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RESEARCH ARTICLE                                         

Relationship between milk intrinsic quality scores and the environmental 
impact scores of dairy farms

Mathieu Lepoivrea, Claire Laurenta, Bruno Martina, Paul-Marie Grollemundb, Rapha€elle Botreaua,  
Françoise Monsallierc, Sophie Hulind, Pauline Gerberd, Christophe Chassarda and Mauro Coppae 

aUniversit�e Clermont Auvergne, INRAE, Aurillac, France; bUniversit�e Clermont Auvergne, CNRS, LMBP, Aurillac, France; cChambre 
d’Agriculture du Cantal, Aurillac, France; dPôle Fromager AOP Massif Central, Aurillac, France; eDepartment of Agricultural, Forest and 
Food Sciences, University of Turin, Turin, Italy 

ABSTRACT 
This study aimed to study the relationship between milk quality for cheese manufacturing and 
farm’s environmental impacts in grass-based mountain systems. Beforehand, the multi-criteria 
evaluation methodology proposed by Botreau et al. and Rey-Cadilhac et al. was adapted to a 
routine use. Milk quality scores were constructed by weighing traits possibly predicted by spec
troscopic analyses currently available in milk labs into 4 dimensions: health, nutritional, techno
logical and sensory. Environmental impact scores were constructed by combining 6 indicators of 
the CAP’2ERVR software in 5 dimensions: greenhouse gas emissions, eutrophication, air acidifica
tion, consumption of space and non-renewable energies and ecosystem biodiversity. The study 
sample included 15 dairy farms located in the French Massif Central mountains. An analysis of 
variance was carried out to study the effect of system’s types on milk quality and environmental 
impact scores. A principal component analysis was used to study the relationship between milk 
quality and environmental impact dimensions scores. No correlation has been established 
between overall milk quality and overall environmental impact scores. High scores for the nutri
tional and biodiversity dimensions and low scores for the resource consumption dimension, 
were associated with farming practices such as a high proportion of grasslands in the usable 
agricultural area, low stocking rate and low productivity per cow. This demonstrates the impor
tance of defining specific priority objectives, on a farm-by-farm basis, in order to drive changes 
in agricultural practices. The multi-criteria evaluation model tested here appeared sensitive, but 
it needs to be tested on a larger scale and in different contexts.

HIGHLIGHTS 

� We developed an operational method for multi-criteria assessment of intrinsic milk quality 
and environmental impacts
� We did not find correlations between overall quality and overall environmental impact scores
� Some dimensions of milk quality were correlated with some environmental dimension
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Introduction

Societal expectations of dairy products are constantly 
changing through growing demand for product qual
ity and the environmental impact of the farming sys
tem (Lebacq et al. 2013; Farruggia et al. 2014; 
European Union 2020). The dairy sector needs to posi
tion the products in relation to these expectations 
(Prache et al. 2022). This explains the growing interest 
in the development of multi-criteria assessment meth
odologies (Lairez et al. 2015) of the quality of dairy 
products (M€uller-Lindenlauf et al. 2010; Zucali et al. 

2016; Prache et al. 2022) and/or the environmental 
impacts of their manufacture (M€uller-Lindenlauf et al. 
2010; Botreau et al.2018; Prache et al. 2022).

However, most of the studies listed are not 
exhaustive in terms of assessing the environmental 
impacts and/or intrinsic milk quality. Global studies 
are rare due to several difficulties: the multidisciplinary 
nature of the issues addressed, the high cost of analy
sing certain milk compounds, and the time required 
to collect descriptive data at farm level to implement 
the indicators. This is why the correlations between all 
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the environmental and milk quality dimensions remain 
poorly studied: research is often limited to certain 
aspects of quality or the environment (particularly the 
carbon footprint; Lambotte et al. 2021). However, 
some authors have highlighted the lack of correlations 
between the overall intrinsic milk quality scores and 
the overall environmental impact scores of a system 
of farms (Penati et al. 2009; Bava et al. 2014; Botreau 
et al. 2018).

The aim of our work was to study the relationship 
between milk quality and farm’s environmental 
impacts in grass-based mountain systems. Beforehand, 
the methodology proposed by Botreau et al. (2018) 
and Rey-Cadilhac et al. (2021) was adapted to a rou
tine use. To achieve this goal, environmental impact 
was measured using a life cycle analysis approach by 
CAP’2ERVR software (Moreau et al. 2016) and rapid milk 
analyses based on spectroscopy.

Materials and methods

Intrinsic milk quality evaluation methodology

The intrinsic milk quality assessment (noted quality 
assessment thereafter) is an adaptation of the one 
proposed by Rey-Cadilhac et al. (2021): a participatory 
construction method for the overall assessment of 
intrinsic milk quality based on indicators obtained 
from raw bulk tank milk analyses. The overall quality 
had to be defined in several dimensions or qualities, 
then subdivided into principles and criteria (and sub
criteria if needed) that itemised the principles into 
more concrete categories. Criteria were assessed by 
indicators that were measurable (¼raw data) (Lairez 
et al. 2015).

