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RIASSUNTO

L’attitudine del latte alla caseificazione rappmseun argomento che desta
molto interesse per I'aumento della quota prodddha materia prima destinata alla
produzione di formaggio. Negli ultimi anni la ricar scientifica si € occupata
soprattutto della determinazione ed identificazidedle proprieta di coagulazione del
latte atte ad essere impiegate come fattore diazhne e, di riflesso, come possibile
carattere obiettivo di selezione nelle vacche dee.laAd oggi, la relazione tra le
proprieta di coagulazione del latte e la resa case®n e del tutto chiara. La resa in
formaggio rappresenta l'indice che definisce I'&fnza del processo di caseificazione
ed é per questo utilizzato come strumento di cdioteconomico nei caseifici. Non
sono stati ancora proposti degli studi che vadaporee I'attenzione su fenotipi legati
alla resa casearia ed alla qualita del formaggomi@ito dal latte individuale di specie
bovina. Tali caratteristiche variano in funzione utia serie di fattori sia di natura
ambientale che genetica.

Con la presente tesi sono stati presi in considwraz caratteri che definiscono
I'attitudine casearia del latte individuale di veeadi razza Brown Swiss. In particolare,
I'indagine scientifica ha riguardato le proprieta&cdagulazione del latte, la resa casearia
e le perdite nel siero dei componenti del latteifihe, la qualita del formaggio tramite
la analisi fisico-chimica e sensoriale.

La valutazione delle proprieta di coagulazione ld#ke ha previsto I'utilizzo di
due strumenti che presentano tecnologie di funnommdo differenti (meccanico ed
ottico). Il confronto degli stessi caratteri (RKEg, a0, &s) ottenuti con i due strumenti
ha sottolineato differenze sia da un punto di visteotipico che da un punto di vista

genetico, soprattutto per i campioni di latte cdagti dopo 30 minuti dall'inizio



dell'analisi. Il tempo di coagulazione (RCT) e stal parametro in cui sono state
riscontrate minori differenze tra i risultati ottén dai due differenti strumenti.
L’aumento della durata dell’analisi a 90 minuti fermesso di: ottenere I'RCT per tultti
i campioni analizzati, stimare un nuovo parametracahsistenza del coagulo a 45
minuti dall'inizio dell’analisi (as), determinare I'ereditabilita e le correlazionngéche
con i caratteri qualitativi del latte per ibked anche per I | risultati ottenuti
suggeriscono l'eventuale utilizzo dello strumentttico per la valutazione delle
primissime fasi del processo di coagulazione daxambiamenti chimico-fisici del latte
non sono visibili.

La resa casearia € stata determinata mettendota poa procedura di micro
caseificazione utilizzando 1500 ml di latte per pame. | risultati ottenuti hanno
evidenziato un’elevata qualita del latte di razmanl con una resa media a fresco del
15% circa. E stato possibile stimare il recupertaneagliata dei componenti del latte:
questi caratteri non sono risultati costanti méaéasosservata una certa variabilita sulla
base dei fattori presi in considerazione nel priesstudio (stadio di lattazione, ordine di
parto, produzione di latte). E stato osservato leheesa non & influenzata solamente
dalla materia utile del latte ma anche dall’acdda.un punto di vista genetico, e stata
stimata per la prima volta nel latte bovino, I'eteldilita della resa casearia (della
cagliata, della sostanza secca e dellacqua) eadelpero di nutrienti nella cagliata
(proteina, grasso, sostanza secca ed energiagultati ottenuti hanno evidenziato la
presenza di una rilevante componente geneticoieadiegli animali, potenzialmente
sfruttabile per finalita selettive.

Infine, sono state valutate le caratteristiche itptale ed organolettiche dei
formaggi prodotti a livello individuale. Dallo stieddelle potenziali fonti di variazione &

emerso che lo stadio di lattazione risulta essar&tiore altamente significativo. Tale



effetto influenza i cambiamenti di composizione thte durante la fase produttiva
della vacca, mentre I'ordine di parto non ha evaigio alcun legame importante con i
caratteri analizzati. Alcuni parametri, soprattugteelli relativi allatexture, sembrano

legati alla resa casearia del latte. La raccoltgudisti caratteri, a livello individuale,

permettera anche la stima dei parametri genetici.






ABSTRACT

Milk cheese-making ability have received greatnesé from the dairy industry
in the worldwide increasing of the amount of miked for cheese production. In recent
years, scientific research was mainly occupieddeniify and study phenotypic and
genetic variability of milk coagulation propertieghe relationship between these traits
and cheese yield is not entirely clear. Cheesel yirllk nutrients recoveries in the curd
and whey losses represent indices that defineseti@ency of the cheese-making
process and are used as tools for economic canttioé dairies. To our knowledge, any
studies have not yet been proposed on the assesbigipld and quality traits of
individual cheese variability using bovine milk. &3 traits are influenced by
environmental and genetic factors.

In the present thesis quality cheese-making tdditsilk from individual cows
of the Brown Swiss were assessed. In particulas, gtudy has focused on the milk
coagulation properties, the cheese yield, the enilsirecoveries in the curd and, finally,
the quality ( chemical components, physical traitd sensory properties) of cheese.

Milk coagulation properties were compared througkraalitional mechanical
device and a near-infrared optical device. This gamson of MCP traits (RCT .k aso,
a45) has emphasized phenotypic and genetic differebeegseen measures obtained by
the two devices, especially for samples coagulaitey 30 minutes (NC samples) from
start analysis. Rennet coagulation time (RCT) vissttait presenting less differences
when assesses by a different instrument. Extenttheganalysis the analysis by either
instruments allowed to: obtain RCT for all sampslysed, estimate a new curd
firmness trait (a45; the width of the resulting gjvaafter 45 min from the rennet

addition), estimate the heritability ofdkand as and genetic correlations with the milk



production and qualitative traits. The results ofdd suggested the use of the optical
instrument for the assessment of the first phaseoaigulation process where the
chemical-physical changes of the milk are not Wsib

Cheese yield was estimated by developing an indalidmodel-cheese
production procedure 1500 ml of milk per sample.e Tdescribed model cheese-
producing procedure and the obtained results peowielv insight into variation and
relationships among different cheese yield (cury, datter and water) and recovery
(protein, fat, dry matter and energy) traits atititdvidual level.

The results showed high milk quality of milk Brov@&wiss breed presenting on
average a cheese yield of 15%. Measures of nuteeot/eries (protein, fat, total solids
and energy) were computed exhibiting a great vaitiablt has been observed that the
yield is not only influenced by the milk dry matteut also by the milk water. From a
genetic point of view, heritability has been estiatafor cheese yield (of the curd, the
dry matter and water) and the recovery of nutriemtthe curd (protein, fat, dry matter
and energy) and the results have shown a certgoriance of genetic factors on the
variability of these traits. Clearly, additionalsearch on this topic is warranted,
especially in terms of assessing the genetic backgt of these traits and the methods
for their indirect prediction.

Finally, it was evaluated the qualitative traitslasensory properties of cheeses
produced at the individual level (from each cowheTesults showed a great variability
of these traits at individual level. From the vada factors considered in this study,
stage of lactation appeared to be important reflgdhe changes in milk composition,
while order of parity did not show any significaetationship with the analysed traits.

cheese composition and few sensory propertiestérelo the cheese texture), were



influenced by the cheese yield of milk. Collectioihthese data at the individual level

will also allow to estimate genetic parametersheke traits.
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GENERAL INTRODUCTION

Technological quality of milk is increasingly becmm a topic of global world
interest because of the growing cheese productidrcansumption (International Dairy
Federation, 2011). The quote of milk delivered bheese production has increased by
10% in the European Union and North America, whoam the largest producers in
the world with more than 50% in the case of the dfld a little less in the case of the
North American continent. This increased use oknfilr cheese production has also
been reported in other European countries, in Qaeard Latin America.

Under this scenario, the genetic improvement ofk nilchnological traits is
essential to address social demands and this esqgtiie definition of new phenotypes
for new breeding goals in dairy cattle. Howeverfob® implementing these new
phenotypes in breeding programs it is importanyjed knowledge on the phenotypic
(i.e., distributions, potential sources of variagoetc.) and genetic variation of them.
Unfortunately, only a few studies have attempteduantify the genetic and phenotypic
variation of cheese-making properties and this asidally due to the difficulty of
assessing such a traits at the individual levekidgss this, the relationships between
these cheese-making properties and traits currentlyded in breeding programs have
not been fully elucidated. On the basis of thesesicteration, three main features
related to the “so-called” cheese-making properiid be introduced thereafter,
specifically: the milk coagulation properties, timglividual cheese yield and sensory

properties of cheese.
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MILK COAGULATION PROPERTIES

Assessment of milk coagulation properti®dP) plays an important role in
determining the technological quality of milk (Abaidi et al., 1977). Coagulation
ability is evaluated by few but fundamental aspeetated to technological quality of
milk such as reactivity to the rennet, curd-firmicgpacity, curd firmness, permeability
and contractility of curd, and curd syneresis.

Several technologies (mechanical, optical, thermiitasonic, and vibrational)
can be used to study MCP (Laporte et al., 1998;aéghan et al., 2002; Klandar et al.,
2007). The most common approach, both at the reis@ad industry levels, is to record
the viscosity of milk by analysis at fixed temperat after the addition of rennet
(Bittante, 2011). Conventionally, three single-goMCP traits are carried out using
lactodynamograph (mechanical renneting meters)rdwirds curd firmness over time
(CR; Bittante et al., 2012) and produces firmness/timraplgs outputs: rennet
coagulation time (RCT, min) that is the intervahdi between the addition of rennet and
the start of coagulum formation, curd-firming tirfk@o, min) obtained by measuring the
difference in time between RCT and the achieveroé@0 mm of curd firmness, and
curd firmness (&, mm) that is defined by the width of the graphn3@utes after rennet
addition (Annibaldi et al., 1977; McMahon and Brqwi982).

Despite the large number of studies regarding factovolved on MCP, the
results are sometimes difficult to compare becanfs¢he large variability among
different analysis (i.e., concentration and typeesfnet, temperature, instruments ect.).
In general, factors affecting MCP can be classi@isdfollows (Bittante et al., 2012):
instrument type and setup (that include temperattolecentration and enzyme activity

of rennet); repeatability and reproducibility ofethmethod; pre-treatment of milk
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samples (interval time from sampling, the use dadsprvatives, storage conditions,
standardization of milk); milk quality which is tlgeneral target of analysis.

Few studies have determined repeatability and degmibility of results obtained
by mechanical instruments underlining low valuasbioth parameters, especially in the
case of ko (Caroli et al., 1990; Dal Zotto et al., 2008; Biite e t al., 2011).

Little is known about the comparison of MCP traitsessed by different device.
Optical instruments (infrared analysis) have usedassess milk coagulation, curd
firming and syneresis (Payne et al., 1993; Fagat. e2007; Mateo et al., 2009) and to
estimate the prediction of MCP, using the phena@ipimeasures recorded by
mechanical lactodynamograph. In this case, midieft spectra (MIRS) of raw
untreated milk have been used to calculate MCPer afippropriate instrument
calibration (Dal Zotto et al., 2008; De Marchi ét 2009). The correlations between
traditionally estimated MCP measures and MIRS ptexis of such values are medium
to high (Dal Zotto et al., 2008; De Marchi et &009). Therefore, MIRS analysis
cannot replace mechanical measures, but MIRS canskd at population level for
genetic purposes (Cecchinato et al., 2009). Indramstrument have been used also to
simulate the mechanism of the pendula submergedsiillating milk samples
(mechanical technique) proposing detectors thabrde@absorbance at a single near-
infrared (NIR) wavelength in a still sample duricgagulation (Kiibarsepp et al., 2005).
However few comparisons between instruments priegpntifferent measure
technology have been proposed, and all were based small number of samples
and/or were conducted under different analyticahditions (Panari et al., 2002;
Klibarsepp et al., 2005; Pretto et al., 2011).

Another aspect that has to be considered is the-tiasting of MCP analysis.

Coagulation could be not noted during the 30-mgt iteterval resulting in milk samples

13



on which RCT, k and g, are not estimated. Milk samples presenting this
characteristics is termed noncoagulating (NC; Ikoetkal., 2004; Tyriseva et al., 2004).
The presence of these types of milk is growing eamdecause of the dissemination of
the Holstein-Friesian breed worldwide, as thesescawe known to yield both late-
coagulating (LC) and NC milk (De Marchi et al., Z00The presence of NC milk
samples determinates statistical problems in tesfnsorrect evaluation of data from
coagulating samples (Cecchinato and Carnier, 2@EGchinato et al., 2011). Few
studies, presented the extending of analysis tomiibites (Mariani et al., 1997; Cecchi
et al., 2002) or 60 minutes (O’Brien et al., 20@2ildist at al., 2004), measuring at
different intervals time the curd firmness.

Exploitable additive genetic variation exists folCM (Ikonen et al., 1997 and
1999; Cassandro et al., 2008). Several studiesu{éforeports) have reported estimates
of heritability for MCP, using measurements prodidey mechanical instruments
(Ikonen et al., 2004; Tyriseva et al., 2004; Cadsaret al., 2008). As in the case of
phenotypic purposes, also for genetic studiesemdiffces in analytical conditions made
not easily the comparison and the interpretationlyallas et al. (2010) presented
genetic results obtained from MCP measured usingogical instrument. To our
knowledge, comparison of genetic parameters esuinBiorm MCP obtained by using
mechanical and instruments presenting another téopiyn have not been carried out.

Several studies investigated variation and gerzesjpects of MCP in dairy cattle
populations (Ikonen et al., 1999; Cassandro et2807; Vallas et al., 2010). In those
studies, records of NC milk were not included ie ttatistical analysis because of
unavailable information on RCT and inability of tireear model to handle properly NC
milk records. Alternatively, a different trait defiion (i.e., occurrence of milk

coagulation at a given time), involving categori@aton the binary scale, was used
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(Tyriseva, et al., 2004), albeit this approach exnsfffrom a severe information loss
(Kotsiantis and Kanellopoulos, 2006). Both apprescimvolve a rough overcome of
data peculiarities. In the first case, milk samphath very unsatisfactory MCP are
omitted from the analysis, biasing the estimatibtooation and dispersion parameters
of RCT. In the second case, milk samples exhibitiffferent time of curd formation

after rennet addition (e.g., after 7 or 25 min) teated alike and continuous variation

of RCT for coagulated samplesimappropriately neglected.

CHEESE YIELD

Generally cheese-making can be considered a ddipmarocess where milk
components are concentrated, particularly fat antem contents which are considered
factors influencing efficiency and profitability ofhe process and determining
differences in the resulting cheese yigllY{ Emmons, 1993). Measurements of CY are
used to: determine systems for milk payment, asgessffectiveness of processing
modifications, and evaluate effectiveness of theduction of new possible ingredients
in cheese manufacture (Banks, 2007).

The classical definition of CY is the weight of else in kg produced from 100
kg of milk. This trait can also be expressed asvitlame of milk in litres required to
manufacture one tonne of cheese (Banks, 2007).008ly, the determination of actual
CY requires the measurement of the weight of gluta (milk, starter and salt) and
outputs (cheese and whey) of the cheese-makinggsoc

Recovery of individual milk constituents in the duand their loss in the whey
define, with CY, the efficiency of cheese-makingf(Rs, 2007). Factors affecting these
indices can be grouped in two main headings relatednilk quality: 1) animal

concerns, such as the species (Othmane et al.a2@earelli et al., 2007), breed
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(Malacarne et al., 2006; De Marchi et al., 2008;rtmaet al., 2009),stage of lactation
(Wedholm et al., 2006), parity (Wedholm et al., @)Geeding (Banks et al., 1986) and
health (Politis and Ng-Kwai-Hang, 1988); and 2) ditions, such as the handling and
storage of the milk prior to cheese-making, andtduhnologies adopted (Lucey and
Kelly, 1994).

One of the most used approach to study CY is thermiénation of predictive
formulas. Predictive formulas for estimating CY baween based on knowledge of the
protein (or casein/para-caseinate) and fat contantsilk (Van Slyke and Price, 1952;
Banks et al., 1981 and 1984; Emmons et al., 1980)he sum of the fat and protein
contents (Verdier-Metz et al., 2001). All of thédsemulas assume that the recovery of
milk protein and fat in the curd is constant. Hoeg\this assumption is contradicted by
the results obtained by Aleandri et al. (1989), wnesented a curvilinear relationship
between the protein content of milk and the CY.

In general, experimental cheese-maki{mden carried out in cheese-making
plants) trials are expensive, time-consuming, anly allow for a small number of
replicates. In the last 30 years many differenotatory cheese-making procedures
have been proposed, ranging from very simple poiao techniques that simulate the
industrial processes. Laboratory procedures prebese advantages: the use of small
guantities of milk; reduced time and costs requifed experiments; more possible
treatments or replications per day; and the abiiiyestimate CY from individual
animals. It is generally agreed that individual @&Yimportant for studies intended to
test the existence of a genetic basis for the#s {{@thmane et al., 2002b). Moreaver,
individual bovine CY could be an economy parametemaximum importance for
dairy farmers and industries considering that i®2&heese produced from milk

delivered to dairies (i.e. industrial cheeses) e@spnted more than 80% of the global
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natural cheese production (International Dairy Fatien, 2010). However, most of the
studies that involve micro cheese-making procedin@ase used bulk milk, largely

because it is very labour intensive to producegh mumber of model cheeses from
individual milk samples.

Few studies (Hurtaud et al., 1995; Wedholm et28l06) presented results about
individual bovine CY obtained using a micro cheesaking procedure but with a low
or medium number of observations. Only Othmanel.e{2802) reported results of
individual cheese yield with an high number of alagons, using ewes milka this
study an efficient procedure (60 observations simultasgg using 10 ml of milk per
sample was reported. This small amount of milk $ample did not allow the
determination of the components of curd, and, foese authors estimate only
individual CY without the determination milk nutnis recovery in the curd.

To our knowledge, genetic parameter for bovine @¥ for the other traits that
define efficiency of cheese-making process, haveyab been estimated. Othmane et
al., (2002b) estimated heritability of individuak¥Gor ewes milk obtaining values near
to 9% and positive genetic correlations with milkmgponents ranging from 0.60 to
0.78. Another approach was presented by RosatiVamdVleck (2002): they used a
prediction formula (Altiero et al., 1989) to estiimahe mozzarella yield in an entire
lactation for the Italian population of river buffas. Heritability for mozzarella yield
was 14% showing positive genetic correlations wititk components (from 54% to

87%) and milk yield (95%).
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SENSORY PROPERTIES

Sensory analysis of cheese and, in general, of gaiducts, represents the last
step for the quality evaluation (Drake, 2007). Gahg, cheese sensory quality is
influenced by two main groups of sources of vaoiatifirst, the quality of the raw
material used; second, the cheese production tgebsi(pre-treatment of milk, cheese-
making and ripening). In particular, the consumars especially interested by the
quality of the milk preferring final products resnof from the use of raw materials of
high quality. The quality of the milk is affecteg¢t bndogenous and exogenous factors.
Endogenous factors are related to the animal andbeaummarized as follows: genetic
factors that comprehend the species, the breedhendihdividual, and physiological
factors that include the state of animal healtlcfation and order of parity. While,
exogenous factoiaclude: environment, feeding system and herd mamagt.

