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H I G H L I G H T S  

• In life-cycle assessment (LCA) results must be referenced to a functional unit. 
• In the LCA of goat dairy no specific fat-and protein-corrected milk has been reported. 
• Fat and protein content are very different depending on the goat breed and management. 
• Two FPCM equations have been defined according to the fat content in goat milk.  
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A B S T R A C T   

The aim of this paper is to develop a new specific algorithm (fat- and protein-corrected milk calculation) for dairy 
goat to be used in life-cycle assessment (LCA) studies. Though the contribution of goat milk to world milk 
production ranks third, the literature does not report any specific correction for goat’s milk. Using the available 
bibliographic data, a multiple regression was performed that allowed obtaining the relationship between the 
energy content (EC) and the fat (FC) and protein content (PC) of dairy goat milk. The multiple regression 
resulting from the 3 variables analyzed through the data drawn from the literature was significant (R2= 0.99; p ≤
0.001). The equation resulting from the correlation was used to develop algorithms for the calculation of fat- and 
protein-corrected milk (FPCM) at specific FC and PC. Since FC and PC are very different depending on the goat 
breed two different groups have been defined: i) goat breeds with FC in milk below 4% (FCB4), and ii) goat 
breeds with FC in milk above 4% (FCA4). The EC found for the FCB4 group (FC = 3.70 and PC = 3.27) was 728.11 kcal 
kg− 1, while that of the FCA4 group (FC = 4.92 and PC = 3.61) was 860.69 kcal kg− 1. After substituting the EC values 
obtained before, the resulting FPCM equations to calculate specific FC and PC by unit of mass (kg of milk = M), 
according to each group, are shown below: FCB4 group = FPCM (FC = 3.70, PC = 3.27) = M * [(0.12 * FC + 0.10 * 
PC + 0.23)]; FCA4 group = FPCM (FC = 4.92, PC = 3.61) = M * [(0.10 * FC + 0.08 * PC + 0.20)]. Finally, the 
variation between the FPCM values calculated using the specific equation obtained in this study for goats and 
those previously published (for sheep or modifications made from dairy cattle) was evaluated; in FCB4 group the 
differences varied between (-) 32% and (+) 14% and in FCA4 group between (-) 21% and (+) 35%. Values are 
overestimated if sheep’s FPCM calculations are used (because sheep milk has higher fat content than goat milk) 
and underestimated if dairy cattle’s FPCM calculations are used (because cow milk has lower fat content than 
goat milk). In conclusion, the results found in the present study show the need to use a specific FPCM formulation 
in the LCA equation for goat’s milk.   

1. Technical note 

To improve uniformity and transparency among studies, the 

International Organization for Standardization established re-
quirements and recommendations for the decision-making process in 
life-cycle assessment (LCA) (ISO14040). Thus, LCA results must be 
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referenced to a functional unit (FU), which must be measurable and 
clearly defined according to ISO standards. Always using the same FU is 
crucial to be able to interpret, compare and evaluate the environmental 
impacts of the same product or activity. In the LCA of dairy production 
systems, a priority sector and category in the agriculture inventory, fat- 
and protein-corrected milk (FPCM) by a unit of mass (1 kg of FPCM) is 
the most commonly applied FU (Baldini et al., 2017). Fat (FC) and 
protein contents (PC) can be used indirectly to determine the energy 
content (EC) of milk, which depends on the level of production but also 
on other genetic and environmental factors (Pulina et al., 2005). Using 
FPCM allows a better comparison of farms reducing the differences be-
tween breeds or feeding regimes. 

Even though the contribution of goat milk to the world milk pro-
duction ranks third (2%) after cow and buffalo milk, being twice as large 
as that of sheep milk (FAOSTAT, 2021), and although the chemical 
composition of milk differs among species (Rezaei et al., 2016), the 
literature does not report any specific correction for goat’s milk. Until 
now, the few published LCA studies on goats have used the specific 
calculations developed by Pulina et al. (2005) for sheep, or the modi-
fication made by Robertson et al. (2015) to the previous work by Clark 
et al. (2001) on dairy cattle. Other studies do not even detail the method 
used to perform the calculation. Results of carbon footprint (CF), when 
referred to FPCM, may differ depending on the corrections calculated for 
goat’s milk. In this sense, Gutierrez-Peña et al. (2019) found that CF 
values are overestimated if sheep’s FPCM calculations are used (because 
sheep milk has higher fat content than goat milk) and underestimated if 
dairy cattle’s FPCM calculations are used (because cow milk has lower 
fat content than goat milk). These authors showed that the CF of a unit of 
milk when the cow’s milk correction was used was 41% lower than 
when the sheep’s milk correction was applied. 

