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The objective of the present study was to investigate the effect of environmental factors, milk casein
content and titratable acidity on milk coagulation properties (MCP) of samples routinely collected
in the Trento province (northeast Italy) under field conditions. Rennet coagulation time (RCT,
min), curd-firming time (k,o, min) and curd firmness (a3, mm) were determined by Formagraph
on 14971 samples from 635 herds associated to 17 dairy factories. Besides MCP, fat, protein,
and casein percentages, titratable acidity (TA), and somatic cell and bacterial counts were available.
A standardised index of milk aptitude to coagulate (IAC) was derived using information of RCT and
azo. An analysis of variance was conducted on MCP and IAC using a fixed effects linear model.
Approximately 3% of milk samples did not form a curd within the testing time (30 min) and kyo
was missing for 26% of milks. The percentage of samples without information on kg largely differed
among dairy factories (1-7-20-9%). Significant differences were estimated between the best and the
worst dairy factory for RCT (=2 min), kyg (=1-2 min), azo (+3-4 mm) and IAC (+2-6 points). Milk
casein content and TA were important factors in explaining the variation of MCP and IAC, supporting
the central role of these two traits on technological properties. The Trento province is heterogeneous

in terms of dairy systems and this could explain the differences among dairy factories.
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The European Union (EU) is the biggest world exporter
of cheese, with about 790K tonnes in 2013, and among
EU countries Italy is the main producer of Protected
Designation of Origin (PDO) cheeses. The most popular
PDO ltalian cheese is Grana Padano, a hard, cooked and
long ripened product manufactured using partially
skimmed raw milk. Grana Padano has to be produced in
a specific geographical area of North ltaly (European
Commission, 2006, 2009), following a strict manufacturing
protocol (Grana Padano Cheese Consortium, 2015).

The ‘Trentingrana — Consorzio dei Caseifici Sociali Trentini
s.c.a.” is a consortium which groups several dairy factories
located in the Trento province, an Alpine territory located in
northeast Italy. Dairy factories collect milk from small to
medium size herds rearing dairy and dual-purpose cattle
breeds and they are allowed by Grana Padano cheese PDO
Consortium to produce a geographic specification of Grana
Padano cheese (Salvadori Del Prato, 1994) labelled as
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‘Trentingrana’. The production rules of Trentingrana are
more strict than those considered in the manufacturing proto-
col of Grana Padano cheese. In particular, the use of silages to
feed cows and the addition of lysozyme during milk coagula-
tion are not permitted. The Trento province is an heteroge-
neous area characterised by different dairy systems (Sturaro
etal. 2013) and farms are spread across several valleys, each
having specific environmental features.

The milk quality payment system in Trento province
involves several traits, including milk coagulation properties
(MCP), which can be measured using a number of devices,
the most common being the Formagraph and mid-infrared
spectroscopy (De Marchi et al. 2013, 2014; Tiezzi et al.
2013; Visentin et al. 2015). Milk coagulation properties
are indicators of the efficiency of the cheese-making
process (Summer et al. 2002) and there is evidence that
they influence cheese yield, especially in hard cheeses
(Aleandri et al. 1989; Malacarne et al. 2006; Pretto et al.
2013). However, the relationship between MCP and
cheese yield has not been completely disentangled yet
and it needs further investigation.
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Milk coagulation properties have been extensively
studied both from genetic and phenotypic point of view
(e.g. lkonen et al. 2004; Malacarne et al. 2005; Cassandro
et al. 2008). However, there is a paucity of studies dealing
with sources of variation of MCP in the dairy industry
under field conditions. Therefore, the aim of this study was
to investigate the impact of environmental factors, milk
casein content and titratable acidity on MCP of bulk
milk samples routinely collected in the Trento province for
milk quality payment.

Materials and methods
Data

Data of bulk milk analyses were retrieved from the labora-
tory of the ‘Trentingrana — Consorzio dei Caseifici Sociali
Trentini s.c.a.” operating in Trento province and referred
to milk samples processed in 2012. The consortium
groups 17 dairy factories located across the Trento province
and each dairy factory includes several farms. Quality traits
of milk samples collected routinely from each associated
herd are used in the payment system of the consortium to
reward or penalise each associated herd according to
results from milk analysis.

