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1 Introduction
Brazil is a major milk producer in the world, with great social 

importance in generating rural jobs and income (Rocha et al., 
2021). According to the Food and Agriculture Organization of 
the United Nations (2021), Brazil is the world’s third largest milk 
producer, behind the United States and India. The country’s milk 
production is likely to rise by 1.0% per year due to increasing dairy 
cow numbers, higher herd sizes, improved genetics, and high 
yields in large-scale farms (Food and Agriculture Organization 
of the United Nations, 2019).

According to the 2021 Empresa Brasileira de Pesquisa 
Agropecuária (2021) yearbook, milk production in Brazil 
averaged 35 million liters in 2020. Cow’s milk is one of the most 
consumed products in the world. It has high nutrition value, 
easy acceptance, with great commercialization, and high yield. 
In Brazil, cheese also has a socioeconomic importance due to 
its high production and commercialization (Lopes et al., 2020; 
Hajmohammadi et al., 2020; Messias et al., 2022).

Cheese is among the most consumed dairy products, 
corresponding to 14% of the world’s consumption (Siqueira & 
Schettino, 2021). In addition, it is associated with health benefits 

once it is considered a source of vitamins (A, B2 and B12), minerals 
(calcium and phosphorus) and proteins (Rodrigues et al., 2022). 
Recent studies have shown that all these nutrients together may 
reduce the potential risk of cardiovascular diseases (Feeney et al., 
2021). According to Zhou et al. (2022), fermented cheeses contain 
vitamin K2, which is also associated with benefits in preventing 
cardiovascular health.

Minas Frescal cheese is characterized as a raw paste with 
whitish color and soft texture due to its high moisture content 
(Rodrigues, 2021). In turn, Cured Minas cheese is subjected to a 
ripening process with consequent water loss, leading to changes 
in the sensory, chemical, and biochemical characteristics of the 
final product (Salum et al., 2018; Carneiro et al., 2020).

Although the milk production chain is one of the most 
important in agribusiness, it is associated with several 
environmental impacts such as atmospheric emissions, high 
consumption of inputs, water, and energy, and generation of 
effluents and waste with polluting potential that contribute 
negatively to environmental degradation (Matricarde et al., 2021). 
Palmieri et al. (2016) reported that the raw milk production 
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has the highest environmental impact within the dairy supply 
chain, contributing to the global warming, river acidification 
and eutrophication, especially greenhouse gas (GHG) emissions. 
Feil  et  al. (2020) reported high water consumption in dairy 
production, leading to the generation of a large amount of waste, 
effluents, and by-products. These environmental impacts can be 
measured through an environmental management tool known 
as Life Cycle Assessment (LCA).

LCA is a methodology used to identify and evaluate the 
environmental impacts generated by a product or service 
throughout its production chain, i.e., from the extraction of 
raw materials to the final disposal of the product (Müller et al., 
2020). LCA provides a cradle-to-grave analysis, thus assessing 
the advantages and disadvantages of a production process 
(Willers et al., 2013). It is a valuable tool to analyze the interactions 
between direct and indirect human activities and their impact 
on the environment (Zocche & Francisco, 2013).

Djekic et al. (2014) used LCA to evaluate the environmental 
impacts of cheese production. The results showed that on-farm 
activities and animal feed production were the most responsible 
for the impacts, followed by the manufacturing, distribution, 
and consumption phases. Milani et al. (2011) also used LCA in 
milk production and reported that the on-farm milk production 
phase was responsible for the most significant environmental 
impacts. Wang et al. (2016) used LCA on a farm in Guanzhong, 
China, and reported that enteric methane emissions and animal 
feed production were the main GHG emissions generators in 
the life cycle of milk.

Dalla Riva  et  al. (2017) applied an LCA cradle-to-grave 
approach, from the farm activities to consumption and disposal, 
to assess the environmental impacts of Italian mozzarella 
cheese from raw milk and mozzarella obtained from the curd. 
The results indicated that feed production and animals enteric 
GHG emissions on the farm were the hot spot of environmental 
impacts, showing that the cheese manufactured with raw milk 
was more sustainable when compared to that made with curd.

Zhao  et  al. (2018) used the LCA tool to calculate the 
carbon footprint of a dairy production system associated with 
on-farm milk production, product processing, transportation, 
and packaging waste disposal. Milk production accounted for 
75.27% of the emissions, while the others accounted for 15.45, 
3.89, and 5.89%, respectively. The authors concluded that the 
carbon footprint of the dairy production system can be reduced 
by adjusting the proportions of animal feed.

