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Abstract: The aim of the present study was to investigate sources of variation in bulk milk composition,
somatic cell score, coagulation properties, and mineral content of Alpine Grey and Pinzgauer
single-breed herds in the Italian alpine area. A total of 56,914 bulk milk samples from 461 farms
located in the Bolzano province (Northeast Italy) were available for statistical analysis. Least squares
means revealed that Pinzgauer herds produced milk with greater fat content and shorter rennet
coagulation time than Alpine Grey herds, but the latter had greater milk protein content and lower
somatic cell scores than Pinzgauer herds. The greatest content of Ca, protein, and casein and the
most favorable coagulation properties were observed in milk sampled in autumn in both breeds.
Results should serve to differentiate the milk of Alpine Grey cattle and Pinzgauer cattle from milk of
other cattle breeds and thus provide necessary arguments for developing new production concepts
that might expand future opportunities for further valorizing these local, dual-purpose breeds
and therefore contribute long-term to their preservation.
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1. Introduction

Dairy farming in the alpine area is characterized by small, family-run units often facing mechanical
and structural limits [1], resulting in higher production costs compared to lowland farms [2].
Moreover, summer pasturing (transhumance) is a relevant production factor because of the additional
forage sources required and the higher revenues for milk transformation into high-value dairy
products like cheese [3,4]. Further, the cultivation of mountain pastures using livestock is crucial for
preserving marginal areas and land fragmentation and thus preventing succession and simplification
of the landscape [5]. Therefore, local cattle breeds are commonly used because of their robustness
and adaptability to the alpine environment [6]. Despite this, nowadays the intensification of dairy
production on alpine farms is also visible, especially in herds located at lower elevations, where there
are less fragmented fields and gentler slopes [2,7]. Hence, alpine farmers have progressively started
to move to intensive farming systems with specialized cattle breeds like the Holstein Friesian
and Brown Swiss [7]. This has been unfavorable for local dual-purpose breeds of the Alpine region
like the Pinzgauer (PI) and Alpine Grey (AG), both known for their feed efficiency, resilience, hard
claws, and strong legs [8]. Several authors have demonstrated local cattle breeds to be competitive
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with cosmopolitan dairy breeds in terms of milk composition and coagulation ability [6,9]; this may
enable alpine farmers to valorize milk produced by local breeds through niche and branded cheese
products by which they can partially compensate for the higher production costs and lower milk
production compared to intensive farming [6,10]. In fact, PI and AG farmers can only play on a few
aspects to maximize their profit; for instance, they should be involved in projects intended to valorize
milk and dairy product quality. Therefore, information about technological traits and bulk milk quality
in regard to PI and AG herds is essential for both farmers and the local dairy industry, although no
prior studies considering such aspects on a large data scale were found. Thus, the objectives of this
study were to investigate the effect of season on bulk milk quality traits, including milk coagulation
properties (MCPs) and mineral content, and to compare the milk of AG and PI single-breed herds to
provide research results relevant to milk processing practices in the mountain area.

2. Materials and Methods

2.1. Area of Study

The Province of Bolzano is located in the northern part of Italy and is characterized by mountainous
topography and small-scale, family-run farms. Approximately 8000 South Tyrolean farms are engaged
in animal husbandry, using 71,862 hectares of grass, pastural, and arable land to produce forage [11].
In total, 128,000 cattle are kept in South Tyrol, of which 52% are dairy cows (approximately 13% and 2%
out of them are AG and PI cows, respectively) producing approximately 400,000 tons of milk per
year [12].