The modifications concern 3 points:

1. Selection of indicators that can be only obtained 
by medium infra-red spectroscopy (MIR) or by 
fluorescence and that are systematically analysed 
by French laboratories,

2. Transformation of quantitative data into qualita
tive data for 5 indicators (C18:cis9/C16:0 ratio and 
C4:0, C17:0, ALA and PUFA concentrations, high
lighted in grey in Figure 1) for which the reliability 
of spectroscopic prediction models was not con
sidered equivalent to the reference method in the 
literature. For this, we applied the value class 
approach developed by Coppa et al. (2017),

3. Use of weighted averages to aggregate indicators 
into criteria, which in turn are aggregated into 
principles, which in turn are aggregated into 
dimensions.

All these modifications were obtained through a 
series of technical committees, with the conciliation of 
scientific experts (the authors of this article).

The obtained quality assessment was based on 4 
dimensions, 7 principles, 16 criteria and 26 indicators 
(Figure 1). For each of these indicators, favourable and 
unfavourable thresholds were established according to 
the methodology of Rey-Cadilhac et al. (2021), which, 
in the case of quantitative indicators, allowed a score 
to be assigned between 0 (lowest quality) and 10 
(highest quality) by linearly transforming the quantita
tive values between the two thresholds. For qualitative 
indicators, the best and worst classes had a value of 
10 and 0 respectively. The intermediate classes had 
fractional values of 10/n-1, where n is the number of 
classes. It should be noted that for the ratio C18:1cis 
9/C16:0, a score of 10 was obtained for an optimal 
value of 0.9 according to Rey-Cadilhac et al. (2021), so 
it was decided to give the value of 10 to the class 
containing this value. The 2 adjacent classes were 
assigned a value of 5.

Environmental impacts evaluation methodology

The environmental impact assessment (noted the 
environmental assessment thereafter) is an adaptation 
of the one proposed by Botreau et al. (2018): a multi- 
criteria assessment methodology combining environ
mental performance assessment and milk quality 
assessment. The modifications concern 2 points: 1/the 
exclusive use of the indicators present in the CAP’2ERVR 

tool, 2/the use of the weighted average to aggregate 
the indicators, criteria and dimensions.

Following agreement between the authors in a ser
ies of technical committees, the environmental assess
ment is the made up of 5 dimensions, 6 criteria, and 6 
indicators (Figure 2). All indicators are expressed per 
1000 kg of milk produced, except for biodiversity, 
where the functional unit is the equivalent hectare per 
hectare of useful agricultural area (UAA): each agro- 
ecological element (for example: linear metre of 
hedge, isolated tree) is converted into a biodiversity 
surface area equivalent, expressed per hectare of UAA 
(Vilain et al. 2008). The favourable and unfavourable 
thresholds were established as for quality assessment: 
each indicator can be scored on a scale ranging from 
0 (the highest environmental impact and therefore the 
lowest score) to 10 (the lowest environmental impact 
therefore the highest score). As with the quality 
assessment, the technical committees and consultation 
of the scientific literature made it possible to adjust 
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the weighting of each indicator in the criteria and the 
criteria in the dimensions to arrive at the final score.

On farm survey and milk sampling

Fifteen farms, located in the mountainous area of the 
Massif Central, France, were selected to correspond to 
three types of farming system adaptation, representative 
of the territorial context: (i) fairly intensive, with an indoor 
season diet including maize silage, and a high proportion 
of concentrates in cow’s diet throughout the year (called 
HMC system, for: HerbageþMaizeþConcentrates; n¼ 5); 
(ii) increasing hay production, in large proportion in the 
diet all year round, with a low annual milk production 
per cow (HF system: HerbageþHay; n¼ 3); (iii) 

maximising grazing, with low concentrate proportion in 
dairy cow diet all year round and low milk yield (HP sys
tem: Herbageþ Pasture grazing; n¼ 7). Farms were allo
cated a priori to the farming systems on the base of 
brief description (maize silage and concentrate level in 
diet, supplementation with conserved forage during graz
ing and milked yield) given by farms’ consultants. For the 
selected farms, 5 milk samples were collected during one 
year: 2 samples during the indoor period and 3 samples 
during the grazing season analysed by MIR and fluores
cence. The results of these analyses were used to calcu
late the 15 milk indicators included in the quality 
assessment. At the same time, a detailed on-farm survey 
was performed to collect data used to calculate the indi
cators of the environmental assessment by life cycle 

Figure 1. Structure of the multicriteria assessment of the cow milk intrinsic quality for raw milk-cheese production per dimension: 
sensory, technological, health and nutritional quality. �ponderation of the dimension to the global quality score; 

ponderation of the observation (indicators, subcriteria, criteria or principles) to the upper scale one (subcriteria, criteria, 
principles and dimensions, respectively); aFA: Fatty acids; bALA: a-linolenic acid (C18:3n-3); cPUFA: polyunsaturated fatty acid; the 
gray boxes correspond to the indicators evaluated by class.
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assessment CAP’2ERVR software. The questionnaire con
structed in accordance with the software instructions 
(Moreau et al. 2016) covered farm land use, agricultural 
practices, crop rotation, livestock and their management, 
animal feed, effluent management, fuel and electricity 
consumptions. In this way, the environmental impact 
indicators we needed could be calculated by the 
CAP’2ERVR tool: greenhouse gas emissions (from all farm 
processes that emit CO2, CH4 and N2O), eutrophication 
(from processes generating losses of nitrogen and phos
phorus to water), air acidification (from processes linked 
to losses of acidifying substances NH3, NO and SO2), the 
consumption of space and non-renewable energy (based 
on the direct energy used on the farm and the indirect 
energy used to manufacture and transport inputs) and 
the biodiversity of ecosystems (based on an inventory of 
agro-ecological elements).

