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In the Apuseni Mountains, a particular type of short-distance transhumance has been practiced for hundreds of years, in which people move a proportion of their cattle to grassland at higher altitudes, allowing them to save the hay from the grassland closer to home as winter fodder. This sustainable use of grassland is based on traditional practices. However, scientific research into the influence of this practice on milk production and quality is limited, an aspect analyzed in this study. The results showed that grasslands at higher altitudes have more limited biodiversity, and while the fat content increases, the milk production decreases. Pendular movement maintains grasslands in good condition and preserves cultural landscapes. This sustainable practice is still common in many mountainous regions today, providing economic benefits to local communities. During the summer months, some of the cattle herds are moved to mountain grazing areas (called temporary farms, TFs) in order to conserve the hay closer to home for winter fodder. This study investigated the impact of this practice on the milk yield and quality of Bălțată Românească tip Simmental cattle. All of the cattle included in the study were at the same stage of lactation at the start of the experimental period. The results showed that, during the summer months (June–August), the milk yield in the TF was significantly lower. However, the milk fat content was significantly higher in June and July, and a highly significant negative correlation was found between the milk yield and the milk fat content (rs = −0.94). The protein content of the milk was not significantly different between the permanent farm (PF) and the TF during the summer months. The PF grassland was more species-rich than the TF grassland. However, both were dominated by Poaceae species, and the forage quality parameters were not significantly different between farms. These results demonstrate that pendular movement causes moderate changes in milk production and composition, primarily due to variations in the forage quality and the pasture species composition. Pendular movement remains a sustainable grazing practice of ecological and economic importance to the mountain communities in the Apuseni Mountains. This type of pastoralism is still practiced in the mountain ranges of Europe and is closely linked to the lifestyle of mountain communities and contributes to their sufficiency.
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1 Introduction

Transhumance has been practiced since prehistoric times. It is still widespread in mountain livestock systems (Mack et al., 2013). In the mountain and alpine regions of several European countries, transhumance of cattle to temporary grassland during the few summer months is an important traditional practice (Sturaro et al., 2013; Fuerst-Waltl et al., 2018). Semi-natural grasslands are the main food source for ruminants during the summer (Bunce et al., 2004). The season of high mountain and alpine vegetation is short, with the growing season beginning around May/June and lasting until September. The vegetation in this area is characterized by a rapid increase in biomass in early summer, followed by a progressive decline in the growth rate of grass with relatively high lignification levels, high fiber ratios, and poor digestibility (Bovolenta et al., 2002; Mayer et al., 2005; Jayanegara et al., 2011).

Grazing of cattle on middle and high mountain grassland affects the milk yield and composition. The milk yield and the milk protein and lactose concentrations often decrease due to the lower energy intake (Zemp et al., 1989a; Berry et al., 2001; Jayanegara et al., 2011). In contrast, the milk fat content increases, in particular at the beginning of the transhumance period, which may be a response to the higher fiber content of the diet (Dorland et al., 2007; Niero et al., 2018). Higher milk somatic cell counts (SCCs) can be observed in cattle grazing at higher altitudes, together with changes in the milk composition, which may be due to the physical demands of foraging under transhumance conditions and the possibly unfavorable hygienic conditions of pasture milking (Lamarche et al., 2000; Coulon and Pérochon, 2000; Koczura et al., 2020).

Dairy cattle transhumance is also practiced in the Carpathian Mountains in Romania, as well as in western mountains such as the Apuseni Mountains, where the maximum altitude is 1,848 m.a.s.l (Bunce et al., 2004). Transhumance in Romania can be classified into small-scale transhumance (pendular movement) between environmental zones and large-scale transhumance (practiced with sheep) between regions and counties. Currently, large-scale transhumance remains less important than pendular movement for the conservation of semi-natural grasslands and cultural landscapes in Romania in terms of the relative number of animals in each category, similar to reports of older autochthonous sources (Pauca-Comanescu and Marusca, 1999; Dacid and Constantin, 2020).

The practice of transhumance in Romania is to ensure winter fodder for livestock herds. The transhumant herds originate from villages in mountainous areas, where the owned pasture land is limited and the vegetation period is short: the production of hay for winter feeding may therefore be insufficient (Pauca-Comanescu and Marusca, 1999; Dacid and Constantin, 2020). Hence, the people communities in the mountains developed the practice of transhumance by moving at least a proportion of the animals to the upper mountain temporary grassland in order to save the hay from the grassland closer to home as winter fodder, therefore ensuring the sustainability of their livestock system. Hence, the animals of the mountain inhabitants are moved at the beginning of summer in the months of May or early June to “mountain grassland” at relatively short distances but at higher altitudes, where seasonal housing “huts” are constructed. The permanent farm grasslands they own near the houses are mowed for the necessary hay during the winter period. The animals return home in early fall in September. This type of transhumance is mainly specific to the Apuseni Mountains (Stanciu et al., 2010).