2.2. Bulk Milk Data

Information on bulk milk samples of AG and PI single-breed herds, collected between January 2014
and December 2018, was retrieved from the databases of the South Tyrolean Dairy Association
and the Breeders Association of Bolzano Province (Bolzano, Italy). The original data comprised
66,712 records of 463 farms, with information on fat content (FC), protein content (PC), casein content
(CC), lactose content (LC), and somatic cell count (SCC; cells/mL). Mid-infrared spectroscopy analyses
were performed in the laboratory of the South Tyrolean Dairy Association using Milkoscan FT6000
(Foss, Hillerød, Denmark) and, from March 2017, Milkoscan FT7 (Foss, Hillerød, Denmark). In the same
laboratory, SCC was determined by Fossomatic FC (Foss, Hillerød, Denmark). Milk MCPs and mineral
content (mg/kg) were predicted a posteriori using the prediction models developed by Visentin et al. [13]
on the stored milk spectra. Briefly, individual milk samples (n = 923) of Holstein Friesian, Brown Swiss,
and AG cattle were used to analyze minerals and MCPs with both Formagraph (Foss Electric A/S)
and mid-infrared spectroscopy. Prediction models were calibrated by applying partial least squares
regression and uninformative variable elimination [13]. Coefficients of determination were 70% for
Mg, Ca, K, and P; 40% for Na; 54% for rennet coagulation time (RCT); and 56% for curd-firming time
(k20) [13]. In the following study, MCPs included rennet coagulation time (RCT, min), curd-firming time
(k20, min), and curd firmness 30 min after rennet addition to milk (a30, mm), and the milk minerals were
Ca, K, Mg, Na, and P. The coefficients of determination of the prediction models in external validation
were 0.67, 0.69, 0.65, 0.40, 0.68, 0.54, 0.56, and 0.52 for Ca, K, Mg, Na, P, RCT, k20, and a30, respectively.
Values of milk composition traits, MCPs, and minerals outside mean ± 3 standard deviations were
considered outliers and treated as missing data. SCC values were treated as missing information when
they were outside the range of 1 to 1000 cells/mL. To normalize SCC, the somatic cell score (SCS; units)
was conventionally calculated as

SCS = log2(SCC/100) + 3 (1)

Only single-breed farms (i.e., farms with 100% of cows tested in a year belonging either to breed
AG or PI) were included. In fact, farms keeping other breeds next to PI or AG or keeping both AG
and PI in multibreed herds were discarded due to very few observations available. Finally, farms that
were sampled from a minimum of 3 to a maximum of 10 times in a month and that had at least three
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controlled cows per year were retained, resulting, on average, in nine controlled cows per farm per year.
The final dataset comprised 56,914 bulk milk samples of 461 herds: 85.55% of samples belonged to 405
AG farms, and the remaining 14.45% belonged to 56 PI farms.

2.3. Statistical Analysis

An analysis of variance was performed using SAS software v. 9.4 (SAS Institute Inc., Cary, NC,
USA) according to the following linear mixed model:

yijklm = µ + breedi + seasonj + yeark + (breed × season)ij + (breed × year)ik + herdl(breedi) + eijklm (2)

where yijklm is FC, PC, CC, LC, SCS, minerals (Ca, K, Mg, Na, or P), or MCPs (a30, k20, or RCT); µ is the
overall intercept of the model; breedi is the fixed effect of the ith cattle breed (i = AG, PI); seasonj is the
fixed effect of the jth season of sampling (j = winter (December to February), spring (March to May),
summer (June to August), autumn (September to November)); yeark is the fixed effect of the kth
year of sampling (k = 2014 to 2018); (breed × season)ij is the fixed interaction effect between breed
and season of sampling; (breed × year)ik is the fixed interaction effect between breed and year of
sampling; herdl (breedi) is the random effect of the lth herd nested within the ith breed; and eijklm is the
random residual term. According to the data structure, the significance of the breed effect was tested
on the herd within breed variance. Post hoc Bonferroni adjustment was used to test if least squares
means differed significantly (p < 0.05).