Milk quality traits take special importance in tloase of labelled cheese
products such as Protected Designation of Origodyction (PDO) because of the
relevance of regulations and restrictions on thaifieations of raw milk during the
cheese-making process.

Generally, all studies conducted on cheese sermaperties have generally
focused on cheeses produced in the industry (milknfone or more herds) and have
not yet been taken into account sources of vanatieelated to the productions at
individual level. Considering only the effect ofdagenous factors of milk quality,
many reports have focused on the cheese sensqrgrpes and studied speciéta et
al., 1991; Kondyli and Katsiari, 2001), bre@terdier et al., 1995; Verdier-Metz et al.,
1998; Martin et al., 2009), the health of the adirfveith the study of relationship
between somatic cell count and cheese sensory iegeAuldist et al., 1996), and the

stage of lactation (Coulon et al., 1998).
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The reason why sensory evaluations at individugklldhave not yet been
performed is certainly due to the large amount ofkwinvolved in the sampling of
milk, in the individual cheese-making, and in tinéividual assess of cheese sensory
properties.

The study at the individual level requires a highmber of observations
(animals) and thus implies a large number of che@sde sensory analysed. Studies at
the individual level would relate more precisele ttelationship between the sources of
variations of milk quality and the sensory propestof the cheeses. Furthermore, the
collection of individual data implies the possityilio carry out genetic studies. To our
knowledge, genetic parameters of cheese sensorgenies have not yet been

estimates.
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AIMS AND OUTLINES OF THE THESIS

The main objective of this thesis is to investigtite variability of some “new

phenotypes”

related to the technological propemiemdividual milk of Brown Swiss

cows. The study will be divided in three main pahtsthe first part, milk coagulation

properties (90 minutes of analysis) obtained bygisiifferent instruments, namely the

Formagraph
assessed to:

1.

5.

(mechanical instrument) and the Optigrémptical instrument) were

Compare results from two different instruments unttee same lab
conditions (type and concentration of rennet, aialjtemperature,
technician).

Investigate several sources of variation for indlidl MCP samples.
Estimate heritabilities of MCPs of these two desice

Estimate their genetic correlations relationshigwieen instruments
within trait and between traits within instrument.

Obtain correlations for sire rankings based onirieruments used.

In the second part of the thesis, individual chegskel and nutrients recoveries

in the curd will be assessed using a cheese-makimdel manufacturing process in

order to:

Characterize CY (of curd, dry matter and water)|kmmutrient and
energy recoveries in the curd at the individuaklev

Investigate several sources of variation for CY amdrient/energy
recoveries in the curd.

Estimate genetic parameters of CY, curd nutrieeti@nrecoveries

Estimate their genetic relationships with milk gielnd composition.
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In the last part of the thesis, quality traits mdividual cheese will be evaluated.

Particularly, the aims of the last contribute were:

Assess the variability of cheese chemical comp@aitphysical traits

and of sensory properties at the individual level.

Investigate several sources of variation for chedsenical components,

of physical traits and of sensory properties
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ABSTRACT

The aim of the present study was to compare mil&guatation properties
measured through a traditional mechanical devieeFormagraph (FRM; Foss Electric
A/S, Hillergd, Denmark), and a near-infrared optidavice, the Optigraph (OPT,;
Ysebaert SA, Frépillon, France). Individual milkngales of 913 Brown Swiss cows
from 63 herds located in Trento Province (ltaly)revanalyzed for rennet coagulation
time (RCT, min), curd-firming time g, min), and 2 measures of curd firmnesg énd
a5, mm) using the 2 instruments and under identicahddions. The trial was
performed in the same laboratory, by the same tei@m and following the same
procedures. Extending the analysis by either insgnt to 90 min permitted RCT and
koo values to be obtained even for late-coagulatintk mamples. Milk coagulation
properties measured using the OPT differed corsldefrom those obtained using the
FRM. The averagek values varied greatly (8.16 vs. 5.36 min for theTOand the
FRM, respectively), as did thesafigures (41.49 vs. 33.66 mm for the OPT and the
FRM, respectively). The proportion of noncoagulgtsamples for which could be
estimated differed between instruments, being Bsthe OPT. The between-
instrument correlation coefficients were either made (0.48 for a30) or low (0.24 and
0.17 for ko and as, respectively) when the same traits were compadried.correlations
between k; and as, and milk yield varied among instruments, as thé torrelations
between ko, ao, and asand milk composition, and the correlations betwagmand pH.
The relative influence of days in milk ogglkand as varied, as did the effect of parity on
ay5 and that of the measuring unit of coagulation meie ko, and g3, The RCT
estimated by the OPT was the only milk coagulapooperty to show good agreement
with the FRM-derived value, although this was nntet for the data from late-

coagulating samples.
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INTRODUCTION

Milk coagulation propertiesd CP) are important measures of the technological
quality of milk (Annibaldi et al., 1977). Good rdiity to rennet, high curd-firming
capacity, good syneresis ability, and whey drainage crucial features of milk for
cheese making. The suitability of milk for cheesaking is evaluated by measuring
rennet coagulation timeRCT); the time required for curd-firmingkfo); and the
firmness &3), elasticity, permeability, contractility, and snesis of curd, as reviewed
in detail by Mariani et al. (1997).

The methods used to assess MCP explore physicoclechianges occurring in
milk during rennet-induced coagulation. Rennet rfieslicasein micelles, resulting in
changes of milk viscosity and elasticity (Auldistad, 2001; O’Callaghan et al., 2002).
Several techniques have been used to measure MR ande range of mechanical,
vibrational, ultrasonic, thermal, and optical instents are available (Laporte et al.,
1998; O’Callaghan et al., 2002; Klandar et al., 200’he most common approach, at
both the research and industry levels, is to momitik viscosity following addition of
rennet. Traditionally, MCP are evaluated over thstihg time of 30 min using a
lactodynamograph. This is a mechanical device auged to evaluate several milk
samples (usually 10) simultaneously. The milk terapge is held constant during the
analysis. The lactodynamograph measures the thegg$ahat act on submerged pendula
when samples of coagulating milk are oscillatechifinear manner. The outputs are
firmness/time graphs. The common MCP discussedthanliterature (Annibaldi et al.,

1977; McMahon and Brown, 1982) are RCT (min), (knin), and g (mm).

25



Only a few studies have examined the repeatalahty reproducibility of MCP
obtained using traditional mechanical instrumeAtthough MCP are often expressed
in various ways in the literature, their repeaiapiappears to be low (Caroli et al.,
1990; Dal Zotto et al., 2008; Bittante, 2011). Ruany years, optical instruments using
infrared analysis have been used to monitor millgotation, curd firming, and
syneresis (Payne et al., 1993; Fagan et al., 200ateo et al., 2009). Infrared
instruments have been used also to predict the M@&Rally measured with a
mechanical lactodynamograph. These studies canvied into 2 categories. First,
mid-infrared spectraM IRS) of raw untreated milk have been used to calclla@P,
after appropriate instrument calibration (Dal Zattoal., 2008; De Marchi et al., 2009).
Second, the pendula submerged in oscillating natk@es during lactodynamography
have been replaced by detectors that record absmlat a single near-infrareNIR)
wavelength in a still sample during coagulationuicedd, as usual, by heating and
enzyme addition (Kbarsepp et al., 2005).

The correlations between traditionally estimated M@easures and MIRS
predictions of such values are medium to high (@m=to et al., 2008; De Marchi et al.,
2009). Therefore, MIRS analysis cannot replaceothgtamography, but MIRS can be
used at population level for genetic purposes (Gieato et al., 2009). Milk coagulation
properties are influenced by species (Bencini, 2002k et al., 2007; Cecchinato et al.,
2012b) and breed (Macheboeuf et al., 1993; De Matcal., 2008; Martin et al., 2009).
Moreover, several studies showed that exploitatititize genetic variation exists for
MCP measured with mechanical (Tyrideet al., 2008; Cassandro et al.,, 2008;
Cecchinato et al., 2012c) and optical devices @gadlt al., 2010).

However, from a phenotypic point of view, few compans between such

instruments have been performed, and all were basedsmall number of samples or
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were conducted under different analytical condgjoor both (Panari et al., 2002;
Klbarsepp et al., 2005; Pretto et al., 2011). Toeeethe aim of the present study was
to compare MCP measures obtained from mechanicghINdR instruments using a

large number of samples under the same experimamtditions.

MATERIALS AND METHODS

FIELD DATA

Nine hundred thirteen Brown Swiss cows from 63 kelacated in Trento
Province (Italy) were sampled between April 201@ drebruary 2011. Two milk
subsamples per cow were collected. With few exoeptil5 cows from each herd were
individually sampled once during evening milkingttéx collection, samples (without
preservative) were immediately refrigerated (4°©ne random subsample was
transported to the Milk Quality Laboratory of the@eBders Association of Trento
Province (Trento, Italy) for composition analysi$ie other subsample was transferred
to the Cheese-Making Laboratory of the DepartmenAgronomy, Food, Natural
Resources, Animals and Environment (DAFNAE) of tbmiversity of Padova
(Legnaro, Padova, ltaly) for MCP analysis. All séespwere processed within 20 h
after collection. Information on cows and herds everovided by the Breeders

Association of Trento Province (Italy).

ANALYSIS OF MILK QUALITY TRAITS

Individual milk subsamples were analyzed for fatotpin, and casein
percentages using a MilkoScan FT6000 apparatuss (FEdsctric A/S, Hillerad,
Denmark). Somatic cell count values were obtaimedfthe Fossomatic FC counter

(Foss Electric A/S) and were then converted to SfySmeans of logarithmic
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transformation (Ali and Shook, 1980). The pH valoéshe subsamples used for MCP
analysis were measured before the analysis, usibgsan Basic 25 electrode (Crison

Instruments SA, Barcelona, Spain).

ANALYSIS OF MILK COAGULATION PROPERTIES

Measures of MCP were obtained using 2 differentrimsents: a Formagraph
(FRM; Foss Electric A/S) and an Optigrap@RT; Ysebaert SA, Frépillon, France).
Both instruments were housed in the same laboradmy operated by the same
technician. Each subsample was analyzed simultahean both instruments. All
experimental conditions (milk temperature, and ¢bacentration and type of rennet)
were identical. Two racks containing 10 cuvettesafk per instrument) were prepared;
milk samples (10 mL) were heated to 35°C and 2DOf a rennet solution [Hansen
Standard 160, with 80 + 5% chymosin and 20 + 5%sjpepl60 international milk
clotting units (M CU)/mL; Pacovis Amrein AG, Bern, Switzerland] dilutéd 1.6%
(wt/vol) in distilled water was added at the begmgnof analysis. Both instruments
analyzed 10 samples simultaneously, 1 sample fah eaeasuring unit of the
coagulation meterMUCM; pendula for the FRM and monochromators for thé&'OP
These devices record the width (mm) of the graptindutesting; the OPT records a
datum every 6 s and the FRM every 15 s. The obsenvperiod continued for 90 min
after rennet addition. Variations in absorbance, datected by the OPT, were
transformed using an appropriate calibration equatd mimic the shape of the graph
afforded by traditional mechanical instruments (Kigepp et al., 2005). This means
that the usual MCP can be calculated using eitbeicd. Rennet coagulation time (min)
is defined as the time from addition of enzyme he beginning of coagulationyk

(min) is the interval from RCT to the time at whittie width of the graph attains 20
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mm, and g (mm) is a measure of the extent of curd firmnddsrin after coagulant
addition. Moreover, prolongation of the durationre€ording allowed curd firmness 45
min after enzyme additiorafs, mm) to be calculated. Samples that did not caagul
within 30 min were classified as noncoagulatiNg( lkonen et al., 1999), although

extension of analysis allowed RCT ang kalues to be detected for all samples.

STATISTICAL ANALYSIS

The cumulative frequency distributions of samplenber against RCT andhk
values were calculated. Fisher's exact test wagsl use determine whether the
proportions of samples in particular frequency lsadiifered after 15, 20, 25, 30, 35,
40, and 45 min.

Additionally, linear regression (SAS Institute In€Cary, NC) was used to
explore the relationship between MCP traits from BERM and OPT. Thé-test was
used to test the significance of any slope thataded from unity and any intercept that
was not zeroR < 0.05). Relationships among different MCP obtainsthg the same
device and among MCP and milk yield1Y), milk quality, and acidity, were
investigated.

Variance homogeneity between FRM and OPT data wadored using
Levene’s test (Milliken and Johnson, 1984). Toreate effects of different factors on
lactodynamographic variables (RCTzpkas, and as) obtained using the FRM and
OPT, an ANOVA was conducted (SAS Institute Inc.yyCaC) using the following
linear model:

Yikm = W + herd + dimy + parity, + MUCM, + gjuim,
where Yium is the observed trait (RCTadkK a0, Or as) from the FRM or OPTy is the

overall mean; hetds the fixed effect of the ith herd (i = 1 to 68)m, is the fixed effect
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of the jth class of DIM (j = 1 to 6; class 1: <60dlass 2: from 60 to 120 d, class 3:
from 121 to 180 d, class 4: from 181 to 240 d,slsfrom 241 to 300 d, and class 6:
>300 d); parity is the fixed effect of the kth parity (k = 1 taod more); MUCM is the

fixed effect of the Ith MUCM (I = 1 to 10); and klin is the residual random error term

~ N (0,6%).

PHENOTYPIC PATTERN OF MILK COAGULATION AND CURD FIRMING FROM

MECHANICAL AND NIR INSTRUMENTS

Descriptive statistics for investigated traits ane Table 1. Milk yield; fat,
protein, and casein content; and SCS averaged X4/864.23, 3.71, and 2.89%; and
3.03, respectively. In general, MY and milk qualiyaits were higher than those
reported by Samoré et al. (2007), but the extenwvarfability was similar, being
comparable to findings from an earlier Italian @ton Brown Swiss cows (ANARB,
2010). Somatic cell score and MY showed the largestficients of variation, and
protein and casein content the smallest.

The mean values and standard deviations of MCP fi&M and OPT are
shown in Table 2, along with results obtained fexwéne’s test. The average values for
RCT and g obtained using either instrument were similar (RC9.95 vs. 18.91 min,
and aop 30.09 vs. 27.23 mm, for the FRM and OPT, respeblt). The standard
deviations of both MCP were higher when the FRMadaére examined and this was
statistically confirmed by Levene’s test. Therefotgecause the variances were
heteroskedastic, MCP were separately analyzed M@WA. The distributions of
revealed opposite characteristics and the equaflityariances hypothesis was not

rejected. Analysis ofsgand kg obtained using the 2 instruments showed that A€ O

30



yielded systematically higher values. The heterdakicity was similar to that
observed for RCT andza although for @, the mechanical instrument yielded the
lowest variance.

A comparison between the distributions of RCTtha 2 instruments (Figure 1)
highlighted that most of the observed differencesrewattributable to the relative
frequency of late-coagulating samples; this wasédrigvhen the FRM rather than the
OPT was used. This peculiarity rendered the FRNridigion more asymmetric than
the OPT distribution. This was confirmed by thehgg proportion of NC samples
when FRM was used (6.57% vs. 2.08%, for the FRM@Rd respectively? < 0.001).

The cumulative frequency distribution of RCT valuegainst time, obtained
using either instrument (Figure 2a), confirmed ttathough the FRM detected more
coagulated samples at 15 min, the number of sutiplsa was lower with FRM rather
than OPT testing at 20, 25, 30, and 35 min. Fidlaalso shows that, within 45 min
after rennet addition, all samples coagulated usitiger instrument.

The distribution of k (Figure 1) showed that the values were, on average
higher when the OPT was used, and the extent ohaggry was lower (the skewness
was 3.46 vs. 1.51 for the FRM and OPT, respectjvethough the extent of data
variability showed by either instrument did notfelif the kurtosis of  as measured by
the FRM was 22.33, indicating that the distributveas leptokurtic. A longerJs means
that, even if RCT values are similar, a curd firsshef 20 mm was attained later when
samples were analyzed with the OPT than the FRNk @lso indicates that, at any
given time point after rennet addition, lower prgmms of OPT samples had
successfully yieldedJs values. The graph of cumulative frequency distrdyuagainst
time of the RCT + § values (Figure 2b) makes it clear that 30 minratanet addition

(the usual endpoint of lactodynamographic testisgnificant proportions of samples
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had not yet yieldedzk values. Further, this proportion was much higheemthe OPT
rather than the FRM was used (27.5% vs. 20.9%eodsely; P < 0.001). Extension of
analysis to 45 min reduced the proportions of sasfitat did not yieldJ values (3.6
vs. 2.9% for the FRM and OPT, respectively).

Curd firmness at 30 min showed a bimodal distrinu{jfFigure 1) because of the
existence of milk samples withgasalues equal to zero (i.e., NC samples); this tuees
when either instrument was used. When NC sample® wet considered, both

instruments yielded skewness and kurtosis that wlese to zero, being0.61 and 0.08

for the FRM and 0.24 and 0.34 for the OPT, respelsti This suggests thatavalues
are normally distributed. Similarly, thessadistributions were close to normality.

However, differences in average values and varighvlere evident (Figure 1).

RELATIONSHIPS BETWEEN MECHANICAL AND NIR INSTRUMENTS

Figure 3 shows linear regressions between valuesadh MCP obtained using
either instrument. Rennet coagulation time showedighest correlation (r = 0.82) and
the regression equation had an intercept that dicsignificantly differ from zero. The
regression coefficient (1.0® < 0.001) was higher than unity, thus explaining the
slightly higher average RCT value obtained using BRM compared with the OPT
(Table 2). It may also be noted that the exterthefdiscrepancy between the 2 methods
is attributable to differences in the number oé{abagulating samples.

The between-instrument correlation fofp kvas low (r = 0.49), and both the
intercept and regression coefficient of the equetiere much lower than expected.
This explains the lower average value of the FR¥hgared with the OPT. The most
significant discrepancies were evident when sameidsbiting very high j values

were analyzed. In the case agf,ahe between-instrument correlation coefficientswa
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intermediate compared with the other MCP (r = Q.@% intercept was greater and the
slope was lower than the expected values.