With the current concern regarding the ecosystem degradation in mountain areas, as well as the consistent evidence of the importance of biodiversity conservation of mountain grasslands, transhumance is seen as a potential practice that might make mountain communities more sustainable and might reduce their ecological footprint on these fragile ecosystems. For this reason, traditional practices that sustain a moderate impact and reduce the intensification of mountain grassland use that can actually promote biodiversity and preserve cultural landscapes are to be encouraged and promoted. However, as with many traditional practices, transhumance is in decline. Its revival and its potential are dependent on evidence that the animal-based products obtained can be of desired quality and hence can be a feasible approach for grassland management of these areas. While conservation movements encourage the return and up-scaling of such traditional practices, people and communities also need evidence of their feasibility, an aspect that has been little documented and insufficiently addressed and, in some instances, might even hinder their implementation.

In this study, we will further focus on the summer dairy cattle transhumance (pendular movement), which is a traditional practice in the Apuseni Mountains and is a sustainable method of using grassland and maintaining a high biodiversity of species. Despite the fact that, in the Carpathians, floristic studies have been conducted attesting to the high biodiversity of grasslands, only very few studies have been carried out to date on the influence of grassland on milk quality through transhumance of cattle (Marusca et al., 2018; Janišová et al., 2020; Ibric et al., 2024). With this in mind, the present work aimed to update the perspective between transhumance, grassland, cattle grazing, and milk quality.

In view of the significance of transhumance as a customary method of utilizing mountain grasslands, as well as its possible consequences on the milk output and quality, this study aids in the comprehension of how pendular movement, as a traditional and sustainable practice, influences the milk production and quality in mountain cattle farming systems. The present study aimed to evaluate the variations in the milk yield and quality of cattle that were moved to summer dairy cattle transhumance compared with those that were kept on a permanent grassland farm. Our specific objectives were (1) to evaluate the productivity and the quality of the milk obtained from permanent and transhumance farms and (2) to analyze the influence of grassland composition (species composition and forage quality) on the milk characteristics (productivity and quality).




2 Materials and methods



2.1 Study locations: farms, animals, and sample collection

The experiment was conducted in the Apuseni Mountains, the Carpathians, in Romania [46° 34' 19" N, 23° 21' 45" E (PF) and 46° 33' 12" N, 23° 17' 12" E (TF); altitude, 856–1,374 m.a.s.l.], during three experimental years: 2021, 2022, and 2023. The region is characterized by a low mean annual temperature of 6.1°C (2021–2023), averaging 15.56°C during June–August, and a high mean annual precipitation of 1,056.3 mm/year, averaging 131.1 mm during June–August.

The study was carried out with a herd of 40 local dairy cattle, i.e., Bălțată Românească tip Simmental, divided into two herds during the grazing season from the beginning of June to the end of August (2021–2023) as follows: (1) in a permanent farm (PF), at an altitude of 856–995 m.a.s.l. (20 multiparous cattle grazed in large fences, with the possibility of rotation according to the available grassland and with water and salt available), and (2) in a temporary farm (TF), at an altitude of 1,374 m.a.s.l. (another 20 multiparous cattle of the same breed that underwent transhumance for summer grazing). In this area, grazing is not rational and the cattle are not ingrazed: they graze as they like. There is also spring water in this area, with a drink trough for the animals. To ensure a comparable basis between herds, all cattle included in the study were at the same stage of lactation at the start of the experimental period, and the age and the number of lactations were similar between groups.

The cattle in both herds received no supplementary feed. In accordance with the current veterinary legislation, vaccinations and deworming were carried out by a veterinarian (National Sanitary Veterinary and Food Safety Authority, 2016, National Sanitary Veterinary and Food Safety Authority, 2024).

The animal study protocol was approved by the Ethics Committee of the University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca (protocol code 490; date of approval: 18.02.2025).




2.2 Milk sampling and analysis

The dairy cattle enrolled in the experimental trial were registered in the National Official Milk Production Control Programme and in the National Breed Register of Romania. All cattle were milked in the morning and evening, at 7:00 a.m. and 7:00 p.m., using a mobile milking machine (Afibanat, manufactured in Timis, Romania). Throughout the 3-year study period, the quality of the milk samples was checked monthly, and the milk production of each animal was recorded using a milk meter mounted on the milking machine. Individual milk samples were collected, cooled, and then sent for analysis to the authorized laboratory of the Foundation for Milk Quality Control, Cluj-Napoca, Romania. For milk analysis, the fat, protein, lactose, and SCCs were determined using CombiFoss™ 7, calibrated for each sample according to reference methods (Ali and Shook, 1980; ISO 1211:2010; ISO 26462:2010; ISO 8968-1:2014).




