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ABSTRACT

The aim of the present study was to investigate 
sources of variation of milk composition and technologi-
cal characteristics routinely collected in field conditions 
in the Italian dairy industry. A total of 40,896 bulk 
milk records from 620 herds and 10 regions across Italy 
were analyzed. Composition traits were fat, protein, 
and casein percentages, urea content, and somatic cell 
score; and technological characteristics were rennet co-
agulation time, curd firming time, curd firmness 30 min 
after rennet addition to milk, and titratable acidity. 
Data of herd bulk milks were analyzed using a model 
that included fixed effects of region, herd nested within 
region, and season of milk analysis. An average good 
milk quality was reported in the dairy industry (espe-
cially concerning fat, protein, and casein percentages), 
and moderate to high correlations between composi-
tion and technological traits were observed. All factors 
included in the statistical model were significant in 
explaining the variation of the studied traits except for 
region effect in the analysis of casein and somatic cell 
score. Northeast and central-southern Italian regions 
showed the best performance for composition and tech-
nological features, respectively. Traits varied greatly 
across regions, which could reflect differences in herd 
management and strategies. Overall, less suitable milk 
for dairy processing was observed in summer. Results of 
the present study suggested that a constant monitoring 
of technological traits in the dairy industry is necessary 
to improve production quality at herd level and it may 
be a way to segregate milk according to its processing 
characteristics.
Key words: dairy industry, Italian region, milk 
composition, milk technological trait

INTRODUCTION

Cheese production and export are constantly increas-
ing in Europe (ISMEA, 2016) and Italy is one of the 
most important European producers, with about 1.2 × 
106 t of cheese produced in 2013 (Pieri, 2014). About 
75% of milk is used for cheese making, 50% of which 
is destined to manufacture Protected Designation of 
Origin (PDO) products. The contribution of the dairy 
sector to food industry income is about 11%, count-
ing more than 2,000 operative dairy industries (Pieri, 
2014). Therefore, from an economic point of view, it 
is important to valorize the milk suitable for cheese 
manufacturing and the efficiency of the dairy chain 
(Pieri, 2014).

To satisfy the increasing cheese demand and to 
guarantee more products with high added value in 
the market, the dairy industry is increasingly focus-
ing on technological quality of milk (Cassandro, 2003). 
The technological quality summarizes the ability 
of milk to react to the clotting enzyme in due time 
and form a curd with an adequate firmness, and it is 
mainly evaluated through milk coagulation properties 
(MCP, namely rennet coagulation time, RCT; curd 
firming time, k20; and curd firmness 30 min after ren-
net addition to milk, a30) and titratable acidity (TA; 
Malacarne et al., 2006; Cassandro et al., 2008; Penasa 
et al., 2016). In dairy cows, these traits are affected 
by several factors, such as milk chemical composition 
(Malacarne et al., 2006; Jõudu et al., 2008; Toffanin 
et al., 2012), breed (De Marchi et al., 2007, 2008; Pe-
nasa et al., 2014), individual animal (Cassandro et al., 
2008; Vallas et al., 2010; Tiezzi et al., 2013), feeding 
and management (Righi et al., 2007; Toffanin et al., 
2012; Comino et al., 2015), lactation stage (Ikonen et 
al., 2004; Tyrisevä et al., 2004; Penasa et al., 2014), 
parity (Ikonen et al., 2004; Penasa et al., 2014), and 
season (De Marchi et al., 2007; Penasa et al., 2016). 
Therefore, milk composition and technological charac-
teristics are indicators of dairy manufacture efficiency 
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(Summer et al., 2002; Pretto et al., 2013). Previous 
studies on milk technological characteristics have been 
carried out at individual cow level for phenotypic and 
genetic purposes. To our knowledge, only a few studies 
have investigated the variation of milk technological 
traits at bulk milk level using field data (De Marchi et 
al., 2007; Summer et al., 2014; Penasa et al., 2016), but 
those reports were based on small sample size or were 
conducted in a restricted geographical area.

