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Grazing farms differentiation through the expression of 
microARNs and AI algorithm
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Abstract
Milk production based on grazing is being promoted over cattle housed indoors, because of the advantages 
regarding animal welfare, milk quality and the environment. Cows’ milk is rich in miRNAs, molecules 
that regulate gene expression in eukaryotes. Their profiles may vary depending on environmental factors 
such as farm management and feeding. We hypothesize that miRNA can be used as a certification tool for 
dairy farms whose milk production is based on grazing. The objective is to apply an artificial intelligence 
algorithm to the results of miRNA expression in milk to evaluate the possibility of designing a fast and 
cheap traceability tool that can differentiate the milk produced in a grazing-based system from milk 
produced in indoor systems. Cells and fat fractions were isolated from seventy-three milk tank samples 
from ‘No-Grazing’ (n=47) vs ‘Grazing’ (n=26) farms. MiRNA expression was analysed in the cells and 
the fat fractions of the milk samples. Following miRNAs expression analysis, decision trees were built 
for their expression results using the C4.5 machine learning algorithm. The algorithm was not able to 
correctly classify each sample in its group, nor was it able to identify relevant miRNAs. We assume that 
the enormous internal variability (diets, botanical composition of the pastures, and grazing duration, etc.) 
in commercial grazing farms could be the cause of the difficulty in machine learning of how to classify 
milk from grazing farms.

Keywords: dairy cow, grazing, biomarkers, microRNA

Introduction
Collective awareness about the consumption of sustainable products implies that grazing is being 
promoted over cattle housed indoors, so mechanisms are required for the authentication of the origin of 
milk. MicroRNA (miRNA) are molecules that regulate gene expression in eukaryotes (He and Hannon, 
2004). Their profiles vary depending on environmental factors, such as farm management and feeding (Li 
et al., 2015; Muroya et al., 2015, 2016; Wang et al., 2016). Based on these results, miRNA could be used 
as biomarkers of milk’s origin. The main objective of this work is to apply an artificial intelligence (IA) 
algorithm to the results of miRNA expression in milk, in order to evaluate the possibility of designing a 
fast and cheap traceability tool that can differentiate the milk produced in a grazing-based system from 
the milk produced in indoor systems.

Materials and methods
A representative set of farms (n=73) of Asturian milk production systems was sampled from the tank. 
In every milk sample, cells and fat fractions were separated (Li et al., 2016), and the total RNA was 
extracted from 146 samples and then used for cDNA synthesis. The expression, in cells, of bta-miR-181a, 
bta-miR-197, bta-miR-2284y, bta-miR-2285e, bta-miR-342, bta-miR-3432a, bta-miR-574, bta-miR-28, 
bta-miR-345-3p (Abou el qassim, 2017), bta-miR-148, bta-miR-155, bta-miR-21-5p, bta-miR-451-5p 
(Li et al., 2015; Muroya et al., 2015, 2016; Wang et al., 2016) and the expression in fat of bta-miR-215, 
bta-miR-369-5p, bta-miR-6520, bta-miR-7863, bta-miR-99a-3p, bta-miR-532, bta-miR-27b, bta-
miR-151-3p (Abou el qassim, 2017), bta-miR-148, bta-miR-451-5p relative to the levels of determined 
stable internal miRNAs, were determined by the quantitative real-time PCR (RT-qPCR). The samples 
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were grouped according to grazing practice: ‘Non-Grazing’ farms (n=47) and ‘Grazing farms’ (n=26). 
Decision trees were built for miRNAs expression results using the C4.5 machine learning algorithm 
(Quinlan, 1993). The algorithm allows, on the one hand, to classify each sample in a ‘Grazing’ or ‘Non-
Grazing’ category then to calculate its ability to learn to classify the samples in their categories, and on 
the other hand to identify the most informative miRNAs.

Results and discussion
In a leave-one-out experiment, the algorithm C4.5 correctly classified 41 samples of ‘Non-Grazing’ group 
(n=47); however, only 8 ‘Grazing’ samples were correctly assigned in their group (n=26), as shown in the 
confusion matrix (Table 1). The number of hits is about 67.12%. Nevertheless, the result is not sufficient 
since the majority class accounts for 64.38% of the 73 examples.

The best decision tree obtained (Figure 1) points out bta-miR-215, bta-miR-6520 and bta-miR-99a from 
fat fraction and bta-miR-2284y, bta-miR-28 and bta-miR-148 from cell fraction, as relevant attributes. 
The up regulated level of bta-miR-215 was related in a previous study (Abou el qassim et al., 2021) to 
maize silage consumed, and in general grazing farms do not usually include corn silage in the diet. The 
decision tree shows that the algorithm selected first miRNA from fat and then from cells. In our previous 
study about maize silage as a class, the algorithm did not even select miRNA from cells, which might be 
expected since the cells fraction is more heterogeneous, and it may also not reflect the true metabolic state 
of mammary gland cells because they are usually dead cells (Krappmann et al., 2012).

Figure 1. Decision tree with the relevant miRNAs, cut-off thresholds, and the successful assignments. Ct: RT-qPCR cycle threshold reflecting 
the relative expression of miRNAs.

Table 1. Confusion matrix of the samples assignment the in the studied classes, by the algorithm C4.5.

Classified as grazing Classified as non-grazing

Grazing samples 8 18

Non-grazing samples 6 41
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Conclusions
Learning to classify the grazing farms seems complicated, due to the enormous internal variability of 
diets, the botanical composition variability of pastures, and the grazing duration, etc. However, when 
considering other criteria with less variability, such as the case of presence/absence of maize in the diet 
(data not shown, Abou el qassim et al., 2021), the algorithm learns more.

In the near future we want to explore the study of the botanical composition of pasture in grazing farms 
and its variability, and the effect of exercise on the differential expression of milk miRNA.
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