3. Results

3.1. Descriptive Statistics and Correlations

Milk FC, PC, CC, and LC averaged 3.80%, 3.43%, 2.68%, and 4.82%, respectively (Table 1)
and SCS ranged from −3.64 to 6.32. The coefficient of variation (CV) of traditional milk quality traits
varied from 1.50% (LC) to 32.17% (SCS). Rennet coagulation time, k20, and a30 averaged 22.75 min,
7.29 min, and 16.02 mm, respectively (Table 1) and mineral content ranged from 136.28 mg/kg (Mg) to
1570.72 mg/kg (K) and showed low CVs (<10%; Table 1).

Table 1. Descriptive statistics of bulk milk traits.

Trait N Mean CV, % Minimum Maximum

Milk Composition (%)
Fat 56,541 3.80 6.17 3.09 4.52
Protein 56,682 3.43 5.09 2.90 3.95
Casein 56,650 2.68 5.12 2.27 3.08
Lactose 56,511 4.82 1.50 4.60 5.03

SCS, units 56,435 3.17 32.17 −3.64 6.32

Milk Coagulation Properties
a30, mm 56,098 16.02 41.19 0.00 36.16
k20, min 56,517 7.29 9.35 5.16 9.39
RCT, min 56,563 22.75 10.99 15.02 30.51

Mineral Content, mg/kg
Ca 56,583 1328.09 4.35 1152.27 1507.40
K 56,426 1570.72 4.48 1348.92 1794.16
Mg 56,583 136.28 7.86 103.21 169.21
Na 56,417 398.42 8.84 287.05 509.86
P 56,823 1075.66 9.50 771.98 1382.99

SCS: somatic cell score; a30: curd firmness 30 min after rennet addition to milk; k20: curd-firming time; RCT: rennet
coagulation time; n: number of observations; CV: coefficient of variation.
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Pearson correlations (p < 0.05) between the investigated traits are summarized in Table 2.
The strongest relationships (p < 0.05) were estimated between PC and CC (0.98), a30 and RCT (−0.90),
and Mg and P (0.73). Milk SCS was very weakly correlated with all traits except LC (−0.30; p < 0.05)
and Na (0.26; p < 0.05). The greater content of Na and K in milk translated into worse MCPs (p < 0.05),
i.e., longer RCT and less firm curd (Table 2).

Table 2. Pearson correlations (p < 0.05) between bulk milk composition traits, coagulation properties,
and mineral content (mg/kg).

Trait FC PC CC LC SCS a30 k20 RCT Ca K Mg Na

PC 0.37
CC 0.40 0.98
LC −0.06 −0.10 −0.03
SCS 0.08 0.11 0.09 −0.30
a30 0.09 0.18 0.13 0.05 −0.04

k20 −0.23 −0.51 −0.50 −0.04 −0.01
ns −0.61

RCT −0.02 0.00
ns 0.02 −0.06 0.07 −0.90 0.55

Ca 0.27 0.47 0.40 −0.05 0.15 0.26 −0.39 −0.13

K −0.22 0.07 0.09 −0.10 −0.01
ns −0.27 −0.11 0.21 −0.22

Mg 0.19 0.28 0.26 −0.12 0.08 0.11 −0.48 −0.09 0.49 0.40
Na 0.02 0.08 0.07 −0.60 0.26 −0.28 −0.08 0.25 −0.02 0.48 0.40

P 0.09 0.39 0.32 0.06 −0.02
ns 0.27 −0.47 −0.20 0.57 0.18 0.73 −0.14

FC: fat content (%); PC: protein content (%); CC: casein content (%); LC: lactose content (%); SCS: somatic cell score
(units); a30: curd firmness 30 min after rennet addition to milk (mm); k20: curd-firming time (min); RCT: rennet
coagulation time (min); ns: not significant.

3.2. Analysis of Variance

Results of the analysis of variance are summarized in Table 3. Overall, fixed effects introduced in
the statistical model significantly explained the variation in the investigated traits (p < 0.05), except
for the effect of breed (for CC, LC, a30, k20, Ca, and Na) and for the fixed interaction between breed
and season (for k20 and Ca).