Milk quality payment system in Italy is mainly based 
on fat percentage, protein (or casein) percentage, SCC, 
and bacterial count, which derive from routine farm 
bulk milk recording. This system seeks to reward or 
penalize dairy farmers according to the quality of de-
livered milk. Nevertheless, MCP and TA are important 
traits when milk is used for cheese production because 
they are associated with dairy industry efficiency and 
thus with farm profitability (Pretto et al., 2013; Cas-
sandro et al., 2016). In Italy, MCP and TA have been 
included in the payment systems of Parmigiano Reg-
giano (Summer et al., 2015) and Trentingrana (Penasa 
et al., 2016) cheese production. In particular, since 
2015 the laboratory of the Trentingrana–Consorzio 
dei Caseifici Sociali Trentini s.c.a (Trento, Italy) has 
adopted mid-infrared spectroscopy to predict RCT and 
a30 on bulk milk samples routinely collected from each 
associated herd; the predicted traits are combined in a 
standardized index of milk aptitude to coagulate and 
used to reward or penalize farmers for milk coagula-
tion ability (N. Cologna, Trentingrana–Consorzio dei 
Caseifici Sociali Trentini s.c.a, Trento, Italy, personal 
communication).

The aim of the present study was to investigate 
sources of variation of composition and technological 
traits of bulk milk across several Italian regions using 
field data collected by the biggest Italian dairy indus-
try. Results will help the industry to incorporate MCP 
in the payment system and segregate milk in relation to 
its aptitude to coagulate.

MATERIALS AND METHODS

Data Collection

Data of bulk milk analysis of 627 herds located in 
11 Italian regions were retrieved from the database of 
the central laboratory of Granarolo S.p.A. (Bologna, 
Emilia-Romagna, Italy) from November 2015 to Octo-
ber 2016. Granarolo S.p.A. is the most important dairy 
industry in Italy and it collects milk from herds located 
in north, central, and south of the country. According 
to the Italian Breeders Association (AIA, 2015), the 
regions included in the present study are those pro-
ducing the largest amount of Italian milk. Bulk milk 

samples are routinely collected by Granarolo S.p.A. in 
the associated herds, and the results of the laboratory 
analysis are used to reward or penalize milk payment.

Milk Analysis

Bulk milk samples (50 mL) were collected in the 
farms and 0.1 mL of azidiol preservative was added; 
the azidiol was prepared at the central laboratory of 
Granarolo S.p.A. Internal trials showed that less than 
0.3 mL of azidiol in 50 mL of milk does not alter re-
sults from mid-infrared analysis. Azidiol composition 
per 1,000 mL was chloramphenicol (1.5 g), anhydrous 
trisodium citrate (34 g), sodium azide (36 g), bromo-
phenol blue (0.35 g), ethanol (10 mL), and deminer-
alized water (balanced). Samples were transported to 
the central laboratory of Granarolo S.p.A. and stored 
at 4°C until analysis, which was conducted within 5 
d from milk sampling. All bulk milk samples were 
analyzed in the same laboratory (central laboratory of 
Granarolo S.p.A.) through mid-infrared spectroscopy 
prediction models available on MilkoScan FT6000 (Foss 
Electric A/S, Hillerød, Denmark) to assess traditional 
composition (fat, protein, and casein percentages, and 
urea content) and technological traits (RCT, k20, a30, 
and TA). Milk quality traits were processed following 
the standard methods used in official milk-recording 
schemes for fat, protein, casein, and urea. Somatic cell 
count was determined by flow cytometers with Fos-
somatic (Foss Electric A/S) and values of SCC were 
transformed to SCS through the formula SCS = 3 + 
log2(SCC/100,000). Milk technological traits were de-
termined using the commercial prediction models pro-
vided by Foss (Foss Electric A/S), based on De Marchi 
et al. (2012, 2013) and Toffanin et al. (2015). These 
prediction models were installed in the Foss Integrator 
Software of MilkoScan FT6000 in the Granarolo S.p.A. 
central laboratory in February 2015.

Data Editing and Statistical Analysis

The original data set of herd bulk milk samples (n = 
43,397) was edited as follows: urea between 2 and 48 
mg/100 mL of milk, RCT greater than 0, a30 between 
0.01 and 35 mm, and TA between 2.90 and 4.00 Soxhlet-
Henkel degrees (°SH)/50 mL. Editing for SCS and fat, 
protein, and casein percentage was not necessary. Herds 
with fewer than 5 milk analyses were discarded as well 
as one region with only one farm. After data editing, 
40,896 milk samples from 620 herds and 10 regions were 
available for statistical investigation.