Nunes et al. (2020) used LCA to assess the environmental 
impacts of Beira Baixa, regional goat cheese from Portugal and 
concluded that the major impacts were related to the raw milk 
production stage, i.e. on the farms. The percentages related to 
this process step were climate change (93%), land acidification 
(96%), and freshwater eutrophication (100%).

In Brazil, Cabral (2018) performed an LCA to analyze the 
environmental impacts of goat milk and goat cheese production 
and concluded that the major environmental impacts come 
predominantly from goat milk production, specifically from land 
use and animal feed, composed of soybean and corn concentrate, 
the main source of goat feed (Cabral et al., 2020). Almeida et al. 

(2020) used LCA approach, from gate-to-gate to evaluate the 
environmental impacts of the production of mozzarella cheese 
and reported that the greater environmental impacts were 
associated with the production of milk at the dairy farm, for 
all impact categories studied.

According to United Nations Environment Programme 
(2021), the agricultural sector is responsible for 40% of the 
world’s CH4 emissions to the atmosphere, out of which 32% 
represent enteric fermentation and manure decomposition 
emissions from livestock. In this sense, during the 26th United 
Nations Conference on climate change (COP 26) in 2021, the 
Global Methane Pledge was signed by 126 countries, which 
aims to reduce GHG emissions by up to 30% by the end of this 
decade (Chiaretti, 2021).

It is worth mentioning that in 2010 Brazil established the 
Low Carbon Emission in Agriculture and Livestock Sector Plan 
for Sustainable Development (ABC Plan), a public policy aimed 
at promoting the adoption of sustainable technologies by the 
agricultural and livestock sector with high potential for mitigating 
GHG emissions and combating global warming (Brasil, 2021).

Although some studies have shown animal feed at the farm 
level as a significant source to CH4 emissions from enteric 
fermentation by dairy cattle, there are no studies using LCA to 
compare different feed composition scenarios in the animal diet 
and its effects on the reduction of CH4 emissions.

Thus, this study aims to conduct a Life Cycle Assessment on 
the production of Minas Frescal cheese and cured Minas cheese 
in an artisanal production located at the municipality of Casimiro 
de Abreu, state of Rio de Janeiro, Brazil. The methodology 
established by ABNT NBR ISO 14040:2009 Environmental 
management - Life cycle assessment allowed the identification 
of environmental impacts at the farm level and associated 
with production processes, analyzing the different scenarios of 
animal feed, and suggesting measures to mitigate the impacts 
(Associação Brasileira de Normas Técnicas, 2009a). The study 
evaluated the composition of animal feed used in the dairy farm 
through four different scenarios, aimed to determine the scenario 
with the least environmental impact, especially concerning the 
category climate change, once the change in the feed mix can 
alter the GHG emissions from livestock, thus contributing to 
the reduction of CH4.

2 Materials and methods
The Life Cycle Assessment (LCA) study was conducted in 

accordance with ISO 14040:2009 (Environmental Management-
Life Cycle Assessment-Principles and Frameworks) and ISO 
14044:2009 (Environmental Management-Life Cycle Assessment-
Requirements and Guidance) (Associação Brasileira de Normas 
Técnicas, 2009b).

LCA is based on four interdependent phases as follows: 1) goal 
and scope definition, 2) inventory analysis, 3) environmental impact 
assessment, and 4) results interpretation. This interdependence 
makes this tool iterative, as usually not all data is known at the 
beginning of the study (Müller et al., 2020).

The first phase consisted of selecting a production plant of 
at least two different types of cheese to allow a comparison of life 
cycles. Thus, an artisanal production located in the municipality 
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of Casimiro de Abreu (RJ) that produced both Fresh Minas 
cheese and cured Minas cheese was selected.

During the technical visit, it was informed that, for economic 
reasons, the cows were allocated to a farm in the same municipality 
as the dairy plant, which allowed the liter of milk for the cheese 
manufacture to be acquired for a lower value.

2.1 Goal and scope

After the selection of the dairy plant, the objectives of the 
study were defined as follows: identification and evaluation of 
environmental impacts associated with the production of milk 
and cheese, comparison of the manufacturing process of fresh 
and cured cheese concerning the possible environmental impacts, 
and suggestion of mitigation measures for the identified impacts.