Fat, protein, and casein percentages were predicted by mid-
infrared spectroscopy using a Milkoscan FT6000. Somatic cell
(SCC) and bacterial counts (BC) were determined by flow cyt-
ometers with Fossomatic and Bactoscan FC, respectively (Foss
Electric, Hillerad, Denmark). Titratable acidity (TA) was mea-
sured through a Hach-Lange Crison Titromatic S1 (HACH —
Crison Italian unit, Milano, Italy) and expressed in Soxhlet-
Henkel degrees (°SH/50 ml). Finally, MCP were assessed
using the Formagraph (Foss Electric, Hillerad, Denmark)
over a testing time of 30 min. The Formagraph provides 3 mea-
sures of MCP: rennet coagulation time (RCT, min), defined as
the time between the addition of rennet to milk and the forma-
tion of the first coagulum; curd-firming time (kyo, min), which
corresponds to the time from the beginning of coagulation to
the moment the width of the curve reaches 20 mm of firmness;
and curd firmness (azo, mm), which is the final consistency of
the curd 30 min after enzyme addition. Values of SCC and BC
were not normally distributed and thus they were log-
transformed to somatic cell score (SCS) and log bacterial
count (LBC), respectively, to achieve normality and homo-
geneity of variances. Somatic cell score was calculated
as SCS =3 +log,(SCC/100 000), and LBC was obtained as
LBC = |Og1 O(BC)

The initial dataset was edited to ensure that each farm
conferred milk to the same dairy factory during 2012 and
that it was sampled at least 12 times in the same year (i.e.,
once per month). Moreover, inconsistent information on
studied traits were labelled as missing values in the
dataset. After data editing, 14971 milk samples from 635
herds were available for statistical analysis. The average
number of herds associated to the 17 dairy factories was
37, and ranged from 8 to 109.
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An index of milk aptitude to coagulate (IAC) standardised
to mean 100 and sp 5 was built using the formula:

IAC = 100 + (a3p — mean,sp)/SDazo 2 - 5
— (RCT — meangct)/SDgct %2 - 5,

where mean,3o and meangct are average values of azo and
RCT, respectively, as calculated from the dataset after
editing, and sp,30 and sbrct are the corresponding standard
deviations.

Statistical analysis

Data of MCP and IAC were analysed using the GLM proced-
ure of the SAS software (SAS Institute Inc., Cary, NC) accord-
ing to the following linear model:

Vikimnopg = # + DF; -+ HERD;(DF;) + My + FAT; + CAS,,

+ TA, 4 SCS, 4 LBC,, 4 (DF x M)
+ (CASxTA),,, + (TAx LBC)np + €jjkimnopq»

where Viiimnopq is RCT, kag, azg or IAC; w is the overall inter-
cept of the model; DF; is the fixed effect of the ith dairy
factory (i=1-17); HERD{DF) is the fixed effect of the jth
herd (j=1-635) nested within the ith dairy factory; My is
the fixed effect of the kth month of analysis (k=1-12);
FAT, is the fixed effect of the fth class of milk fat content
(I =1-3); CAS,, is the fixed effect of the mth class of milk
casein content (m=1-3); TA, is the fixed effect of the
nth class of milk titratable acidity (n=1-3); SCS,, is the
fixed effect of the oth class of somatic cell score (0 =1-3);
LBC,, is the fixed effect of the pth class of log bacterial
count (p=1-3); (DF x M), is the fixed interaction effect
between the ith dairy factory and the kth month of analysis;
(CAS x TA),,, is the fixed interaction effect between the mth
class of milk casein content and the nth class of milk titrat-
able acidity; (TAxLBC),, is the fixed interaction effect
between the nth class of milk titratable acidity and the pth
class of log bacterial count; and ejjmnopq is the random re-
sidual ~ N (0, 62). Classes of fat content, casein content, TA,
SCS and LBC were defined according to mean +1-0 sp so
that class 1: <=1-0 sp, class 2: from —1-0 sp to 1-0 sp, and
class 3: 21-0 sp. Significance of dairy factory effect was
tested on the herd within dairy factory variance.

Pearson’s correlations between the studied traits were
estimated using the CORR procedure of SAS software (SAS
Institute Inc., Cary, NC).