A preliminary analysis showed that all studied traits 
were normally distributed. Descriptive statistics of 
and Pearson correlations between traits were obtained 
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through the MEANS and CORR procedures of SAS (v. 
9.4, SAS Institute Inc., Cary, NC), respectively. Sources 
of variation of milk composition and technological 
traits were investigated using the GLM procedure of 
SAS according to the following linear model:

	 yijkl = µ + regioni + herdj(region)i + seasonk + εijkl,	

where yijkl is the dependent variable (fat percentage, 
casein percentage, urea content, SCS, RCT, k20, a30, or 
TA); μ is the overall intercept of the model; regioni is 
the fixed effect of the ith Italian region (i = 1 to 10); 
herdj(region)i is the fixed effect of the jth herd (j = 1 to 
620) nested within the ith Italian region; seasonk is the 
fixed effect of the kth 2 mo class of sample analysis (k = 
1 to 6, where 1 = November to December; 2 = January 
to February; 3 = March to April; 4 = May to June; 
5 = July to August; 6 = September to October); and 
εijkl is the random residual ~N(0, σ2

e), where σ2
e is the 

residual variance. Region effect was tested using herd 
within region as the error term, whereas the other fixed 
effects were tested on the residual. Multiple comparison 
of least squares means was performed for the effects of 
region and season using Bonferroni’s test (P < 0.05).

RESULTS AND DISCUSSION

Characterization of Bulk Milk Samples

Descriptive statistics of milk quality and techno-
logical traits are shown in Table 1. Overall, milk tra-
ditional traits indicated good quality of milk collected 
by Granarolo S.p.A. dairy industry, being the average 
fat, protein, and casein equal to 3.86, 3.34, and 2.58%, 
respectively. The coefficient of variation (CV) of these 
characteristics was quite low and ranged between 4.8% 
(protein percentage) and 6.7% (fat percentage). So-
matic cell score and urea content averaged 4.09 and 

23.38 mg/100 mL, respectively (Table 1), and their 
variation (16.9 and 25%) was greater than that of the 
other quality traits. Average milk chemical composi-
tion was similar to that reported by other studies on 
bulk milk samples (Summer et al., 2002; De Marchi et 
al., 2007; Penasa et al., 2016). The mean and CV of 
urea content were similar to findings of Arunvipas et 
al. (2004) in bulk milk; those authors found that urea 
nitrogen averaged 11.79 mg/dL (about 25.23 mg/100 
mL of urea), with a CV of 24.8%. According to Rajala-
Schultz and Saville (2003), Arunvipas et al. (2004), and 
Vallas et al. (2010), the urea variability can be related 
to different feeds, quality of the rations, and feeding 
procedures used in the dairy herds. Moreover, it can 
be connected to nonnutritional factors such as produc-
tivity differences across herds, DIM, changes of season 
and parity, or different milk sampling times following 
feeding. Among these variables, diet characteristics are 
responsible for a large part of the differences.

Concerning milk technological traits, RCT, k20, a30, 
and TA averaged 23.39 min, 7.17 min, 11.51 mm, and 
3.42 °SH/50 mL, respectively (Table 1), and the CV 
ranged from 3.5% (TA) to 49.3% (a30). Several authors 
observed similar means for TA and k20 in bulk milk, but 
shorter RCT (13.5 to 22.1 min) and firmer curd (14.5 
to 27.1 mm) compared with our findings (i.e., better 
MCP; De Marchi et al., 2007; Toffanin et al., 2012; 
Penasa et al., 2016). Overall, coagulation properties 
resulted poorer than predicted values reported by other 
authors in individual milk (Tiezzi et al., 2013; Penasa 
et al., 2014).