Table 3. F-value and significance of fixed effects included in the analysis of variance for bulk milk traits.

Trait Breed Season Year Breed × Season Breed × Year RSD

Milk composition (%)
Fat 81.52 *** 275.56 *** 50.74 *** 30.95 *** 4.07 ** 0.18
Protein 4.82 * 547.04 *** 53.95 *** 61.39 *** 10.64 *** 0.13
Casein 1.84 ns 436.10 *** 216.26 *** 56.18 *** 13.90 *** 0.10
Lactose 2.07 ns 1005.15 *** 61.20 *** 20.93 *** 21.35 *** 0.05
SCS (units) 15.89 *** 139.22 *** 37.17 *** 9.95 *** 37.46 *** 0.60

MCPs
a30 (mm) 2.96 ns 346.16 *** 2143.16 *** 28.21 *** 13.90 *** 5.14
k20 (min) 0.97 ns 467.90 *** 870.26 *** 1.99 ns 91.82 *** 0.55
RCT (min) 11.20 *** 279.67 *** 1358.40 *** 38.00 *** 17.07 *** 2.06

Minerals (mg/kg)
Ca 0.13 ns 414.80 *** 1500.54 *** 2.42 ns 10.90 *** 45.61
K 38.44 *** 257.78 *** 1069.77 *** 19.66 *** 5.70 *** 60.93
Mg 23.10 *** 685.01 *** 3094.51 *** 11.02 *** 3.28 ** 7.93
Na 0.42 ns 719.04 *** 530.41 *** 6.70 *** 17.74 *** 29.08
P 12.09 *** 1126.77 *** 4644.98 *** 5.26 ** 7.22 *** 66.75

SCS: somatic cell score; MCPs: milk coagulation properties; a30: curd firmness 30 min after rennet addition to
milk; k20: curd-firming time; RCT: rennet coagulation time; RSD: residual standard deviation; ns: not significant;
* p < 0.05, ** p < 0.01, *** p < 0.001.
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FC was lower in the milk of AG herds than in the milk of PI herds (p < 0.05; Table 4). On the
contrary, AG milk was characterized by greater PC than PI milk (p < 0.05). Further, more favorable
SCSs were observed in AG than in PI herds (p < 0.05; Table 4). On the other hand, small differences
were observed between AG and PI for MCPs and milk minerals (Table 4).

Table 4. Least squares means of bulk milk traits for the fixed effect of breed.

Trait
Alpine Grey Pinzgauer

LSM SE LSM SE

Milk composition (%)
Fat 3.78 b 0.01 3.95 a 0.02
Protein 3.41 a 0.01 3.37 b 0.02
Casein 2.66 0.00 2.65 0.01
Lactose 4.82 0.00 4.81 0.01

SCS, units 3.03 b 0.04 3.43 a 0.09

MCPs
a30, mm 15.19 0.13 15.84 0.35
k20, min 7.35 0.02 7.40 0.05
RCT, min 22.89 a 0.05 22.41 b 0.13

Minerals (mg/kg)
Ca 1319.75 1.39 1321.18 3.68
K 1576.40 a 1.10 1557.14 b 2.90
Mg 135.35 b 0.16 137.59 a 0.44
Na 399.64 0.92 401.32 2.44
P 1066.33 a 2.16 1044.97 b 5.75

a30: curd firmness 30 min after rennet addition to milk; k20: curd-firming time; RCT: rennet coagulation time; MCPs:
milk coagulation properties; SCS: somatic cell score; different superscript letters within a row indicate statistical
significance (p < 0.05).

