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Abstract
MicroRNAs (miRNAs) are small, noncoding RNAs that hybridize mRNA by complementary sequences. 
miRNAs act as key regulators of diverse biological and developmental processes in eukaryotes, including 
cell proliferation and differentiation, apoptosis, immune system development, and immune responses. 
Their presence in all tissues and organic fluids make them good, non-invasive biomarkers for milk quality. 
We and others have demonstrated that miRNA profiles found in raw milk change according to the cow’s 
diet and/or the milk production system. Our aim here is to study miRNA differential expression in milk 
in order to authenticate the production system of the milk. Tank milk from dairy farms managed under 
different production systems in Asturias (north of Spain) was collected, milk fractions separated (fat and 
cells), and total RNA isolated. Differential expression of previously identified miRNAs cells was analysed 
and compared among different production systems. Bta-mir-2285e was identified as a possible miRNA 
marker of milk produced by cows fed on fresh-grass. This study sets a precedent for the use miRNAs as 
a certification tool for agro-food products, but also can help us to understand the functionality of milk 
produced under different systems.
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Introduction
Consumers are more and more interested in the quality and origin of the products they consume. In 
dairy production, grazing is being promoted over cattle housed indoors for two main reasons: the 
improvement in animal welfare and the improvement in milk quality. Thus, mechanisms of evaluation 
and authentication are required to ensure consumer the quality of the milk they purchase. Finding 
biomarkers that allow a rapid and inexpensive authentication of milk quality and origin is of necessity. 
Cow milk is enriched in miRNAs, molecules that regulate gene expression in eukaryotes (He and 
Hannon, 2004). Several works describe how the miRNAs profile of cow mammary gland or milk varies 
in disease, physiology, diet, stress, and breed (Billa et al., 2019; Colitti et al., 2019; Lai et al., 2017; Li 
et al., 2012, 2015; Mobuchon et al., 2017; Sun et al, 2015). Additionally, in the case of bovine milk, 
different works have demonstrated that miRNA content is different depending on the milk fraction (fat, 
cells or serum) (Canovas et al., 2014; Li et al., 2016). These and other works suggest that milk fat could 
be a non-invasive alternative source for miRNA studies of bovine mammary gland (Li et al., 2016). We 
have previously investigated miRNA profiling in the milk fat fraction. Our aim here is to study miRNA 
differential expression in another milk fraction, cells. This would expand our knowledge of miRNA as 
biomarkers in milk and would allow the use of miRNA as a certification tool for dairy farms based on 
fresh-grass feeding, and also to understand the functionality of milk produced under different systems, 
being able to modulate targeted functions in the body by enhancing a certain physiological response and/
or by reducing the risk of disease (Nicoletti, 2012).
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Materials and methods

Sample collection and clustering
Tank milk from 22 dairy farms was sampled twice, during autumn and spring, (making a total of 44 
samples). The milk was collected from farms that varied between the extensive system, with a feeding 
based on grazing and a minimum amount of concentrates, and intensive systems where the cows were 
permanently housed with a feeding based on high amounts of concentrates. Milk samples were clustered 
according to the amount of fresh grass consumed by the cow (kg of dry matter (DM) d-1 animal-1) in 
the total mixed ration (TMR). The consumption of fresh grass was estimated by subtracting the amount 
of dry matter ingested from the ration ingredients, to the total theoretical consumption of the cows, 
calculated by the equation: TTC (kg DM d-1 animal-1) = 12 + Milk Production / 3 (NRC, 2001). The 
three groups resulting were: Group 1 without fresh-grass (n=27), Group 2 with less than 10 kg per animal 
of fresh-grass (n=11), Group 3 with more than 10 kg per animal (n=6).

miRNA quantification and analysis
Total RNA was isolated from milk cells fractions using the mirVana miRNA Isolation Kit following the 
manufacturer’s instructions (LifeTechnologies). The isolated RNA was used for cDNA synthesis using the 
TaqMan Advanced miRNA cDNA Synthesis Kit (LifeTechnologies). The levels of five different miRNA 
were determined by quantitative PCR (TaqMan Advanced miRNA Assays; ThermoFisher Scientific) in 
a StepOne thermocycler (LifeTechnologies). Differential expression of miRNAs was analysed using the 
software Qbase+ (Biogazelle) as previously described in Abou el Qassim (2017). The expression in cells 
of bta-miR-574, bta-miR-3432a, bta-miR-2285e, bta-miR-197 and bta-miR-2284y relative to the levels 
of control miRNAs (bta-miR-103-3p, bta-miR-181a and bta-miR-107) was determined and significant 
differences between the groups was established using T-test statistical at P<0.05.

Results and discussion
In order to identify whether milk from fresh grass-fed cows could be identified by means of miRNA 
we analysed the difference in the expression of 5 miRNAs obtained from cow milk sampled from three 
different farming systems. The statistical differences in the expression of 5 different miRNAs among 
the sampled farming categories are shown in Table 1. Considering the overall effect of quantity of fresh 
grass in all farms and seasons, we found one miRNA that could serve as a biomarker for cow’s diet. 
Using miRNA quantification of the milk cellular fraction we were able to identify that expression of 
bta-mir-2285e varies upon diet. In a previous work, we described that the levels of another miRNA, 
bta-miR-215, in milk fat vary according to the production systems (Abou el Qassim et al., 2018). Other 
studies have identified that the bta-mir-2285 miRNA family is related to the response to Staphylococcus 
aureus infection (Sun et al., 2015), and in the regulation of milk yield and component traits (Do et al., 
2017), denoting the complicated putative functional pathways of miRNAs, and how complex an agro-
food product certification process based on miRNA can be.

Table 1. Statistical P-value of miRNA expression among the three groups of dairy farms.1

Statistical P-value bta-miR-574 bta-miR-3432a bta-miR-2285e bta-miR-197 bta-miR-2284y

Group 1 vs Group 2 0.402 0.734 0.571 0.879 0.678

Group 2 vs Group 3 0.851 0.270 0.142 0.092 0.150

Group 1 vs Group 3 0.635 0.172 0.044* 0.059 0.113

1 Significance P<0.05. Group 1 without fresh-grass, Group 2 with less than 10 kg per animal of fresh-grass, Group 3 with more than 10 kg per animal.
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Conclusions
Although more research could be necessary in this regard, the bta-mir-2285e miRNA has been identified 
as a possible marker of cow’s milk produced based on fresh-grass.
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