Correlation coefficients (r) between quality and tech-
nological traits were significant (P < 0.001), except for 
urea with a30 (results not shown), and they ranged, 
in absolute value, from 0.22 to 0.66. The strongest 
and most favorable relationship was observed between 
casein and k20 (r = −0.66). Casein was favorably cor-
related with RCT (r = −0.24), a30 (r = 0.40), and TA 

Table 1. Descriptive statistics of quality and technological traits of bulk milk samples (n = 40,896)

Item Mean SD CV (%) Interquartile range

Quality trait        
  Fat (%) 3.86 0.26 6.7 0.32
  Protein (%) 3.34 0.16 4.8 0.18
  Casein (%) 2.58 0.13 5.0 0.15
  Urea (mg/100 mL) 23.38 5.85 25.0 7.50
  SCS 4.09 0.69 16.9 0.83
Technological trait1        
  RCT (min) 23.39 2.50 10.7 3.35
  k20 (min) 7.17 0.57 7.9 0.73
  a30 (mm) 11.51 5.67 49.3 7.85
  TA (°SH/50 mL)2 3.42 0.12 3.5 0.14
1RCT = rennet coagulation time; k20 = curd firming time; a30 = curd firmness 30 min after rennet addition to 
milk; TA = titratable acidity.
2°SH = Soxhlet-Henkel degree.
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(r = 0.50), and fat was favorably correlated with RCT 
(r = −0.30), k20 (r = −0.43), a30 (r = 0.30), and TA 
(r = 0.24). These results reinforce the fundamental 
role of casein (Summer et al., 2002; Jõudu et al., 2008; 
Toffanin et al., 2012) and fat (Pretto et al., 2013) on 
MCP. Overall, we obtained stronger relationships of 
technological traits with fat, protein, and casein per-
centages than those reported in the literature (Bittante 
et al., 2012). In bulk milk samples, Penasa et al. (2016) 
reported positive and close to zero correlations between 
RCT and fat percentage (r = 0.01), and RCT and ca-
sein percentage (r = 0.06). The same authors described 
favorable relationships of casein with k20 (r = −0.34), 
a30 (r = 0.26), and TA (r = 0.43). In studies that dealt 
with individual cow milk, Cassandro et al. (2008) and 
Toffanin et al. (2015) observed weak relationships of 
RCT with fat (r = −0.11 and −0.08, respectively) and 
casein (r = −0.19 and −0.10, respectively). Although 
urea and SCS were significantly (P < 0.001) correlated 
with MCP, the magnitude of the relationship was low 
(−0.11 to −0.02 and −0.15 to 0.07, respectively), in 
agreement with Vallas et al. (2010), Toffanin et al. 
(2015), and Penasa et al. (2016).

Results from the ANOVA for quality and technologi-
cal traits are summarized in Table 2. The coefficient 
of determination (R2) ranged from 0.51 (urea) to 0.71 
(casein) for quality traits, and from 0.34 (RCT) to 0.55 
(k20) for technological traits. All effects were significant 
(P < 0.01) in explaining the variation of the studied 
traits, with the exception of region for casein and SCS, 
which approached significance (P < 0.10). According to 
type III sum of squares (Table 2), herd nested within 
region was the most important effect to explain the 

variability of the studied traits, followed by season of 
milk analysis.

Effects of Region and Herd

In this study, each region (R) included a different 
number of herds: R1 (198), R9 (146), R4 (113), R6 (42), 
R10 (39), R2 (28), R7 (23), R3 (12), R5 (10), R8 (9). 
Northern regions were from R1 to R4, central regions 
were from R5 to R7, and southern regions were from R8 
to R10. Milk variability, based on least squares means, 
for traditional and technological traits across regions 
is displayed in Figure 1 and Figure 2, respectively. Fat 
(Figure 1A) and SCS (Figure 1D) revealed a similar 
pattern in northern and southern regions. The greatest 
values of fat and SCS were achieved in northern regions 
and the lowest in the south. For SCS, unfavorable val-
ues were also observed in the central regions. Casein 
(Figure 1B) and urea (Figure 1C) showed a similar 
pattern with higher values estimated in the northern 
and the southern regions, and lower values in the cen-
tral regions. However, we observed a high variability 
for the traditional traits within each region (Figure 3). 
According to the interquartile range, fat (Figure 3A) 
and casein (Figure 3B) exhibited the lowest variabil-
ity in R5 and R2, respectively, and the greatest in R3. 
For urea (Figure 3C) and SCS (Figure 3D) the region 
with the greatest variability was R5, and those with the 
lowest variability were R3 and R8 for urea and SCS, 
respectively.