Calculations and statistical analysis

Data analysis and calculation of the quality score were 
carried out by season and by year. The values of the 
indicators during the grazing season and during the 
indoor season were obtained by averaging the values 
of the 3 milk samples collected from April to October 
(depending on the farm), and the 2 milk samples col
lected from November to March, respectively. The 
annual data were calculated as the average of these 
mean values per season, weighted by the respective 
duration of these 2 periods.

The data required for the calculation of the envir
onmental assessment were obtained from the 
CAP’2ERVR software directly for the whole year.

Statistical analysis and graphics were performed 
using R packages (R Core Team 2020). Correlations 
between overall environmental scores and overall 
quality scores were defined using the correlation func
tion (cor function of the statistics package).

A principal component analysis (PCA from 
FactoMineR package, Husson et al. 2016) was run to 
determine the main structural trends of these data 
and to assess the capacity of the method to discrimin
ate situations. The active variables were the scores for 
each dimension of milk quality and environmental 
impacts, and the non-active explanatory variables 
described agricultural practices (number of dairy cows, 
permanent pastures, age at first calving, time spent 
grazing, renewal rate, rate of grass kept in the diet, 
proportion of grazed grass in the diet, proportion of 
concentrates in the diet, proportion of maize in the 
diet, rate of high productivity breeds in the herd, milk 
production, stocking rate, forage area).

Finally, we used an ANOVA procedure, considering 
the farming system variable as a fixed factor, to deter
mine whether environmental impact and milk quality 
ratings differed between farming systems.

The entire procedure is detailed in an associated 
GitHub repository (https://github.com/pmgrollemund/ 
qualenvic_plus/).

Results

Characteristics of farms

Herd size varied between 22 and 67 dairy cows, milk 
production between 79 864 about and 409 999 L/year 
and per farm, usable agriculture area (UAA) between 

Figure 2. Structure of the multicriteria environmental assessment of dairy farms for raw milk-cheese production by dimension: cli
mate change, eutrophication, acidification, resources and biodiversity impacts. �ponderation of the dimension to the global quality 
score; ponderation of the observation (indicators) to the upper scale one (criteria and dimensions, respectively); 
aMaintaining biodiversity: Contribution to maintaining biodiversity at the farm level; bUAA: Usable agriculture area.
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30 to 118 ha and grazing period between 98 to 
190 days per year (Table 1). Average milk fat content 
and milk protein content ranged from 37.0 g/L to 
44.6 g/L and from 30.9 g/L to 35.0 g/L, respectively.

The HP system had a lower part of permanent 
grassland in the UAA than the HF or HMC system 
(-45% on UAA and −48% on UAA respectively; Table 
2), and a lower milk yield than HMC (-1422 L/dairy 
cow.year−1). The HMC system had a lower protein 
self-sufficiency (-22%), and numerically lower concen
trate self-sufficiency (-29%, even if not significant) 
than HP system. N mineral fertilisation on grassland 
was numerically higher for HMC system than for the 
other systems (7 kg N/ha instead of 0 for other sys
tems). During the indoor season, the preserved herb
age proportion in dairy cow diet was significantly 
higher in the HP system than in the HMC system 
(þ32%), as well numerically the hay proportion on 
total preserved herbage (þ80%) whereas the propor
tion of concentrates was numerically lower (-22%) as 
well as the fermented herbage proportion (-14%). 
During the grazing season, the proportion of fresh 
herbage in the diet of dairy cows was higher in 
the HP system than in the HF system (þ39%), but the 
HF system had a higher proportion of preserved 
herbage (þ33%). During this same period, the pro
portion of concentrates in the diet of dairy cows was 
higher in the HMC system than in the HP system 
(þ17%) whereas the total forages proportion was 
lower (−17%).

Intrinsic milk quality scores

The annual average of the quality scores obtained in 
the 15 farms was 5.2 and the averages by dimension 
were 5.9, 5.4, 4.6 and 4.2 for the sensory, techno
logical, health and nutritional dimension, respectively 
(Table 3). The annual score ranged from 3.4 to 6.8. 
Sensory dimension scores had the highest range of 
variation over all periods compared to other dimen
sions (SEM always maximum): from 1.2 to 8.2 over 

the year. On the contrary, the health dimension pre
sented the narrowest range: from 3.4 to 5.6 over the 
year.

Most of the annual quality scores did not differ 
significantly between systems (Table 4). Only the 
annual average health quality was significantly lower 
for HP system compared to the HMC system (-1.1; 
p¼ 0.022). The average annual sensory dimension 
was lower in trend (p¼ 0.091) for HF system than for 
HMC system (-2.8).

Environmental impacts scores

The average global environmental score in the 15 
farms studied was 6.8 and the averages by dimension 
were 9.7, 7.6, 7.2, 5.8 and 4.0 for eutrophication in 
water, climate change, resources, air acidification and 
biodiversity dimension, respectively (Table 5). The glo
bal environmental score ranged from 4.9 to 7.6. The 
ecosystem biodiversity scores presented a huge range 
of variation, from 0.8 to 9.7. On the contrary, the 
eutrophication scores ranged only from 7.1 to 10.0.