Finally, when gs data were analyzed, the correlation between esilitained
using the 2 instruments was low (r = 0.41). We asaght quadratic relationships
among data obtained using the FRM and OPT, butirrgment in the coefficient of
determination was trivial.

Pearson product-moment correlations among diffeké@P obtained using the
same instrument are summarized in Table 3. Alletations were significantP( <
0.001), suggesting that different MCP obtained gigither instrument exhibit linear
dependency. The correlations among MCP tended tf bamilar magnitude, with the
exception of the correlations between RCT apgl these appeared to be higher when
data were obtained using the FRM than the OPT (@s69.32, respectively), and when

they involved gs. The latter tended to be greater when OPT date aealyzed.

FACTORS AFFECTING VARIATION OF MILK COAGULATION PROPERTIES

The correlation coefficients between MCP and othék traits are in Table 4.
Milk yield was moderately correlated with RCT andhakyo obtained from the OPT. A
moderately negative association witls aom the OPT was evident. Milk fat content
was favorably associated with MCP with the exceptaf RCT; the correlation
coefficients were higher when the MCP data weraiobtl using the OPT rather than
the FRM. Milk protein and casein contents were uaofably associated with RCT
obtained using either instrument but favorably witie other MCP. The correlation
coefficients between lactose content and MCP wesstipge and moderate, and were
similar when data from either instrument were anadly Somatic cell score showed a

moderately positive correlation with RCT obtaineslng either instrument; this was
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also generally true for other MCP, although ondy showed significantly low (and
contradictory) coefficients, being negative whea BRM was used but positive when
the OPT was used. Lastly, the correlation coeffitsebetween pH and MCP were the
highest, with the exception of;sa confirming the fact that low pH facilitates milk
coagulation and curd firming.

Table 5 shows the importance of the various effextsided in the linear model
in explaining the variation of MCP. In general, tteefficients of determination were
moderate and ranged from 0.14 to 0.30, regardlieggeonstrument used. Days in milk
was the most important source of variatien<(0.01). A tendency toward worsening of
MCP during the first phase of lactation was noteih recovery becoming evident
during the second phase (Figure 4). The effect Bl Dn ko and as was more
pronounced when OPT rather than FRM data were aedlyAll MCP were
significantly influenced by herd®(< 0.05); the maximum differences between the least
squares means of 63 herds were 10.45 min (FRM)a® min (OPT) for RCT, 5.14
min (FRM) and 4.59 min (OPT) fork 22.48 mm (FRM) and 17.56 mm (OPT) fgs,a
and 18.80 mm (FRM) and 20.22 mm (OPT) fg¢ @ata not shown). Parity attained
significance only when RCT andsabtained using the FRM were analyzed. For RCT,
the least squares means increased from the fitbietsecond parity and fell thereafter.
For as, a negative tendency was evident with increasargyp(Figures 5a and 5d).
Finally, the only source of variation directly assted with instruments, being the
MUCM, significantly affected MCP, except RCT,; tliss especially true for.kvalues

obtained using the FRM angsaalues measured with the OPT.
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DISCUSSION

RENNET COAGULATION TIME AND THE PROPORTION OF NC SAMPLES

One of the most significant problems in the analystatistical treatment, and
interpretation of MCP is the existence of milk séespthat do not coagulate within 30
min after rennet addition (i.e., NC samples; Cetatu et al., 2011). Noncoagulating
milk is a problem in the dairy industry, and defiv®f NC milk can sometimes invoke
a penalty in terms of payment to producers (Calare@mal., 2005; Bittante et al.,
2011a,b). In many countries, it has been found Hwéctive cattle breeding has
increased the number of cows producing NC milk @daini et al., 1996; Tyriséwet
al., 2003).

Although NC milk is of considerable practical redeece, NC samples are simply
ignored in most reports on MCP. Alternatively, dfatent trait definition (i.e.,
occurrence of coagulation at a given time), invadvcategorization on a binary scale,
has been used (Tyrisiet al., 2004). In other instances, the frequerfdy® samples is
indeed reported, together with the average RCToafulated samples. Finally, in some
cases, the experimental conditions are modifietima the incidence of NC samples.
This may be achieved by increasing the concentratiorennet added to milk at the
beginning of lactodynamographic testing. To thetbafs our knowledge, only 2
comparisons between the FRM and OPT have beentedparthe literature. In the first
study, Kibarsepp et al. (2005) compared resulislgieby the 2 instruments operating
in 2 different laboratories. In the trial, a sotutiwith very high coagulating activity
(0.150 IMCU/mL) was used. The authors did not dleatate the incidence of NC
samples, but the figures of the cited work indidateat only 1 of 81 samples from cows
of various breeds did not coagulate using eithstrument. The second study (Pretto et
al., 2011) compared 3 instruments, 2 of which weechanical (the FRM and the
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computerized renneting meter) and 1 was optica @#PT), running in 3 different
laboratories. All samples analyzed using the 2 meidal instruments and a subsample
of those analyzed with the OPT received calf rembet concentration identical to that
of the present work (0.051 IMCU/mL) and the detddtecidence of NC samples was
19/165 (11.5%) using the FRM and 30/60 (50%) ughngy OPT. The same authors
obtained only 1 NC sample from 165 Holstein-Fries@ws (0.6%) analyzing all
samples with the OPT but increasing by 135% thgreatic activity (0.120 IMCU/mL)
and using a microbial coagulant, making these tesaibt comparable with those
obtained with the FRM. In this trial, using theviloIMCU activity recommended by
the supplier (0.051 IMCU/mL), we obtained 52 andNI® samples out of 913 samples
from Brown Swiss cows analyzed with the FRM (6.578%6)d the OPT (2.3%),
respectively. Both of these NC proportions are lsimio that (3.5%) found by
Cecchinato et al. (2011) on a large experiment gowB Swiss cows using a
mechanical computerized renneting meter and a termecentration slightly higher
(0.061 IMCU/mL) than that used in the present repidnese NC frequencies confirmed
the lower NC incidence of milk from Brown Swiss with respect to Holsteins
(Malossini et al., 1996; Malacarne et al., 2005080 As no reason exists to suggest
that the same sample of milk maintained in the sdatmratory, at the same
temperature, upon addition of the same quantity qunality of rennet by the same
technician, should coagulate at different timesither instrument, we speculate that the
large difference between the 2 instruments/laboegtfiates found by Pretto et al.
(2011) could be attributed to experimental condsigage and conservation of samples,
operational conditions, or instrument setting, broathese), whereas operating in the
same conditions, the small difference between thesuments found in the present

trial should be due to an anticipated coagulatiomet prediction by optical
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lactodynamography, at least when late-coagulatargptes were analyzed. It is clear
that the OPT did not simply yield an estimate caguation time, but rather reduced
the variability of such estimates, especially whate-coagulating samples were
analyzed (Figure 1 and Figure 2a). This was comditrhy Levene’s test of equality of
variance (Table 2). We were able to obtain RCT esltor all samples because we
prolonged the observation time after rennet additm 90 min. The presence of late-
coagulating samples (now not dismissed as NC sanpkplains most of the higher
true average RCT values that resulted in the ptaserk; as expected, our figures are
greater than previous estimates obtained usingsdnge breed but excluding the NC
samples (Cecchinato et al., 2009, 2011).

The work of Kiubarsepp et al. (2005) highlighted ttigferent operative
principles of the 2 instruments. In fact, the aushased an OPT that was not equipped
with the software designed to yield outputs simitathose of the FRM; this software
was developed only later. The initial coagulationet measured by the cited authors,
using the OPT, was (on average) 30% lower (witlsBr51% lower) than was the RCT
yielded by FRM analysis of the same samples. @atibn of milk, and the sudden
modification of milk viscosity detected by the FRlie singular point that defines the
RCT) occurs toward the end of the first phase @fgedation (during which mostCN
tails are cleaved by chymosin); this marks the mr@gig of phase 2 of coagulation,
which features micelle aggregation and curd firmi@gtigraph measurements are not
rheological, rather using NIR optical signaling.ridig coagulation, the extent of light
transmission through milk becomes gradually lessabge of changes in the micelle
structure of casein. Kubarsepp et al. (2005) retegelification to the point at which
the derivative of the signal intensity curve was<mmal. Scher and Hardy (1993), using

an NIR reflectance probe at 860 nm, found thattlgimal rate of increase in turbidity
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was evident before visible clotting occurred. Tokmagossible the maximal first
derivative of signal intensity yielded by the OPd@mparable to RCT measured using
the FRM, Kibarsepp et al. (2005) developed a limegression equation featuring a

regression coefficient of 1.784 and an intercept2803. Use of this equation showed,

for their 81 milk samples, that the average RCTioted using the OPT was very close
to that of RCT measured by the FRM, but the OPTdsied deviation value was
slightly lower.

It thus appears to be evident that RCT measurethéy-RM and OPT are
essentially different traits, not only because oélerlying differences in methodology,
but also because different technological featuresraeasured. Nevertheless, the values
afforded by either instrument are correlated. K&bpp et al. (2005) obtained a
correlation coefficient of 0.973 when RCT data aid using the FRM were compared
with either original or transformed RCT estimatey the OPT. Our results are
consistent with those reported by Pretto et all1{20who calculated a correlation
coefficient of 0.879. The regression coefficienticatated in the present work was 1.09
(thus, significantly different from 1.00) and waery similar to the slope estimated by
Klbarsepp et al. (2005) after transformation ofgioal data (1.115). The slope
calculated by Pretto et al. (2011) was very highl42), but they compared RCT
measures obtained after addition of a solution withery different rennet type and a

different coagulation activity. The intercepts eariaccordingly, being0.67 min in the
present trial (thus, not significantly differentofn zero), but-1.12 and-3.66 min,

respectively, for the transformed and original dat&ubarsepp et al. (2005) and +1.16

when the values of Pretto et al. (2011) were aralyz
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DETECTION AND EXTENT OF THE CURD-FIRMING RATE

The ko value is probably the MCP of greatest practicghontance in the dairy
industry, indicating the optimal time at which cwagtting should commence.
Following results of previous studies (Bynum andddl, 1982; Riddell-Lawrence and
Hicks, 1989), Fagan et al. (2007) concluded thabptimum firmness exists at which
the gel should be cut to achieve maximum retemiofat as well as an optimum curd
moisture content that will maximize product yielddaquality. In any case,»kis
seldom studied. This is because, especially whedk fram slow-coagulating breeds
such as Holstein-Friesians and some Scandinaviesgdbris examined, a considerable
proportion of samples does not attain a curd firssnaf at least 20 mm over the usual
30-min test duration. This may explain why no poexg report has comparegh kalues
obtained using mechanical and optical instrumeuen if Payne et al. (1993) explored
the possibility of predicting the cutting time afrd using the time from rennet addition
and the inflection point of the diffuse reflectancerve. In the present work,
prolongation of the observation period allowedraation of lgg values for all samples.

At the usual time of test completion (thus, 30 mihge proportion of samples
that did not attain a 20-mm curd firmness value Vaage, being 20.9 and 27.5% for
FRM and OPT, respectively. The main reason forlb®veen-instrument difference
was that, on averagezokvalues yielded by the OPT were 52% greater tham Wese
measured using the FRM (Table 2). O’Callaghan et(2002), who reviewed the
available systems used to monitor curd-settingndudheese making, found that the
effects of photon scattering are influenced bysdize of casein micelles and the extent
of lattice formation; geometric and structural effe were, thus, explored at the
microscopic level. Although these effects on coagoh are stronger before gel

formation, some microstructural changes continugindu curd firming. Optical
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measurements afford only indirect measures of gehgth. A particular gel structure
may be stronger than is another because of diffesem chemical detail, although the
structural geometry may be similar. For 2 deca®egne et al. (1993) found that the
inflection point of the reflectance curve alone sloet allow a precise identification of
optimal cutting time, as done by mechanical lactaagographs, and that this
information could be used in a multiple regrességiuation including also the protein
content of milk, at least.

When correlations between MCP, on the one handyatdcontent data on the
other were compared, the OPY lassociations tended to be higher than were those
obtained when FRM data were used (Table 4). Thiglmabecause both MCP obtained
by OPT and milk composition data are derived usigple infrared responses. The k
value yielded by the OPT thus differed greatly frtime supposedly equivalent value
afforded by use of the FRM; the practical and ddienmeanings of the OPT value

require further study.

CURD FIRMNESS MEASURED AT DIFFERENT TIMES AFTER RENNET

ADDITION

Curd firmness is usually evaluated 30 min afteryame addition. However, and
especially if milk from a slow-coagulating breedusder study, the interval between
gelification (i.e., the RCT time) and measuremdrturd firmness is often brief. Under
such circumstances, thgoavalue is strongly dependent on the time intenativeen
RCT and the 30th minute; this means that the cttrosl between RCT ande@values is
very high and thes value, thus, fails to add information beyond th&ided by the
RCT (Bittante, 2011). In efforts to define more epeéndent traits, some authors have

extended the interval between enzyme addition amd irmness measurement to 45
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min (Mariani et al., 1997; Cecchi and Leotta, 200260 min (O’Brien et al., 2002;
Auldist et al., 2004). Under such circumstances,2hraits become less interdependent,
but the problem with delayed measurement of curdrfess is that this trait does not
continuously increase toward an asymptotic valug, because of syneresis, rather
attains a maximum level and next tends to decrdagbe present trial, we report curd
firmness data recorded 30 mindjaand 45 min (&) after rennet addition.

When data from the 2 instruments were comparedyas evident that the
average values of FRMs@measurements were slightly higher than estimagdeniy
the OPT (30.09 vs. 27.23 mm, respectively; TableP2eviously, Kubarsepp et al.
(2005) estimated ans@avalue that was about half that obtained using ahaeical
instrument, but the data were expressed as a sgmahgth (in V) and not in
millimeters of curd firmness. The cited authors stamcted an equation facilitating
interconversion of the 2 data sets. In contragtit®ret al. (2011), using an OPT device
calibrated to mimic the FRM, found that the averagevalue was very similar to that
obtained using an FRM, when similar rennet conedioins were used. Moreover, in the
present work we found thagsavalues estimated using the OPT were associatdd wit
standard deviations that were lower than thosedlith measurements made via the

FRM (Levené s test for equality of variance).

The extent of agreement betweey @alues obtained using the 2 instruments
was higher than that noted whes kalues were compared, but less than that apparent
when RCT were analyzed (Figure 3c). Neither theesloor the intercept of the linear
regression equation reflected theoretical valuashaksepp et al. (2005) described a
guadratic relationship betweegy @ata derived using the 2 instruments; the coeffici
of determination was high. Pretto et al. (2011)nfdbuhat the 2 types ofs@values

exhibited a much lower correlation.
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At 45 min after rennet addition, the extent of cdirdhness measured by the
FRM had increased by only 11% with respect to thezalue whereas, using the OPT,
the average increase was 49%. This variabilityermarkably high, and application of
the Levene’s test of variance equality showed thatdifference was significant (Table
1). The correlations between the 25 @&eries was very low (Figure 3d) and the

parameters of the equation differed greatly froeotktical values.

CONCLUSIONS

Optical instruments that record NIR signals arenpsing tools, allowing milk
coagulation and curd firming to be evaluated duting cheese-making process. Our
results, obtained using a large data set, revaakdthe OPT was less influenced by
sensor characteristics than was the FRM. Milk ctamun properties obtained using the
OPT are distinct from those yielded by the FRMgéardifferences in J and as
average values were apparent when data from tmst@uments were compared. The
variances in RCT, ;3 and as differed; all MCP varied in terms of normality of
distribution; the incidence of NC samples (as dettwia RCT measurement) differed;
the proportion of samples yielding estimablg kalues at a given time was not the
same; moderate 4@ or low (ko and as) correlations were observed when identical
measures by either instrument were compared; irapodifferences were evident when
correlations between RCT anghkmeasured by the same instrument, were compared,;
the phenotypic correlations of MCP with MY, milkraposition, and pH varied and the
relative importance of DIM (onzk and as), parity (on as), and MUCM (on k and
ago), were not the same. Rennet coagulation time obthusing the OPT is the only
MCP that was in good agreement with the value nredsby the FRM, with the

exception of late-coagulating samples and thost dlthnot coagulate 30 min after
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addition of rennet. The curd firmness charactesséstimated using the OPT differed
from those calculated by the FRM. The practicahsigance of FRM data are well
understood; data afforded by the OPT require furthraluation toward this end.

Finally, the OPT algorithm has apparently been tanted to mimic traditional
lactodynamography, especially over the usual tesdtebn of 30 min. Beyond this time
(when RCT values for late-coagulating samples apdfiigures may be calculated),
discrepancies between FRM and OPT data increasedblppthe optical instrument
needs to be carefully calibrated if it is to operat this time region. Possibly, new
optical instruments, rather than mimicking tradiab mechanical lactodynamographs,
could model the signals obtained to derive newrpatars correlating with useful milk
technological properties, especially to its modifion during the first phase of

coagulation, before visible clotting.
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TABLES AND FIGURES

Table 1. Descriptive statistics (n = 913) of milk yieldcamilk quality traits

Trait® Mean SD P1 P99
Milk Yield, kg/d 24.36 8.02 8.50 45.00
DIM, d 196 135 12 656
Milk fat, % 4.23 0.70 2.66 6.15
Milk protein, % 3.71 0.42 2.86 4.72
Casein, % 2.89 0.32 2.26 3.68
SCS? units 3.03 1.88 -0.56 7.86

'P1 = first percentile; P99 = 99th percentile.
’SCS = log2(SCC/100,000) + 3.

Table 2. Descriptive statistics (n = 913) of milk coagubatiproperties obtained by
using Formagraph (Foss Electric A/S, Hillerad, Darki and Optigraph (Ysebaert SA,
Frépillon, France) instruments

Formagraph Optigraph
Equality of
Trait' Mean SD Mean SD variance test
RCT, min 19.95 5.81 18.91 4.40 ok
Koo, Min 5.36 3.12 8.16 2.97 NS
ago, MM 30.21 12.90 27.92 11.35 ok
a5, MM 33.66 8.43 41.49 11.54 ok

'RCT = rennet coagulation time of all samples (idalg those coagulating after 30 min after enzyme
addition); ko= curd-firming time (including those reaching 20 nafncurd firmness after 30 min after
enzyme addition)agy = curd firmness at 30 minutes (excluding 47 andsd®ples samples coagulating
after 30 min after enzyme addition for Formagrapt @ptigraph instruments, respectivelyy = curd
firmness at 45 minutes.

% evene’s test.