The RCT (Figure 2A) and k20 (Figure 2B) showed 
a similar pattern, which agrees with the high positive 
correlation estimated between these 2 traits (r = 0.75; 

Table 2. Results from ANOVA1 for quality and technological traits of bulk milk samples

Item

Effect

R2 RMSE

Region 
(df = 9)

 

Herd (region) 
(df = 610)

 

Season 
(df = 5)

SS P-value SS P-value SS P-value

Quality trait
  Fat (%) 57.88 ** 1,359 *** 450.8 *** 0.68 0.15
  Casein (%) 9.70 † 399.4 *** 77.19 *** 0.71 0.07
  Urea (mg/100 mL) 50,470 *** 507,618 *** 147,325 *** 0.51 4.12
  SCS 238.4 † 9,562 *** 443.4 *** 0.53 0.47
Technological trait2          
  RCT (min) 6,348 *** 65,988 *** 13,289 *** 0.34 2.04
  k20 (min) 544.8 *** 5,297 *** 1,236 *** 0.55 0.38
  a30 (mm) 33,388 *** 302,564 *** 194,598 *** 0.40 4.42
  TA (°SH/50 mL)3 14.26 *** 225.9 *** 48.55 *** 0.52 0.08
1SS = type III sum of squares; RMSE = root mean squared error. Region effect was tested using herd within region as the error term.
2RCT = rennet coagulation time; k20 = curd firming time; a30 = curd firmness 30 min after rennet addition to milk; TA = titratable acidity.
3°SH = Soxhlet-Henkel degree.
†P < 0.10, **P < 0.01, ***P < 0.001.
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P < 0.001). On average, RCT and k20 were lower in the 
southern and central compared with northern regions. 
On the other hand, k20 and a30 (Figure 2C) showed the 
opposite trend, which also agrees with the high nega-
tive correlation between these 2 traits (r = −0.72; P < 
0.001). Finally, TA (Figure 2D) exhibited, in general, 
a similar pattern to k20 for the northern and southern 
regions, and a similar pattern to a30 for the central 

regions. For RCT (Figure 4A) and TA (Figure 4D), the 
region with the lowest variability was R10, and those 
with the greatest were R7 and R3 for RCT and TA, 
respectively. For k20 (Figure 4B) and a30 (Figure 4C), 
the greatest variability was observed for R3, and the 
lowest for R2 and R1, respectively. 

On average, northeast (especially R3) and central-
southern regions (R5 and R7) showed the best perfor-

Figure 1. Least squares means of (A) fat percentage, (B) casein percentage, (C) urea content (mg/100 mL), and (D) SCS of bulk milk 
samples across regions (R). Values are represented in a grayscale where the darkest areas correspond to the greatest values and the lightest areas 
to the lowest values.
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mance in terms of milk quality and coagulation abil-
ity, respectively. Although we did not have access to 
the breed composition of each herd, the most popular 
breeds in Italy are Holstein-Friesian, Brown Swiss, 
and Simmental. On average, regions with a reported 
predominance of Holstein-Friesian cows (R1, R4, and 
R6; ANAFI, 2015) exhibited worse milk performance 
than those where Brown Swiss (ANARB, 2015) and 

Simmental breeds (ANAPRI, 2015) are indicated to 
be more relevant. Several authors have reported that 
Brown Swiss yields milk with more favorable quality 
and technological traits than Simmental and, especial-
ly, Holstein-Friesian breed (Malacarne et al., 2006; De 
Marchi et al., 2007; Penasa et al., 2014). As previously 
reported, the high variability within regions could be 
because herds differed in terms of average size, milk 

Figure 2. Least squares means of (A) rennet coagulation time (min), (B) curd firming time (min), (C) curd firmness 30 min after rennet addi-
tion (mm), and (D) titratable acidity (°SH/50 mL; °SH = Soxhlet-Henkel degree) of bulk milk samples across regions (R). Values are represented 
in a grayscale where the darkest areas correspond to the greatest values and the lightest areas to the lowest values.
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yield, breed composition, management, and feeding 
strategies. Some authors have observed that differences 
among farms affected milk quality (Ikonen et al., 2004) 
and coagulation ability (Toffanin et al., 2012; Penasa et 
al., 2014). For example, feeding based on concentrates 
had a positive effect on milk composition and MCP 
(Tyrisevä et al., 2004). Summer et al. (2014) observed 
that milk produced in free-stalls had more favorable 
composition and coagulation characteristics than cows 
reared in tie-stalls. Recently, De Marchi et al. (2017) 
reported that automatic milking system increased RCT 
compared with conventional milking parlor. However, 
Vallas et al. (2010) observed that milk composition and 
technological traits of Estonian Holstein cows were not 
strongly affected by herd.