There were no differences between the farming sys
tems in the dimensions of environmental impacts 
scores (Table 6) except that the acidification score was 
lower in trend (p¼ 0.064) between the HF system and 
the HP system (-1.7).

Relationship between milk intrinsic quality and 
environmental impact scores

There was no significant linear correlation between 
the global environmental score and the annual quality 
score (p¼ 0.04; Figure 3).

The correlation matrix between environmental and 
quality scores (Table 7) showed positive correlations 
between eutrophication and health scores (r¼ 0.56) 
and between resource and sensory scores (r¼ 0.46). 
Resource and nutritional scores are negatively 
related (r¼−0.51), and similarly for acidification and 

Table 1. Characteristics of the 15 surveyed dairy cattle farms and composition of their milk.
Item Mean Median Minimum Maximum SD

Farm characteristics
Dairy cows (n) 42 40 22 67 14
Utilisable agricultural area (ha) 66 63 30 118 27
Stocking rate (LSU/ha of forage area) 1.0 0.9 0.7 1.6 0.3
Milk production (L/year) 228 671 240 408 79 864 409 999 91 127
Milk yield (L/DC/year) 5 308 5 520 3 571 7 071 1 003
Main forage area (ha) 64 55 30 118 27
Grazing period (d/year) 157 161 98 190 24

Milk composition
Milk fat content (g/L) 39.87 39.61 36.99 44.59 2.27
Milk protein content (g/L) 32.81 32.75 30.93 35.03 1.43
Somatic cell count (n x 1000/mL) 269 254 128 467 121
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technological scores (r=-0.50), climate change and 
technological scores (r=-0,47), and eutrophication and 
technological scores (r=-0.44).

On the PCA performed on the environmental and 
annual quality scores (Figure 4(a)), eutrophication and 
health dimensions scores are positively correlated with 
the principal component (PC) 1 (29.6% of variance 
explained), whereas the resource, technological and 

Table 2. Characteristics of the 15 audited cattle dairy farm from the analysis of variance on the 3 systems: size of the farm, 
number of livestock, composition of the herd, milk production, cultural practices, composition of the feed diet during indoor sea
son, during grazing season and for the year.

Characteristics

System1 of farms

SEM p valueHP HF HMC

DC (nb) 38 56 40 13 0.183
Average age at first calving (months) 34 35 34 2 0.712
Holstein breed (% on the herd) 71 33 40 48 0.417
Return rate (%) 19 10 23 10 0.201
Days on pasture per year for DC 192 170 192 18 0.215
Utilisable agricultural area (ha) 54 92 68 24 0.107
Grassland area (ha) 18 a 87 b 59 ab 27 0.008
Permanent grasslands (% on UAA) 58 a 96 ab 99 b 23 0.009
Protein self-sufficiency (%) 91 a 81 ab 69 b 8 0.003
Concentrate self-sufficiency (%) 32 8 3 22 0.124
N mineral fertilisation on grasslands (kg N/ha) 0 0 7 10 0.489
Stocking rate (LSU/ha UAA) 1,06 0,80 0,94 0.28 0.408
Milk yield (L/DC/year) 4837 a 4822 a 6259 b 781 0.020
Milk production (L/year) 197 798 270 481 246 933 92 482 0.473
Fuels consumption (L/an) 3436 3890 4218 1956 0.791
Composition of the indoor season diet: (% on diet DM)

Total preserved herbage (TPH) 88 a 82 ab 56 b 18 0.027
Hay (% on TPH) 83 86 73 28 0.762
Fermented herbage (% on TPH) 8 10 22 24 0.584
Other preserved herbage2 (% on TPH) 9 4 5 15 0.851

Maize silage 3 0 14 13 0.322
Total forages 91 a 82 ab 69 b 14 0.053
Concentrates 9 a 18 ab 31 b 14 0.053

Composition of the grazing season diet: (% on diet DM)
Fresh herbage 96 a 57 b 72 ab 20 0.034
Preserved herbage 3 a 36 b 9 ab 15 0.021
Concentrate 2 a 7 ab 19 b 9 0.017

Total forages 98 a 93 ab 81 b 9 0.017

The letters a and b mean that the values obtained are significantly different (p< 0.05).
1HP system¼ the most pasture, few concentrates, low milk production per cow (n¼ 7), HF system¼ production of hay, low annual milk production per 
cow (n¼ 3), HMC system¼ quite intensive, maize silage in diet during indoor season, concentrates in a significant way all the year (n¼ 5).

2Other preserved herbage: maize silage, legume hay, legume silage, grass hay.
Abbreviations: DC¼ dairy cow, UAA¼Utilisable Agricultural Area, LSU¼ livestock unit (equivalent to 1 dairy cow over a whole year), DM: dry-matter, 
TPH: total preserved herbage.