2.3 Vegetation study

The floristic composition of the grasslands was studied for both PF and TF. Representative areas were divided into study units and described on the basis of abundance–dominance according to the Braun–Blanquet method (Cristea and Denaeyer de Smet, 2004; Păcurar and Rotar, 2014) at the moment when the species of the Poaceae family were in the flowering phase, after a complex study with 100 floristic surveys. A uniform area of each site was selected to avoid degraded or shaded areas. Assessments were carried out directly in the field without prior conditioning. The grassland types were determined: Agrostis capillaris and A. capillaris + Festuca rubra on the PF and A. capillaris + F. rubra and Nardus stricta + F. rubra on the TF.

Vegetation was surveyed on 100 plots (50 PFs and 50 TFs). Uniform sample plots were selected for each site, avoiding degraded or shaded areas. The assessments were carried out directly in the field without prior conditioning. The area has a cool continental climate on the Köppen scale (National Meteorological Administration of Romania). The landscape is hilly, with altitudes ranging from 856 to 1,374 m.a.s.l. It is characterized by a high variability of land use and topological climatic conditions, as well as a fine-grained mosaic of different land uses, including a significant amount of semi-natural vegetation, with an average temperature of 6.1°C (Păcurar and Rotar, 2014).




2.4 Quality of forage

Forage quality samples were collected during the floristic survey of both grasslands (PF and TF) included in the study and analyzed in the Laboratory of Applied Biological Sciences, University of Agricultural Sciences and Veterinary Medicine, Cluj-Napoca, Romania. The protein content of the grassland was determined using the Kjeldahl method, which is based on digestion of the sample with sulfuric acid using catalysts. Crude fat was determined with the Soxhlet procedure, where total fat is extracted using light petroleum (De Castro and Priego-Capote, 2010). The ash content was determined by combustion of the sample at 600°C for a period of 4 h. Crude fiber was determined with the Weende method based on solubilizing the non-cellulosic compounds using sulfuric acid and potassium hydroxide solutions. The Van Soest method (Dale, 2011) was used to determine the neutral detergent fiber (NDF) and the acid detergent fiber (ADF).




2.5 Statistical analyses



2.5.1 Milk and forage parameters

The milk yield and quality datasets fulfilled the Shapiro–Wilk normality test, indicating that the milk yield, lactose, and SCC data met the normality assumption, while the fat and protein data did not meet the normality distribution assumption. Two-way analysis of variance (ANOVA) was applied to study the influence of farm type and month. For these data, a further pairwise t-test was used to identify differences among the milk parameters (i.e., yield, lactose, and SCC) between the two farms in each of the 3 months. For fat and protein, two-way permutational multivariate analysis of variance (PERMANOVA) was applied in order to study the influence of farm type and month based on the Bray–Curtis similarity index matrix, followed by a pairwise Mann–Whitney test for stochastic equality to identify differences between farms in each of the 3 months. Spearman’s rs test was applied to study the relationship between the forage quality and the milk parameters. Differences between the quality parameters of the grassland from PF versus TF were analyzed using a t-test. Two-way hierarchical clustering built based on the UPGMA (unweighted pair group method with arithmetic mean) algorithm with distance based on the Bray–Curtis similarity index was applied for the vegetation parameters. Statistical tests were conducted with PAST 4.17 (NHM, Oslo, Norway).




2.5.2 Vegetation analysis

The floristic composition was interpreted using an enhanced Braun–Blanquet scale with subdivisions (Braun-Blanquet et al., 1932; Păcurar and Rotar, 2014). The sward fodder value was calculated using the methodology of Dierschke and Briemle (2002) and modified by Păcurar and Rotar (2014). The fodder value of the sward was assessed on a scale from 1 (poor sward quality dominated by toxic species) to 9 (excellent quality). ANOVA was used to process data on the proportions of the economic groups [e.g., Poaceae, Cyperaceae–Juncaceae, Fabaceae, and other botanical families (OBF)] and the number of species.

Descriptive statistics (Cristea and Denaeyer de Smet, 2004) were used, classified into two categories: central tendency parameters and data dispersion indicators. The central tendency parameters included those processes that provide a representative (central) value measured for the data flow. There are three estimators that can be used for this purpose: the mean value, the median value, and the module. Based on the data from the spectrum, the average indicator of a phytocenosis can be calculated.






3 Results



3.1 Forage quality

The forage quality parameters between the TF and the PF were not significant (p > 0.05). This suggests that the forage provided overall a similar nutritional value to the cattle (Table 1).


