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ABSTRACT: A total of 311,354 Fourier-transform infra-
red (FTIR) spectra, from test day records of 29,208 dairy 
cows (Holstein, Brown Swiss, and Simmental) from 654 
herds, collected over a 3 years period, were available for the 
study. Calibration equations have been used to predict indi-
vidual test day observations for cheese yield (CY) and milk 
nutrient recovery in curd (REC) traits. Heritability of CY 
was always significantly higher for Holstein and Brown 
Swiss (0.22 to 0.33) compared to Simmental cows (0.14 to 
0.18). In general, total fresh cheese yield (%CYCURD) 
showed genetic variation and heritability estimate slightly 
higher than its components %CYSOLIDS and %CYWATER. 
RECPROT was the most heritable trait in all the three breeds, 
with values varying from 0.32 to 0.41. The FTIR based 
predictions of CY and REC traits could efficiently and 
cheaply improve the selection of dairy cows producing milk 
destined to cheese-making. 
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Introduction 

 
The amount of milk used for cheese production is 

growing in many countries (International Dairy Federation, 
2013), increasing the importance of milk technological pa-
rameters related to dairy processing. Cheese yield (CY), i.e. 
the percentage ratio between curd weight and milk weight, 
is the most important parameter for dairy industry affecting 
milk price (Emmons, 1990). 

 
Protein and fat, together with water, are the most 

important milk components retained in the curd, easily 
measured in (tank) milk and highly genetically correlated 
with their cheese counterparts. As a consequence, CY is 
usually predicted from milk protein and fat content. This, 
however, assumes a linear relationship and constant recov-
eries (REC) of milk nutrients in the curd (i.e. the percentage 
of a given milk nutrient that is retained in the curd). In cur-
rent breeding programmes of dairy cattle, the improvement 
of milk attitude to cheese production relies on altering milk 
composition, indirectly exploiting the favourable phenotyp-
ic relationship of milk protein and fat content with CY. In-
dividual variation in recovery of protein (RECPROTEIN) and 
fat (RECFAT) is not considered. However, Bittante et al. 
(2013), in a study involving individual model-cheese fabri-
cation from milk of Brown Swiss cows, showed the exist-
ence of an important and exploitable genetic variation for 

CY and REC. They also reported that i) the genetic rela-
tionships of milk fat and protein contents with CY were 
positive and high, ii) milk composition was not able to ex-
plain all the genetic variation of CY and iii) the genetic cor-
relation between fat and protein contents with the corre-
sponding RECs was low. Hence, selection to improve milk 
attitude to cheese production could be more effective if di-
rectly performed on CY and REC instead of acting on milk 
composition only. The main limitation, though, for direct 
selection for milk attitude to cheese production is related to 
the availability of phenotypes:  obtaining individual CY or 
REC traits at population level, as required for implementing 
a routine genetic evaluation procedure, is clearly unfeasible 
,at present, both for operative and economical reasons. 
However, infrared optical technologies such as Fourier-
transform infrared reflectance (FTIR) spectroscopy proved 
to be efficient in predicting CY and REC as recently report-
ed by Ferragina et al. (2013). Moreover, routine analyses of 
milk samples for protein and fat contents in milk recording 
schemes are already performed using FTIRS (ICAR, 2013). 
As a consequence, since FTIR spectra are achieved for eve-
ry milk sample collected for milk recording activity, they 
could also be used to obtain, in an inexpensive way, a large 
amount of new traits, at an individual level, which could be 
used for selection in dairy cattle breeding programmes. 
Therefore, the objective of this analysis, was to estimate the 
genetic variation for FTIR predictions of CY and REC traits 
in Holstein (Hol), Brown Swiss (BS) and Simmental (Sim) 
cows. 
 

Materials and Methods 
 

Field data. Data for this study have been collected 
over a 3 years period and provided by the Breeders Federa-
tion of Trento province (in the North-East Italian Alps) as a 
part of the Cowplus Project. Since 2010, FTIR spectra of all 
milk samples analysed within milk recording, carried out on 
dairy herds of the  Trento province, have been stored by the 
local Breeders Federation (FPA, Trento). A total of 311,354 
FTIR spectra from test day records of 29,208 Hol, BS, and 
Sim cows, from 654 herds, were available for the study.   

