in
the cheese (Fig. 2). On the other hand, when
cows were fed a preserved-forage-based
ration, the retinol content in cheese fat was
increased in a dose-dependent way by the
vitamin A supplementation (Fig. 2). Simi-
larly, the a-tocopherol content in cheese fat
was positively influenced by the vitamin E
supplementation of the preserved-forage-
based rations, but only with the high level
of supplementation. These results agree
with previous experimental findings related
to milk [26, 29, 57, 70]. The retinol and
a-tocopherol contents in milk fat directly
depend on their level in the cow’s diet, but
also on that of B-carotene for retinol [29].
The secretion of retinol and a-tocopherol
from plasma into milk is, however, limited
in quantity [37, 72]. Consequently, the
plasma retinol and o-tocopherol levels
could be in every case beyond the maximal
secretory capacity of these vitamins from

Retinol

be a

None Low Medium High

a-Tocopherol

None Low

Medium High

Figure 2. Retinol and o-tocopherol contents in
cheese for none, low, medium and high levels
of vitamin supplementation of the cow’s diet
with pasture-based rations (M) and preserved-
forage-based rations ((J). Results are expressed
as pg.g! fat. 25 Values without a common let-
ter differ significantly (P <0.05) within pasture-
based rations and within hay-based rations.

plasma into milk with the pasture-based
rations, due to the richness in B-carotene
and o-tocopherol of the green grass, but not
with the rations based on preserved forages
which are poorer in these micronutrients
[33, 62].

3.4.4. Genetic and physiological
factors

The physiological and genetic factors
influenced the composition of the cheese
much less than the nutritional factors
(Tab. V). In every case, the percentage of
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primiparous in the herd did not significantly
influence the FA profile and the micronu-
trient contents in the cheese in either the
grazing period or the indoor feeding period.
These results agree with previous findings
which have shown that the cow’s parity
have only a very little effect on the FA pro-
file of milk fat [39]. In addition, although
the percentage of several FA was signifi-
cantly influenced by the stage of lactation
and the milk yield of the herd (Tab. V),
these effects were very low and not consist-
ent between the grazing period and the
indoor feeding period, suggesting they
were possibly due to residual or unmeas-
ured confounding effects. These results dif-
fer from previous experimental findings
which have shown the strong influence of
the lactation stage of cows on the FA, vita-
min and carotenoid composition of milk
[13, 29, 37]. A too dispersed a calving dis-
tribution has probably restricted the influ-
ence of lactation stage in this study.

The breed of the herd was associated
with more significant differences in the FA
profile of the cheese (Tab. VIII). However,
this effect was not corroborated between
the grazing period and the indoor feeding
period, suggesting it was possibly due to
residual or unmeasured confounding effects
of nutritional factors in particular. Previous
studies have already reported differences in
milk FA profile between cow breeds [39,
42]. The influence of a cow’s breed on the
milk FA profile could in part be explained
by differences between breeds in the activ-
ity of the mammary enzyme stearoyl coen-
zyme A desaturase which oxidizes C16:0 to
C16:1 and C18:0 to C18:1 and is involved
in CLA production [54]. The differences
between breeds of activity of this enzyme
can be assessed by calculating desaturase
indexes from the products and the substrates
of this enzyme (Tab. VIII). It appears clearly
that the CLA-desaturase index was higher
for the Abondance and Montbéliarde
breeds than for the Holstein breed with both
the pasture-based rations and the preserved-
forage-based rations. That could partly
explain the lower CLA percentage in
cheese fat from the Holstein breed. The
higher percentage of CLA with the Mont-
béliarde breed compared with the Holstein

breed agrees with the findings of Lawless
et al. [42]. On the other hand, the differ-
ences between breeds of desaturase indexes
for cis-9 C16:1 and cis-9 C18:1 were incon-
sistent between the grazing period and the
indoor feeding period, in particular con-
cerning the desaturase indexes of the Abon-
dance breed, which were the highest with
the pasture-based rations but not with the
preserved-forage-based rations. That strength-
ens the hypothesis of confounding effects of
nutritional factors. The alpine pasture man-
agement of a great part of the Abondance
herds could have caused a body fat mobili-
zation, as previously suggested, and there-
fore a higher transfer from the blood into
milk of cis-9 C16:1 and cis-9 C18:1, pref-
erentially present in adipose tissue [13],
resulting in higher apparent desaturase
indexes.