*** P < (0.001; NS = not significant.
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Table 3. Pearson product-moment correlations among milkgeladion properties
(MCP) obtained by using a Formagraph (Foss Eleétfts, Hillerad, Denmark) and
among MCP obtained by using an Optigraph (Ysel&&rtFrépillon, France)

Trait' Formagraph Optigraph
RCT with:
Koo 0.65" 0.327
3o -0.83"7 -0.75"
s -0.18" -0.28"
Koo With:
0 -0.74" -0.72"
s -0.57" -0.82"
ago With:
s 0.51" 0.78"

'RCT = rennet coagulation time;de curd-firming time; ag= curd firmness at 30 minutes; = curd
firmness at 45 minutes.
*** P < (0.001.
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Table 5. Significance (Fisher exact test values dndalues) of model effect for
ANOVA of milk coagulation properties obtained usiagFormagraph (FRM; Foss
Electric A/S, Hillerad, Denmark) or an OptigraphRQ Ysebaert SA, Frépillon,
France)

MILK COAGULATION PROPERTY!

RCT kzo a3 s

iten? FRM OPT FRM OPT  FRM OPT  FRM  OPT

Herd 3.29° 287 1.37 167 206" 219" 3877 213"
DIM 22257 2519° 335 1384 675" 4277 496 17.78"
Parity 271 2.27° 0.23% 2.57° 1.02* 052 4177 0.79°
MUCM  0.84° 0.53° 243 1.62° 259° 0.83° 286" 226

R? % 0.30 0.29 0.14 0.9 020 0.18 0.28 0.25

RMSE 5.11 3.88 3.03 2.80 12.09 10.81 7.50 10.51

'RCT = rennet coagulation time;de curd-firming time;ag= curd firmness at 30 minutes;= curd
firmness at 45 minutes.

“Measuring unit of the coagulation meter; RMSE =tnmean square error.

*P < 0.05; **P < 0.01; **P < 0.001;"not significant.
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Figure 1. Distribution of rennet coagulation time (RCT, mieyrd-firming time (ko,
min), curd firmness at 30 {/# mm) and 45 minutes 48 mm) obtained by using
Formagraph (Foss Electric A/S, Hillerad, Denmarkyl @n Optigraph (Ysebaert SA,

Frépillon, France). Forsg the null values relative to noncoagulating miftea30 min
also are plotted
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Figure 2. Cumulative frequency distribution against [a] tifnem enzyme addition of
rennet coagulation time (RCT, min) and [b] RCT+efiirthing time (RCT+lgo, min)
obtained by using a Formagraph (Foss Electric Af8lergd, Denmark) and an
Optigraph (Ysebaert SA, Frépillon, France). Theh€&is exact testP(< 0.05) was
performed at 15, 20, 25, 30, 35, 40, and 45 min
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*** P < (0.001; **P < 0.01; ns = not significant.
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Figure 3. Relationship between milk coagulation propertiesaimed by using
Formagraph (FRM; Foss Electric A/S, Hillerad, Demnkpaand Optigraph (OPT;
Ysebaert SA, Frépillon, France) instruments: (anet coagulation time (RCT, min),
(b) curd-firming time (ko, min), (c) curd firmness at 30 minzgamm), and (d) curd
firmness at 45 min ¢g mm). Significance of thé&-test was computed for a slope
different from 1 and intercept different from B € 0.05). a = intercept; b = slope; ns =
nonsignificant. **P < 0.001
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Figure 4. Least squares means of milk coagulation prope(M&SP) obtained with 2
different instruments across DIM: (a) rennet coagioh time (RCT, min), (b) curd-
firming time (k20, min), (c) curd firmness at 30m{a30, mm), and (d) curd firmness at
45 min (a45, mm). Solid lines represent data frofoamagraph (Foss Electric A/S,
Hillerad, Denmark) and dashed lines represent fitata an Optigraph (Ysebaert SA,
Frépillon, France). Error bars represent the SEM
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Figure 5. Least squares means of milk coagulation prope(N&SP) obtained with 2
different instruments across parities: (a) renmetgalation time (RCT, min), (b) curd-
firming time (ko, Min), (c) curd firmness at 30 minggamm), and (d) curd firmness at
45 min (as, mm). Dark gray bars represent data from a Forapg(Foss Electric A/S,
Hillergd, Denmark) and light gray bars represenadieom an Optigraph (Ysebaert SA,
Frépillon, France). Error bars represent the SEM
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ABSTRACT

The aims of this study were (1) to analyze renoegalation time (RCT), curd-
firming rate, and curd firmness obtained by extegdhe standard 30-min testing time
to 45 min; (2) to estimate heritabilities of theommentioned traits determined by
mechanical (Formagraph; Foss Electric, Hillergdniark) and near-infrared optical
(Optigraph; Ysebaert, Frépillon, France) instrurserdnd to assess the statistical
relevance of their genetic background by usinghges factor procedure, the deviance
information criterion, and the mean squared er(8); to estimate phenotypic and
genetic relationships between instruments withiait tand between traits within
instrument; and (4) to obtain correlations for shankings based on the used
instruments. Individual milk samples were collectedm 913 Brown Swiss cows
reared in 63 herds located in Trento Province yJtaMilk coagulation properties
(MCP) were measured using 2 different instrumelRtsmagraph and Optigraph. Both
instruments were housed in the same laboratoryogedated by the same technician.
Each sample was analyzed simultaneously on eadhunmsnt. All experimental
conditions (milk temperature and the concentratiod type of rennet) were identical.
For the analysis, univariate and bivariate animadets were implemented using
Bayesian methods. Univariate analyses were condiuotéest the hypothesis that the
traits showed additive genetic determination. Des@a information criterion, Bayes
factor, and mean squared error were used as mbdeleccriteria. The main results
were that (1) RCT could be measured on all saniplesxtending the observation time
to 45 min, and its genetic parameters<0.23) and breeding values could be estimated
while avoiding the bias of noncoagulating sampk); curd-firming rate could be
measured on almost all milk samples, and its gempatiameters could be estimated for

the first time on a field data set’(h 0.21); (3) for the first time, genetic paramstef
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curd firmness 45 min after rennet additio ¢h0.12) were estimated, and they were
compared with curd firmness 30 min after rennetitamfd (W* = 0.17); and (4) MCP
estimated using the Optigraph appeared to be gaitigtidifferent from those
determined by Formagraph, with the partial exceptod RCT (genetic correlation =
0.97). Breeding strategies for the improvement @Mmust be planned with caution.
Currently, the high throughput, ease of use, artliged costs of analysis make
predictions obtained from mid-infrared spectrosc@@yRS) on untreated milk samples
a promising alternative to produce relevant datdéhat population level. The use of
mechanical lactodynamographs to establish referdatz for MIRS calibrations have
been already studied, whereas the use of nearedfr@ptical lactodynamographs as a
reference method for MIRS calibrations needs tmbestigated.

Key words: milk coagulation property, mechanical and opti@dtodynamograph,

heritability, Bayes factor

INTRODUCTION

Measurement of milk coagulation properti®dQP) is of special relevance for
cheese manufacturing. The most used instruments agsess MCP are
lactodynamographs (renneting meters) by which renoagulation timeRCT, min),
curd-firming time Ky, min), and curd firmness are measured after amdiaf the
clotting enzyme to raw milk (Annibaldi et al., 197Zannoni and Annibaldi, 1981;
McMahon and Brown, 1982). Lactodynamographs reqamngisicochemical changes
occurring in milk during the coagulation processewtihe enzyme hydrolyz&scasein
aggregates and induces changes in milk viscositly easticity (Auldist et al., 2001;

O’Callaghan et al., 2002).
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Several systems have been adopted to determine KCRow’'s milk.
Traditionally, laboratory mechanical instrumentstsias the FormagraplkRM; Foss
Electric, Hillerad, Denmark) and the ComputerizednReting Meter (Polo Trade,
Monselice, Italy) have been used, whereas optinatruments based on infrared
technologies have been often used to monitor MC&ctly in the cheese-making vats
(Payne et al., 1993; Laporte et al.,, 1998; O'Cdléag et al., 2002). Recently, 2
categories of infrared optical instruments havenbeeopted to predict MCP at
laboratory level. The first includes medium infrrgpectrometersMIRS) to predict
MCP from raw milk samples analyzed without inductiof rennet coagulation (Dal
Zotto et al., 2008; De Marchi et al., 2009). Theosl includes lactodynamographs
such as the OptigraplOPT; Ysebaert, Frépillon, France), which has been gseg to
determine MCP through induction of rennet coagofra®f milk (Panari et al., 2002;
Klbarsepp et al., 2005). The 2 types of lactodyrgraphs record the same parameters
on coagulating samples but using different priresplIMechanical measures are based
on continuous recording of the movement, afteritm@ersion of small loop pendulum
in linearly oscillating samples of coagulating milkduced by minute forces applied to
the pendulum as a consequence of the milk coagal@iicMahon and Brown, 1982).
The optical instrument continuously measures thiécalpsignal in the near-infrared
(NIR) region (820 nm) and estimates the MCP by raeah specific calibration
equations. Recently, a phenotypic study by CipGlatet et al. (2012a) demonstrated
that FRM and OPT yield different results with thatpl exception of RCT.

Several studies have been carried out to estimantetig parameters of MCP
measured by mechanical lactodynamographs (e.gdstriim et al., 1984; lkonen et al.,
2004; Cecchinato et al., 2012c), and recently dndysdealt with OPT (Vallas et al.,

2010). No direct comparisons between genetic pasasef MCP obtained from
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mechanical and optical instruments are currentbilalgle. Moreover, past research on
genetic aspects of MCP dealt with renneting pararaatetermined for 30 min after the
addition of the clotting enzyme, and faced the obof milk samples that do not
coagulate within the testing time of 30 min (thecatled noncoagulating samples, NC)
and of the potential bias in the estimation of gengarameters of MCP and breeding
values of animals (Cecchinato and Carnier, 2011)sidnificant fraction of milk
samples do not usually attain curd firmness of 20 within the 30-min testing time;
hence, ko is often excluded from genetic analyses. Onlyva $eudies have estimated
genetic parameters fopd and they were based on a small number of cowsdean
experimental farms (Tervala et al., 1985; Ikoneal £t1997).

Therefore, the objectives of this study were (1ptalyze RCT, %, and curd
firmness obtained by extending the standard 304esting time (g) to 45 min (as);
(2) to estimate heritabilities of the aforementidrieaits measured by FRM and OPT
instruments, and to assess the statistical relevahtheir genetic background by using
the Bayes factorBF) procedure, the deviance information criterid @), and the
mean squared erroMM@SE); (3) to estimate phenotypic and genetic relatigrs
between instruments within trait and between tnaithin instrument; and (4) to obtain

correlations for sire rankings based on the insémisused.

MATERIALS AND METHODS

FIELD DATA

In total, 913 Brown Swiss cows from 63 herds lodateTrento Province (Italy)
were sampled once during the evening milking betwaeril 2010 and February 2011.

Within a given day, only one herd was sampled. Twitk subsamples per cow were
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collected and immediately refrigerated at 4°C withgreservative. One random
subsample was transported to the Milk Quality Labany of the Breeders Federation of
Trento Province (Trento, ltaly) for composition bisés. The other subsample was
transferred to the Cheese-Making laboratory of Drepartment of Agronomy, Food,
Natural resources, Animals and Environment (DAFNAIEXhe University of Padova
(Legnaro, lItaly) for MCP analysis. All samples wepeocessed within 20 h of
collection. Information on cows and herds were pted by the Breeders Federation of
Trento Province (ltaly). Pedigree information wapgied by the Italian Brown Swiss
Cattle Breeders Association (ANARB, Verona, Italgnd included cows with

phenotypic records for the investigated traits alhtheir known ancestors.

ANALYSIS OF MILK QUALITY

Individual milk subsamples were analyzed for fabtein, and casein contents
using MilkoScan FT6000 (Foss). Somatic cell couas wbtained from the Fossomatic
FC counter (Foss) and was then converted to SGfdays of logarithm transformation
(Ali and Shook, 1980). The pH of the subsamples maasured before MCP analysis,

using a Crison Basic 25 electrode (Crison, Barcel&pain).

ANALYSIS OF MILK COAGULATION PROPERTIES

Milk coagulation properties were determined usinBM- and OPT. Both
instruments were housed in the same laboratorypachted by the same technician.
Each subsample was analyzed simultaneously on ieattument. All experimental
conditions (milk temperature and the concentratiod type of rennet) were identical.
Two racks containing 10 cuvettes (one rack perruns¢ént) were prepared; milk
samples (10 mL) were heated to 35°C and 200f rennet solution (Hansen Standard
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160, with 80 + 5% chymosin and 20 + 5% pepsin; Racdmrein AG, Bern,
Switzerland) diluted to 1.6% (wt/vol) in distilledater, to yield 0.051 international milk
clotting units (IMCU)/ mL, was added to samplesafhilk heating. Both instruments
yield the width (mm) of the oscillatory graph dugitesting: the OPT records a datum
every 6 s and the FRM every 15 s. The observateiog continued for 90 min after
rennet addition but, for the purposes of the preaenk, only the first 45 min were
considered. Variations in absorbance, as detectedOBT, were transformed by
instrument software using an appropriate calibraéquation to mimic the shape of the
graph afforded by traditional mechanical instrurse(ibarsepp et al., 2005). This
means that MCP can be calculated using either deVice MCP recorded were (1) the
time from addition of enzyme to the beginning o$ible coagulation (gelification)
within a time interval of 45 min (RCT, min); (2)ghnterval from gelification (RCT) to
the time at which the width of the graph attain€dn®m (ko, min); (3) the firmness of
the curd at 30 min from rennet additions(anm); and (4) the firmness of the curd at 45
min from rennet addition gg mm). Samples that did not coagulate within 30 méane
classified as NC (lkonen et al., 1999), althougteesion of analysis allowed RCT and

koo to be recorded for all samples.

STATISTICAL ANALYSIS

Nongenetic Effects. Nongenetic effects to be included in mixed models
estimate genetic parameters for MCP determined RW Fand OPT were identified
through preliminary analysis based on the GLM pdoice (SAS Inst. Inc., Cary, NC).
For all traits, the model accounted for the effaftherd (63 levels), DIM (class 1: <60
d, class 2: 60-120 d, class 3: 121-180 d, clad8%+-240 d, class 5: 241-300 d, and

class 6: >300 d), parity (1 to 4 or more), and etimgy meter sensor (10 levels) of the
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lactodynamograph, being the pendula of FRM andnte@ochromators of OPT. All
these effects were important sources of variati®n<(0.05) except for the renneting
meter sensor for RCT and k20.

Univariate Models for Testing the Hypothesis of Additive Genetic
Determination. The genetic background of the MCP (y) was inveséid by analyzing
data under the following hierarchical model:

y=Xb + Zh + Za + e, [1]
where y was the vector of phenotypic records witheshsionn; X, Z;, and 2 were
appropriate incidence matrices for systematic &fd€b), herd-date effects (h), and
polygenic additive genetic effects (a), respectiveind e was the vector of residual
effects. Specifically, b included nongenetic effeat DIM, parity, and renneting meter
sensor (only for @ and as).

All models were analyzed under a standard Bayesiproach. The joint
distribution of the parameters in the model wagprtonal to

p(b,p,a,02,02,02ly) < p(y|b,p,a,c2)p(a2)p(b)
x p(plog)p(a7)p(alA, o)p(ad),

where A was the numerator relationship matrix betwadividuals (Wright, 1922), and
d,07, anda? were the residual, herd, and additive geneticavae, respectively. The
a priori distribution ofp anda were assumed to be multivariate normal as follows:

p(plo2)~N(0,152)

p(alaf)~N(0,Ad?),
wherel was an identity matrix with dimensions equal te ttumber of elements im
Priors forb and variance components were assumed to be flat.

The univariate model was used to test for addigeretic determination of each

trait. Different criteria were used for this purpo§he DIC (Spiegelhalter et al., 2002)
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was computed both for the model including the adeligenetic effect and for the
reduced model without this effect; differences ihCDof more than 7 units were
considered important (Spiegelhalter et al., 2002)¢e BF (Kass and Raftery, 1995;
Garcia-Cortés et al., 2001; Casellas et al.,, 2048% computed as a pair-wise
comparison by calculating the ratio between theaegsms probabilities of 2 competing
models, taking any positive value between >0 amd k this case, a linear mixed
model with additive polygenic effects (numeratordal) was compared against a model
without additive polygenic effects (denominator rahd where >1 BF favored the
numerator model and <1 BF favored the denominatodeh In this report, the BF
results were discussed within the context of thH#re}es (1984) discrete scale of
evidences. This scale classifies the BF accordmg tlevels of evidence for the
numerator model, objectively classifying the BF fadlows: denominator model
supported, not worth more than a bare mention,taotal evidence, strong evidence,
very strong evidence, and decisive evidence. From an, this terminology will be
systematically used when referring to the BF. Th8Bvbetween real and predicted
phenotypic records was also used to compare mddels the one with additive
polygenic effects and the same model without adelitiolygenic effects). For all MCP
traits, the expectation of the predictive distribotof a given record was computed as in
Varona et al. (1999):

Yucpi=XiP + z1;h + 2,8 — &
Whereyycp; IS the expectation fro thiéh MCP recordx;, z,;, Z,; are theith rows of
the incidence matrices that link systematic, hext@/dand additive genetic effects and
é; are the residuals for théh MCP record. Note thaf, h, 4 and é; are posterior

median estimates. The MSE was defined as:

— Z?=n(yi - yi)z
n

MSE
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Bivariate Models for Estimating Correlations Between Traits. ToO
estimate genetic correlations between MCP varialaleset of bivariate analyses were
conducted, implementing model [1] in its multiva@aersion. In this case, the involved
traits were assumed to jointly follow a multivaeatormal distribution as well as the
additive genetic, herd/date, and residual effelets. these effects, the corresponding
prior distributions were:

a|Gy, A~ MVN(0, Gy, ®A),

h|H,, ~ N(0,H,, ®I,), and

e|Ry,~ N(0,Ry, ®L,,),
where Gy, Hy ,R, were the corresponding variance-covariance matrimween the
involved traits, anda, h,and e were vectors of dimension equal to the number of
animals in the pedigree (n and m) times the nurabgaits considered.

Gibbs Sampler. Marginal posterior distributions of unknown paraerstwere
estimated by performing numerical integration usihg Gibbs sampler (Gelfand and
Smith, 1990). This was employed to obtain autoelated samples from the joint
posterior distributions and subsequently from treggmal posterior distributions of all
unknowns in the model. The lengths of the chain ahdhe burn-in period were
assessed by visual inspection of trace plots, dsawéy the diagnostic tests of Geweke
(1992) and Gelman and Rubin (1992). After a predemy run, we decided to construct
a single chain consisting of 850,000 iterations tndiscard the first 50,000 iterations
as a very conservative burn-in. Subsequently, drewvery 200 successive samples was
retained, to store draws that were more looselyetated. Thus, 4,000 samples were
used to determine posterior distributions of unkngarameters. The lower and upper
bounds of the highest 95% probability density ragi¢HPD95%) for parameters of

concern were obtained from the estimated margieasities. The posterior median was
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used as the point estimate for all parameters. -8ateelations between samples and
estimates of Monte Carlo standard error (Geyer219&re calculated.
Heritability was computed as:

2
h2=— A
0% + 0% + o2
A T 0x + Og

where o4, of, and o% are additive genetic, herd/date, and residual we€s,
respectively.