Results and discussion
Descriptive statistics of MCP

About 3% of milk samples did not coagulate within 30 min
from rennet addition, and the information on k, was lacking
for 26% of analysed milks. The percentage of samples
without information on kyo varied considerably among
dairy factories, from 1-7 to 20-9% (Fig. 1). Curd-firming
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Fig. 1. Distribution of samples without information on curd-firming
time (ko0) across dairy factories.

time indicates the optimal time at which curd-cutting should
commence and it is related to yield and quality of cheese
(Bynum & Olson, 1982). However, kyo can be achieved
only for samples which reach 20 mm of curd firmness
during the test, whereas it is not available for non-coagulat-
ing or late-coagulating milks. There is a paucity of studies
that have investigated the variation of MCP in bulk milk
samples. Toffanin et al. (2012) characterised MCP of 1570
bulk milks from mainly Holstein—Friesian herds and 3-95%
of them did not coagulate within 30 min from rennet add-
ition. The incidence of non-coagulating milks reported by
Toffanin et al. (2012) was slightly greater than the value
(3%) of the present study. De Marchi et al. (2007) analysed
506 bulk milks from single breed herds of 5 cattle breeds
and kyo was lacking for 21% of samples, which is slightly
lower than our finding (26%).

Rennet coagulation time, ko and a3o averaged 17-81 min
5:97 min and 24-13 mm, respectively (Table 1), and kjo
exhibited greater coefficient of variation (34-4%) than RCT
(18:3%) and aso (27-5%). These results were in the range
of findings reported by several authors for bovine bulk
milk (Formaggioni et al. 2001; De Marchi et al. 2007;
Toffanin et al. 2012). Besides typical MCP, the IAC has
been introduced here as a new standardised index to sum-
marise RCT and a3o, giving them the same arbitrary weight
of 50%. Values of IAC greater than 100 are desirable as
they indicate overall favourable values of MCP. This index
could be adopted by dairy industry and introduced in
payment systems to reward or penalise milk according to
its coagulation properties (Penasa et al. 2015).

Phenotypic correlations

Pearson correlations of MCP and IAC with quality traits
were generally low and comprised between —0-34 (kyq
and casein content and ko and protein content) and 0-30
(azo and TA) (Table 2). The relationships of a3 with RCT
and kyo were —0-71 and —0-83, respectively, and the
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correlation between RCT and kyo was moderately low
(0-32). All correlations were statistically significant (P <
0-001) except for the relationships between RCT and fat
content, and LBC and TA (Table 2). Overall, results con-
firmed the favourable relationship of protein and casein
contents with MCP, and between milk acidity and MCP.
Moreover, the phenotypic correlations estimated in the
present study were generally lower than those estimated
in the literature using individual cow milk samples (e.g.
Cassandro et al. 2008; Tiezzi et al. 2013), probably due
to the lower variability of bulk milk compared with individ-
ual cow samples.

Ikonen et al. (2004) estimated values of —0-87 between
RCT and a3, and Formaggioni et al. (2001) obtained corre-
lations of 0-66 between RCT and kjo, and —0-89 between
kap and aso. Phenotypic relationships of IAC with RCT
(—0-93) and a3o (0-92) were in agreement with findings of
Penasa et al. (2015). These high estimates were expected
because RCT and a3 are used to compute the IAC.

The correlations of TA with RCT, k,o and a5 were —0-21,
—0-24 and 0-30, respectively (Table 2). These values were
lower than estimates reported by Formaggioni et al. (2001)
and Malacarne et al. (2004) using bulk milk from Italian
Holstein-Friesian cows, and they were in agreement
with results of Cassandro et al. (2008) and Toffanin et al.
(2015) on individual milk of Italian Holstein-Friesian
cows. These authors reported correlations from —0-18 to
—0-63 between TA and RCT, and TA and ky, and from
0-41 to 0-85 between TA and asp.

Analysis of variance

Results from the analysis of variance for MCP and IAC are
summarised in Table 3. The coefficient of determination
ranged from 0-36 (kyo) to 0-39 (a30), indicating that more
than 50% of the total variance could not be explained by
factors included in the statistical model. All effects were sig-
nificant (P <0-05) in explaining the variation of MCP and
IAC, with the exception of fat content for RCT, aso and
IAC, SCS for ky, the interactions between casein content
and TA, and TA and LBC for aso, and casein content for
IAC (Table 3).