Table 1 | Forage quality of the grassland grazed by the herds.
	Variable
	PF
	TF
	T-test


	T
	P-value



	DM (%)
	3.68 ± 0.47
	2.60 ± 1.83
	0.9901
	0.3782


	CP (% of DM)
	8.71 ± 0.42
	8.37 ± 0.51
	0.8914
	0.4231


	Total fat (% of DM)
	4.18 ± 0.31
	3.95 ± 0.56
	0.6224
	0.5674


	NDF (% of DM)
	52.78 ± 0.89
	51.37 ± 1.16
	1.6703
	0.1702


	ADF (% of DM)
	42.59 ± 1.10
	40.94 ± 0.99
	1.9311
	0.1257





PF, permanent farm; TF, temporary farm; DM, dry matter yield; CP, crude protein; NDF, nitrogen detergent fiber; ADF, acid detergent fiber.






3.2 Milk yield and composition

The statistical analysis revealed that the farm type exercised a highly significant influence on the milk yield and the lactose content, and its influence was also significant on the fat content. Month exercised a significant influence only on the milk yield and the lactose content of milk (Table 2).


Table 2 | Influence of factors and their interactions on the milk parameters.
	Parameter
	Factors and interaction
	F test
	P-value
	Significance



	Milk yield
	Farm type (F)
	88.04
	<0.001
	***


	Month (M)
	13.68
	<0.001
	***


	Interaction (F × M)
	1.592
	0.214
	n.s.


	Fat
	Farm type (F)
	9.506
	0.004
	**


	Month (M)
	1.729
	0.187
	n.s.


	Interaction (F × M)
	0.659
	0.532
	n.s.


	Protein
	Farm type (F)
	0.407
	0.544
	n.s.


	Month (M)
	0.225
	0.811
	n.s.


	Interaction (F × M)
	0.438
	0.653
	n.s.


	Lactose
	Farm type (F)
	14.390
	<0.001
	***


	Month (M)
	20.730
	<0.001
	***


	Interaction (F × M)
	1.065
	0.353
	n.s.


	SCC
	Farm type (F)
	3.903
	0.054
	n.s.


	Month (M)
	3.135
	0.053
	n.s.


	Interaction (F × M)
	0.062
	0.940
	n.s.





SCC, somatic cell count. p > 0.05 (not significant, n.s.); **p < 0.01; ***p < 0.001



Further exploration of the differences between the two farms in each of the 3 months showed different trends dependent on the parameters. The milk yield in the TF was significantly lower between June and August (Figure 1A). For the PF, the milk yield varied between 20.54 and 18.56 kg/day, while that for the TF varied between 17.99 and 16.00 kg/day (Supplementary Table S1). However, the fat content of milk was significantly higher in the TF in the months of June and July (Figure 1B). The fat content varied between 3.65% and 3.93% in the PF and between 3.99% and 4.18% in the TF (Supplementary Table S1). The protein content of milk was non-significantly different between the two farms during the summer months but was lower in value in July and August in the TF (Figure 1C). The protein content of milk varied between 3.26% and 3.33% in the PF and between 3.25% and 3.27% in the TF (Supplementary Table S1). The lactose content showed a decreasing trend between June and August in both farms but with lower values in the TF (Figure 1D). The lactose content varied between 4.65% and 4.67% in the PF and between 4.59% and 4.80% in the TF (Supplementary Table S1). The SCCs increased between June and August in both farms, but the differences between farms were not statistically significant (Figure 1E). The SCCs varied between 175.89 and 212.11 in the PF and between 202.00 and 239.44 in the TF (Supplementary Table S1).

[image: Five graphs depicting milk composition and somatic cell score changes over June, July, and August for two groups, TF and PF. Graph (a) shows milk yield, with TF generally lower. Graph (b) shows fat percentage trends. Graph (c) illustrates stable protein percentages. Graph (d) displays a decrease in lactose percentage. Graph (e) tracks somatic cell scores, with TF consistently higher than PF. Statistical significance is indicated where applicable.]
Figure 1 | Pairwise comparisons of the milk parameters—milk yield (A), fat (B), protein (C), lactose (D), and somatic cell count (E)—during summer transhumance in the permanent farm (PF) and the temporary farm (TF). *p < 0.05; **p < 0.01; ***p < 0.001 ns, not significant.




3.3 Relationship between forage quality and the milk quality parameters

Regarding the forage parameters, the correlation analysis revealed a statistically significant positive relationship between the dry matter content of the forage and the crude protein (rs = 0.89) and fat (rs = 0.94) from the forage. Furthermore, the relationship between the crude protein NDF and ADF was also positively significant (rs = 0.89). Regarding the milk parameters, a positive significant relationship was found between the SSCs and the fat content of milk. There was also a positive relationship between milk yield and farm type (rs = 0.88). A positive relationship was identified between farm type and the protein (rs = 0.59) and lactose (rs = 0.49) contents of milk. Similarly, a positive relationship between the milk yield ADF and NDF was also found (rs = 0.43). A positive relationship was also found between SCCs and the dry matter content of forage (rs = 0.20) but was weaker. A highly significant negative correlation was found between milk yield and the fat content of milk (rs = −0.94) (Figure 2).