One liter of milk and 1 kg of cheese were defined as the 
functional unit for both types of cheese, and a “cradle-to-gate” 
analysis was done. Figure  1 shows a scheme of the cheese-
making process.

2.2 Inventory analysis

For data collection, a technical visit was made to the 
factory, and questions were made about milk production, waste 
generation, water and energy consumption, and other activities 
associated with cheese making, as reported by Cabral (2018). 
Figure  2 presents the flow of inputs and outputs of cheese 
production based on the primary and secondary data for the 
inventory analysis.

Primary data were analyzed by the software SimaPro version 
8.3 to determine the impacts generated, while the secondary 
data were obtained using the Ecoinvent life cycle inventory 
database version 3.0.

2.3 Impact assessment

To identify the stage of cheese manufacture with the 
greatest environmental impact, the methodology from the 
ILCD Handbook: Analysis of existing Environmental Impact 
Assessment methodologies for use in Life Cycle Assessment 
(European Comission, 2010) was used. Therefore, the following 
categories of environmental impacts were analyzed: climate 
change, ozone depletion, human toxicity (not including cancer), 
human toxicity (cancer), particulate matter, HH (Human 
Health) ionizing radiation, E ionizing radiation, photochemical 
ozone formation, acidification, terrestrial eutrophication, water 
eutrophication, marine eutrophication, water ecotoxicity, land 
use, water depletion, and mineral, fossil, and renewable resource 
depletion. The impacts derived from facilities, construction, 
and transportation of raw material to the processing plant, 
manufacturing, and maintenance of equipment and utensils 
were not considered in this study.

2.4 Proposed scenarios

Based on the animal feed used in the dairy farm, which 
was composed of a mixture of grass, sugarcane, and corn 
(baseline scenario), three other possible feeding scenarios 

were proposed (Table 1). The objective of this change was to 
evaluate the compositions of the feed mix with less impact on the 
environment, contributing to the reduction of GHG emissions, 
mainly CH4 emissions.

Whereas ruminant feed is closely related to greenhouse gas 
(GHG) emissions, the scenarios were evaluated to establish a 
possible reduction of environmental impacts generated by the 
change in feed composition.

2.5 Interpretation of results

The results were aligned with the goals defined in the initial 
LCA study. Therefore, it was possible to draw conclusions and 
suggest mitigating measures for the environmental impacts 
identified.

3 Results and discussion
The analysis of the impact categories and the present results 

showed that the largest contributors to environmental impacts 

Figure 1. Flowchart of the cheese production process. Source: the author, 
according to the information from the producer (2021), adapted by 
Venturini et al. (2007).

Figure 2. Inputs and outputs of the cheese production process. Source: 
The author.

Table 1. Different scenarios proposed for the feed mix.

Components Baseline 
Scenario Scenario 1 Scenario 2 Scenario 3

Grass 5 kg 15 kg 10 kg 10 kg
Sugar Cane 10 kg 10 kg 5 kg 10 kg

Corn 15 kg 5 kg 15 kg 10 kg
Source: The author.
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arise from dairy production on the dairy farm. Graph 1 presents 
the LCA results for the production of 1L of milk for the impact 
categories studied using the methodology ILCD MidPoint.

The categories climate change and human toxicity (with 
carcinogenic effects) were the most significant for milk production 
(1L), accounting for 31.56 and 35.46% of the total environmental 
impacts generated, respectively. GHG emissions contribute 
significantly to climate change, and methane gas (CH4) and 
nitrous oxide (NO2) are the main GHGs associated with milk 
production (Cruz, 2020; Nunes, 2018) due to the presence of 
CH4 in the enteric fermentation of animals and their manure, 
while NO2 is found in synthetic fertilizers and animal urine 
(Martins-Costa, 2015; Basset-Mens et al., 2009). In the present 
study, the percentage of 31.56% of climate change was associated 
with the enteric fermentation in the rumen of the animals, their 
manure and urine. It is worth mentioning that this herd had 
210 animals in extensive livestock farming, and a formulation 
based on nitrogen, phosphorus, and potassium was used for 
soil fertilization.

In this context, Almeida et al. (2020) stated that the greatest 
environmental impacts were associated with the milk production 
on the dairy farm. The authors reported that climate change also 
showed great relevance with a percentage of 83%, derived mainly 
from enteric fermentation and manure management, and the 
application of synthetic fertilizers on pastures and urine to a 
lesser extent. Thus, after identifying the most significant impact 
categories in the production of 1L of milk, LCA was performed 
comparing the environmental impacts associated with Minas 
Frescal cheese and Cured Minas cheese, both produced at the 
dairy, as shown in Graph 2.