Effect of dairy factory and season on MCP

Least squares means of MCP and IAC across dairy coopera-
tives are displayed in Fig. 2. Rennet coagulation time, kyq
and a3 ranged from 16:9 to 18:9 min, 5-70 to 6:90 min,
and 22-3 to 25-7 mm, respectively. Regarding the IAC,
values varied from 98-6 to 101-2. These findings indicated
that dairy factories differed considerably in MCP and this
could have positive consequences on cheese yield
(Bynum & Olson, 1982; Pretto et al. 2013). About 90% of
milk produced in Trevento province is transformed by
local dairies, and thus MCP are of great importance.
Differences among dairy factories in terms of MCP and
IAC are probably related to specific characteristics of the
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Table 1. Descriptive statistics of milk quality and coagulation properties

Traitf N

Fat, % 14971
Protein, % 14971
Casein, % 14971
TA, °SH/50 ml 14971
SCS 14797
LBC 14971
RCT, min 14524
kzo, min 11062
azg, mMm 14535
IAC 14510

Mean

3-97
3-45
2-70
3-62
3-59
4-52
17-81
5-97
2413
100-01

SD

0-36
0-23
0-17
0-24
113
0-45
3-26
2-:05
663
4-60

Minimum

1-76
2-52
193
2-40
-1-06
4-00
0-63
0-15
0-12
82-73

245

Maximum

6:67
517
3-92
7-60
8-34
6-81
29-45
17-30
58-:20
122-56

1TA, titratable acidity; SCS, somatic cell score, calculated as SCS = 3 + log,(SCC/100 000), where SCC is somatic cell count (n/ml); LBC, log of bacterial count,
calculated as LBC = log(BC), where BC is bacterial count (n/ml); RCT, rennet coagulation time; ko = curd-firming time; as = curd firmness; IAC, index of
milk aptitude to coagulate, defined as IAC =100 + (a3 — mean,3)/sda30 * 2-5 — (RCT — meangct)/sbrer * 2-5

Table 2. Pearson correlations between milk quality and coagulation properties

Traitf Protein Casein

Fat Q-4 7%** Q-4 7%**
Protein 0-99***
Casein

TA

SCS

LBC

RCT

kao

azp

TA

0-06***
0.39***
0-43%++

SCS

0-06***
0.22***
0:-19%**

LBC RCT
0-04%++ 001
_0.06*** 0,07***
_0,07*** 0,06***
001 —0:-21%%*
0-12%** 0-Q7%**
—0:15%**

kao

—0-34%%
—0-34%%
—0-24%%

0-00

_0,07***

0,32***

dasp 1AC
0.‘] 3*** 0.07***
0,30*** 0,28***
—0-04%** —0-06%**
_0,83*** _0,63***
0-92%%+

+TA = titratable acidity; SCS, somatic cell score, calculated as SCS = 3 + log,(SCC/100 000), where SCC is somatic cell count (n/ml); LBC, log of bacterial
count, calculated as LBC =1log;(BC), where BC is bacterial count (n/ml); RCT, rennet coagulation time; kyo = curd-firming time; a3 curd firmness; IAC,
index of milk aptitude to coagulate, defined as IAC =100 + (a3g — mean,30)/sb,30 * 2-5 — (RCT — meangct)/sbrer * 2-5.

P <0-001.

Table 3. Results from ANOVA for milk coagulation properties

Effects

Month of analysis

Dairy factory§

Herd (within dairy factory)
Month of analysis*Dairy factory
Fat, %

Casein, %

TA, °SH/50 ml

SCS

LBC

Casein*TA

TA*LBC

RZ

RMSEY

df

11
16
61
17

A NN DNN

Traitf
RCT, min kyp, min asp, MM IAC
F P-value F P-value F P-value F P-value
26-99 <0-001 17-53 <0-001 38-16 <0-001 28-76 <0-001
4-40 <0-001 2-74 <0-001 5-71 <0-001 526 <0-001
8 613 <0-001 4-47 <0-001 6-59 <0-001 6-85 <0-001
6 8-53 <0-001 3-64 <0-001 6-89 <0-001 7-64 <0-001
1-13 0-324 4-60 0-010 1-10 0-334 0-50 0-605
23-14 <0-001 83-27 <0-001 15-94 <0-001 0-42 0-655
95:36 <0-001 46-95 <0-001 76-06 <0-001 100-02 <0-001
6-00 0-003 0-57 0-567 341 0-033 3-94 0-020
44-20 <0-001 20-53 <0-001 19-37 <0-001 36-85 <0-001
6-08 <0-001 3-67 0-005 1-70 0-147 3-70 0-005
7:28 <0-001 366 0-006 1-15 0-333 392 0-004
0-37 0-36 0-39 0-38
2:67 1-70 5-34 3-73

+RCT, rennet coagulation time; ko = curd-firming time; aso = curd firmness; IAC, index of milk aptitude to coagulate, defined as IAC = 100 + (a;o—mean,3o)/
SDa30 ¥ 2:5 — (RCT — meangct)/sbret * 2+5.
1TA, titratable acidity; SCS, somatic cell score, calculated as SCS = 3 + log»(SCC/100 000), where SCC is somatic cell count (n/ml); LBC, log of bacterial count,
calculated as LBC = logo(BC), where BC is bacterial count (n/ml).
§Tested on herd within dairy cooperative variance.