The aim of this paper is to develop a new specific algorithm (FPCM 
calculation) for dairy goat to be used in LCA studies. For the first time, a 
complete search of the Elsevier Scopus database was carried out using 
[Title-Abs-Key (“milk” and “goat” and “energy” and “fat” and “protein”)] 
as the search query. The search resulted in 164 documents after limiting 
the time period to years comprised between 1980 and 2020. All these 
documents were reviewed, and those that used the same methodology to 
analyze the energy content of goat milk (measured directly with an 
adiabatic bomb calorimeter) and included the necessary information 
(fat and protein percentages, energy content and goat breeds) were 
selected. Only 7 documents were suitable for the calculation, which 
provided a total of 28 values for 3 different breeds (Murciano-Gran-
adina, Alpine and Saanen; see Table 1). 

Using the available data, a multiple regression was performed that 
allowed obtaining the relationship between the EC and the FC and PC of 
dairy goat milk. The multiple regression resulting from the 3 variables 
analyzed through the data drawn from the literature was significant 
(R2= 0.99; p ≤ 0.001). The equation obtained from indirectly calcu-
lating the energy content of milk from its fat and protein content was the 
following: 

EC = (89.178 ∗F) + (69.966 ∗P) + 169.359  

where: 

EC = energy content of milk (kcal kg− 1) 
F = fat content of milk (% of weight) 
P = protein content of milk (% of weight) 

Once the equation was obtained, the relationship between the direct 
and indirect measurements of the energy content of milk was evaluated 
for 28 reference values obtained from the bibliography (Fig. 1). The 
results of the Pearson test, after assessing the linear relationship between 
both methods, showed that this relationship is significantly positive (R2 

= 0.97; Pearson Test p ≤ 0.05). The resulting linear equation was as 
follows: 

y = 0.9708x + 22.636  

where: 

y = milk energy content measured directly with a bomb calorimeter 
(kcal kg− 1) 
x = milk energy content calculated by using standard calorimetric 
coefficients (FC and PC) (kcal kg− 1) 

The equation resulting from the correlation was used to develop al-
gorithms for the calculation of FPCM at specific FC and PC. Due to the 
fact that the FC and PC are very different depending on the goat breed 
(L’Institut de l’Élevage, IDELE, France; Sistema Nacional de Información de 
Razas Ganaderas, ARCA, Spain), two different groups have been defined: 
i) goat breeds with FC in milk below 4% (FCB4), and ii) goat breeds with 
FC in milk above 4% (FCA4). The breeds that make up the French goat 
herd were used as representatives of the FCB4 group, while the breeds 
that make up the Spanish goat herd represented the FCA4 group. From 
the number of lactations completed and the normalized FC and PC 
values obtained from the 2019 Spanish and French dairy control tests, a 
weighted average of FC and PC was calculated for each group (Table 2). 

The EC found for the FCB4 group (FC = 3.70 and PC = 3.27) was 728.11 
kcal kg− 1, while that of the FCG4 group (FC = 4.92 and PC = 3.61) was 860.69 
kcal kg− 1. After substituting the EC values obtained before, the resulting 
FPCM equations to calculate specific FC and PC by unit of mass, ac-
cording to each group, are shown below: 

Equation 1, for the FCB4 group: 

FPCM
(

FC=3.70,PC=3.27
)
= M ∗ [(0.12 ∗FC+ 0.10 ∗PC+ 0.23)]

Equation 2, for the FCA4 group: 

FPCM
(

FC=4.92,PC=3.61
)
= M ∗ [(0.10 ∗FC+ 0.08 ∗PC+ 0.20)]

where: 

FPCM = fat- and protein-corrected milk 

Table 1 
Fat, protein and energy content data drawn from the literature review. Different 
values in the same document correspond to different feeding treatments.   