 
Trait definitions. Calibration equations developed 

by Ferragina et al. (2013) have been used to predict indi-
vidual test day observations for traits related to cheese 
yield. Predicted traits were fresh cheese yield (%CYCURD), 
total solid cheese yield (%CYSOLIDS), water retained in curd 
(%CYWATER), all expressed as a percentage of the processed 



milk, and nutrient recovery of fat (RECFAT), protein 
(RECPROT), total solids (RECSOLIDS) and energy (RECENER-

GY) in the curd, expressed as a percentage of the same nutri-
ent contained in the milk (the complement of REC to 100% 
represents the nutrient loss in the whey). Beside %CY and 
REC traits, daily milk yield (dMY), fat, protein and lactose 
percentages and somatic cells score (SCS) of each individu-
al test day were also available. Daily fresh cheese yield 
(dCYCURD), solids cheese yield (dCYSOLIDS) and water 
cheese yield (dCYWATER) have been obtained as the product 
of dMY times the corresponding predicted %CY. Details on 
the definition and calculation of predicted traits can be 
found in Cipolat-Gotet et al. (2013). After editing proce-
dures, the number of records available for statistical anal-
yses in each breed was 84,732 for Hol, 70,321 for Brown 
Swiss and 19,333 for Sim; the corresponding number of 
phenotyped cows was 8,786 (Hol)  7,342 (BS) and 2,037 
(Sim). 
 

Statistical analyses. For each trait and breed the 
final model included the fixed effects of the herd by test 
day (4,020, 3,040 and 1,671 levels in BS, Hol and Sim re-
spectively), days in milk of the cow within parity (108 lev-
els) and year by season of calving (8 levels).  Days in milk 
was treated as a classification variable with 11 monthly 
classes ranging from <30 to 330 days, and one additional 
class for observations over 330 days.  Parity effect was 
modelled in 9 classes : >4, 4, 3,  whereas in parities 1 and 2 
also the effect of age at calving was considered including 3 
classes within each parity, in order to account for different 
degrees of maturity at the beginning of lactation.  Two sea-
sons of calving have been considered, April to September 
and October to March. Variance components were estimat-
ed fitting linear models, within each breed, using a REML 
algorithm (Neumaier and Groeneveld, 1998; Groeneveld et 
al., 2010). The total number of animals included in the ped-
igree file was 28,783 (Hol), 29,262 (BS) and 6,885 
(Sim)while the  number of average equivalent complete 
generations was 3.5, 3.7 and 2.4, respectively. 

 
Results and Discussion 

 
Descriptive statistics. Table 1 reports the descrip-

tive statistics for the investigated traits. All the %CY traits 
were higher in B S cows, followed by Sim, whereas Hol 
always showed the lowest values. Cheese yields showed a 
very high variability (coefficient of variation (CV) ranged 
between 12 - 16%). In every breed the contribution of 
%CYWATER to %CYCURD was around 55%, which is higher 
than that of %CYSOLIDS that accounted for 45%. Compared 
to cheese yields, nutrient recoveries showed a much lower 
variability (CV ranged from 3% for RECPROT to 7% for 
RECSOLIDS), but breeds were ranked in the same order. 
Around 50% of the milk total solids were retained in the 
curd, mainly resulting from a large proportion of fat (over 
85%) and protein (over 76%) being retained in the fresh 
cheese. Compared to Hol cows, daily milk production was 
lower for B S(15%)and Sim(23%) cows and and this also 

affected breeds order for all the daily cheese yields. Milk 
composition in terms of fat and protein percentages was 
much favourable in B S cows, while lactose content showed 
a limited variation both across and within breeds. The val-
ues of SCS followed the same breed order as in milk pro-
duction. 

 
Table 1. Descriptive statistics of cheese yields (CY), nu-
trient recoveries (REC), milk production (dCY) and 
composition (COMP) . 

Trait Holstein  Brown Swiss  Simmental 
Mean CV1  Mean CV  Mean CV 

CY, %         
  %CYCURD 14.10 14  15.38 12  14.69 13 
  %CYSOLIDS 6.40 16  6.95 13  6.57 15 
  %CYWATER 7.69 16  8.34 15  8.07 16 
REC, %         
  RECFAT 85.98 4  87.37 4  86.41 4 
  RECPROT 76.54 3  78.19 3  77.27 3 
  RECSOLIDS 48.82 7  50.84 6  49.51 7 
  RECENERGY 63.87 5  65.91 5  64.47 5 
dCY, kg×d-1         
  Milk yield 29.28 30  24.79 31  22.56 34 
  dCYCURD 4.09 30  3.79 31  3.29 35 
  dCYSOLIDS 1.85 31  1.71 32  1.47 36 
  dCYWATER 2.23 31  2.06 33  1.81 37 
COMP         
  Fat, % 3.86 21  4.07 18  3.88 21 
  Protein, % 3.41 12  3.67 11  3.51 11 
  Lactose, % 4.82 4  4.83 4  4.81 4 
  SCS2, U 3.06 59  2.90 60  2.67 67 
1CV: coefficient of variation 
2SCS: Somatic cell score 

 
 