9 RMSE = root mean square error.

https://doi.org/10.1017/50022029916000212 Published online by Cambridge University Press


https://doi.org/10.1017/S0022029916000212

246 M Penasa and others

(a) 19.50

19.00

18.50 -

18.00 -

17.50 -

RCT, min

17.00 -

16.50 -

16.00

15.50 +% e BN s e
1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17

Dairy cooperative

(0)

27.00

26.00

25.00

24.00

23.00

3y, MM

22,00
21.00
20.00

19.00 9 W I EEEENRNSNNHSR
1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17

e T T

Dary cooperative

(b) 7.50 ~

7.00 1

6.50

6.00 -+

k39, min

5.50 1

400 NN L L LR
1 2 3 4 5 6 7 8 9 1011 1213 1415 16 17

Dairy cooperative

(a)

102.00 +

101.50
101.00

100.50

100.00
v 99.50 -
99.00 -
98.50 -+
98.00 -
97.50 +
97.00

1 2 3 4 56 7 8 910111213 141516

Darry cooperative

17

Fig. 2. Least squares means (with standard errors) of (a) rennet coagulation time (RCT, min), (b) curd-firming time (kyo, min), (c) curd firmness
(azp, mm), and (d) index of milk aptitude to coagulate (IAC) across dairy factories.

dairy technologies (e.g. natural whey starter, cheese-maker
skills) and farms conferring milk to each dairy plant.
Sturaro et al. (2013) grouped dairy farms of the province
in four different dairy systems, from traditional to intensive.
Dairy factories are located in several valleys of the territory
and are characterised by different number of associated
herds and milk transformed per day (Cologna et al. 2010).
Moreover, the average size, breed composition, and milk
yield and quality of associated herds largely differ among
dairy factories.

Overall, least squares means of MCP and IAC were more
favourable from October to March and a deterioration of
milk coagulation ability was observed during the summer
season (results not shown). The best month of analysis was
March (IAC=101) and the worst was July (IAC=98). A
very limited number of studies investigated the effect of
season on MCP using bulk milk samples. De Marchi et al.
(2007) reported worst values of MCP during warm periods,
which underlines a relationship between high temperature
and worsening of MCP. Several other studies included the
season effect in the statistical analysis of MCP recorded at
individual cow level (Tyrisevd et al. 2003; Malacarne
et al. 2005). In particular, Malacarne et al. (2005) observed

https://doi.org/10.1017/50022029916000212 Published online by Cambridge University Press

that milk of Holstein cows collected during summer was
characterised by scarce technological quality.

Effect of milk casein content and titratable acidity on MCP

Least squares means of RCT, kuq, aso and IAC for the inter-
action effect between casein content and TA of milk are
reported in Fig. 3. Regardless the class of casein content,
RCT decreased and asq increased with increasing values of
TA. As a consequence, the IAC showed better values with
high values of TA. Curd-firming time resembled the same
trend of RCT, with the only exception of values reported in
the third class of casein content (>2-:87%). These findings
confirm the central role exerted by the acidity of milk on
technological traits. Regardless the class of TA, RCT and
asp increased with increasing values of casein content,
whereas an opposite trend was observed for k.

The link between TA and MCP originates from the cap-
acity of TA to influence the aggregation rate of para-casein
micelles, the reactivity of rennet and the rate of syneresis
(Formaggioni et al. 2001). Decreasing values of RCT and
koo following increasing TA were reported by De Marchi
et al. (2007) and Toffanin et al. (2012) in bulk milk.
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Fig. 3. Least squares means (with standard errors) of (a) rennet coagulation time (RCT, min), (b) curd-firming time (k,o, min), (c) curd firmness
(aso, mm), and (d) index of milk aptitude to coagulate (IAC) across classes of casein content and titratable acidity of milk.