Goat Breed Fat 
(%) 

Protein 
(%) 

Energy (kcal 
kg− 1) 

Marcos et al., 2020 Murciano- 
Granadina 

4.58 3.18 800.29 
4.78 3.29 825.82 

Molina-Alcaide et al., 
2010 

Murciano- 
Granadina 

4.59 3.18 801.18 
4.97 3.38 849.06 
4.27 3.11 767.74 

Romero-Huelva et al., 
2012 

Murciano- 
Granadina 

5.51 3.47 903.51 
5.57 3.39 903.27 
5.08 3.39 859.57 
5.44 3.39 891.67 

Sanz Sampelayo et al., 
1999 

Murciano- 
Granadina 

6.00 3.25 931.82 
6.57 2.87 956.06 
6.32 3.5 977.84 
6.61 3.18 981.32 

Rapetti et al., 2002 Saanen 3.11 2.93 651.70 
4.13 3.03 749.66 
3.14 2.98 657.88 

Tovar-Luna et al., 
2010a 

Alpine 3.40 2.57 652.38 
3.11 2.57 626.52 
3.95 2.97 729.41 
3.04 2.45 611.88 
2.73 2.45 584.23 
3.67 3.2 720.53 

Tovar-Luna et al., 
2010b 

Alpine 2.77 2.35 580.80 
3.30 2.46 635.76 
3.92 4.04 801.60 
3.21 2.33 618.64 
3.49 2.74 672.30 
5.28 4.3 941.07  
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M = milk yield (kg); 
FC = milk fat content (%); 
PC = milk protein content (%). 

Finally, the variation between the FPCM values calculated using the 
specific equation obtained for goats and those previously published for 
other species was evaluated. In the case of the FCB4 group, for a unit of 

milk (1 kg of milk FC = 3.70 and PC = 3.27), FPCM production decreased by 
32% when the equation developed by Pulina et al. (2005) was used, and 
increased by 14% when the equation developed by Robertson et al. 
(2015) was used. For the FCA4 group, for a unit of mass (1 kg of milk FC 

= 4.92 and PC = 3.61), FPCM production decreased by 21% when the 
equation developed by Pulina et al. (2005) was used and increased 35% 
when the equation developed by Robertson et al. (2015) was used. 

In conclusion, the results found in the present study show the need to 
use a specific FPCM formulation in the LCA equation for goat’s milk. 
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Fig. 1. Relationship between the energy content (EC) values of milk measured directly with a bomb calorimeter and those obtained indirectly from the regression 
equation. The trend line and the R2 value of the Pearson test are shown. 

Table 2 
Fat and protein contents of milk and census of the different groups studied: i) 
representative breeds with fat content of milk below 4% (FCB4), and ii) repre-
sentative breeds with fat content of milk above 4% (FCA4).   

Goat breed Fat (%) Protein (%) Census (%)c 

FCB4 groupa Alpine 3,76 3,31 60.40 
Saanen 3,6 3,21 36.33 
Croisée 3,71 3,25 2.84 
Pointevine 3,43 3,07 0.21 
Massif Central 3,84 2,95 0.03 
Other minority breeds 3,69 2,96 0.19 
Weighted mean 3.70 3.27  

FCA4b Murciana-Granadina 5.1 3.6 55.68 
Florida 4.70 3.50 13.03 
Malagueña 4.61 3.61 12.97 
Payoya 4.60 3.60 6.35 
Del Guadarrama 4.90 3.60 4.33 
Majorera 4.68 3.97 2.70 
Tinerfeña 5.14 4.06 2.24 
Verata 4.52 3.47 2.18 
Palmera 5.35 4.31 0.52 
Weighted mean 4.92 3.61   

a Data obtained from L’Institut de l’Élevage (The French Livestock Institute, 
IDELE, France). 

b Data obtained from the Sistema Nacional de Información de Razas Gana-
deras (National Information System on Livestock Breeds, ARCA, Spain). 

c Percentage of lactations completed and valid in 2019 with respect to the 
national total. In France, according to the National Technical Regulations for 
Dairy Control, and, in Spain, according to Royal Decree 368/2005. 
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