Least squares means of the interactions between breed and season effects are reported in Table 5.
Milk FC was greater in PI than in AG herds (p < 0.05) throughout the year and was at its maximum
in autumn and winter for PI and in spring and winter for AG. Significant differences in PC between
the two breeds were detected in spring and summer, with AG exhibiting greater PC compared
to PI. Overall, PC and CC were at their maximum in autumn and at their minimum in summer for
both breeds, whereas LC was at its greatest in spring and at its lowest in autumn (p < 0.05; Table 5).
Milk SCS was greater in PI than in AG herds across seasons (p < 0.05), and it was at its maximum
in summer and autumn and at its minimum in winter and spring, whereas RCT and a30, while not
significantly different for all seasons, tended to be more favorable in PI than in AG milk across the year.
In fact, the most unfavorable a30 and RCT were observed in AG milk sampled in summer (Table 5).
In both breeds, when milk PC, CC, Ca, P, and Mg were the greatest (autumn), good coagulation
performances (a30 and RCT) were observed.
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Table 5. Least squares means of bulk milk traits for the interactions between breed and seasons
of sampling.

Trait
Winter

(December to February)
Spring

(March to May)
Summer

(June to August)
Autumn

(September to November)

Alpine Grey Pinzgauer Alpine Grey Pinzgauer Alpine Grey Pinzgauer Alpine Grey Pinzgauer

Milk composition (%)
Fat 3.81 d 3.99 a 3.79 e 3.95 b 3.74 g 3.89 c 3.77 f 3.98 a

Protein 3.42 cf 3.40 bfgh 3.41 dg 3.35 i 3.38 ehi 3.32 j 3.44 ab 3.42 acde

Casein 2.67 dfg 2.66 bfh 2.67 dfg 2.64 cgi 2.64 ehij 2.60 j 2.68 abc 2.68 ade

Lactose 4.82 ef 4.80 dfh 4.84 a 4.84 ab 4.82 bcd 4.81 ceg 4.80 ghi 4.78 i

SCS, units 2.91 e 3.33 bc 3.00 d 3.33 bc 3.17 b 3.55 a 3.04 c 3.52 a

MCPs
a30, mm 15.53 cd 16.64 ac 14.74 e 16.00 bd 13.74 f 14.20 ef 16.72 ab 16.51 abc

k20, min 7.34 fhi 7.37 dgh 7.43 beg 7.46 cef 7.48 acd 7.54 ab 7.15 j 7.21 ij

RCT, min 22.93 c 22.31 d 23.14 b 22.39 d 23.35 a 22.85 bc 22.12 de 22.09 e

Minerals (mg/kg)
Ca 1319.71 cef 1323.10 bcd 1307.89 hj 1307.76 fij 1315.91 dgi 1318.22 egh 1335.47 ab 1335.64 a

K 1561.62 def 1540.48 g 1579.60 b 1569.79 bcd 1575.18 c 1555.08 f 1589.20 a 1563.21 e

Mg 134.49 d 136.06 c 133.48 f 136.53 c 134.14 e 136.55 c 139.29 b 141.22 a

Na 390.38 df 390.42 ef 393.95 ce 395.56 cd 406.74 ab 407.61 b 407.48 ab 411.69 a

P 1081.67 b 1058.68 d 1054.2 cde 1038.59 ef 1034.26 f 1011.26 g 1095.17 a 1071.36 bc

SCS: somatic cell score; MCPs: milk coagulation properties; a30: curd firmness 30 min after rennet addition to milk;
k20: curd-firming time; RCT: rennet coagulation time; different superscript letters within row indicate statistical
significance (p < 0.05).

4. Discussion

Descriptive statistics resembled findings of Benedet et al. [14]; in fact, authors reported means of
3.86%, 3.34%, and 2.58% for FC, PC, and CC, respectively, in bulk milk samples of 627 herds located in
11 Italian regions and predominantly composed of Holstein Friesian, Brown Swiss, and Simmental
breeds. Considering SCS, the mean and the CV differed than those observed by Benedet et al. [14].
As regards MCPs, values indicate more favorable coagulation characteristics of AG and PI bulk milk
compared to MCPs obtained by Benedet et al. [14]. In contrast, Toffanin et al. [15] observed more
favorable MCPs measured from 1570 bulk milk samples of 436 Holstein Friesian herds compared to
our study. Moreover, Manuelian et al. [16] reported similar RCT and a30 (22.66 min and 16.79 mm,
respectively) and lower k20 (5.53 min) in individual milk samples of 1558 Pinzgauer cows compared to
our results (Table 1).