Concerning casein content, different studies showed a
strong and significant relation with MCP, especially with
asp, both in bulk (De Marchi et al. 2007; Toffanin et al.
2012) and individual cow milk samples (Politis & Ng-
Kwai-Hang, 1988; Tyriseva et al. 2003; Penasa et al. 2010).

Conclusions

The present study was conducted on a large bulk milk data
with the purpose of investigating sources of variation of
MCP in field conditions. In particular, we estimated the
effects of dairy factory, milk casein content and TA on the
clotting characteristics of milk and on IAC, an index sum-
marising RCT and a;o. Rennet coagulation time of milk
from the best dairy factory was 2 min shorter than that of
the worst dairy factory. In terms of azg and IAC, the differ-
ence between the best and the worst dairy factory was
3-4 mm and 2-6 points, respectively. These findings reflect
the large variety of environmental and rearing conditions
of the dairy sector in Trento province. Besides dairy
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factory, milk casein content and TA were important factors
in explaining the variation of MCP and IAC, supporting
their central role on technological traits.

The authors thank the milk laboratory of the ‘Trentingrana —
Consorzio dei Caseifici Sociali Trentini s.c.a’ (Trento, ltaly) for pro-
viding data used in the present study.

Authors’ contribution

V. Toffanin and M. Penasa wrote the first draft of the
manuscript. M. Penasa performed statistical analysis.
N. Cologna, M. Cassandro and M. De Marchi reviewed the
paper. All authors contributed to the discussion of the results
and approved the final version of the manuscript.

References

Aleandri R, Schneider JC & Buttazzoni LG 1989 Evaluation of milk for
cheese production based on milk characteristics and Formagraph mea-
sures. Journal of Dairy Science 72 1967-1975


https://doi.org/10.1017/S0022029916000212

248 M Penasa and others

Bynum DG & Olson NF 1982 Influence of curd firmness at cutting on
yield and recovery of milk constituents. Journal of Dairy Science 65
2281-2290

Cassandro M, Comin A, Ojala M, Dal Zotto R, De Marchi M, Gallo L,
Carnier P & Bittante G 2008 Genetic parameters of milk coagulation
properties and their relationships with milk yield and quality traits in
Italian Holstein cows. Journal of Dairy Science 91 371-376

Cologna N, Tiezzi F, De Marchi M, Penasa M, Cecchinato A & Bittante G
2010 Sources of variation of quality traits of herd bulk milk used for
Trentingrana cheese production. In Book of Abstracts of the 61st
Annual Meeting of the European Association for Animal Production,
23-27 August, Heraklion, Crete Island, Greece, Vol. 16, p. 167

De Marchi M, Dal Zotto R, Cassandro M & Bittante G 2007 Milk
coagulation ability of five dairy cattle breeds. journal of Dairy Science
90 3986-3992

De Marchi M, Toffanin V, Cassandro M & Penasa M 2013 Prediction of
coagulating and noncoagulating milk samples using mid-infrared
spectroscopy. Journal of Dairy Science 96 4707-4715

De Marchi M, Toffanin V, Cassandro M & Penasa M 2014 Invited review:
mid-infrared spectroscopy as phenotyping tool for milk traits. Journal
of Dairy Science 97 1171-1186

European Commission 2006 Council Regulation (EC) No. 510/2006 of 20/
03/2006 on the protection of geographical indications and designations
of origin for agricultural products and foodstuffs. Official Journal of the
European Union L 93 13-25 (31/03/2006)

European Commission 2009 Publication of an amendment application pur-
suant to Article 6(2) of Council Regulation (EC) No. 510/2006 on the pro-
tection of geographical indications and designations of origin for
agricultural products and foodstuffs (2009/C 199/11). Official Journal of
the European Union C 199 24-33 (25/08/2009)

Formaggioni P, Malacarne M, Summer A, Fossa E & Mariani P 2001 Milk
with abnormal acidity. VI. The role of phosphorus content and the
rennet-coagulation properties of ltalian Friesian herd milks. Annali
della Facolta di Medicina Veterinaria di Parma 21 261-268

Grana Padano Cheese Consortium 2015 Consorzio per la tutela del
Formaggio Grana Padano. http:/www.granapadano.it (accessed 26/5/
2015)

lkonen T, Morri S, Tyrisevd AM, Ruottinen O & Ojala M 2004 Genetic and
phenotypic correlations between milk coagulation properties, milk pro-
duction traits, somatic cell count, casein content, and pH of milk. Journal
of Dairy Science 87 458-467