Season Effect

Overall, quality traits were more favorable during 
winter months and worsened in summer, especially 
July and August (Figure 5A). In these 2 mo, we ob-
served the lowest fat (3.70%) and casein (2.52%), and 
the greatest urea content (24.49 mg/100 mL) and SCS 

(4.30). Our results agreed with findings of Ng-Kwai-
Hang et al. (1984), who observed that milk composi-
tion traits were greater in autumn and winter than in 
summer. Among traditional traits, urea exhibited the 
greatest variability across months, ranging from 17.56 
mg/100 mL (November–December) to 24.49 mg/100 
mL (July–August). Similarly, Arunvipas et al. (2004) 
reported higher milk nonprotein nitrogen levels in Au-
gust, September, and October than in colder months. 
This can be explained through the practice of pasture 
(Wittwer et al., 1999), but also through the physiologi-
cal changes related to heat stress. In fact, as reviewed 
by Hao et al. (2016), heat stress affects protein metab-
olism, strengthening skeletal muscle catabolism. The 
latter induces an increment of plasma urea nitrogen, 
implying that heat stress leads to a redistribution of 
nitrogen from protein to urea, which increases milk 
urea content. Moreover, Yadav et al. (2013) reviewed 
the effect of heat stress on rumen function and digest-
ibility, describing how under prolonged exposure to this 
condition a reduction of feed intake and an increased 
water intake occur, with a subsequent dilution of ru-
men content, reduction of saliva production, decline 

Figure 3. Least squares means of (A) fat percentage, (B) casein percentage, (C) urea content (mg/100 mL), and (D) SCS of bulk milk 
samples across herds within region (R). Computed LSM are represented as boxes for interquartile range, line for median, whiskers for range, 
and × for mean.
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in rumen motility, reduction of bacteria activity, and 
decreased digestibility. This in turn leads to lower milk 
yield and impaired milk quality with depression in fat 
and protein synthesis, including casein, lactalbumin, 
IgG, and IgA, especially during the summer (Das et 
al., 2016). Also, the high SCS during the summer could 
be due to the heat stress caused by the high tempera-
ture and humidity that characterize this season, which 
agrees with Summer et al. (2014).

The k20, a30, and TA showed more favorable values 
from November to February (6.78 min, 15.31 mm, and 
3.48 °SH/50 mL, respectively) and a deterioration dur-
ing summer (Figure 5B). The RCT, on the contrary, 
was more favorable from September to December, and 
worsened during the following months (24.00 min). The 
k20 and TA were almost constant across seasons. Malac-
arne et al. (2005), De Marchi et al. (2007), and Penasa 
et al. (2016) have also reported favorable technological 
traits during autumn and winter, and a deterioration of 
milk coagulation ability during summer.

CONCLUSIONS

Results of the present study highlighted the good 
quality of milk collected by Granarolo S.p.A. dairy in-
dustry in terms of fat, protein, and casein percentages, 
and less favorable findings in terms of SCS and MCP. 
For the first time, field data of milk coagulation traits 
and acidity predicted by mid-infrared spectroscopy dur-
ing routine milk recording for payment purposes were 
analyzed. Statistical analysis revealed that region, herd 
within region, and season of milk analysis significantly 
influenced milk quality, coagulation traits, and TA. For 
a given trait, it was possible to define the best and the 
worst regions. This evidence could be used to segregate 
bulk milk in relation to its dairy manufacturing, and 
to consider rewarding milk producers based on milk 
technological traits. Further research should investigate 
thoroughly the causes of variation between regions and 
farms including relevant information on herd manage-
ment and breeds.

Figure 4. Least squares means of (A) rennet coagulation time (RCT; min), (B) curd firming time (k20; min), (C) curd firmness 30 min after 
rennet addition (a30; mm), and (D) titratable acidity (TA; °SH/50 mL; °SH = Soxhlet-Henkel degree) of bulk milk samples across herds within 
region. Computed LSM are represented as boxes for interquartile range, line for median, whiskers for range, and x for mean.
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