As can be seen in, Graph 2, the environmental impacts were 
proportional to the types of cheese. Considering that the greatest 
environmental impacts were associated with the dairy farm, 

the cheese made with a greater volume of milk (cured cheese) 
contributed more significantly to the impact generation. Based 
on primary data, Minas Frescal cheese used 4.81 L of milk to 
produce 1 kg of cheese, while the cured Minas cheese required 
7.54 L of milk, thus generating greater environmental impacts 
due to the higher volume of milk used for cheese making. It is 
worth noting that the dairy used a lower volume of milk to 
produce 1 kg of cheese when compared to other studies in the 
literature. Gonçalves (2017) estimated an average of 10 liters 
of milk to produce 1 kg of cheese, of which 9 L corresponded 
to the volume of whey generated during cheese manufacture. 
According to Cassoli (2013), the changes in yield may be due 
to the milk composition, as higher casein content provides a 
greater amount of cheese produced per liter of milk.

When analyzing the four different scenarios (baseline scenario 
and three proposed scenarios) for the feed mix used for cattle 
feed, the base scenario, scenario 2, and scenario 3 surpassed 
the scenario 1 concerning the total impacts. Graph 3 presents 
the LCA results for the 4 scenarios considered for the feed mix.

The base scenario and scenario 2 have a higher water 
ecotoxicity (13.17 and 12.41%, respectively) once they contain 
a higher amount of corn in the formulation. In contrast, the 
percentages of climate change were lower when compared to 
the other scenarios (31.64 and 29.72%, respectively).

When comparing the four scenarios, the greatest difference 
was observed for the category human toxicity without carcinogenic 
effects, with the highest percentage (33.29%) for scenario 1. 
As it contains a greater amount of grass in the composition, 
this discrepancy in values may be due to fertilization and the 
ammonia nitrogen from the soil. In turn, the baseline scenario 
and scenario 3 showed the highest human toxicity values with 
carcinogenic effects, with percentages of 35.47 and 32.81%, 
respectively.

Graph 1. Impact assessment of cow’s milk for baseline scenario as a 
percentage of total impact (ILCD Mid Point). Legend: CC (Climate 
Change); OD (ozone depletion); HTNC (human toxicity non- cancer); 
HTC (human toxicity cancer); PMF (particulate matter formation); IRHH 
(ionizing radiation HH); IRE (ionizing radiation E); POF (photochemical 
oxidant formation); AC (acidification); TE (terrestrial eutrophication); 
FE (freshwater eutrophication); ME (marine eutrophication); FEC 
(Freshwater ecotoxicity); LU (land use); WD (water depletion); MFRD 
(mineral, fossil and renewable resources depletion). Source: Elaborated 
by the author.

Graph 2. Environmental impact assessment for frescal and cured cheese 
in the baseline scenario (ILCD MidPoint). Legend: CC (Climate Change); 
OD (ozone depletion); HTNC (human toxicity non- cancer); HTC 
(human toxicity cancer); PMF (particulate matter formation); IRHH 
(ionizing radiation HH); IRE (ionizing radiation E); POF (photochemical 
oxidant formation); AC (acidification); TE (terrestrial eutrophication); 
FE (freshwater eutrophication); ME (marine eutrophication); FEC 
(Freshwater ecotoxicity); LU (land use); WD (water depletion); MFRD 
(mineral, fossil and renewable resources depletion). Source: Elaborated 
by the author.
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Thus, it was evident that the changes in animal feed can 
contribute to the reduction of environmental impacts in the 
different categories. However, the baseline scenario, scenario 2, 
and scenario 3 presented higher impacts when compared to 
scenario 1 regarding the total impacts.

The nutrition of ruminants is closely related to GHG emissions, 
thus the greater ease of digestion of feed components can lead to 
higher emissions from enteric fermentation (Carvalho, 2016). 
Good nutrition improves the effects of fermentation, causing a 
reduction in the amount of hydrogen available for CH4 production 
(Brasil, 2017). Therefore, the use of a feed mix composed of 15 kg 
of grass, 10 kg of sugarcane, and 5 kg of corn (scenario 1) can 
contribute to mitigating the environmental impacts generated 
on the dairy farm of this study.

