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SUMMARY

The aim of the present study was to apply mid-infrared spectroscopy prediction
models developed for milk coagulation properties (MCP) to a spectral dataset of
123,240 records collected over a 2-year period in the Alpine area, and to inve-
stigate sources of variation of the predicted MCP Mixed linear models included
fixed effects of breed, month and year of sampling, days in milk, parity, and the
interactions between the main effects. Random effects were herd nested within
breed, cow nested within breed, and the residual. All fixed effects were significant
(P<0.01) in explaining the variation of MCP. In particular, milk clotting characte-
ristics varied significantly among breeds, and local Alpine Grey breed exhibited
the most favourable processing characteristics. Milk coagulation properties varied
across lactation and were at their worst after the peak.
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INTRODUCTION

European Union (EU) dairy products market is
addressed in maximizing added value of milk, by pro-
cessing it into different food categories. For instance, EU
contributes to half of the total world cheese production.
Therefore, an important challenge for the dairy industry
is to segregate milk based on its processing quality. Milk
coagulation properties (MCP) are indicators of milk pro-
cessing characteristics and they include rennet coagu-
lation time (RCT, min), curd-firming time (k,, min), and
curd firmness (az;, mm). Large-scale monitoring of
these traits is difficult due to expensive and time- con-
suming gold standard methods (e.g., Formagraph). Mid-
infrared spectroscopy (MIRS) can overlap this issue and
has been proposed as an effective tool to predict inno-
vative milk quality traits at the population level, such as
MCP (De Marchi et al., 2013, 2014). There is a paucity
of studies that have investigated MCP variation among
cattle breeds, including local populations. Therefore, aim
of the present study was to investigate sources of vari-
ation of MIRS-predicted MCP in major cattle breeds in
Bolzano Province, North-Eastern Italian Alps.

MATERIAL AND METHODS

Data collection

A total of 132,380 individual milk samples from
15,173 cows were collected between January 2012
and December 2013 in Bolzano Province, a mountain-
ous area of the Italian Alps. Cow breeds included in the
dataset were Holstein-Friesian (HF, 13%), Brown Swiss
(BS, 36%), Simmental (SI, 30%), and Alpine Grey (AG,
21%). Cows were from 6 to 450 days-in-milk (DIM), and
from 1t to 15 parity. Inmediately after collection, sam-
ples were added with preservative (Bronysolv; ANA.
LL.TIK Austria, Vienna, Austria) and processed in the
laboratory of the South Tirol Dairy Association (Bolzano,
Italy) according to recommendations by International
Committee for Animal Recording. Each milk sample was
analyzed using a MilkoScan FT6000 (Foss Electric A/S,
Hillergd, Denmark) to determine protein (%), casein
(%), fat (%), lactose (%), urea (mg/dL), and pH. Spectral
information of milk quality traits, containing 1,060 trans-
mittance data in the region between 900 and 5,000
cm’!, were also retrieved from the South Tirol Dairy
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Association. Somatic cell count (SCC) was assessed
by Fossmatic (Foss Electric A/S, Hillerad, Denmark) and
transformed to somatic cell score (SCS) through the
formula SCS = [3 + log,(SCC/100,000)].

Laboratory analysis and MIRS prediction models

A calibration dataset of 923 milk samples was
used to build MIRS prediction models for RCT, ky,
and as,. Reference values of MCP were determined
by Formagraph (Foss Electric A/S, Hillerad, Denmark),
and MIRS spectra were stored by Milkoscan FT6000
(Foss Electric A/S, Hillerad, Denmark). Full details about
the reference method are available in De Marchi et al.
(2013). Prediction models were built through partial
least squares regression after uninformative variables
elimination as recently implemented by Gottardo et al.
(2015). Coefficient of determination (root mean square
error) in validation was 0.55 (2.86 min), 0.58 (1.00 min),
and 0.56 (8.43 mm) for RCT, ky,, and a;,, respectively.