Additive genetic correlations were estimated as:

- OA1,A2
g = ——
Oa1 " 0a2

where oaq 4, Is the additive genetic covariance between traéntl 2, ando,; and

o, are the additive genetic standard deviations ftstrl and 2, respectively.

RESULTS

MILK COAGULATION PROPERTIES AND PHENOTYPIC VARIATION

Descriptive statistics for MCP from FRM and OPT amnmarized in Table 1.
A comprehensive discussion on the phenotypic patbérmilk coagulation and curd
firming from mechanical and NIR instruments hasrbesported by Cipolat-Gotet et al.
(2012a). In general, the average RCT from OPT wightly shorter (1 min) than the
value from FRM. Despite thisg@awas approximately 3 mm smaller when assessed by
OPT than by FRM. Curd-firming time was notably lengvhen evaluated by OPT (8.16
min) than by FRM (5.36 min). Finally,swas about 8 mm greater when assessed by
OPT (41.49 mm) than by FRM (33.65 mm). Rennet alzipn time and @ from OPT
were less variable than the corresponding MCP fi#M, whereas the opposite was
found for as. Variances of MCP from FRM and OPT were statidliycdifferent
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according to Levene’s test (P < 0.05; data not shawmith the exception of%. In fact,
despite mean values being notably different betwestmuments, k% values exhibited
similar standard deviations. Consequently, the @utign of NC samples at 30 min
(samples without a detectablg)awvas 6.57% for FRM and 2.08% for OPT (P < 0.05;
data not shown). The extension of MCP analysis aptd min allowed the RCT
recording for all samples andokrecording for most late-coagulating milks. Theelat
coagulating milks also affected the distributioragfand ko, whereas g showed close

to Gaussian distribution.

HERITABILITY OF MILK COAGULATION PROPERTIES

Point estimates (median of the marginal posterarsdy of the parameter) for
the additive genetic, herd/date, and residual mads, and heritabilities of MCP
measured by FRM and OPT are shown in Table 2, lmmédtimated posterior densities
of the heritabilities are depicted in Figure 1. Mbnte Carlo standard errors were very
small, and a lack of convergence was not detectdtido Geweke test (data not shown;
Geweke, 1992). Marginal posterior distributions evexpproximately normal; thus,
mode, mean, and median were similar, and only tis¢epior median is reported.

Rennet coagulation time was moderately heritabtg] astimates were very
similar between instruments (0.230 and 0.241 foMF&d OPT, respectively) with
HPD95% between 0.10 and 0.40 both for FRM and AOME. posterior densities were
symmetric either for FRM and OPT and their shape swilar and almost overlapping.
Even though heritability estimates were similare #dditive genetic, herd-date, and
residual variances were 41.4, 51.1, and 43.5% lomlezn RCT was determined by

OPT than by FRM.
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Posterior density distribution and point estimatéheritability for kg yielded
by FRM were very close to those obtained for RChiesgas the corresponding features
from OPT data were much different. Heritabilitylef from OPT was almost twice the
value found for the corresponding MCP of FRM andR&T of both instruments.
Moreover, the posterior densities (Figure 1) of hegitability for ko obtained using
OPT were more dispersed (HPD95% between 0.15 &1) than those obtained by
FRM, indicating more uncertainty in the estimatadrthis parameter. The high value of
heritability was the consequence of the notablyhéigadditive genetic and lower
residual variance of OPT compared with FRM (+48.8%@ —33.4%, respectively;
Table 2). Estimates of variance due to herd-ddtxisf on this MCP were also higher
for OPT than for FRM (+26.9%).

Point estimates of heritability fog@were slightly lower than those estimated for
RCT and were comparable between instruments (0d7ERM and 0.205 for OPT,;
Table 2 and Figure 1). In addition, the HPD95% weirailar between instruments,
varying from 0.04 to 0.40. Estimates of additivagc and residual variance were not
very different between instruments (+13.2% and 3%}.respectively), whereas herd-
date variance was much higher (+64.1%) for OPT tbaRRM.

Results for & were extremely variable and inconsistent betwestruments.
Point estimate of additive genetic variance fromTOfas almost 5 times that from
FRM. This explains the large differences in heiltgbfor ays assessed by FRM (0.120)
and OPT (0.309), also in terms of variation of pleet estimate (HPD95% from 0.02 to
0.27 for FRM, and 0.13 to 0.51 for OPT) as clea#dpicted in Figure 1. Even in this
case, estimates of heritability fofsaobtained using OPT were characterized by more

uncertainty.
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The inclusion of the additive polygenic effect imoped the goodness of fit of
the model for all MCP, regardless of the instrumesed to assess MCP (Table 3). In
particular, DIC and MSE decreased when the addjmggenic effect was accounted
for in the analysis, suggesting a better fittingeTdecrease in DIC ranged between 60
and 144 units. The BF confirmed the relevance diiing the polygenic effect in the
model, particularly in the analysis of RCT, andagf and as assessed using OPT. The
BF between models with and without a genetic corepgnn fact, gave values >1 for
all traits, providing evidence that the model wasfg@rable when additive polygenic
effects were included. The BF >100 indicated “degeisevidence” of genetic
determinism for RCT yielded by both lactodynamobsapand for & and as obtained

with OPT.

RELATIONSHIPS AMONG MILK COAGULATION PROPERTIES

Point estimates (posterior medians) and HPD95% denetic (rg) and
phenotypic (rp) correlations between the same M@ dssessed using FRM and OPT
are reported in Table 4. The estimated phenotypicetations were moderate to high
and ranged from 0.426 4 to 0.806 (RCT). The estimated genetic relatiopshvere
always high and were between 0.764)land 0.974 (RCT).

Within instrument, the phenotypic correlations betw the MCP were moderate
to high, with some differences between the 2 imsants (Table 5). Genetic correlations
between traditional MCP (RCTuk and go) were very high, with the only exception
being the relationship between RCT ang Yelded by OPT (0.415). Curd firmness
measured at 45 min from rennet addition yielded V@w (and opposite in sign) genetic
correlations with RCT with both instruments. Theretations of a with kyy and g

were both low in the case of FRM and very highhia tase of OPT.
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RELATIONSHIPS BETWEEN SIRE RANKINGS

The relationships between sire rankings based ovi f6Beach MCP measured
using FRM and OPT are depicted in Figure 2. The sanking for RCT was only
marginally affected by the instrument used to as#as trait, as the correlation between
EBV based on measures of RCT determined by thetBuments was 0.99. Fosdr =

0.95), as (r =0.94), and  (r = 0.87), reranking was more pronounced.

DISCUSSION

HERITABILITY OF RCT MEASURED OVER AN EXTENDED TESTING PERIOD

To our knowledge, this is the first study dealinghwestimation of genetic
parameters of MCP obtained on a testing periodnebetg to 45 min to avoid NC and to
allow calculation of k on almost all milk samples. Most estimates of tjene
parameters for RCT found in the literature havenbebtained after discarding NC
samples. As the risk of NC milk is higher for cosrsd progeny characterized by a slow
coagulation process, it is clear that both genati@ameters and EBV for RCT can be
biased. This risk is particularly high for breedsaxacterized by slowly coagulating
milk, such as Holstein-Friesian and some Scandamawireeds (lkonen et al., 1997;
Tyriseva et al., 2004; De Marchi et al., 2007).

To account for the NC samples, Cecchinato and €ar(8011) compared
different statistical models (linear, right-censbreear, survival, and threshold) and
concluded that the best approach is to treat N(pbkmas censored records. They used
individual RCT data from 1,025 Holstein-Friesianmsodetermined through a 30-min

testing-period analysis and found that both adelityenetic and error variances
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estimated using a right-censored linear model vegneroximately twice the values
found when ignoring NC samples and using a lineadeh Consequently, the
heritability estimates were very similar.

Cecchinato et al. (2011) applied a right-censoireebl model to RCT data from
Brown Swiss cows and compared the results withirigsl from a previous study that
was based on the same data but that ignored NClesuaupd used a linear instead of a
censored linear model to analyze the records (Qeatthet al., 2009). The use of the
right-censored linear model led to an increasenenadditive genetic variance (4.96 to
5.39 mirf) and to a even more pronounced increase of thduasvariance, so that
heritability estimate decreased from 0.34 (Cecdbimd al., 2009) to 0.24 (Cecchinato
et al., 2011).

Milk from Holstein-Friesian is usually characterizéy a slower coagulation
process than milk from Brown Swiss cows, even & thcidence of NC samples is
seldom reported in literature (Malacarne et alQ32@006). It is worth mentioning here
that milk protein genetic variants play an impottaole in explaining the additive
genetic variance of MCP (Penasa et al., 2010) latdthis effect, and consequently the
differences among breeds, depends on the relatggiéncies of the genetic variants,
especially those relative to-casein alleles (Ikonen et al.,, 1999; Auldist et a002;
Bittante et al., 2012). A summary of literaturetbe effects of genetic variants of milk
protein fractions on MCP has recently been revietye®ittante et al. (2012), whereas
an extensive discussion on the rolexefasein gene allelic variants on MCP has been
reported by Bonfatti et al. (2010).

In the present study, extending the observatiorogeo 45 min allowed us to
obtain RCT values for all samples, even if 6.67%ndks coagulated after 30 min from

rennet addition. As expected, the estimate of genetriance of RCT measured by
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FRM for 45 min (7.09 mif) was higher than those (4.40-5.48 fhiobtained from a
linear model on different subsamples of the saneedrbut determined for 30 min
(Cecchinato et al., 2009). Moreover, the estimditthe additive genetic variance was
higher than that previously reported by Cecchirgtal. (2011) on the same breed using
the right-censored linear model. A possible explanais that the distribution of RCT
of the entire population measured extending thesmiagion period is not perfectly
Gaussian, showing a skewness due to a larger tpecd right tail. As a result, the
assumption of normality of the right-censored Imeedel can lead to underestimation
of the contribution of both additive genetic angideal variances induced by slowly
coagulating samples. The heritability estimate GfTRletermined for 45 min was very
similar to the estimate found by Cecchinato et(2011) from RCT measured for 30

min and with NC samples treated as censored.

GENETIC PARAMETERS OF CURD-FIRMING TIME

Curd-firming time is valuable at the industry lebelcause it defines the optimal
moment for curd cutting, limiting the fines lossegh early cutting and the excess
moisture of the curd with late cutting (Janhgj &nhdst, 2010). Only 2 studies estimated
heritability for ko Tervala et al. (1985) reported very low heriteyi(0.021) using 319
milk samples from Finnish Ayrshire, Finnish Frigsiand Finncattle cows reared in an
experimental farm and sampled once, whereas lkateal. (1997) found very high
estimates using 174 samples from 59 Finnish Ayesftirs40) and 155 samples from 55
Finnish Friesian (0.660) cows, again from an expental farm.

No estimates are available on field data primarggause not only NC samples

but also many slowly coagulating samples do nathreaurd firmness of 20 mm within
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the usual testing time of 30 min, so that largesésacan be expected from both genetic
parameters and EBV.

Heritability of ko from FRM (0.212; Table 2) was close to the average
heritability of the other MCP and was intermediaétween findings from Tervala et al.
(1985) and Ikonen et al. (1997). Tervala et al.8G)defined k differently from our
research and from Ikonen et al. (1997). Moreoves,data used by Ikonen et al. (1997)
were measured on samples reaching the target ¥aluenm) within 30 min from
gelification, whereas the time limit was 45 mintlre present study. Differences in type
and activity of coagulant and in statistical anelysere also found in the studies,
making difficult the comparison among them.

No estimates of genetic correlations betweep &d other MCP or milk
production or composition traits are availablehg titerature. In the present studyg k
showed high positive phenotypic and genetic caiimdla with RCT and very high
negative correlations with 3@ confirming that late-coagulating samples are
characterized by slow firming rate and loy. &Vith a genetic correlation of —0.973k

seems to add no valuable information, from a gerpatint of view, beyond that yielded

by aso.

GENETIC PARAMETERS OF CURD FIRMNESS EVALUATED 30 MINUTES AFTER

RENNET ADDITION

In addition to RCT, @ is also affected by the problem of NC samples. (Besn
that do not coagulate within 30 min from coagulashdition do not have a curd firmness
value over the baseline, which is assumed to be. 2dost published studies report
estimates of genetic parameters fgy that were obtained without the inclusion of NC

samples. On the contrary, lkonen et al. (1999) @pdseva et al. (2004) reported
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estimates of genetic parameters that were obtaniidthe inclusion of NC samples.
Again, Ikonen et al. (2004) faced this problem canmg 2 approaches. The first was
based on the inclusion of NC samples attributingstca zero value; results showed a
higher heritability estimate compared with thatrfduusing only coagulated samples
(from 0.22 to 0.39, respectively). The second apginotreated ;3 as a binary trait
(occurrence of coagulation); heritability (0.26)samaigher than that obtained excluding
NC samples but much lower than that found includivegn as zero values.

The inclusion of samples coagulating after 30 maith( a zero value) led to an
estimate of additive genetic variance slightly &rthan that found in the same breed by
Cecchinato et al. (2009, 2011) excluding NC sampiles the estimate of the residual
variance was even larger so that heritability estarwas relatively low (0.171), similar
to the value found by Cassandro et al. (2008) itstdm-Friesians but lower than the
estimates of previous studies in the same breeaff@3#t al., 1992; lkonen et al., 1997)
and other northern breeds (Tervala et al., 198%ff©let al., 1992; Tyriseva et al.,
2004).

Moreover, despite the different definition of RCiidathe use of the zergydor
NC samples, the present work confirmed the veryhhiggnetic and phenotypic
correlations between the 2 MCP traits found in npostious studies. It is clear that the
longer the RCT, the shorter the time availableciand firming and the smaller the curd
firmness measured at a fixed time, thus confirntimg poor informative value of;a
beyond RCT information and the need for new mouadigllf the curd-firming process

and traits that are less interdependent (Bittéz@ig1).
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GENETIC PARAMETERS OF CURD FIRMNESS EVALUATED 45 MINUTES AFTER

RENNET ADDITION

To overcome the problem of NC samples and defineemmadependent traits,
some researchers have extended the interval betwaeyme addition and curd
firmness measurement to 45 min (Mariani et al.,71%ecchi and Leotta, 2002) or 60
min (O'Brien et al., 2002; Auldist et al., 2004)tlno estimates of genetic parameters
for ay5 Or & are available in the literature.

The as measured by the mechanical instrument is morepgmgent than g
from the other MCP (RCT and,di, both at the phenotypic and genetic levels.
Moreover, the correlations between curd firmnesasueed 30 and 45 min after rennet
addition are relatively low, at both the geneti©.@69) and phenotypic (+0.476) levels.
This low dependence from other traditional MCP iisbably because curd firmness
tends to increase after gelification to a maximuatug and later tends to decrease due
to syneresis. The time at which maximum curd firemis reached can differ greatly in
different samples (Bittante et al., 2012), so #agtan be measured in the ascending or
descending phase of the curd-firmness curve. Colestly, the samejavalue can be
observed in very late coagulating samples as iry \early coagulating samples
(characterized by rapid syneresis). Because okthessiderations,;adoes not seem

very useful at the industry level, but more resleana this topic is needed.

HERITABILITY OF MCP MEASURED BY NIR LACTODYNAMOGRAPH

In previous research (Cipolat-Gotet et al., 20128)CP determined by
mechanical and NIR lactodynamographs on the sameleg, in the same laboratory,
and by the same technician, have been shown taftegedt traits, with the partial
exception of RCT. Differences were observed in mealues (especially for k),
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variability (with the exception of %), distribution of the data, and correlations with
other MCP and with milk yield and composition tsait

The present study highlighted that the optical dewyields MCP that are
different from the mechanical device, from the denpoint of view (Table 2). It is
worth noting that the NIR lactodynamograph doesmeasure curd firmness; rather, it
predicts curd firmness based on an optical sigmatl is modified by chemical changes
that happen mainly during the first phase of coatgoh process (before gelification),
not during the second phase, when the physical epties (firmness) change
dramatically (O’Callaghan et al., 2002). Thus, #idity of OPT to mimic mechanical
instruments is expected to decrease after gelation.

Vallas et al. (2010) found heritability of 0.28 flmg-transformed RCT and 0.41
for ago in Estonian Holstein-Friesian cows. Comparisorhwite present study is not
very useful because the Estonian study used a biarenzyme (instead of calf rennet)
at a very high activity level. As expected, witld® min of coagulant addition, Vallas et
al. (2010) obtained very short RCT byt aimilar to that found in the present research
using a much lower enzyme activity. The use ofghhioncentration of enzyme is not
advisable at the industry level because extra erayould reduce cheese yield, change
the balance between coagulation time and acidificatind increase the production of
bitter peptides beyond the capacity of the enzyoidbe cheese microflora to degrade
them (Law, 2010). This is particularly true for theduction of Protected Designation
of Origin cheeses, where production processes tdanaltered to address milk defects
and, thus, such cheese-makers require (and paynitk)of high technological quality
(Bertoni et al., 2005; Bittante et al., 2011a,b).

It is worth noting that optical measurements hagerbused without inducing

and monitoring rennet coagulation of milk sampl®spredicting MCP on the basis of
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the MIRS spectra of fresh milk samples through aper calibration with MCP
measured with mechanical lactodynamographs (Ddbital., 2008; De Marchi et al.,
2009). Cecchinato et al. (2009), comparing the gieparameters of MCP measured by
a mechanical lactodynamograph with those of MCRlipted by MIRS spectra, found
results similar to those obtained from the pressntly, with a slight increase of

heritability for RCT and a more pronounced increaiskeritability for a.

RELATIONSHIPS BETWEEN MCP MEASURED BY MECHANICAL AND OPTICAL

LACTODYNAMOGRAPHS

The genetic correlations between FRM and OPT fersdime MCP were much
higher than the corresponding phenotypic relatigpssirable 4). A similar result was
obtained by Cecchinato et al. (2009) for both RGO @&, predicted by MIRS or
measured by mechanical lactodynamograph.