Table 3. Overall results for the 15 cattle dairy farms audited 
for the 4 dimensions and the global milk intrinsic quality 
scores, by season and for the whole year.
Quality dimension1 Mean Median Minimum Maximum SEM

Quality during indoor season
Sensory dimension 6.5 7.6 1.8 8.9 2.1
Technological dimension 4.5 4.4 1.9 8.0 1.7
Health dimension 6.7 6.8 4.7 7.7 0.9
Nutritional dimension 4.3 4.5 2.1 6.2 1.4
Global quality 5.6 6.1 3.8 7.1 1.2

Quality during grazing season
Sensory dimension 5.3 6.2 0.3 8.6 2.6
Technological dimension 6.3 6.4 3.7 8.6 1.4
Health dimension 2.4 2.5 1.2 4.2 0.9
Nutritional dimension 4.1 4.0 1.6 6.4 1.4
Global quality 4.8 4.9 2.6 6.5 1.1

Quality during the year
Sensory dimension 5.9 6.7 1.2 8.2 2.0
Technological dimension 5.4 5.2 3.9 7.3 1.0
Health dimension 4.6 4.9 3.4 5.6 0.7
Nutritional dimension 4.2 4.1 2.4 5.7 1.1
Global quality 5.2 5.3 3.4 6.8 0.9

1Score ranged between 0 and 10, where 0 was the worst possible quality 
score, and 10 was the best possible quality score.

Table 4. Effects of the 3 systems of cattle dairy farm studied 
on intrinsic milk quality scores.

Quality dimension1

System2 of farms

SEM p valueHP HF HMC

Annual average
Sensory dimension 5.5 4.5 7.3 1.7 0.091
Technological dimension 5.3 5.3 5.5 1.1 0.973
Health dimension 4.2 a 4.4 ab 5.3 b 0.6 0.022
Nutritional dimension 4.1 4.2 4.4 1.1 0.889
Global quality 5.0 4.7 5.9 0.8 0.109

The letters a and b mean that the values obtained are significantly differ
ent (p< 0.05).
1Score ranged between 0 and 10, where 0 was the worst possible quality 
score, and 10 was the best possible quality score.

2HP system¼ the most pasture, few concentrates, low milk production 
per cow (n¼ 7), HF system¼ production of hay, low annual milk pro
duction per cow (n¼ 3), HMC system¼ quite intensive, maize silage in 
diet during indoor season, concentrates in a significant way all the 
year (n¼ 5).
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sensory dimensions were negatively correlated to PC1. 
The technological dimension was positively correlated 
to PC2 (26.2% of variance explained) while the climate 
change and acidification dimensions were negatively 

correlated to PC2. Finally, the technological, nutritional 
and biodiversity dimensions were positively correlated 
to PC3 (16.7% of variance explained). Farms were 
quite evenly distributed over the plane defined by 
PC1 and PC2 (Figure 4(b)), they are positioned from 
−3.9 to 2.5 on PC1, from −2.8 to 3.1 on PC2 and from 
−1.8 to 2.1 on PC3.

The total area of permanent grassland on the farm, 
the age at first calving and the duration of the grazing 
season were the main explanatory variables correlated 
with PC1. The parameters most correlated to PC2 
were the proportion of high-yielding dairy breeds in 
the herd, the preserved forage proportion in dairy 
cow’s diet, the proportions of pasture and concen
trates in dairy cow’s diet.

Discussion

Consequences of adaptations concerning milk 
intrinsic quality and environment assessments

The quality scores we obtained for all the features, 
whether yearly or seasonally calculated, were higher 
than those obtained by the Rey-Cadilhac et al. (2021) 
assessment carried out on similar group of farm, 
except for the annual health dimension (4.6 ± 0.7 vs 
5.6 ± 0.5), the health dimension during grazing season 
(2.4 ± 0.9 vs 6.6 ± 0.7) and the nutritional dimension 
during indoor season (4.3 ± 1.4 vs 5.4 ± 1.5). Likewise, 
compared to the scores obtained on a similar group 
of farms by Botreau et al. (2018) assessment, higher 
scores but lower standard deviation were observed for 
all the environment features, except for biodiversity: 
4.0 ± 2.3 vs 5.5 ± 2.1.

The PCA shows a large scattering of the farms on 
the plane defined by the first two principal compo
nent, demonstrating the sensitiveness of the scores 
of most of the dimensions studied to changes in agri
cultural practices. The sensitiveness of the adapted 
quality assessment was higher than that proposed by 
the Rey-Cadilhac et al. (2021) assessment (scores 
ranging from 3.4 − 6.8, vs 2.1 − 4.7, respectively). 
Conversely, the range of our environmental assess
ment scores was narrower than that obtained in the 
Botreau et al. (2018) assessment (ranging from 4.9– 
7.6 vs 1.5–7.4).

Several reasons could explain these differences, all 
related to the adaptation of the assessments: the dis
missing of several indicators, the modification of the 
calculation method of certain indicators or of 
the tool leading to the value of the indicator, and 
the simplification of the aggregation method. In fact, 
our methodology used simple weighting, making it 

Table 5. Overall results for the 15 cattle dairy farms audited 
for the 5 dimensions and the global environment scores.
Environmental dimension1 Mean Median Minimum Maximum SEM

Climate change 7.6 7.8 4.6 9.9 1.3
Eutrophication 9.7 10.0 7.1 10.0 0.8
Acidification 5.8 6.0 0.0 7.9 2.0
Resources (space and energy) 7.2 7.0 5.6 9.4 1.3
Ecosystem biodiversity 4.0 3.4 0.8 9.7 2.3
Global environmental score 6.8 7.0 4.9 7.6 0.7
1Score ranged between 0 and 10, where 0 was the worst possible quality 
score, and 10 was the best possible quality score.