[image: Correlation matrix showing data interactions between variables FT,DM, CP, Fa, NDF, ADF, YL, FA, PR, LA, and SC. Circles and ellipses indicate strength anddirection of relationships, with colors ranging from yellow (positive) to purple (negative). Acolor scale on the side illustrates correlation values from negative one to positive one.]
Figure 2 | Spearman’s rs correlation between forage quality (DM, dry matter; CP, crude protein; Fa, crude fat) and the milk parameters (YL, milk yield; FA, fat; PR, protein; LA, lactose; SC, somatic cells). FT, farm type. An “×” indicates a non-significant relationship at α = 0.05, and the size of the ellipse is proportional to the coefficient value. The scale represents the range of coefficients, where 1 (yellow is perfectly positive) and -1 (purple represents perfectly negative correlation).




3.4 Grassland floristic composition

The lowest number of species was found in TF G2 (13). TF G1 and PF G2 had 17 species each, forming a first group with high similarity. In comparison, PF G1 had the highest number of species (34). Poaceae species predominated in all four grasslands, representing 41.38%–38.79% of the species in PF and 21.44%–36.00% in TF. The floristic composition of both TF G2 and PF G2 comprised 4.57% Fabaceae species. OBF was higher in PF G1 (14.72%), with the other three grasslands having a much lower percentage of ≤ 6% (Figure 3). The maximum number of plants per plot was found in PF G1, where the grassland type A. capillaris was identified. The A. capillaris grassland type identified in the 50 sites had a composition of 34 species. The A. capillaris grassland type can be dominant on poor and acidic soils and is well adapted to grazing pressure. The floristic composition of the PF revealed the occurrence of three species with excellent fodder values: Dactylis glomerata, Festuca pratensis, and Phleum pretense (Table 3). The small differences in the quality between the farms may also be related to the higher number of plants belonging to the Fabaceae family (mainly white and red clovers) present in the PF. All of these species have very good forage value. The average A. capillaris grassland type had a total cover of 23.71%. Holcus lanatus, with an average cover of 8.26%, and T. pratense, with an average cover of 7.52%, were also observed in this type of grassland. On the other hand, the A. capillaris–F. rubra type identified was found to be composed of only 17 high fodder species, with the dominant species being A. capillaris, with 23.17%, followed by F. rubra with 15.42%. In this type of grassland, there were no species with excellent fodder value, only with good fodder value. In the TF, the first grassland type identified was A. capillaris with F. rubra. The average cover of the dominant species was 20.83% for A. capillaris and 13.39% for F. rubra (Table 4). The floristic composition of the TF revealed the occurrence of species of the A. capillaris–F. rubra grassland type; however, there were no species of excellent forage value as reported in the PF. This could be due to the conditions typical of the high mountain: summer farming has created an open landscape where the flora of the lowlands and the alpine meadows meet.

[image: Clustered heatmap and dendrograms visualizing the relationshipamong species groups (PF G1, TF G2, TF G1, PF G2) and variables (Fabaceae %, OBF %,Poaceae %, number of species). The heatmap uses a color gradient from yellow topurple, representing values from 4 to 41.4.Hierarchical clustering of the grassland composition (G) in thepermanent farm (PF) and the temporary farm (TF). Gradient expresses the percentage value. OBF, other botanical families]
Figure 3 | Hierarchical clustering of the grassland composition (G) in the permanent farm (PF) and the temporary farm (TF). Gradient expresses the percentage value. OBF, other botanical families.


Table 3 | Floristic composition of the grassland from the mountain permanent farm and fodder value of species.
	PF G1
	PF G2


	Agrostis capillaris grassland type
	Agrostis capillaris + Festuca rubra grassland type


	Species
	x
	SD
	FV
	Species
	x
	SD
	FV



	Agrostis capillaris L.
	23.71
	4.91
	6
	Agrostis capillaris L.
	23.71
	4.94
	6


	Briza media L.
	0.50
	0.00
	5
	Briza media L.
	0.50
	0.00
	5


	Bromus inermis Leyss.
	0.50
	0.00
	7
	Bromus inermis Leyss.
	0.50
	0.00
	7


	Cynosurus cristatus L.
	1.53
	1.15
	7
	Cynosurus cristatus L.
	0.75
	0.35
	7


	Dactylis glomerata L. s. str.
	0.50
	0.00
	9
	Festuca rubra L.
	15.42
	3.08
	7


	Festuca pratensis Huds. s. l.
	0.50
	0.00
	9
	Phleum montanum K. Koch
	0.50
	0.00
	6