Malacarne M, Summer A, Franceschi P, Mariani P & Fieni S 2004 Seasonal
variations of curd firming time of Friesian herd milks in relation to titrat-
able acidity and somatic cell count. Scienza e Tecnica Lattiero Casearia
55 365-370

Malacarne M, Fieni S, Tosi F, Franceschi P, Formaggioni P & Summer A
2005. Seasonal variations of the rennet-coagulation properties of herd
milks in Parmigiano-Reggiano cheese manufacture: comparison

https://doi.org/10.1017/50022029916000212 Published online by Cambridge University Press

between Italian Friesian and Italian Brown cattle breeds. /talian Journal
of Animal Science 4 242-244

Malacarne M, Summer A, Fossa E, Formaggioni P, Franceschi P, Pecorari M
& Mariani P 2006 Composition, coagulation properties and Parmigiano-
Reggiano cheese yield of Italian Brown and Italian Friesian herd milks.
Journal of Dairy Research 73 171-177

Penasa M, Cassandro M, Pretto D, De Marchi M, Comin A, Chessa S, Dal
Zotto R & Bittante G 2010 Short communication: influence of composite
casein genotypes on additive genetic variation of milk production traits
and coagulation properties in Holstein-Friesian cows. Journal of Dairy
Science 93 3346-3349

Penasa M, De Marchi M, Ton S, Ancilotto L & Cassandro M 2015
Reproducibility and repeatability of milk coagulation properties pre-
dicted by mid-infrared spectroscopy. International Dairy Journal 47 1-5

Politis | & Ng-Kwai-Hang KF 1988 Effects of somatic cell counts and milk
composition on the coagulating properties of milk. Journal of Dairy
Science 71 1740-1746

Pretto D, De Marchi M, Penasa M & Cassandro M 2013 Effect of milk com-
position and coagulation traits on Grana Padano cheese yield under field
conditions. Journal of Dairy Research 80 1-5

Salvadori Del Prato O 1994 Grana-Padano: tradition and technology. Dairy
Industries International 59 23-27

Sturaro E, Marchiori E, Cocca G, Penasa M, Ramanzin M & Bittante G 2013
Dairy systems in mountainous areas: farm animal biodiversity, milk pro-
duction and destination, and land use. Livestock Science 158 157-168

Summer A, Malacarne M, Martuzzi F & Mariani P 2002 Structural and fuc-
tional characteristics of Modenese cow milk in Parmigiano-Reggiano
cheese production. Annali della Facolta di Medicina Veterinaria di
Parma 22 163-174

Tiezzi F, Pretto D, De Marchi M, Penasa M & Cassandro M 2013
Heritability and repeatability of milk coagulation properties predicted
by mid-infrared spectroscopy during routine data recording, and their
relationships with milk yield and quality traits. Animal 7 1592-1599

Toffanin V, De Marchi M, Penasa M, Pretto D & Cassandro M 2012
Characterization of milk coagulation ability in bulk milk samples. Acta
Agriculturae Slovenica 3 93-98

Toffanin V, De Marchi M, Lopez-Villalobos N & Cassandro M 2015
Effectiveness of mid-infrared spectroscopy for prediction of the contents
of calcium and phosphorus, and titratable acidity of milk and their rela-
tionship with milk quality and coagulation properties. International Dairy
Journal 41 68-73

Tyriseva AM, lkonen T & Ojala M 2003 Repeatability estimates for milk co-
agulation traits and non-coagulation of milk in Finnish Ayrshire cows.
Journal of Dairy Research 70 91-98

Visentin G, McDermott A, McParland S, Berry DP, Kenny OA, Brodkorb A,
Fenelon MA & De Marchi M 2015 Prediction of bovine milk techno-
logical traits from mid-infrared spectroscopy analysis in dairy cows.
Journal of Dairy Science 98 6620-6629


http://www.granapadano.it
http://www.granapadano.it
https://doi.org/10.1017/S0022029916000212

	Effects of dairy factory, milk casein content and titratable acidity on coagulation properties in Trentingrana dairy industry
	Materials and methods
	Data
	Statistical analysis

	Results and discussion
	Descriptive statistics of MCP
	Phenotypic correlations
	Analysis of variance
	Effect of dairy factory and season on MCP
	Effect of milk casein content and titratable acidity on MCP

	Conclusions
	Authors contribution
	References