Table 6. Effects of the 3 systems of cattle dairy farm studied 
on environmental impact scores.

Environmental dimension1

System2 of farms

SEM p valueHP HF HMC

Climate change 7.8 6.4 8.1 1.2 0.166
Eutrophication 9.4 9.8 10.0 0.8 0.461
Acidification 6,9 4.0 5.2 1.7 0.064
Resources (space and energy) 7.2 6.2 7.5 1.3 0.431
Ecosystem biodiversity 3.0 4.7 5.0 2.2 0.267
Global environmental score 6.8 6.2 7.2 0.7 0.174
1Score ranged between 0 and 10, where 0 was the worst possible quality 
score, and 10 was the best possible quality score.

2HP system¼ the most pasture, few concentrates, low milk production 
per cow (n¼ 7), HF system¼ production of hay, low annual milk pro
duction per cow (n¼ 3), HMC system¼ quite intensive, maize silage in 
diet during indoor season, concentrates in a significant way all the 
year (n¼ 5).

Figure 3. Relationship between the global environmental 
impact score and the annual average milk quality score in the 
15 farms in the sample: HP system (the most pasture, few 
concentrates, low milk production per cow) represented by a 
circle, HF system (production of hay, low annual milk produc
tion per cow) ¼ square and HMC system (quite intensive, 
maize silage in diet during indoor season, concentrates in a 
significant way all the year) ¼ triangle.
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possible to compensate for a poor score somewhere 
with a good score elsewhere, leading to higher 
aggregated scores than the method used in Botreau 
et al. (2018) and Rey-Cadilhac et al. (2021) which 
used a complex qualitative aggregation tool to limit 
compensation.

Effects of farming system on the intrinsic milk 
quality and environmental impact scores

Differences among farming system for intrinsic milk 
quality and environmental impact scores were less 
than expected. This could be due to the variability of 
agricultural practices within each farming system that 

Table 7. Relationship between the scores of the 4 intrinsic dimensions of milk quality and those of the 5 environmental dimen
sions in the 15 audited dairy farms.
Dimension Climate change Eutrophication Acidification Resources Ecosystem biodiversity Global score

Sensory 0.10 −0.32 −0.19 0.46 0.01 0.09
p value 0.719 0.237 0.499 0.086 0.986 0.757

Technological 20.47 20.44 20.50 0.01 −0.08 −0.56
p value 0.080 0.097 0.057 0.980 0.762 0.030

Health 0.33 0.56 0.09 −0.22 0.43 0.47
p value 0.235 0.028 0.750 0.422 0.114 0.076

Nutritional −0.33 0.42 0.08 20.51 0.44 0.02
p value 0.223 0.115 0.766 0.051 0.104 0.953

Global score −0.08 −0.22 −0.27 0.22 0.12 0.04
p value 0.770 0.424 0.325 0.438 0.681 0.884

Bold: Pearson’s correlations with p value < 0.10.

Figure 4. Principal component analysis (PCA) carried out on the 4 milk quality scores and the 5 environmental quality 
dimensions. (a) Plot of active variable distribution (solid arrows) and of the main explicative non-active variables (dotted 
arrows) describing the farming practices. QTECHNO: score for technological dimension of milk intrinsic quality, QSENSO: 
score for sensory dimension of milk intrinsic quality, QHEALTH: score for health dimension of milk intrinsic quality, QNUTRI: 
score for nutritional dimension of milk intrinsic quality, ENVEUTRO: eutrophication score, ENVRES: resources score, ENVCC: 
climate change score, ENVACIDIF: air acidification score, ENVBIOD: score biodiversity, DC: number of dairy cows, PP: areas of 
permanent pasture, AFC: age at first calving, TIME: time spent grazing, RR: renewal rate, GK: rate of grass kept in the diet, 
GRASS: proportion of pasture in the diet, CONC: proportion of concentrates in the diet, M: proportion of maize in the diet, 
HP: rate of high productive breeds in the herd, PROD: milk production, STO: stocking rate, FA: forage area. (b) Plot of the 
distribution of the 15 studied farms by system projected on the two principal components (PC1 and PC2): HP system (the 
most pasture, few concentrates, low milk production per cow) represented by a circle, HF system (production of hay, low 
annual milk production per cow) ¼ square and HMC system (quite intensive, maize silage in diet during indoor season, con
centrates in a significant way all the year) ¼ triangle. 
We add below an overview intended to help the reviewer identify without doubt the number and order of each figure.
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generated a partial overlapping between farming sys
tems. Anyway, some differences among systems were 
still present.