Phenotypic characterization

Statistical analysis was carried out using SAS
software (ver. 9.3, SAS Institute Inc., Cary, NC, USA).
Principal component analysis (PROC PRINCOMP) was
performed on both the initial validation dataset and the
calibration dataset, providing a new matrix of uncorre-
lated variables called principal components (PC) which
explain, in a descending order, a portion of the total
variance. This procedure aimed to select spectral obser-
vations in the validation dataset similar to those in the
calibration dataset. This was achieved by selecting only
spectral data in the validation dataset whose first and
second PC (PC-1 and PC-2, respectively) were within
the same range of PC-1 and PC-2 of spectral data in
the calibration dataset. Therefore, 123,240 observations
from 15,066 cows were retained for further statistical
analysis, whereas the remaining 9,140 records were
classified as outliers and discarded. Prediction models
were subsequently applied to the edited validation data-
set to predict RCT, ky, and a;,. Sources of variation of
MCP were investigated using PROC MIXED according to
the following mixed linear model:

M). + (B x Y}, + (B X DIM), + (B x Parity),. + (DIM x

I:'a“ty)lm + Hn(Bi) + COWO(Bi) + eijklmno'

where Yjyimn, IS the dependant variable (MIRS-predicted
RCT, k. or as9), m is the overall intercept of the model,
B, is the fixed effect of the ith breed (i = HF. BS, SI, AG),
M; is the fixed effect of the it month of sampling (j = 1
to 12), Y, is the fixed effect of the k" year of sampling
(k = 2012, 2013), DIM, is the fixed effect of the I'" class
of DIM (I = 6 to 30, 31 to 60, 61 to 90, 91 to 120, 121
to 150, 151 to 180, 181 to 210, 211 to 240, 241 to
270, 271 to 300, 301 to 330, 331 to 360, 361 to 390,
391 to 450 days), Parity,, is the fixed effect of the mth
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parity (m = 1 to 5, with class 5 including cows from
parity 5 to 15), (B x M)ij is the fixed interaction effect
between breed and month of sampling, (B x Y); is the
fixed interaction effect between breed and year of sam-
pling, (B x DIM); is the fixed interaction effect between
breed and DIM, (B x Parity),,, is the fixed interaction
effect between breed and parity, (DIM x Parity),,, is the
fixed interaction effect between DIM and parity, H,(B))
is the random effect of the n™ herd nested within the
it" breed ~N(0,sZH(B)), Cow,(B;) is the random effect of
the o'" cow nested within the i breed ~N(0,s%;,(g)).
and €jjmn, is the random residual ~N(0,0%,). A multiple
comparison of means was performed for breed effect
using Bonferroni's test (P <0.05).

RESULTS AND DISCUSSION

Means and variation

Descriptive statistics of milk quality traits and MCP
included in calibration dataset are reported in Table 1.
Coefficient of variation of MCP ranged from 24.8% (RCT)
to 44.1% (as). These results are comparable with those
(20.0 and 38.7%, respectively) of another large-scale
research considering MIRS-predicted MCP on a multi-
breed dataset (Penasa et al., 2014). Large data variation
is desired when information is used to develop MIRS
prediction models that will be subsequently applied
for phenotyping at the population level (Visentin et al.,
2015).

Table 1. Descriptive statistics’ of milk samples inclu-
ded in calibration dataset (n=923)

Trait? Mean SD Minimum | Maximum | CV, %
Fat, % 4.09 0.72 1.7 9.19 17.6
Protein, % 3.61 0.45 2.34 5.50 12.6
Casein, % 2.82 0.36 1.7 4.38 12.9
SCS 2.80 1.86 -3.64 8.87 66.3
pH 6.65 0.07 5.87 6.92 1.1

RCT, min 18.57 4.61 4.30 29.00 24.8
Ky, min 5.20 1.63 2.00 13.15 31.3
2z, MM 2807 | 1237 | 240 5712 | 44.1