The genetic correlation between RCT yielded by F&M OPT was very high
(0.974), as was the rank correlation of EBV of sir@nd the genetic correlation is only
slightly higher than that found in the same bregdQecchinato et al. (2009), who
compared measured and MIRS-predicted RCT (0.93ageeof 4 subsets). We can
assume that the use of MIRS prediction on frestcoagulated milk samples is almost
as efficient as, but much less expensive and tinosuming than, NIR
lactodynamograph estimates in a breeding progranediiat improving RCT as an
alternative to the use of traditional mechanicelddynamographs.

The genetic correlation betweegp &om FRM and OPT (0.917) was lower than
the corresponding value exhibited by RCT on theesamstrument (0.974), but much
higher than the genetic correlation between medsame MIRS predictedzgobtained
by Cecchinato et al. (2009). The genetic corretatibetween k20 andisafrom FRM
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and OPT are lower than for RCT ang @able 4), but no studies are currently available
in literature for comparison. The genetic correlatbetween RCT and@yielded by
OPT was slightly lower than that obtained by FRN.#69 vs. —0.856, respectively),
but indeed very high and much different from thaeaje correlation (-0.160) estimated
by Vallas et al. (2010) comparing log-transforme@TRand g, obtained by OPT. No

literature comparisons are possible for the oth€&Pv

CONCLUSIONS

Extending the standard 30-min testing time to 4% mdlowed us to measure
RCT of all milk samples andkfor most late-coagulating milks, avoiding NC restsr
The use of all RCT data (included those larger tB@nmin) led to higher additive
genetic and residual variances compared with tHosed in literature, but the
heritability remained almost unchanged. For FRMitakility of ko was similar to that
of RCT, but the genetic correlations with both R&Id a, were very high, so that the
value of kg for breeding purposes, beyond RCT, is questiondlble relevance of;gis
also questionable because of the high geneticlatime with RCT. Genetic parameters
for a5 have been estimated for the first time; this teadhibited a lower correlation
coefficient with RCT than g3, but compared withsa it was characterized by lower
heritability (only for FRM). The MCP estimated byP®D appeared to be different traits
from those measured by FRM with the exception offRBreeding strategies for the
enhancement of MCP must be planned with cautioasd?tly, the high throughput,
ease of use, and reduced costs of analysis ma#efoas obtained from MIRS on
untreated milk samples a promising alternativettier generation of relevant data at the

population level. The use of mechanical lactodyngraphs to establish the reference
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data for MIRS calibrations have been already stu@e Marchi et al., 2009), whereas
the use of NIR optical lactodynamographs as reteranethod for MIRS calibrations

needs to be investigated.
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TABLES AND FIGURES

Table 1. Descriptive statistics (n = 913) of milk coagubatiproperties assessed using
Formagraph(Foss Electric, Hillerad, Denmark) and Optigraphsé€ldaert, Frépillon,
France) instruments

Formagraph Optigraph
Mean SD P1 P99 Mean SD P1 P99
RCT, min 19.95 5.81 10.31  38.00 18.91 4.40 11.401.7G8
k20, min 5.36 3.12 1.45 17.30 8.16 2.97 3.70 17.80
a30, mm 30.09 11.34 0.40 51.04 27.23  10.80 2.35 .7955
a45, mm 33.66 8.43 9.03 52.20 41.49 11.54  11.87 .6270

Ip1=f percentile; P99 = %percentile.

’RCT = rennet coagulation time of samples coagujatithin 45 min from enzyme addition;de curd-
firming time of samples reaching 20 mm of firmnegthin 45 min from enzyme additionas, = curd
firmness at 30 min after enzyme additiefzg= curd firmness at 45 min after enzyme addition.
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Table 2. Features of marginal posterior densities of heiitg (h?), additive genetic (
o?), herd/date ¢ ), and residual variances?) of milk coagulation properties

assessed using Formagraph (Foss Electric, Hillel@dnmark) and Optigraph
(Ysebaert, Frépillon, France) instruments

Formagraph Optigraph
Trait'/parameter Mediarf HPD95% Median HPD95% A%
RCT, min
gs 7.092 3.12; 13.02 4.155 2.01; 7.32 -41.4
a'ﬁ 4.343 2.52;7.41 2.123 1.17; 3.63 -51.1
0'92 19.435 14.46; 23.65 10.979 8.37; 13.29 -43.5
h? 0.230 0.10; 0.41 0.241 0.12; 0.41 +4.8
Koo, Min
0’5 2.102 0.74; 4.33 3.128 1.29; 5.52 +48.8
a'ﬁ 0.286 2.52;7.40 0.363 0.07; 0.82 +26.9
ge2 7.535 5.73; 9.06 5.017 3.12;6.71 -33.4
h? 0.212 0.07; 0.41 0.368 0.15; 0.61 +73.6
ago, MM
gs 21.034 5.01; 46.23 23.815 5.94,; 49.52 +13.2
gﬁ 6.423 1.85; 13.57 10.541 5.08; 19.44 +64.1
ge2 95.327 74.01; 114.2 81.673 61.01; 100.3 -14.3
h? 0.171 0.04; 0.36 0.205 0.05; 0.40 +19.9
S5, MM
gs 8.368 1.74; 19.84 38.111 16.36; 67.22 +355.4
a'ﬁ 12.535 7.78; 20.02 9.795 4.57; 18.32 -21.9
0'92 48.96 39.38; 57.34 75.337 52.33; 96.87 +53.9
h? 0.120 0.02; 0.27 0.309 0.13;0.51 +157.5

'RCT = rennet coagulation time of samples coagudatithin 45 min from enzyme additionyde curd-
firming time of samples reaching 20 mm of firmnegthin 45 min from enzyme additionas, = curd
firmness at 30 min after enzyme additiefzg= curd firmness at 45 min after enzyme addition.

’Median = median of the marginal posterior densftihe parameter.

*HPD95% = lower and upper bounds of the 95% higpesterior density.

“Median of the marginal posterior density of thefafénce between variance components and
heritabilities for milk coagulation properties assed using Formagraph and Optigraph.
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Table 3. Deviance information criterion (DIC), mean squaegtbr (MSE), and Bayes
factor (BF) for analysis of milk coagulation propertigsder the model with (M+) and
without (M-) additive polygenic effects

Formagraph Optigraph

lten?’ M+ M- M+ M-

RCT, min
DIC 5,403.7 5,479.5 4,901.5 4,986.3
MSE 13.7 24.4 7.7 14.1
BF 239.8 12,193.2

Koo, Min
DIC 4,512.5 4,565.3 4,258.1 4,402.4
MSE 5.6 9.1 3.1 7.4
BF 11.9 4.8

8go, MM
DIC 6,796.2 6,841.7 6,670.9 6,730.9
MSE 70.3 102.1 58.7 94.1
BF 15.8 214.6

S5, MM
DIC 6,161.2 6,189.6 6,655.8 6,767.4
MSE 38.64 52.2 49.1 102.7
BF 3.75 494.4

'Bayes factor of the model with additive polygeniteets against the same model without additive
polygenic effects following Garcia-Cortés et aD@2).

“Formagraph from Foss Electric (Hillerad, Denmagptigraph from Ysebaert (Frépillon, France).

3RCT = rennet coagulation time of samples coaguatiithin 45 min from enzyme additionyde curd-
firming time of samples reaching 20 mm of firmnegthin 45 min from enzyme additionas, = curd

firmness at 30 min after enzyme additiefg= curd firmness at 45 min after enzyme addition.
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Table 4. Additive genetic I(y) and phenotypicrg) correlations within milk coagulation
properties assessed using Formagraph ( Foss,cEldiiterad, Denmark) and Optigraph
(Ysebaert, Frépillon, France) instruménts

Ig Ip

Trait® Median HPD95% Median HPD95%

RCT, min 0.974 0.896; 0.997 0.806 0.779; 0.831
Koo, Min 0.764 0.315; 0.992 0.518 0.462; 0.571
age, MM 0.917 0.610; 0.992 0.731 0.693; 0.764
a5, Mm 0.847 0.453; 0.991 0.426 0.359; 0.491

'Median = median of the marginal posterior densitythe parameter; HPD95% = lower and upper
bounds of the 95% highest posterior density.

RCT = rennet coagulation time of samples coagujatithin 45 min from enzyme addition;de curd-
firming time of samples reaching 20 mm of firmnegthin 45 min from enzyme additionag, = curd
firmness at 30 min after enzyme additieszg= curd firmness at 45 min after enzyme addition.
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Figure 1. Marginal posterior distributions of the heritatyilifor measures of rennet
coagulation time of samples coagulating within 4k ftom rennet addition [RCT,
min], curd-firming time within 45 min from renneddition [kyo, min], curd firmness at
30 min after rennet additiongg mm], and curd firmness at 45 min after renneitaxd
[a45, mm] assessed using Formagraph (FRM; Foss Eldtillerad, Denmark) and
Optigraph (OPT; Ysebaert, Frépillon, France) insieats
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Figure 2. Relationships between sire rankings based on EBMfrfeasures of rennet
coagulation time of samples coagulating within 4k ftom rennet addition (RCT,
min), curd-firming time measured within 45 min framnnet addition (¥, min), curd
firmness at 30 min after rennet additiono(anm), and curd firmness at 45 min after
rennet addition (@ mm) assessed using Formagraph (FRM; Foss Eléfiiered,
Denmark) and Optigraph (OPT; Ysebaert, FrépilloanEe) instruments
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ABSTRACT

Cheese yield is the most important technologicat tof milk, as cheese-making
uses a very high proportion of the milk producedldwide. Few studies have been
carried out at the level of individual milk-prodagi animals, due to a scarcity of
appropriate procedures for model-cheese produdiiencomplexity of cheese-making,
and the frequent use of the fat and protein (oeiodxontents of milk as a proxy of
cheese yield. Here, we report a high-throughputesbemanufacturing process that
mimics all phases of cheese-making, uses 1.5-L kemmg@f milk from individual
animals, and allows the simultaneous processingbasamples per run. Milk samples
were heated (35°C for 40 min), inoculated with tstaculture (90 min), mixed with
rennet (51.2 IMCUXxL-1 of milk), and recorded forlaeon time. Curds were cut twice
(10 and 15 min after gelation), separated fromwthey, drained (for 30 min), pressed
(three times, 20 min each, with the wheel turnezheeme), salted in brine (for 60 min),
weighed and sampled. Whey was collected, weighet sampled. Milk, curd, and
whey samples were analyzed for pH, total solidscéetent, and protein content. The
energy contents of the milk, curd and whey weremeded from their chemical
compositions. Three measures of cheese yield (&¥¢ walculated, C)(rp, CYsoLps,
and CXyater, Which represented the ratios between the weifjfresh curd, the total
solids of the curd, and the water content of thelcrespectively, and the weight of the
milk processed. Three measures of nutrient recoweeye computed, RE&Gr,
REGerotens @nd REGoLps, Which represented the ratio between the weightiseofat,
protein, and total solids in the curd, respectivalyd the corresponding nutrient in the
milk. The energy recovery, REQercy, represented the energy content of the cheese
versus that in the milk. This procedure was usegrtxess individual milk samples

obtained from 1,167 Brown Swiss cows reared in 8&l$ of the Alpine province of
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Trento (Italy). The assessed traits exhibited atmusmal distributions, with the
exception of REExr. The average values = SD were: &¥p = 14.97+1.86, C¥oLips

= 7.18+0.92, CWarer = 7.77£1.27, REfaT = 89.79+3.55, RERroTEIN = 78.08+2.43,
REGsoLps = 51.88+3.52, and RE&ercy = 67.19+3.29. All traits were highly
influenced by the herd/test date and days in nfilthe cow, moderately influenced by
parity and daily milk yield, and weakly influencdxy the utilized vat. Comparisons
among the analyzed traits indicated the followiBY:curp depends not only on the on
fat and protein (casein) contents of the milk, &lgb on their proportions retained in the
curd; the water trapped in curd has a variabilitghbr than that of C¥oLps (with
which it is moderately correlated) and significgnttontributes to explaining the
individual variability of CYcurp; REGar and REGroteN are variable, independent of
one another, and affect all cheese yield measlR€&so ps and REGnercy are
variable, highly correlated with each other, andorgjly affect all cheese vyield
measures. The described model cheese-producingdanee and the obtained results
provide new insight into the variation and relatibips among different cheese vyield
and recovery traits at the individual level. Clgaddditional research on this topic is
warranted, especially in terms of assessing thetgebackground of these traits and
methods for their indirect prediction.

Keywords: individual cheese yield; cheese-making; whey lost# recovery; protein

recovery

INTRODUCTION

Cheese yield (CY) is a key factor in the econonand profitability of dairy
industries. Cheese yield, the recovery of individugk constituents in the curd, and

their loss in the whey all define the efficiencytbe cheese-making process (Banks,
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2007). These indices are influenced by two maireetspof milk quality: 1) animal
concerns, such as the species (Othmane et al.,a2@&arelli et al., 2007), breed
(Malacarne et al., 2006; De Marchi et al., 2008tmaet al., 2009), stage of lactation
(Wedholm et al., 2006), parity (Wedholm et al., @)Geeding (Banks et al., 1986) and
health (Politis and Ng-Kwai-Hang, 1988); and 2) ditions, such as the handling and
storage of the milk prior to cheese-making, andtduhnologies adopted (Lucey and
Kelly, 1994).

In general, experimental cheese-making trials apemsive, time-consuming,
and only allow for a small number of replicates.the past 30 years, many studies
(Hicks et al., 1981; Hurtaud et al., 1995; Cologtaal., 2009) have described the
production of model cheeses through laboratory anaireese-making processes that
allow CY to be assessed from samples ranging fromL1to more than 10 L per
sample. Compared to trials carried out in cheedefgaplants, these laboratory
procedures offer the following benefits: the usesofall quantities of milk; reduced
time and costs required for experiments; more ptsgreatments or replications per
day; and the ability to estimate CY from individaalimals.

It is generally agreed that individual CY is an onjant parameter for studies
intended to test the existence of a genetic basitheése traits (Othmane et al., 2002a).
However, most of the studies that involve microeseemaking procedures have used
bulk milk, largely because it is very labor-interesito produce a high number of model
cheeses from individual milk samples. Numerous sstape involved, as follows:
individual milk sampling; milk analysis; milk weighg and heating; starter culture
preparation and inoculation; pH measurement; renprefparation and addition;

gelation-time recording and curd cutting; whey dage, sampling, and weighing; curd
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sampling and analysis; wheel formation, compresseaiting, and weighing; and
model-cheese ripening, weighing and analysis.

Two previous studies (Hurtaud et al., 1995; Wedhetral., 2006) estimated CY
from individual cows using a micro cheese-makingcedure; however, these studies
examined only 6 and 45 animals, respectively. Tioeee the aims of the present study
were: 1) to develop a model cheese-manufacturingcgss that supports the
measurement of CY at the individual level; 2), la@cterize milk nutrient and energy
recoveries in the curd at the individual level; @)dto investigate several sources of
variation for CY and nutrient/energy recoverieghe curd, using milk from individual

COws.

MATERIALS AND METHODS

ANIMALS AND MILK SAMPLING

Individual milk samples were obtained from a taifll,167 Brown Swiss cows
during the evening milking. Cows (two subsamplesqmev) were sampled from in 85
herds (15 cows per herd, with few exceptions) ket¢ah Trento province (Italy). The
present study is part of the Cowability—Cowplusjgcts. The sampling procedure was
described in detail by Cipolat-Gotet et al. (201&adl Cecchinato et al. (2012a), and the
production environment was as described in Stuetiad. (2012). After collection, milk
samples (without any preservative) were immediatedjrigerated at 4°C. One
subsample (50 ml; designated for milk compositiorlgsis) was transported to the
Milk Quality Laboratory of the Trento Breeders Asmtion. The second subsample
(about 2,000 ml; designated for cheese making)treasferred to the Milk Laboratory

of the Department of Agronomy, Food, Natural resesr Animals and Environment
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(DAFNAE) of the University of Padova (Legnaro, Padpltaly). All samples were
analyzed and processed the following morning, wi#0 h from collection. Information
about cows and herds was obtained from the Supenb@onsortium of Trento (Trento,
Italy).

Individual milk samples were analyzed for fat, pinf casein and somatic cell
score (SCC) using a MilkoScan FT6000 (Foss, Hide@enmark). SCC values were
log-transformed to SCS (Ali and Shook, 1980). Thk mpH values were obtained after
the heating step of the cheese-making processg usiiCrison Basic 25 electrode

(Crison, Barcelona, Spain).

MICRO CHEESE-MAKING PROCEDURE

The laboratory micro-manufacturing procedure fesessing CY proposed by
Cologna et al. (2009), which showed a good repddyaland reproducibility, was
modified for a larger quantity of milk per samplg500 mL). The cheese-making
facility consisted of three water baths (WBs) pdad with supplementary temperature
controllers and pumps for water mixing. Each WBteared five stainless steel micro-
vats (1,500-mL capacity). Thus, a single cheeseimyasession allowed analysis of up
to 15 (3 WB x 5 vats) individual milk samples. Eactilk sample (1,500 mL) was
subjected to the procedure summarized in Figure 1.

Briefly, raw milk was heated to 35°C, the pH wasargled, and the sample was
inoculated with starter culture, which consisted affreeze-dried formulation of
thermophilic lactic bacteria (DELVO-TEC TS-10A DSDSM) that was solubilized
with skim milk prior to use. The starter culture svased at a concentration 8-fold
higher than the recommended by the, to reducedidéieation time to 90 minutes and

minimize the role of the microflora present in ek samples. Commercial rennet
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[Hansen standard 160 with 80 £ 5% chymosin and ZYatpepsin; 160 international
milk clotting units (IMCU) xmL-1; Pacovis Amrein A@ern, Switzerland] was diluted
20:1 with distilled water, and 9.6 mL of rennetwan was added to each vat (final
concentration, 51.2 IMCU xL-1 of milk). The milkmeet coagulation time (RCT) was
detected by visual observation. A double orthogaeatical cut was made 10 minutes
after RCT. Five minutes after the first cut, thedcwas reduced into cubes of about 1
cma3. After 5 minutes, the curd was separated fimenvthey and suspended on a cheese
mold for 30 minutes; the mold was suspended overvthey-containing vat and the
curd was turned every 2 minutes to facilitate drajn After draining, the whey was
weighed and sampled for analysis of pH and comipositsing a MilkoScan FT2 (Foss,
Hillerad, Denmark). The curd was pressed for 60utes at 2.5 bar with turning every
20 minutes. Finally, the curd was salted for 60utes in brine (saturated solution; 20%
NacCl). After brining, the cheese wheel was weigleed] the pH was measured and the
composition was determined using a FoodScan (FtiBsrgd, Denmark).. The acidity
(pH) values of the curd and whey were measuredguailCrison Basic 20 electrode

(Crison, Barcelona, Spain).