The significant difference in the annual score of the 
health dimension, 1.1 points higher for the HMC sys
tem than for the HP system (with scores of 5.3 and 
4.2, respectively), seems to be explained by a combin
ation of factors which weigh favourably (casein, ALA 
and PUFA content) or unfavourably (C16:0 content) in 
the score. Thus, the C16:0 concentration in milk 
(31.5% of the weight of the health dimension score) 
was lower in the HMC system in summer than in win
ter, the casein content (17.5%) was higher in the HMC 
system in winter but lower in summer, the ALA con
tent (14.3%) was lower in the HMC system in winter, 
and the PUFA content (9.6%) higher in the HMC sys
tem in summer. These differences in milk composition 
are also explained by some antagonistic mechanisms. 
For example, a diet richer in maize (rich in starch), dis
tributed to cows as silage or concentrate (as in the 
HMC system) is known to increase the concentration 
of C16:0 in milk (Coppa et al. 2013; Kliem et al. 2008). 
However, cow diets on HMC system farms remain 
grass-based (56% and 81% of DM intake in winter and 
summer, respectively), intake of which leads to lower 
C16:0 concentration in milk (Coppa et al. 2015; 
Cabiddu et al. 2022) that counterbalances the effect of 
maize part in the diet on C16:0 content. Nevertheless, 
herbage intake remains lower in HMC than HP system 
(Table 2). Fresh or conserved herbage quality could be 
at the origin of this apparent contradiction: grazing 
herbage at an early phenological stage induce a lower 
concentration of C16:0 in milk compared to mature 
herbage (Coppa et al. 2015). Grazing herbage at an 
early phenological is common for intensively managed 
grazing system, even in mountain area, as suggested 
by a numerically higher grassland N fertilisation 
observed in HMC system. Similarly, preserving herbage 
through fermentation instead of drying allows to har
vest herbage at an earlier phenological stage. Thus, 
the numerically higher proportion of fermented herb
age in HMC system diet during winter season com
pared to HP system could explain the lower C16:0 
concentration in milk (Borreani et al. 2013). 
Furthermore, feeding maize silage and starch rich diet 
increase the concentration in milk of C18:2n-6, one of 
the main PUFA in milk in disfavour of C18:3n-3, 
explaining why the PUFA content in HMC is high 
(Coppa et al. 2015; Cabiddu et al. 2022).

The difference in trend in the annual sensory 
dimension, 2.8 points higher for the HMC system than 
for the HF system (with scores of 7.3 and 4.5, 

respectively), is mainly related to differences during 
the summer season in milk free FA concentration 
(40.0% of the weight of the sensory quality score), the 
somatic cell count (SCC) in milk (26.6%), the fat to pro
tein ratio (FPR) in milk (13.4%) and the C18:1c9/C16:0 
ratio (10.0%). Scientific work has proven this relation
ship: the diet rich in pasture (as in the HMC system) is 
associated with a low level of free fatty acid concen
tration in milk (Chilliard et al. 2007) and FRP value in 
milk close to 1.15 which was set as our ideal threshold 
(Collomb et al. 2008). Such a diet rich in pasture also 
decreases the de novo synthesis of saturated fatty 
acids (SFA) in the udder, which leads to low concen
trations of SFA, and partly of C16:0, in milk (Shingfield 
et al. 2013; Coppa et al. 2015; Cabiddu et al. 2022).

Concerning the environmental impact, the differ
ence in the evolution of the acidification score, 3.0 
points higher for the HP system than for the HF sys
tem (with scores of 6.9 and 4.0 respectively), seems 
linked to the differences in herd management 
between these two systems, particularly regarding 
feeding during the grazing season. The difference 
between the two systems is significant regarding the 
proportion of preserved herbs in the diet (HF: 36%, 
HP: 3%) and the proportion of fresh herbs in the diet 
(HF: 57%, HP: 96%) during the grazing period. This 
feed management in the HF system could be respon
sible for a greater amount of effluent excreted in 
buildings during the grazing period (due to the group
ing of animals at distribution points), increasing 
atmospheric ammonia emissions and nitric oxide 
(Martin et al. 2013; Smith et al. 2021). Other factors 
seem to be able to influence the higher acidifying 
losses in the air in the HF system farms than in the HP 
system farms: the mechanical works necessary for the 
production of the preserved grass given to the cows 
during the grazing period and the associated sulphur 
dioxide (SO2) emissions, the spreading of slurry more 
frequently because after each hay cut, and on a few 
farms in the HF system the longer storage time of the 
slurry before spreading.

The lack of differences for the other quality feature 
and environmental scores between each farm type 
was an important and unexpected result. The farms 
are well distributed on the graphical maps derived 
from the PCA results, and the correlations between 
the PC and the farming practices as explanatory varia
bles suggests the sensitivity of the methods to the 
variability in farming conditions. However, farms are 
not grouped by system (Figure 4(b)). The farming 
systems were defined on the basis of crop rotation cri
teria (usable agriculture area, main forage area) and 
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animal performance (number of dairy cows, milk pro
duction per dairy cow), while the explanatory variables 
mainly correlated with the PC axes were related to 
cow diet composition (the proportion of pasture in 
the diet, the time spent grazing, the percentage of 
grass kept in the diet), and animal breed and repro
duction (the age at first calving, rate of highly pro
ductive breeds in the herd). These characteristics were 
only partially implicated in the a priori classification of 
farms and their variability was therefore transversal to 
the 3 systems.

Farming system-independent relationship between 
intrinsic milk quality and environmental impact 
scores

The absence of a clear relationship between the global 
environmental score and the average annual quality 
score in our study agrees with the result of previous 
multi-criteria studies. Botreau et al. (2018) obtained 
comparable results with full assessments. Bava et al. 
(2014) had concluded in their study on the relation
ship between agricultural intensity and environmental 
performance that, from a product perspective, the 
most ecological way of producing milk was not clearly 
identifiable. Guerci et al. (2013a) found no relationship 
between environmental impact and milk production 
per cow or farm stocking rate on the sampled farms.