Niero et al. [17] observed mean milk mineral content ranging between 110.07 mg/kg (Mg)
and 1493.53 mg/kg (K) with the CV varying between 11.36% (K) and 39.75% (Na) in individual milk
samples from 83 Burlina cows, a local dual-purpose breed present in the North-East of Italy. Likewise,
Manuelian et al. [16] reported mean values between 141.41 mg/kg (Mg) and 1495.04 mg/kg (K) with a
CV varying between 8.61% (K) and 17.59% (Mg) in Pinzgauer cows.

The positive correlations of Ca, Mg, and P with PC and CC (p < 0.05) were expected since
these minerals are involved in the structure of casein micelles and are crucial for casein micelle
stability [18,19]. Moreover, the same minerals were favorably associated with MCPs (p < 0.05),
suggesting that greater Ca, Mg, and P were associated with faster coagulation and greater curd
firmness. Overall, the associations estimated in the present study were in agreement with those
found in the individual milk of Holstein [20,21], Pinzgauer [16], and other cattle breeds [22]. Finally,
the correlations between Na, SCS, and LC were in line with findings reported by Costa et al. [20,23]
and confirmed these trait as indicators of udder inflammation. In fact, the strong inverse relationship
between Na and LC (−0.60, p < 0.05; Table 2) was expected since Na acts as an osmole when LC is
low, i.e. during mastitis [23]. In individual milk, both the genetic and the phenotypical correlations
between these two traits were moderate to high and negative [20,21].

To the best of our knowledge, this is the first study comparing bulk milk quality, MCPs, and minerals
of AG and PI cows on a large scale. The lower FC and SCS of AG herds was expected since the AG
breed is known to produce less milk fat compared to other cattle breeds [24] and with more favorable
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SCS. This is shown also in the annual report of ZuchtData [25] based on Austrian cow data, where PI
milk was found to have a higher average SCC than AG milk.

In the present study, the significance of year and season of sampling effects on the studied traits
(Table 3) might be attributed to the fluctuations of seasonal climatic conditions within and between years
in the alpine area [26]; such fluctuations affect both feed quality and quantity [27] and indirectly affect
management practices (e.g., pasture use and transhumance). In general, in both breeds, when milk PC,
CC, Ca, P, and Mg were the greatest (autumn), good coagulation performances (a30 and RCT) were
observed. This was in agreement with the findings of De Marchi et al. [6], who observed better RCT
and a30 in autumn compared to other seasons.

5. Conclusions

This study compared bulk milk quality of single-breed farms of AG and PI, two dual-purpose
breeds of the Alpine region. The milk of PI herds was characterized by greater FC and slightly better
MCPs than the milk of AG herds. However, SCS was lower in the milk of AG herds. The most favorable
MCPs were observed in milk collected in autumn in both breeds, i.e., when PC, CC, Ca, P, and Mg were
at their maximum. Considering that these two breeds have limited diffusion and are nowadays mostly
kept on small, single-breed farms, the milk quality investigation provided in this study is helpful to
the local dairy industry in differentiating the milk of Alpine Grey cattle and Pinzgauer cattle from milk
of other cattle breeds in order to have necessary arguments for developing new production concepts
(e.g., producing location-bound cheese specialties) that might increase profitability and competitiveness
of these local, dual-purpose breeds, contribute long-term to their preservation, and add value to alpine
dairy farming. Nevertheless, special attention should be paid to feeding practices and management
factors, since both have a great impact on milk composition and quality. Thus, specific information on
farm housing and feeding should be collected on a large scale to allow fair comparisons.
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