On the other hand, the herd breed simi-
larly influenced the carotenoid content in
cheese fat in the grazing period and in the
indoor feeding period, but only in a signif-
icant way with the pasture-based rations
(Fig. 3). The xanthophyll and B-carotene
contents in cheese fat were the richest with
the Montbéliarde breed and the poorest
with the Abondance breed, respectively.
Several studies have previously observed
an effect of the cow’s breed on the carote-
noid content in milk fat [29, 41, 65, 71], but
none have experimentally compared these
three breeds to our knowledge. The varia-
tions in the carotenoid content in milk fat
related to the cow’s breed could be due to
differences between breeds of: (1) intestinal
conversion of B-carotene into retinal by the
15, 15° dioxygenase [29], (2) quantitative
secretion of PB-carotene from plasma into
milk [37] and/or (3) B-carotene storage and
mobilization [67]. The differences between
breeds of activity of 15, 15’ dioxygenase
can be assessed by calculating the reti-
nol:B-carotene ratio (Fig. 3). The Mont-
béliarde breed and the Abondance breed
were, respectively, associated with the low-
est and the highest retinol:B-carotene ratio
and therefore cleavage activity of 15, 15’
dioxygenase both with the pasture and the
indoor feeding. This result suggests that the
differences in B-carotene content in cheese
fat between breeds were strongly due to
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Figure 3. Xanthophyll and B-carotene contents
and retinol:B-carotene ratio in cheese for Abon-
dance, Holstein and Montbéliarde breeds with
pasture-based rations (M) and preserved-for-
age-based rations (OJ). Results are expressed as
ug-g~! fat for xanthophyll and B-carotene con-
tents. &b Values without a common letter differ
significantly (P < 0.05) within pasture-based
rations and within hay-based rations.

differences in cleavage activity of 15, 15’
dioxygenase to convert B-carotene into ret-
inal. In addition, the lower retinol:B-caro-
tene ratio with the pasture-based rations
compared with the preserved-forage-based
rations (Fig. 3) confirmed that the 15, 15’
dioxygenase displays Michaelis-Menten
type kinetics [73]. Indeed, the activity of
this enzyme is higher when a lower B-car-
otene concentration is present, i.e. with the
preserved-forage rations.

4. CONCLUSION

To our knowledge, the present study is
the first which attempts to explain the var-
iations in the nutritional composition of
cheeses produced under real conditions of
production by considering so many cheese
samples. It showed that there is a high var-
iability in composition in farmhouse pressed
cheeses and interdependence between the
fat-soluble components. It is particularly
interesting to note that the carotenoid, reti-
nol and o-tocopherol contents and the FA
profile in cheese simultaneously varied in a
nutritionally favorable way. Within the
studied range of conditions of milk produc-
tion, the FA profile and the retinol, o-toco-
pherol and carotenoid contents in cow’s
milk cheese strongly depend on the cow’s
diet, in particular the level of pasture. It
appears, however, that other management
practices (vitamin supplementation and
herd breed) could also have appreciable
effects on the cheese nutritional character-
istics. The correlational approach used in
this study involves being cautious in the
interpretation of the results insofar as cor-
relations do not necessarily imply cause and
effect relationships between variables. The
strong associations between the preserva-
tion mode of forages and the nutritional
characteristics of cheese can, however, be
considered to be cause and effect relation-
ships because they confirmed experimental
findings. On the other hand, owing to poten-
tial confounding effects inherent in this
type of study, some aspects need to be val-
idated in experimental conditions such as
the effects of the maturity stage of grass, the
nature of grassland and the cow’s breed.
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Moreover, a better knowledge of the dose-
response relationship between the level of
vitamin supplementation of a cow’s diet
and the retinol and o-tocopherol contents in
milk fat could allow a better control of the
levels of these vitamins in dairy products,
in particular when cows are fed indoor
rations.
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