	Festuca rubra L.
	1.29
	1.77
	7
	Lotus corniculatus L.
	0.50
	0.00
	7


	Holcus lanatus L.
	8.26
	5.81
	6
	Trifolium campestre Schreb.
	0.50
	0.00
	7


	Phleum montanum K. Koch
	0.50
	0.00
	6
	Trifolium pratense L.
	3.07
	2.02
	8


	Phleum pratense L. s. str.
	0.50
	0.00
	9
	Trifolium repens L.
	0.50
	0.00
	8


	Poa pratensis L. s. str.
	0.50
	0.00
	8
	Achillea millefolium L.
	2.75
	0.00
	6


	Trisetum flavescens (L.) P. Beauv.
	0.50
	0.00
	7
	Alchemilla vulgaris L.
	0.25
	0.26
	6


	Anthyllis vulneraria L. s. l.
	0.50
	0.00
	6
	Scorzoneroides autumnalis (L.) Moench.
	0.50
	0.00
	5


	Lotus corniculatus L.
	1.76
	1.73
	7
	Leucanthemum vulgare Lam. s. str.
	0.50
	0.00
	5


	Medicago falcata L. s. str.
	0.50
	0.00
	7
	Pimpinella major (L.) Huds.
	0.50
	0.00
	5


	Trifolium campestre Schreb.
	0.50
	0.00
	7
	Potentilla erecta (L.) Raeusch.
	0.50
	0.00
	5


	Trifolium hybridum L.
	0.50
	0.00
	8
	Taraxacum officinale F. H. Wigg. s. l.
	0.50
	0.00
	7


	Trifolium montanum L.
	3.71
	2.20
	6
	 
	 
	 
	 


	Trifolium pratense L.
	7.52
	4.92
	8
	 
	 
	 
	 


	Trifolium repens L.
	2.28
	1.99
	8
	 
	 
	 
	 


	Vicia cracca L. s. str.
	0.50
	0.00
	6
	 
	 
	 
	 


	Achillea millefolium L.
	1.38
	1.13
	6
	 
	 
	 
	 


	Brachypodium pinnatum (L.) P. Beauv.
	5.00
	0.00
	5
	 
	 
	 
	 


	Carum carvi L.
	0.95
	0.93
	6
	 
	 
	 
	 


	Daucus carota L.
	0.50
	0.00
	5
	 
	 
	 
	 


	Galium verum L. s. str.
	0.91
	0.91
	5
	 
	 
	 
	 


	Scorzoneroides autumnalis (L.) Moench
	0.50
	0.00
	5
	 
	 
	 
	 


	Leucanthemum vulgare Lam. s. str.
	2.48
	3.19
	5
	 
	 
	 
	 


	Pimpinella major (L.) Huds.
	0.50
	0.00
	5
	 
	 
	 
	 


	Plantago lanceolata L.
	0.50
	0.00
	6
	 
	 
	 
	 


	Plantago media L.
	0.50
	0.00
	5
	 
	 
	 
	 


	Potentilla erecta (L.) Raeusch.
	0.50
	0.00
	5
	 
	 
	 
	 


	Taraxacum officinale F. H. Wigg. s. l.
	0.50
	0.00
	7
	 
	 
	 
	 


	Tragopogon pratensis L. s. l.
	0.50
	0.00
	5
	 
	 
	 
	 





Species names are the latest accepted names according to the International Plant Names Index (https://www.ipni.org/) and Plants of the World Online (https://powo.science.kew.org/).

FV, species fodder value score on a scale from 1 (poor) to 9 (excellent); PF, permanent farm.



For the grassland type N. stricta–F. rubra, the average cover of the dominant species was 24.16%, while that for the co-dominant species F. rubra was 15.42%, with deviations of 3.08% and 4.27% for A. capillaris (with a standard deviation of 6.27). It can be noted that, in this type of grassland, there were only 13 species with good and high fodder values, with the predominant species not having good fodder value. Another species that stands out in this type of grassland is Trifolium repens, with an average of 3.07%.





4 Discussion

Traditional households in the Apuseni Mountains have always been self-sufficient and have maintained their way of life, which guarantees their self-sustainability (buying very few things and only those they are unable to produce themselves). In this area, although milk is not sold commercially, it is used by people to make local products in their own households that have a short shelf life, mostly fresh produce.

Thus, the inhabitants of this area claim that, although the milk production decreases with the transhumance pendular movement, the milk has more fat and is very good for the production of butter.

The quality of the grassland therefore influences the milk parameters of interest to mountain inhabitants that own cattle. This manner of exploiting grasslands has been practiced for hundreds of years and is an integral part of the mountain inhabitants’ way of life to this day in the Apuseni Mountains.