Heritabilitiy and repeatability. Estimates of her-

itability (ℎ!)and repeatability (r) values are reported in Ta-
ble 2. Heritability of cheese yield related traits was always 
significantly higher for Hol and B Swiss (0.22 to 0.33) 
compared to Sim cows (0.14 to 0.18). In general, %CYCURD 
exhibited genetic variability (data not shown) and its ℎ! 
was slightly higher than its components (%CYSOLIDS and 
%CYWATER). Permanent environmental effects affected all 
the cheese yields, leading to r values between 0.32 and 0.47 
varied upon different breeds and traits. Estimates of ℎ! for 
milk production and dCY traits were consistent across 
breeds and ranged from 0.06 to 0.11, being much lower 
than that of the three %CY traits. As expected, in all the 
production traits the permanent environmental variance was 
high, hence r values were four times as high as ℎ!. Among 
the nutrient recoveries, RECSOLIDS and RECENERGY had the 
highest additive genetic variance, but also accompanied 
with higher residual variance (data not shown) compared to 
both RECPROT and RECFAT. RECPROT was the most heritable 
trait in all the three breeds, with values ranging between 
0.32 -0.41, and also with a quite high repeatability (0.45 to 
0.53). Interestingly, this was the only trait within %CY and 
REC that showed heritability in Sim cows comparable to 



those of the two other breeds(ℎ! = 0.35). The RECSOLIDS, 
RECENERGY and RECFAT had rather similar ℎ! and r within 
breed. The RECFAT was more (Hol and B S) or equally 
(Sim) heritable than milk fat content. The RECPROT showed 
a similar behaviour with respect to protein percentage, dis-
playing an heritability estimate that was greater than that of 
its milk content in B S and Sim cows. It is worth noting that 
all ℎ! estimates are comparable to those of the measured 
traits (Bittante et al., 2013), although a loss of genetic vari-
ability was generally observed, parallel to a decrease of re-
sidual variance. Moreover, it is also interesting that the ge-
netic relationships of predicted traits at population level 
were similar to those estimated on measured phenotypes at 
experimental level. In particular, milk fat and protein con-
tents were highly correlated with CY, but they were not 
able to explain all the genetic variation of CY, and the ge-
netic correlations between fat and protein contents with the 
corresponding RECs were low. These last traits are quite 
independent from milk composition and can explain part of 
the genetic variation of CY. 

 
Table 2. Heritability (𝒉𝟐) and repeatability (r) estimates 
for cheese yields (CY), nutrient recoveries (REC), milk 
production (dCY) and composition (COMP) for Hol-
stein (Hol), Brown Swiss (BS) and Simmental cows 
(Sim). 

Trait  Heritability (ℎ!)  Repeatability (r) 
 Hol BS 

Swiss 
Sim  Hol BS 

SSwiss 
Sim 

CY, %         
  %CYCURD  0.327 0.280 0.181  0.468 0.423 0.378 
  %CYSOLIDS  0.276 0.215 0.182  0.400 0.331 0.319 
  %CYWATER  0.293 0.262 0.137  0.421 0.395 0.332 
REC, %         
  RECFAT  0.278 0.334 0.153  0.394 0.419 0.323 
  RECPROT  0.316 0.412 0.354  0.454 0.528 0.447 
  RECSOLIDS  0.292 0.249 0.168  0.412 0.346 0.320 
  
RECENERGY 
RECENERGY 

 0.296 0.267 0.185  0.406 0.348 0.315 
dCY, kg×d-1         
  Milk yield  0.094 0.102 0.105  0.427 0.461 0.425 
  dCYCURD  0.082 0.078 0.087  0.378 0.406 0.362 
  dCYSOLIDS  0.077 0.062 0.090  0.352 0.377 0.346 
  dCYWATER  0.083 0.081 0.089  0.374 0.403 0.352 
COMP         
  Fat, %  0.195 0.107 0.154  0.297 0.199 0.235 
  Protein, %  0.320 0.298 0.188  0.480 0.493 0.422 
  Lactose, %  0.283 0.260 0.258  0.477 0.449 0.439 
  SCS, U  0.082 0.081 0.102  0.382 0.426 0.394 
1Standard errors of heritabilities ranged from 0.002 to 0.019 for Holstein, 
from 0.004 to 0.019 for Brown Swiss from 0.016 to 0.037 for Simmental 

 
 
 
 
 
 
 

 
 

Conclusion 
 
This study provides the first, to the best of our 

knowledge, estimation of genetic variation of three dairy 
breeds for CY and REC in the curd at population level, us-
ing their FTIR predictions. Estimated heritabilities were of 
similar magnitude to that of milk fat and protein percent-
ages and higher than that of milk yield. Breed differences 
were limited from a biological standpoint, but heritabilities 
were systematically lower in Simmental cows, with the on-
ly exception of RECPROT, whereas values in Holstein and 
Brown Swiss cows were more homogeneous. The use of 
FTIR predictions of these new traits makes the availability 
of a large amount of phenotypes, with repeated observa-
tions for cows within and across lactations, feasible and in-
expensive. This allows to implement genetic evaluation 
routines also for cheese yields and nutrient recoveries in the 
curd beside production traits, and to establish a direct, effi-
cient and at a low-cost selection for improved cheese yield.  
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