On the contrary, high correlations were found 
between the scores of some quality and environmental 
dimensions. The most innovative result is about the 
positive and significant relationship between eutrophica
tion and health dimensions scores. A high eutrophica
tion score reflects the low negative impact of nitrogen 
and phosphorus losses on water quality, therefore the 
low risk of promoting eutrophication, by reducing the 
concentrations of nitric oxide (NO), ammonia (NH3), 
nitrogen trioxide (NO3), phosphorus pentoxide (P2O5) 
and phosphate ion (PO43-) in the natural environment. 
By construction, a high score on the health dimension is 
associated to low concentrations of nitrogen compounds 
(caseins), C16:0 total and total saturated fatty acids 
(SFA), and high concentrations of several FA (C4:0, total 
content of C6:0þC8:0þC10:0, C17:0, ALA and PUFA). 
Independently of the farming system, our methodo
logical work and the analyses of the obtained scores 
make it possible to associate this low casein content 
and these specific FA compositions with some character
istics of the farms: a large share of permanent pasture 
surfaces on UAA, a long time spent grazing all year 
round, a low stocking rates, a late age at first calving 
and a large share of forage area on UAA. It has been 

shown that overall grazing leads to a decrease in SFAs 
including C16:0 and an increase in PUFAs including ALA 
(Couvreur et al. 2006; Legarto et al. 2014). Grass inges
tion also leads to an overall decrease of the protein con
tent (Hurtaud et al. 2005; Kliem et al. 2008), and 
Hurtaud et al. (2005) and Couvreur et al. (2007) demon
strated a decrease in casein content.

The negative correlation (in trend) between the 
acidification and technological dimensions scores 
means that the risk of air acidification is lower in con
ditions where the milk has a lower technological 
dimension score. This technological dimension score 
decreases when the level of somatic cells and urea in 
the milk is high. We observed low technological 
dimension score in farms where the proportion of 
high-yielding cows in the herd and the proportion of 
concentrates in the ration were high. These results 
agree with those of Agabriel et al. (2004) and Coppa 
et al. (2019) showing that such production conditions 
(high yielding cows and a high proportion of concen
trate in the feed) are often accompanied by a higher 
somatic cell count. Our results are consistent with 
what is considered in Botreau et al. (2014) who 
observed high acidification scores (therefore a lower 
risk of acidification) in farms of highly productive 
breeds. The presence of nitrogen concentrates in food 
seems to have combined effects. A negative effect on 
the technological dimension score in relation to the 
increase in the level of urea in milk (Baeza-Campone 
et al. 2020), and also, a negative effect on the acidifi
cation score in relation to NH3 losses. Indeed, these 
nitrogen concentrates in the feed lead to a stronger 
NH3 release process during the storage of effluents 
(Guerci et al. 2013b; Baeza-Campone et al. 2020). The 
negative correlation observed between the acidifica
tion score and the technological dimension score sug
gests that the effect of nitrogen concentrates on the 
increase in the urea rate takes precedence over the 
effect linked to NH3 losses.

The negative and almost significant correlation 
between the resources dimension score and the nutri
tional dimension score implied that a better nutritional 
quality went with a greater consumption of resources 
(which includes the consumption of space in UAA 
1000 kg-1 of milk and fossil fuels in MJ 1000 kg-1 of 
milk). This could be explained by the fact that exten
sive systems, with regard to the functional unit chosen 
in our study (per 1000 kg of milk), have a strong 
impact on resources since they have a low milk pro
duction (Salou et al. 2017). In addition, they often 
have a lower level of somatic cells in milk, a factor 
that promotes high nutritional dimension score of 
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milk. The nutritional dimension score was also associ
ated, by construction, with the ALA concentration and 
the protein content/total caseins concentration ratio 
of raw milk. The high concentration of ALA in milk in 
extensive farms is explained in particular by the high 
diversity of the pasture botanical composition (Renna 
et al. 2020). Indeed, extensive grazing systems are 
based on natural grasslands, known for the impor
tance of dicotyledonous plants, rich in secondary 
metabolites (Cabiddu et al. 2022). These compounds 
in grass allow higher transfer of ALA to milk due to 
their ability to partially inhibit ruminal biohydrogena
tion of herbage PUFA (Leiber et al. 2005; Chilliard 
et al. 2007). All of these mechanisms are therefore 
consistent with the negative correlation between the 
resource impact score and the nutritional feature.

Conclusion

This study is the first to be based on an operational 
method on field and allowing to deepen the know
ledge of the relationship between the quality of milk 
for the production of raw milk cheeses and the envir
onmental impacts of the farm producing the milk. Our 
work resulted in the provision of an evaluation 
method, potentially applicable in routine, based on 
two evaluation trees of milk quality and environmental 
impacts of the farm.

The lack of correlation we confirmed between a 
global milk quality score and impact environmental 
scores underlines the presence of both synergic and 
antagonistic effects of certain practices between some 
quality and environmental features (e.g. extensive 
grazing consumes space but allows high milk nutri
tional dimension). Consequently, it would be necessary 
to define specific priority objectives, farm by farm or 
system by system depending in particular on the terri
torial context and economic and social issues, in order 
to drive changes in farming practices. We have already 
observed that certain farms obtain good scores both 
in milk quality and in the environment.

Anyway, the proposed methodological adaptation 
and the related results should be validated on a larger 
territorial scale and in different and more diversified 
farming contexts.
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