DEFINITION OF TRAITS

All assessed traits were based on the weights henhical compositions of the
milk, and whey. The classical formula for cheesady(CYcurp, %) can be written as
follows:

weight of curd (g)

CYCURD (%) = * 100

weight of milk (g)

The weight of the curd was taken after brining.
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Cheese yield was also calculated for the totatsqIC YsoLips, %) and water (C¥ater,
%) of the curd, as:

milk total solids (g)— whey total solids (g)

[0) = *
CYsoLips(%) weight of milk (g) 100

milk water (g)—whey water (g)

CYWATER (%) = * 100

weight of milk (g)

Considering the weight (g) of the individual compats of the milk and curd, the

recoveries (%) of milk protein, fat and total selid the curd were calculated as:

milk protein (g)— whey protein (g) *100
milk protein (g)

REGeroTeN(%) =

milk fat (g)— whey fat (g) 100

REG:at (%) = milk fat (g)

milk total solids (g)— whey total solids (g)

RE %) = “1
Csovips (%) milk total solids (g) 00

The recovery of energy in the curd was also caledlasing:

milk energy (k])— whey energy (Kk])

RECenerey = milk energy (Kk]) 100

The energy of milk and whey was calculated usirguhlues proposed by the National
Research Council (2001) and converted to kJxg41=<fa8.89 kJxg-1; protein = 23.90
kJxg-1; lactose = 16.53 kJxg-1). The energy ofciimel (kJxg-1) was estimated as the

difference between the energy of the milk and whey.

STATISTICAL ANALYSIS

Sources of variation of CYs and RECs were invetgdjausing the GLM

procedure of SAS (SAS Inst. Inc., Cary, NC). Theibanodel (Model 1) was:
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Yikim = + HTD; + DIM; + parity + vat + 6jm,
where Yum is the observed trait (Gro, CYsoLpss CYwater, REGroten REGeaT,
REGsoLips or REGeneray); 1 IS the overall intercept of the model; HiT@Derd/test date)
is the fixed effect of the ith herd-sampling date (L to 85); DIV is the fixed effect of
the jth class of days in milk (j =1 to 11; class<130 days, class 2: 30 to 60 days, class
3: 61 to 90 days; class 4: 91 to 120 days; clag®b:to 150 days; class 6: 151 to 180
days; class 7: 181 to 210 days; class 8: 211 tod248; class 9: 241 to 270 days; class
10: 271 to 300 days; class 11: > 300 days ); pastthe fixed effect of the kth parity of
the cow (k = 1 to 5 or more); vas the fixed effect of the Ith number of the Viat (1 to
15); and eijkim is the residual random error terrN <0, c2e). Then, another model
(Model 2) was fitted by taking the basic model anttoducing the effect of milk
production (Milk Yield, MY; kgxd-1; 7 classes: cta$<14.48; class 2: 14.49 to 18.43,;
class 3: 18.44 to 22.37; class 4: 22.38 to 26.86s05: 26.32 to 30.26; class 6: 30.27 to
34.20; class & 34.21) to highlight any potential multicollineariwith the explanatory

variables of Model 1.

RESULTS

CHARACTERISTICS OF INDIVIDUAL SAMPLES

Table 1 shows descriptive statistics for the vaiquroduction traits. The
sampled cows represented different stages of ianté25-388 days in milk; DIM) and
parities (1-5). The mean of milk yield (MY) and S@&re 24.34 kgxd-1 and 2.98,
respectively, and showed large coefficients ofataon (32.4 and 62.4%, respectively).

The mean values and SD of the milk, whey and cordpositions are given in

Table 2. The milk fat, protein, casein (data naivei) and lactose contents of Brown
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Swiss milk averaged 4.38, 3.75, 2.88, and 4.77%pedively. The contents of fat and
protein in the whey were, respectively, slightlglner than 0.5% and slightly lower than
1.0%; together with lactose and minerals, they rdomied to a total solid average
content of 7.79%.

The average cheese fat, protein and lactose (&ctasl content was determined
by the difference between the milk lactose contemtl the whey lactose content)
contents obtained using our individual model-chgaseluction procedure were 26.17,
19.51 and 2.59%, respectively, contributing to tltsolid content of almost 50%
(Table 2).

The coefficients of variation for milk, whey, andrd were greater than that of
fat, followed by protein, total solids, lactose autd; the only exception was the lactose
content of curd, which showed a high coefficienvafiability but a low average value.

Table 3 shows descriptive statistics for the CY R values, while Figures 2
and 3 give the corresponding distributions of theividual observations. The means
value for CYcyurp after brining was 14.97%, while those of &Yips and CXyater
were 7.18 and 7.77%, respectively, each repregeatout half of C¥urp; this was
confirmed by the total solids content of the cusdhich was 48.38% (Table 2). The
coefficient of variation for Cater Was higher (16.34%) than the corresponding values
for CYcurp and CYsoups (12.42 and 12.81, respectively). All of these tsravere
almost normally distributed (Figure 2), with kurtoand skewness values close to zero.
The recoveries of protein, fat, total solids andrgg averaged 78.08, 89.79. 51.88 and
67.19%, respectively. All of the recoveries ext@litSDs higher than those of the CYs,
but had lower coefficients of variation (3.1% faofein recovery and 6.8% for total

solids). As shown in Figure 3, only RE& yielded a clearly non-normal distribution,
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with kurtosis and skewness of 1.119 and -0.99%ews/ely; this may be explained by
the proximity of the mean value to 100%.

The Pearson product-moment correlations and resadueelations for the CYs
and RECs are summarized in Table 4. The correlati@ween the different CYs were
all significant (P < 0.001); they showed higheruneas when C¥urp Was related to its
components, C¥oLps and CXyater (77-87%), whereas the two components of the
curd showed less correlation with each other (444

For the recoveries, the Pearson and residual atioes between RERoteN
and REGat were not significant (-3 and -6%), indicating thiz recovery of these two
components in the curd is independent. The recesai both curd components were
moderately correlated to RE&ips and REGnercy, and were more highly correlated
with fat than protein; this was expected, givendgheater variability and energy content
of fat. The correlations between RE&{ips and REGnercy Were strong (91-93%); this
was expected, given that both recoveries depentheifat and protein contents of the
curd.

The dependences of CYs on the RECs of protein ahdvére positive and
moderate, while the dependences ofcGrb and CYsoLps On total solids and energy

were higher than those of GXter.

FACTORS THAT AFFECT THE VARIATION OF CYs AND RECs

The results from our analysis of the effects inellidn the linear models (M1
and M2) are given in Table 5. For Model 1, the Goeints of determination for the
CYs ranged from 0.39 for G%.ps to 0.53 for CYyater. Days in milk (DIM) was the
most important source of variation, showing thehkg} F-valuesR < 0.001). The

inclusion of daily milk yield (MY) in the model apmximately halved the F values of
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DIM, but the latter still remained the most impaittdactor affecting variation of all
CYs. For all three CYs, lactation number showedead opposite that of milk yield,
with CYs decreasing from the first to second mowthlactation and gradually
increasing thereafter; this was evident both whefiwés included in the model (Figure
4a) and when it was not (data not shown). When Maé wncluded, the difference
between the second and the last class of DIM wa&rldhan when MY was not
included. In the former case, the maximum diffeemnbetween the least square means
of the peak and the end of lactation were 2.017 @& 1.14%, for C¥urp, CYsoLps
and CYXyater, respectively. The corresponding values when M¥ excluded from the
model were 2.41, 1.11, and 1.29%, respectively.

In Model 2, the effect of MY was significant for G¥zp (P < 0.01) and
CYsoups (P < 0.001), but not for C¥ater, although theAR? between the two linear
models (including or excluding MY) for both depenti&ariables was close to zero.
The least square means for MY (Figure 5a) showed tihe CYs decreased with
increasing of milk production.

All CYs were influenced by the herd/test date (HFDx 0.001); the maximum
differences of the least squares means (Modeldih fthe 85 herds were 4.84% for
CYcurp, 2.10% for C¥oLips and 4.31% for C¥jater (data not shown).

The effect of parity was not significant for €Y ps, while CYcurp and
CYwater decreased from first- to third-parity cows (Fig6eg.

Considering the recoveries of milk constituentthim curd, all the coefficients of
determination (Model 1) exhibited?Ralues of 0.31 for REGercy and values equal or
close to 0.40 for the other traits. Lactation stdgiM) was the most important effect
for all of the RECs, except for Rkkotein Which was highly influenced by paritl? €

0.001). Whereas RE&r showed important differences during lactation, rdasing
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3.23% until mid-lactation, REoten had a much lower variability with respect to
lactation (Figure 4b). Both REGLps and REGnercy €xhibited trend similar to those
of the CYs, with the highest values seen at theafihactation (Figure 4c).

Regarding the effect of MY (Model 2), the ANOVA s were similar to those
obtained for the CYs, with thaR? very small and the F-value halved for DIM. Milk
yield was significant only for RE& ps (P < 0.01), with total solid recovery decreasing
as milk production increased. Although the effe€tMY was not significant for
REGeroTen this trait tended to increase as MY increased.

For the RECs, the effect of herd/test date showsdjmificant variability; the
maximum differences between the least squares m@andel 1) of 85 herds were
7.18% for REGroten 12.86% for REGat, 7.25% for REGoLps and 7.33% for
REGenercy (data not shown).

We observed an important effect of parity for Rk&en (P < 0.001), with this
trait decreasing in the older cows (Figure 6b). Huwr other RECs, this source of
variation was not significant.

The effect of vat was significant only for G¥.ips (P < 0.05), REGoLps (P <
0.01 Model 1P < 0.05 Model 2) and RE&ercy (P < 0.05; Model 1), emphasizing that
the utilized micro cheese-making procedure exhibié® acceptable reproducibility

between vats.

DISCUSSION

MODEL CHEESE-MAKING PROCEDURE

Numerous attempts have been made to mimic the esnmubcesses of cheese-

making on a small scale in the laboratory settivMgny different procedures have been
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proposed, ranging from very simple protocols tdtegues that resemble the industrial
processes. All of these methods have been basétemsieps of milk heating, enzyme
addition, whey separation and curd weighing.

In general, the simpler protocols use very smalbambs of milk, stop the
coagulation and syneresis processes at a fixed ftione enzyme addition rather than
from coagulation time (which is not recorded), amse centrifugation for whey
separation. These techniques allow the simultanpmeessing of many samples but do
not allow researchers to analyze different chareties of individual model cheeses.
For example, Hurtaud et al. (1995) described a q@ore in which 100-mL milk
samples were incubated in an oven for 1 h afteyraezaddition. Othmane et al.
(2002a) simultaneously evaluated cheese yield fé@mindividual samples of ewe’s
milk (10 mL), using Pyrex glass tubes as individuals. The most extreme technique
was used by Bachmann et al. (2009), who screemeistultures using as little as 1.7
mL milk (average curd weight, 0.17 g). Insteadrafividual vats, the authors used the
wells of a 2-mL deep-well microplate, which allowédem to process up to 600
samples per run.

The more protocols more close to industrial proegsse typically carried out
on larger amounts of milk; in them, the coagulatmal syneresis processes are stopped
at a fixed time from enzyme addition or from coagn time (which may be
recorded), and the curd is drained and pressewlfiey separation. These techniques
allow the simultaneous processing of relatively famples, but do enable researchers
to analyze individual model cheeses. The quanfityitk utilized in such processes has
varied. Pereira et al. (2010) processed 200-mL &mmip glass flasks using an oven;
Cologna et al. (2009) processed 500-mL samplegaimless steel mini-vats using a

water bath; Marziali and Ng-Kwai-Hang (1996) prazss 2,000-mL samples in plastic
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containers in a water bath; Milesi et al. (2007)gassed 2,000-mL samples in large
glass flasks incubated in a water bath; Wedholnale{2006) processed 4,000-mL
samples in laboratory-scale cheese vats; and Fetgan (2007) and Jacob et al. (2010)
processed 7,000-mL samples in laboratory-scale sehemts. Some authors have
applied even larger scales for the production oflehncheeses, such as the use of more
than 30 L milk in pilot-scale cheese plants to gttlte effects of breed (Verdier et al.,
1995; Mistry et al., 2002; Martin et al., 2009)eding regime (Kefford et al., 1995;
Verdier et al., 1995; Hurtaud et al., 2009), andes®e-making technique (Johnson et al.,

2001; Jacob et al., 2010).

CHEESE YIELD

The average fresh cheese yield obtained in theepretudy (15.0%) is higher
than that often found in the literature. This isnarily because we used milk from
Brown Swiss cows.

The Italian Brown Swiss cattle breed ranks secamdray all dairy breeds in
Italy in terms of both the number of cows reared #dre average milk yield (ANARB,
2011). This breed is generally found in areas whar@ronmental constraints limit
potential milk production, such as in the mountand southern portions of the country
(ANARB, 2011). These constraints were reflectethmaverage milk yield of the cows
used for the present study (Table 1). The milk poed by Brown Swiss cows is used
mainly for the production of traditional cheesesttican obtain the Protected
Designation of Origin (PDO) certification from theuropean Union (Bittante et al.,
2011a and b). In this case, the quality of the n{ilk terms of contents and
technological properties) is fundamental, and tineese yield and quality are the most

important traits in determining milk price (Sturagbal., 2012).
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Italian Brown Swiss cows are currently selectedntyaaccording to the protein
yield and percentage of milk (ANARB, 2011). Thidestion strategy explains the high
protein and casein contents of the milk used in ghesent research (Table 2) and
confirms results obtained by other authors in thme breed (Samoré et al., 2007,
2012). The B allele of the CSN3 gene (encodincpsein) is also included in the
selection index. This is intended to favor the Hart improvement of the strong
coagulation properties (Comin et al., 2008; Perssal., 2010) that characterize milk
from Brown Swiss cows (De Marchi et al., 2007; Cecato et al., 2011; Bittante et al.,
2012b). Moreover, the breed has favorable gendtaracteristics with regard to
milkability, fertility, and longevity (Povinelli eal., 2003; Dal Zotto et al., 2007; Tiezzi
et al., 2011 and 2012).

The effect of herd/test date was important, asGMeurp of the best herd/test
date was almost 5% higher than the worst, evem aftecorrected for parity, days in
milk and milk yield. Herd/test date is generallyepted as summarizing the effects on
CYcurp Of the farm type, feeding regime (Kefford et dl995; Verdier-Metz et al.,
1998) and season (Bynum and Olson, 1982; Summait.,eR003), as well as the
reproducibility, which was previously establishedoe quite good for a cheese-making
procedure very similar to that used in the presamdy (Cologna et al., 2009).

For the causes of variation related to the indi@ldanimal, an increase in MY is
known to reduce the protein and fat content of sl its negative effect on G¥rp
(Figure 6a) is not unexpected. Parity and DIM affdy and composition (Kefford et
al., 1995), so the lower GYrp of older cows and those in the first half of ldicta is
also not unexpected (data not shown). The preworegported effects of parity and
lactation stage on cheese yield were generallycookected for MY, so these effects

remained somewhat obscure. In the present studyeftbct on C¥yrp of both parity
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and DIM remained significant even after we includ#d in the model, even though the
maximum differences were reduced. In fact, the emded C¥urp Was significantly

higher in first and second calving cows versus oloevs (Figure 5a), and increased
almost linearly from the second month to the enthoffation (Figure 4a). These results
seem to indicate that milk yield and compositioe aot the only factors that affect

cheese yield.

TOTAL SOLIDS AND WATER RETENTION IN THE CHEESE

Water retention in cheese varies and is influenoceminly by processing
conditions, such as the type and concentratiormhet, the cutting time and intensity,
the draining and pressing of wheels, the saltichrigue, and the length and climatic
conditions of ripening (Remeuf et al., 1991; Janamg Qvist, 2010; Everard et al.,
2011). To exclude the effect of variations in thatev content of the cheese, some
authors have calculated the total solid cheesd yeldry matter cheese yield), which is
expressed as the ratio between the dry matter moot¢he cheese and the weight of the
processed milk (Fagan et al., 2007).

In the case of model cheeses, it may not be feasiblanalyze the chemical
composition of the curd if a very small quantityrofik is used. In addition, the use of
centrifugation to separate the whey from the cuehms that the water retention is not
representative of that achieved through a standaegse-making process. €Y ps IS
more often obtained in larger model cheese-makionggsses, such as those performed
in pilot plants during the study of processing taghes (Fagan et al., 2007; Jacob et al.,
2010).

In the case of model cheeses produced using veajl amounts of milk, only

the procedure proposed by Melilli et al. (2002)omsed on the direct estimation of
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CYsoLps However the authors used this procedure to préaécresults obtained with
the formula of Van Slike and Publow (1910), thusiding the need to analyze milk fat
and protein. The average &Y ps obtained by Melilli et al. (2002) was 6.59%, whase
that found in the present study was 7.18%; thieihce may be largely explained by
differences in milk composition (3.83 vs. 4.38% fat and 2.98 vs. 3.75% for protein,
respectively).

The effect of herd, parity, DIM and MY on the ambwoih water retained in the
curd as a fraction of the weight of processed @k warer) had not previously been
studied at the individual level. Total solids reggeted 48% of the fresh curd after
brining, which was similar to the proportions foubg other authors using similar
conditions (Verdier-Metz et al., 2001; Martin et, &009). Thus, water contributed
slightly more than total solids to cheese yieldB(Vs. 7.2%, respectively; Table 1).
CYwater Was also characterized by a higher phenotypicficoeit of variation with

respect to C¥ops (16.3 vs. 12.8%, respectively).

PROTEIN RECOVERY IN THE CHEESE AND LOSSES IN WHEY

Proteins play a fundamental role in the coagulatind syneresis processes that
characterize cheese-making (Emmons et al., 200@),tlze loss of proteins in whey
reduce the cheese yield (Hallen et al., 2009).

Since 1895 (Emmons and Modler, 2010), almost allgredictive formulas for
estimating cheese yield have been based on knowleflthe protein (or casein/para-
caseinate) and fat contents of milk (Van Slyke Bnide, 1952; Banks et al., 1981 and
1984; Emmons et al., 1990), or the sum of therfidt @otein contents (Verdier-Metz et
al., 2001). All of these formulas assume that geovery of milk protein and fat in the

curd is constant. However, this assumption is ealitted by the results obtained by
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Aleandri et al. (1989), who found a curvilinearat@nship between the protein content
of milk and the Parmesan cheese yield. The sameo@utaind others (Bynum and
Olson, 1982; Ng-Kwai-Hung et al., 1989; lkonen &f 4999; Johnson et al., 2001)
found that cheese vyield is also affected by theyalaion properties of milk, although
this has been disputed by some (Riddell-Lawrenak Hicks, 1989). Bittante et al.
(2012b) reviewed the complex relationships betweehnological traits and other milk
traits, particularly acidity, the casein proportiamd genetic variants.