'SD=standard deviation; CV=coefficient of variation; 2SCS=somatic cell
score; RCT=rennet coagulation time; kyy=curd-firming time; az;;=curd
firmness

Table 2. Least squares means (standard error) of milk
coagulation properties across breeds

Holstein-

Trait! Friesian Brown Swiss | Alpine Grey | Simmental
RCT, min | 22.44 (0.15)2 | 22.15 (0.07)? | 21.84 (0.09)° | 21.80 (0.08)°
kyo, min | 7.08 (0.05)2 | 5.75(0.02)° | 6.13 (0.03)° | 6.21(0.03)°
ag, mm | 14.82 (0.39)* | 19.86 (0.19)° |19.71 (0.24)°| 18.90 (0.21)°

'RCT=rennet coagulation time; k,y=curd-firming time; a;y=curd firmness




G. Visentin et al.: MILK COAGULATION PROPERTIES OF CATTLE BREEDS REARED IN ALPINE AREA 239

Sources of variation for milk coagulation proper-
ties

Fixed effects included in the mixed linear model for
MCP were highly significant (P<0.01; data not shown).
Cow breed was an important source of variation for
milk coagulation characteristics, and least squares
means for the breed effect are reported in Table 2. Dual-
purpose cows (S| and AG) exhibited more favourable
MCP than dairy breeds (HF and BS). These findings
are consistent with another large-scale study on ltalian
dairy cattle breeds conducted by Penasa et al. (2014).
Recently, Pretto et al. (2013) demonstrated that a,, has
a positive association with cheese vyield. This is a cru-
cial point of the present study, especially in countries
highly specialized in cheese production, such as ltaly.
Indeed, although characterized by lower milk produc-
tion compared to cosmopolitan breeds, milk of local
AG cows can potentially result in greater cheese yield
and this could lead to more profit for the dairy industry.
Moreover, this can also contribute to the valorisation
of local breeds, that nowadays are giving a service to

rural area populations (e.g., maintenance of the territory
where they are reared and preservation of the local tradi-
tions) without recognition in any milk payment system.
These results, anyway, need further investigation.

Least squares means of MCP across lactation are
depicted in Figure 1. At the very beginning of lacta-
tion, MCP had the most favourable values for cheese
processing, with low values of RCT and high values
of a5y. The opposite trend of RCT and as; is due to the
strong and negative correlation between them (-0.87).
The strong association between these two traits was
previously reported by Cassandro et al. (2008) in Italian
Holstein-Friesian dairy cows. Rennet coagulation time
increased up to 180 DIM and decreased slightly thereaf-
ter, until the end of lactation. Curd firmness, on the other
hand, exhibited less desired values immediately after
the lactation peak, and then became more favourable
for cheese-making after 6 months of lactation. None of
the traits, anyway, reached the levels observed at the
beginning of lactation. These findings are consistent
with lkonen et al. (2004) and Penasa et al. (2014).

[t

|
| LA =~ - T
42 T - ialieanel PF T
| -
21 4 -« —— BS
|

ennel coagulasion time, mrir
EJ
3
K
~
1

tr

P
E
‘1

c & - = - = S
= o =
I

e _
T mlA.. I ~— e

Zurc firmir g tirne, rin

Fowoa g

Qoo

! T =
' i ' ' i i ' i i ' i i —=
AR D DD D DD D DD D DD D
TANT AN DTN IDT UL LIV Y ST LT LT L

TT BT O BT AT AT kT AN AR AT AT A

Days mmil

(o]
26
I
E N IRV |
s R RN - a0
g2 TX _E -
EBBN bta a7
R T W —r——" ——rnir
@ \ A veidess GA
[ R e .
W AT W NT N T X AN o 7 o T
IR MR e L A
Davs in milk

Figure 1. Least squares means of (a) rennet coagulation time, (b) curd-firming time, and (c) curd firmness across

lactation.