Furthermore, based on the literature and the present results, 
other actions can be taken to mitigate the environmental impacts 
associated with the artisanal production of Minas Frescal cheese 
and cured Minas cheese, with a focus on reducing emissions.

The French dairy industry created the program “fermes bas 
carbone” (low carbon farms) in 2019, aimed at reducing GHGs 
emissions by 20% by 2025 through the replacement of soybean 
meal with canola meal in animal feed, as well as use of organic 
fertilizers to prevent ammonia volatilization (Exame, 2019). 
Roque et al. (2021) reported that the addition of red algae to 
animal feed reduced methane emissions, leading to a decrease 
in environmental damage.

Precision nutrition is a technique used to produce a balanced 
diet for animals, taking into account technical, economic, and 
environmental factors, in addition to providing balanced nutrients 
according to the animal’s needs. It also prevents excessive feeding, 
reducing costs and animal excretion that generate increased 
emissions (Brasil, 2017, Tomich et al., 2015).

Beltrão et al. (2022) studied the physicochemical profile of 
goat milk after replacing corn in animal feed, which is a major 
contributor of GHG emission, with flaxseed oil. The authors 
reported a variation in the lipid profile of milk, which showed 
higher unsaturated fatty acids and lower saturated fatty acids 
levels, thus providing health benefits. A slight variation in pH 
and color of the product was also observed by the authors.

Another promising alternative to mitigate atmospheric 
emissions has been studied by the European dairy cooperative 
Arla Foods and Royal DSM, through a feed additive capable 
of reducing about 30% of CH4 emissions acting in the enteric 
fermentation of animals (MilkPoint, 2022). Thus, several measures 
can be adopted to reduce enteric fermentation of animals and 
consequently mitigate GHG emissions, mainly methane.

4 Conclusion
This study used the LCA tool to analyze the environmental 

impacts associated with small-scale production of Minas Frescal 
cheese and cured Minas cheese. The analysis of different scenarios 
of animal feeding was also performed to reduce the impacts 
generated, especially CH4 emissions from enteric fermentation.

The use of the LCA tool to support the decision-making in the 
reduction of emissions should be emphasized and recommended 
to identify the relevant environmental impacts and select the 
technological alternatives to improve the sustainability of the 
dairy sector.

The present study identified milk farm as a source of the 
greatest environmental impacts associated with the production 
of artisanal Minas Frescal cheese and Cured Minas cheese. 
The impact categories with the highest representativeness were 
climate change and human toxicity (with carcinogenic effects) 
representing 31.56 and 35.46%, respectively. Once the most 
relevant impacts were associated with milk production (farms), 
cured Minas cheese was responsible for a greater generation of 
environmental impacts when compared to Minas Frescal cheese, 
due to the larger volume of milk required for its production.

Four different scenarios were proposed for the feed 
mixt used for feeding animals on the dairy farm aimed to 
determine the composition with lower environmental impacts. 
The scenario 1 composed of a mix of 15 kg of grass, 10 kg of 
sugar cane, and 5 kg of corn presented a lower total impact when 
compared to the other scenarios. Therefore, the environmental 
impacts can be reduced with the adoption of this composition 
for cattle feeding

Based on LCA of the present study and literature data, 
mitigating measures can be used to reduce the relevant 
environmental impacts, with an emphasis on adjustments in 
animal feed to reduce atmospheric emissions, such as the insertion 
of red algae in the feed formulation, precision nutrition, and 
feed additives capable of reducing atmospheric emissions from 
enteric fermentation. Thus, the production chain becomes more 
sustainable, less harmful to the environment, and potentially 
more economically advantageous for the producer. It is worth 
emphasizing that further studies are required to identify the 

Graph 3. Impact percentage for the 4 different scenarios of cattle feed 
composition. (ILCD MidPoint). Legend: CC (Climate Change); OD 
(ozone depletion); HTNC (human toxicity Non- cancer); HTC (human 
toxicity cancer); PMF (particulate matter formation); IRHH (ionizing 
radiation HH); IRE (ionizing radiation E); POF (photochemical oxidant 
formation); AC (acidification); TE (terrestrial eutrophication); FE 
(freshwater eutrophication); ME (marine eutrophication); FE (Freshwater 
ecotoxicity); LU (land use); WD (water depletion); MFRD (mineral, fossil 
and renewable resources depletion). Source: Elaborated by the author.
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environmental impacts associated with the different feedstuffs 
used in animal feed.
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