Although the sustainability of this grassland use is well known, more attention has generally been focused on studies of intensive dairy cattle farming than on transhumance. Therefore, in the last years, there has been a gap in the literature on the influence of this practice on milk quality, although it is still widely practiced across the mountain ranges of Europe: Carpathians, Alps, and Pyrenees (Bunce et al., 2004a; Herzog and Seidl, 2018; Saha et al., 2019; García-Ruiz et al., 2020).

This practice has economic and cultural value: it preserves cultural practices and landscapes, and it is important for serving consumers who are connoisseurs of regional, local, and traditional products, which are not necessarily organic. This is an important trend in the European Union with regard to regional products (European protection of regional products). In this context, this work makes a valuable contribution to the current interests of consumers and farmers alike that deserve further exploration.

The results of our study indicate that the dry matter content of the fodder from PF was higher than that from TF, mainly due to the higher fiber content. Overall, all of the forage quality indicators were lower in the TF. This suggests that the decrease in milk production in the TF compared with that in the PF could be due to two factors: the lower nutritional value of the forage (see Tables 1, 3, and 4) and the animals’ effort in walking to find more palatable plants. This is consistent with previous studies that have observed a similar trend (Zemp et al., 1989b; Bovolenta et al., 2008; Bergamaschi et al., 2016; Niero et al., 2018).


Table 4 | Floristic composition of the grassland from the mountain temporary farm and fodder value of species.
	TF G1
	TF G2


	Agrostis capillaris + Festuca rubra grassland type
	Nardus stricta + Festuca rubra grassland type


	Species
	x
	SD
	FV
	Species
	x
	SD
	FV



	Agrostis capillaris L.
	20.83
	5.00
	6
	Nardus stricta L.
	24.16
	4.92
	3


	Briza media L.
	0.50
	0.00
	5
	Agrostis capillaris L.
	4.27
	6.27
	6


	Bromus inermis Leyss.
	0.50
	0.00
	7
	Cynosurus cristatus L.
	0.50
	0.00
	7


	Cynosurus cristatus L.
	0.50
	0.00
	7
	Festuca rubra L.
	15.42
	3.08
	7


	Festuca rubra L.
	13.39
	3.14
	7
	Holcus lanatus L.
	0.75
	0.35
	6


	Phleum montanum K. Koch
	0.50
	0.00
	6
	Phleum montanum K. Koch
	0.50
	0.00
	6


	Lotus corniculatus L.
	0.50
	0.00
	7
	Lotus corniculatus L.
	0.50
	0.00
	7


	Trifolium campestre Schreb.
	2.50
	0.43
	7
	Trifolium hybridum L.
	0.50
	0.00
	8


	Trifolium pratense L.
	2.78
	2.08
	8
	Trifolium pratense L.
	0.50
	0.00
	8


	Trifolium repens L.
	2.11
	1.10
	8
	Trifolium repens L.
	3.07
	2.02
	8


	Achillea millefolium L.
	0.50
	0.00
	6
	Achillea millefolium L.
	0.50
	0.00
	6


	Alchemilla vulgaris L.
	0.71
	0.57
	6
	Alchemilla vulgaris L.
	2.75
	0.00
	6


	Scorzoneroides autumnalis (L.) Moench
	0.50
	0.00
	5
	Scorzoneroides autumnalis (L.) Moench
	0.25
	0.26
	5


	Leucanthemum vulgare Lam. s. str
	2.43
	2.41
	5
	Potentilla erecta (L.) Raeusch.
	0.50
	0.00
	5


	Pimpinella major (L.) Huds.
	0.50
	0.00
	5
	 
	 
	 
	 


	Potentilla erecta (L.) Raeusch.
	0.86
	0.74
	5
	 
	 
	 
	 


	Taraxacum officinale F.H.Wigg. s. l.
	0.50
	0.00
	7
	 
	 
	 
	 





Species names are the latest accepted names according to the International Plant Names Index (https://www.ipni.org/) and Plants of the World Online (Plants of the World Online|Kew Science, n.d.). FV, species fodder value score on a scale from 1 (poor) to 9 (excellent); TF, temporary farm.