CONCLUSION

This study provides for the first time a description
of predicted MCP of AG cattle breed using individual
samples and describing MCP variation in Alpine dairy
system. The results demonstrated that IMICP variation
depended significantly on several environmental fac-
tors, including cow breed and DIM. Local AG cow had
more favourable clotting characteristics compared to
Holstein-Friesian breed, and this can be exploited as
a strong point for its valorisation. Further research will
estimate genetic parameters of MCP for these breeds.

ACKNOWLEDGEMENT

Technical support by Luis Kerschbaumer and
Thomas Kerschbamer (Sennereiverband Siidtirol,
Bolzano, Italy), and Claudio Stecchi (CTS informatica srl,
Bolzano, ltaly) is gratefully acknowledged.

POLJOPRIVREDA 21:2015(1) Supplement, 237-240



240 G. Visentin et al.: MILK COAGULATION PROPERTIES OF CATTLE BREEDS REARED IN ALPINE AREA

REFERENCES 5.  lkonen, T., Morri, S., Tyrisevd, A.M., Ruottinen, 0., Ojala,
M. (2004): Genetic and phenotypi lations bet
1. Cassandro, M., Comin, A., Ojala, M., Dal Zotto, R., De (2004): Genetic and phenotypic correlations between

, ; ' milk coagulation properties, milk production traits, soma-
Marchi, M., Gallo, L., Carnier, P, Bittante, G. (2008): tic cell count, casein content, and pH of milk. Journal of

Genetic parameters of milk coagulation properties and Dairy Science, 87: 458-467.
their relationships with milk yield and quality traits in doi: http://dx.doi.org/10.3168/jds.S0022-0302(04)73185-9
Italian Holstein cows. Journal of Dairy Science, 91: 371- .

6. Penasa, M., Tiezzi, F, Sturaro, A., Cassandro, M., De
376. Marchi. M ‘A X f1h .
doi: http://dx.doi.org/10.3168/jds.2007-0308 archi, M. (2014): A comparison of the predicted coa-

gulation characteristics and composition of milk from
multi-breed herds of Holstein-Friesian, Brown Swiss and
Simmental cows. International Dairy Journal, 35: 6-10.

2. De Marchi, M., Toffanin, V., Cassandro, M., Penasa, M.
(2013): Prediction of coagulating and noncoagulating

milk samples using mid-infrared spectroscopy. Journal doi: htto://dx.doi 10.1016/i.idairvi.2013.10.004
of Dairy Science, 96: 4707-4715. oi: http://dx. 0|.org/' .1016/j.idairyj. .10.
doi: http://dx.doi.org/10.3168/jds.2012-6506 7.  Pretto, D., De Marchi, M., Penasa, M., Cassandro, M.

(2013): Effect of milk composition and coagulation traits

3. De Marchi, M., Toffanin, V., Cassandro, M., Penasa, M. on Grana Padano cheese yield under field conditions.
(2014): Invited review: Mid-infrared spectroscopy as a Journal of Dairy Research, 80: 1-5.
g';ef;‘;‘y{"?g 8th| for milk traits. Journal of Dairy Science, doi: http://dx.doi.org/10.1017/S0022029912000453
doi.: http://dx.d;)i.org/10.3168/jds.2013-6799 8.  Visentin, G., McDermott, A., McParland, S., Berry, D.P,

) Kenny, 0.A., Brodkorb, A., Fenelon, M.A., De Marchi,
4. Gottardo, P, De Marchi, M., Cassandro, M., Penasa, M. (2015): Prediction of bovine milk technological traits
M. (2015): Technical note: Improving the accuracy of from mid-infrared spectroscopy analysis in dairy cows.
mid-infrared prediction models by selecting the most Journal of Dairy Science, in press.
informative wavelengths. Journal of Dairy Science, 98: doi: http://dx.doi.org/10.é168/jds.2015-9323
4168-4173.
doi: http://dx.doi.org/10.3168/jds.2014-8752

(Received on 29 April 2015; accepted on 5 August 2015)

POLJOPRIVREDA 21:2015(1) Supplement, 237-240