A high-fiber diet increases rumen acetate production, thereby contributing to higher milk fat yields. A diet with a low fiber content is likely to result in a reduction of acetate, in turn leading to a decrease in the milk fat percentages. More fiber in the diet leads to higher levels of acetate in the rumen. This, in turn, makes more substrates available for the synthesis of milk fat. A diet rich in fiber, particularly from grazing on mountain grasslands with higher fiber content, has been shown to directly impact the milk fat content. This suggests a link between the type of fiber the cows consume, the process of ruminal fermentation, and the fat content of the milk they produce (Matamoros et al., 2022; Urrutia et al., 2025). During periods of intense physical activity or reduced energy intake, cattle mobilize their fat reserves. The resulting non-esterified fatty acids are transported to the mammary gland, where they are incorporated into milk fat. This often leads to an increase in the milk fat percentage despite a lower production (Churakov et al., 2021). Simmental cattle raised on mountain grazing systems produce milk with a higher fat content and lower protein content than those raised in lowland systems. The nutritional profile of mountain forage, which is characterized by a high fiber content and botanical diversity, contributes to a more favorable fatty acid composition and higher levels of conjugated linoleic acid (Corazzin et al., 2019). During the summer, heat stress causes a reduction in milk production and an increase in SCC. This reflects an impaired udder health and indicates an increased susceptibility to mastitis during periods of high temperature (Raboisson et al., 2013; Doelman et al., 2015).

A key advantage of transhumance is the potential to prevent grassland abandonment while maintaining important species in the grassland cover. This leads to the desired outcome of twofold benefits. For this reason, this practice could be incorporated into modern, multidimensional approaches to grassland use, such as temporary and permanent farming, as a practical tool that can be successfully replicated in other mountain regions. This could inform land management policies and practices at local and regional levels.

The different types of grasslands (as the ones from our study) come with their particular challenges. Some of the main factors that influence the quality and the quantity of production in A. capillaris grasslands are as follows: climate, grassland location, use, and the soil nutrient content (Maczey, 2016; Onete et al., 2024). From an economic point of view, the A. capillaris grassland type is characterized by a pastoral value of 1.3–2 (Barbulescu et al., 1991; Hulme et al., 2001; Cojocariu, 2011; Maruşca et al., 2014). This type of grassland in the analyzed TF, and especially its phytodiversity, is subject to anthropogenic pressures with unequal distribution and impact. Therefore, effective grassland management would require the adoption of strategies based on particular local conditions and pressures, thus leading to the rational use of grasslands in TF, such as those from the study area. Major challenges may include underexploitation due to the annual decrease in animal number and poor infrastructure, exacerbated by vulnerability to environmental conditions and climate trends.

Concerning the grassland type N. stricta, these are ecosystems where net changes occur in the grassland class, changes that materialize through loss of surface area, mainly through the transition to forest or shrubland (Măgureanu, 2024). The grassland type N. stricta–F. rubra could be the result of the abandonment of agroecosystems. Abandonment often leads to a remarkable further deterioration of the grasslands, caused by the spread of woody vegetation (i.e., trees and shrubs) or of invasive species that impact the biodiversity and the quality of the grasslands.

Regarding the milk parameters in this study, such as the fat content of the milk in TF, the lowest values were recorded in June, with an increase in July and a slight decrease in August. At the same time, milk production was lower in July, with a decreasing trend throughout the transhumance period. Fat maintained a higher value, which has been found by other researchers to be an effect of transhumance as well (Zemp et al., 1989b; Christen et al., 1996; Saha et al., 2019; Collomb et al., 2002). The number of somatic cells increased constantly during the summer months in both farms, which has also been observed by other authors under transhumance conditions (Ali and Shook, 1980; Schepers et al., 1997; Lamarche et al., 2000).

Although the animals are making more of an effort to find plants with a high palatability in the TF during transhumance, they feel free and benefit from having more space to move, which contribute to their welfare. Similarly to other mountain ranges, in the Apuseni Mountains, the practice of short-distance transhumance of cattle is extremely important for maintaining the grasslands in good condition, for preserving the cultural landscape, and for sustaining the livelihoods of mountain people.




5 Conclusion

This study investigated the influence of a particular type of transhumance (pendular movement) practiced in the Apuseni Mountains on the milk yield and quality of Romanian cattle breed commonly owned by the people in this region.

The present research examined the influence of a particular type of transhumance (pendular movement) that the farmers in the Apuseni Mountains practice on the milk production and the quality of Bălțată Românească tip Simmental cattle, which the farmers in the region traditionally own. The results showed a lower milk production during the mountain grazing period but a higher fat content, while protein and lactose showed moderate variations between farms. Mountain pastures had reduced biodiversity compared with pastures at lower altitudes; however, the dominant species maintained satisfactory forage value.

The seasonal movement of cattle to high-altitude grasslands appears to have a significant impact on the composition of milk, primarily through variations in the quality and the composition of the feed. Pendular movement remains an important traditional practice that ensures sustainable use of mountain grasslands and contributes to preserving their biodiversity and valuable cultural landscapes. The local products obtained following this practice have a regional characteristic that is currently sought after by consumers.

Future research should carry out analyses of how traditional transhumance practices can be adapted to current climatic and economic conditions while maintaining the quality of dairy products and the ecological balance of mountain pastures. It is also crucial to evaluate the contribution of these systems to the conservation of biodiversity and the sustainable development of rural communities in the Carpathian region.
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