The effects of farming conditions, cow feed (Summieal., 2003), and cheese-
making technologies (Bynum and Olson, 1982) on R&&n have been widely
studied, but few studies have examined the effefcisdividual sources of variation on
this trait. Kefford et al. (1995) failed to findffirences in REGroten When examining
cheese made from milk of mid- or late- lactatiorwso This is consistent with the
results of the present study, as we found that /REfgin increased only during the
initial stage of lactation.

The descriptive statistics in Table 3 show that #iverage recovery of milk
protein in curd after brining was almost identittathe casein index (78.08 vs. 78.05%,
respectively). However, the former trait had an rapgble variability coefficient
(3.1%), and previous studies showed that the regowé casein in cheese can be
substantially lower than 100%. For example, Bynurd ®Ison (1982) studied typical
Cheddar cheese production and obtained a crudeipneacovery of 88.6+£2.34% with
respect to the casein content of the processed. mikonen et al. (1999) studied
Emmental cheese production and obtained fefgn values of 72.9 and 71.7% for
milk with good coagulation and a casein index of77%ersus milk with poor
coagulation and a casein index of 79.1, respegti@&immer et al. (2003), in a study on

seasonal variations, and Malacarne et al. (20863,9tudy comparing milk from Italian
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Friesian and Italian Brown Swiss cows, examinedParmigiano-Reggiano cheese
production and found protein losses in whey of 26.8nd 26.8+1.0%, respectively,
casein indices of 77.4+0.9, and 77.3x0.7, respelgtivand no significant effect of
season or breed. Moreover, Bittante et al. (204Ra)yzed the same dataset used in the
present study and obtained high estimates for ¢hesa-herd and intra-herd heritability

of REGerotein (35.3 and 49.0%, respectively).

FAT RECOVERY IN CHEESE AND LOSSES IN WHEY

The average fat recovery in the curd was closé)#.9The reported variability
in this measure is mainly related to the utilizdteese-making technology, season,
farming conditions and feed (Bynum and Olson, 19B@mmer et al., 2003). Only a
few results are available regarding individual pitgpic causes of variation. Among
them, Kefford et al. (1995) found that the RizsE€does not differ between milk from
mid- and late- lactation cows.

The contribution of fat to coagulation and synesésiless important than that of
proteins, but fat recovery in the curd and lossethé whey are important for the final
cheese yield, and are influenced by both coaguati@ syneresis (Fagan et al., 2007).

The genetic effects of breed and milk protein vasahave been discussed by
Bittante et al. (2012a). The same authors alsortegpofrom an estimation based on the
same dataset used in the present study, that-RHEE heritable, though to a lesser
degree than REGoten (0.14 and 0.21 for across-herd and intra-herdtddality,

respectively).
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TOTAL SOLIDS AND ENERGY RECOVERY IN CHEESE AND LOSSES IN WHEY

Only slightly more than half of the total solidsepent in milk (on average) are
captured in the curd coagulum (Verdier et al., 190&ford et al., 1995; Verdier-Metz
et al., 1998), but they represent about two thotishe total energy content of milk
(Table 3). Both REGo11ps and REGnercy are characterized by coefficients of variation
(6.8 and 4.9%, respectively) greater than thoseth&f major individual cheese
components.

A study carried out by Verdier et al. (1995) did show any effect of breed or
diet on REGoLps However, a few years later Verdier-Metz et aB98) found that
both factors had significant effects on this trait.

A large effect of the stage of lactation on RGos and the recovery of non-fat
solids was found by Kefford et al. (1995), althoubhir study involved cheese-making
carried out on bulk milk and the model did not udz MY.

After correction for the fat and protein contentsfrient recoveries from milk
and water retention in the curd can explain a lgge of the residual variability in
cheese yield, both between and within breeds.

The importance of these findings was highlightedrésearch conducted in the
same area as the present study (Trento Provinctheast Italy) on the production of
three traditional PDO cheeses. De Marchi et al08dound that the cheese yields
obtained using milk from Brown Swiss cows were leigthan those obtained using
milk from Holstein Friesian cows reared in the sdmeds for the production of all the
three cheese types. The same authors found thatpart of the differences in cheese
yield between the two breeds could be explainedliffgrences in the fat and protein
contents of the milk. Despite similar fat:proteiatios in the milk, comparison of

Casolet cheese made from the milk of Brown Swisgsoeersus Holstein Friesian cows
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showed that the former had a higher superioritgheese yield (+12%) than in the
protein content of milk (+8.2%). The same was fofmdVezzena cheese production
(+17 vs. +10%, respectively) and Grana del Trent{mo Trentingrana) cheese
production (+12 vs. +7.7%, respectively). Similasults were obtained by Martin et al.
(2009) when comparing the cheese vyields of Holsaeith Montbeliarde cows in Cantal
cheese production; only about half of the supdsiai cheese yield from Montbeliarde
milk was explained by its superiority in proteindafat content. In studies using milk
standardized to a 1.15 fat:protein ratio from Halst Montbeliarde and Tarentaise cows
for the production of Saint-Nectaire cheese, howeverdier et al. (1995) and Verdier-
Metz et al. (1998) failed to find significant difemces among the breeds in terms of
CYcurp, though the latter authors found a difference HCk ps Comparing Holstein
and Jersey cows, which have similar milk coaguhapooperties, Auldist et al. (2004)
found a higher C¥urp for Jersey cows, which was expected given théierdinces in
milk composition, but a similar “moisture adjustelteese yield/100 kg of milk solids”
(similar to REGoLps). Furthermore, the difference in GYkp disappeared when the
Holstein milk was modified to reach the fat/prot@ind total solid contents seen in
Jersey milk.

These between-breed differences may be at leasalfyadue to differences in
the population frequencies of genetic variationmiltk proteins. For example, Walsh et
al. (1998) found that milk with the B variant efcasein is associated with a
significantly greater cheese yield than milk witle tA variant, even after the data were

corrected for milk composition.
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CONCLUSIONS

In conclusion, we herein describe a model cheeséuyging process that mimics
all phases of cheese-making, and show that it @wvdsy useful for studying the
variation among individual cows in terms of cheggéd and composition.

The ability to analyze milk, curd and whey samm#ewed us to compute the
complete nutrient balance and estimate the cheeddsy(expressed as the ratios
between the weight of fresh curd, dry matter odcur water content of curd and the
weight of the milk), nutrient recoveries (expressedthe ratio between the content of
protein, fat or total solids in curd and the contehthe corresponding nutrient in the
milk) and energy recovery (expressed as the ratiovden the energy content of the
curd and that of the milk).

All of the analyzed yield and recovery traits vdrisubstantially among
individual cows and showed an almost normal distrdn, with the exception of
REG:a7. Herd/test date and days in milk affected nedtlgfahe analyzed traits. Parity
and milk yield were much less important, and tHeafof the utilized cheese-making
vat was often not significant, confirming the gaeg@roducibility of our technique.

Comparisons among the analyzed traits indicate that

» the cheese yield does not depend solely on than@tprotein (casein)
contents of milk;

» the water trapped in curd has a higher variabilitgn the total solids
(although the two show a moderate correlation), dahd former
contributes significantly to explaining the indival variability of cheese
yield;

* milk fat and protein recoveries in curd, and thesses in whey, are

variable, independent of each other, affected byd/test date and
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individual causes of variation (parity, DIM and MYgnd strongly affect
all of the tested cheese yield measures; and

» total solid and energy recoveries in curd, andrtlesses in whey, are
variable, correlated with each other, affected bsdfdate and individual
causes of variation, and strongly affect all of #malyzed cheese yield
measures.

The model cheese procedure described herein ancks$h#s obtained using it
on 1,167 samples from individual cows should ftetdé our understanding of the
variability and relationships among different cleeggeld and recovery traits at the
individual level. Furthermore, our findings undemsethe need for further research on
this topic, especially into the genetic backgrountithese traits and methods for their

indirect prediction.
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TABLES AND FIGURES

Table 1. Descriptive statistics of production traits

Trait’ N Mean SD P5 P95
Milk Yield, kgxd* 1243 24.34 7.89 12.30 37.90
DIM, d 1201 179.47 110.38 25.00 388.00
Parity 1264 2.54 1.39 1.00 5900
SCS, units 1260 2.98 1.86 0.19 6.20

Ip5 = " percentile; P95 = J5percentile.
“class of parity = 5 includes also parities > 5.

%3CS = log2 (SCCx1IY) + 3.

Table 2. Descriptive statistics of components of milk, wled curd (n = 1264)

. Milk Whey Curd
Trait
Mean SD Mean SD Mean SD

TS, % 13.89 1.05 7.79 0.33 48.38 4.79
Fat, % 4.38 0.90 0.53 0.22 26.17 5.05
Protein, % 3.75 0.43 0.97 0.16 19.51 1.66
Lactose, % 4,77 0.24 5.15 0.21 2.59 1.30
pH 6.64 0.08 6.42 0.14 6.22 0.23

Table 3. Descriptive statistics of individual cheese yigldgrd, solids and water) and
milk component recoveries (protein, fat, solid=reyy)?

Trait N Mean SD P5 P95
CYcurp, % 1,162 14.97 1.86 12.03 18.12
CYsoLps % 1,153 7.18 0.92 5.75 8.73
CYwarer, % 1,156 .77 1.27 5.84 9.90
REGorotein %0 1,158 78.08 2.43 73.90 81.96
REGeat, % 1,143 89.79 3.55 82.67 94.41
REGCsoLips, %0 1,157 51.88 3.52 46.01 57.64
REGeneray, % 1,144 67.19 3.29 61.78 72.42

Ip5 = §" percentile; P95 = J5percentile.
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Table 4. Pearson product-moment correlations between iddaticheese yields (curd,
solids and water) and milk components recoveriest¢p, fat, solids, energy) above
diagonal and correlations between residuals beiagomal

CYCURD CYSOLIDS CYWATER RECF‘ROTEIN REG:AT RECSOLIDS R EGENERGY

CYcurp - 0777 087 0.39~ 024"  0.78" 0.66
CYsoups  0.787 - 0.44" 0.21" 0317  0.957 0.85"
CYwarer 0.85° 042" - 0.41" 0117 047 0.377
REGwroren 0.45°  0.33° 047 - 0.0 020" 0.24"
REGear 0.34" 0.38" 0.21" -0.06" - 0.46" 0.64"
REGsolps 0.787  0.937 0.44" 0.317 0.54" - 0.91"
REGqnerey 0.69°  0.887 0.36" 0.36" 0.65" 0.93" -

*P < 0.05; **P < 0.01; **P < 0.001;™ not significant.

Table 5. Results of ANOVA of individual cheese yields (cusolids and water) and
milk components recoveries (protein, fat, solidergy)

Model Trait EFFECT

R AR® RMSE HTD DIM Parity Vat MY
M1 CYcuro  0.48 1.40 6.76 2859 6.07  1.37°
M2 049 001 139 701 13.04" 4027 110 333
M1 CYsops  0.39 0.75 4.47 2369  1.358° 195
M2 041 002 074 483 985 134 177 463
M1 CYwarer  0.53 091 10.25 18.28" 8.11 " 1.38"
M2 053 000 091 1030 898" 585 1.21 1.33"
M1 REGroren 0.40 1.97 610 258 1825 0.89*
M2 041 001 197 6.08 3.16 2036 0.79° 225
M1 REGar  0.40 289 719 8477 0.44° 1.31¢
M2 041 001 289 6.74 709" 047° 127 1.19°
M1 REGsoups 0.38 2.86 458 21200 051 210
M2 039 0.01 285 475 10.17° 1.48° 1.87 327
M1 REGwnerey 0.31 285 448 5977 0.20° 1.80
M2 032 0.01 284 440 4117 0.27° 1.67°% 1.49"

*P < 0.05; *P < 0.01; **P < 0.001;™ not significant.
'RMSE = Root means square error.
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Figure 1. Flow chart for the micro model cheese-making

| Milk sampling (1,500 mL) |

| Milk heating, 40 min (35°C) |
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| Coagulation (35°C) |

| Curd firming, 10 min (35°C) |

| Cross cutting |

| Syneresis, 5 min (35°C) |

Fine cutting, (1 cm)

> Physico-chemical analyses

| Curd separation

rlllllllllllllllllllllllllllllllllllllll

| Whey separation |«——| Curd draining, 30 min
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| Whey weighing | | Wheel formation (tot cm §)

4 v

| Whey analyses | | 1st Pressing, 20 min (2,5 bar)

| Wheel turning

)

| 2nd pressing, 20 min (2,5 bar)

| Wheel turning,

'
4

| 3rd pressing, 20 min (2,5 bar)

3

| Salting in brine, 60 min

¥
| Wheel weighing
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<lllllllllllllllllllllllllllllllllllllllllllll

+| Coagulation time recording

—>| Physico-chemical analyses
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Cheese yields and nutrient recoveries
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Figure 2. Distribution of individual C¥urp [@] CYsoLips[b] and C¥yater [C]
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Figure3. Distribution of REGROTE|N [a], RECFAT [b], RECSOLIDS [C] and RE(ENERey[d]
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Figure 4. Least square means of &), CYsoLips, CYwaTER [a], REGroten REGeaT
[b], REGsoLips and REGneray [C] Over days in milk obtained with Model 2 (mijkeld

is included in the model)
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Figure 5. Least square means of €)&p, CYsoLips, CYwater [a], REGrotein REGeaT

[b], REGsoLips and REGneray [C] across parities obtained with Model 2 (milleld is
included in the model)
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Figure 6. Least square means of €X%p, CYsoupss CYwarer [a], REGoLps,
REGeroten [b], for MY (kgxd™) obtained with Model 2
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ABSTRACT

Cheese yield (CY) is the most important technolagiait in the dairy industry
and the objective of this study was to estimategreetic parameters of cheese yield for
the first time, as measured in a dairy cattle pajah using an individual model-cheese
production procedure. A total of 1,167 Brown Swissvs belonging to 85 herds were
sampled once (a maximum of 15 cows were sampledigrer on a single day, 1 or 2
herds per week). From each cow, 1,500 mL of midswrocessed according to the
following steps: milk sampling and heating, cultaedition, rennet addition, gelation-
time recording, curd cutting, whey draining and phng, wheel formation, pressing,
salting in brine, weighing, and cheese samplinge Tbmpositions of individual milk,
whey and curd samples were determined. The analyagd included: three different
measures of cheese yield taken as the weight offrdsh salted cheese (G)kp),
cheese total solids (G¥Lps), and cheese water (@Xter) as a percentage of the
weight of milk processed; and four nutrient recee®rtaken as the weight of the fat
(REGeat), protein (REGroten), and total solids (RE€ps) in the cheese as a
percentage of the same nutrient in milk; and therggn(REGnercy) in the cheese as a
percentage of that in milk. For statistical anaydayesian univariate and bivariate
animal models were implemented via Gibbs sampliige effects of parity (1 to 4 and
more), days in milk (6 classes), and laboratory (&t vats) were assigned flat priors;
those of herd/test-date, animal, and residual wgaren Gaussian prior distributions.
The results revealed the following: 1) The heriibestimates of C¥urp, CYsoLps
and C¥yarer ranged from 0.224 to 0.267; these were larger tharestimates obtained
for milk yield (0.182) and milk fat content (0.1229nd similar to that for protein
content (0.275). 2) C¥ater Showed a highly positive genetic correlation Witfiso| ips

(0.87), whereas their phenotypic correlation waslenate (0.37). 3) The fat and protein
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contents of milk showed high genetic correlationthvhe CYs, but the values were
significantly less than unity. 4) The heritabiliggtimates of REgkorein and REGar
were larger (0.490 and 0.208, respectively) tharsehobtained for the protein and fat
contents of milk, and the genetic relationshipsMeen REGrotein and REGar with
milk protein and fat content were low or moderd&ie REGrotein and REGar were
moderately correlated with the CYs and highly deterl with REGo.ps and
REGenerey.: 6) REGoups and REGnercy Were heritable (0.274 and 0.232), and
showed high correlations to each other (0.96) aitlal tve CYs (0.83 to 0.97). Together,
these findings demonstrate the existence of ecaraiyi important, genetically
determined variability in cheese yield that do depend solely upon the fat and protein
content of milk, but also rely on the ability ofettcoagulum to retain the highest
possible proportions of the available protein, &gl water. The possible exploitation of
this interesting genetic variation does not seembéo feasible through a direct
measurement of the phenotype in cows at the populivel. Instead, further research
is warranted to examine possible means for indimediction, such as through
assessing the mid-infrared spectra of milk samples.

Key words. individual cheese vyield, fat recovery, protein aweery, whey losses,

genetic parameters

INTRODUCTION

Cheese production is the most important use of pritkluced in many countries
(International Dairy Federation, 2011), and théntexdogical parameter of cheese yield
is of the highest economic importance for dairyustdy (Emmons, 1993). Nevertheless,
no previous study has estimated the genetic paeasef cheese yield at following

cheese-making individual level. This lack of knoglde can be attributed to two main
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issues: difficulties in individually measuring thisit at the population level, and the
availability of phenotypically correlated traits filve indirect selection of cheese yield.

Cheese is traditionally obtained from the bulk milkone or more herds. To
obtain cheese yield measures at the level of iddali animals, a model cheese-making
procedure must be set up. This becomes labor-inesie to the many manual steps
required, which include: individual milk samplingjilk analysis; milk weighing and
heating; starter culture preparation and additjai; measurement; rennet preparation
and addition; gelation-time recording and curd ingtt whey drainage, sampling and
weighing; curd sampling and analyses; wheel foromaticompression, salting, and
weighing; and whey collection, weighing and anaty$€ipolat-Gotet et al., 2012b).
Moreover, the smaller the volume of the model cbgtee less it represents conditions
in the industry.

The most important indirect traits used to impraeese yield are the milk
contents of fat and protein or casein. Almost athe selection indices for dairy breeds
around the world include milk fat and protein cantékg and/or %) (VanRaden, 2004;
Miglior et al., 2005). The relative weights of tfe and protein contents within these
selection indices are based on the relative ecan@nd/or technical importance of
these two nutrients in the cheese-making processg@Vet al., 1997; Rosati and Van
Vleck, 2002). The inclusions of fat and proteirthie selection indices are based on the
following implicit assumptions: 1) the differentgteins and fats have the same value;
and 2) the recoveries of milk fat and protein indcare both constant.

Caseins are the proteins that cause milk to cosguley form the basis of
cheese production, while the other milk proteingam primarily within the whey.
Despite this, caseins are seldom included in seledhdices because: 1) the casein

ratio (the ratio between caseins and total protisimot very variable (Schopen et al.,
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2009); and 2) the casein and protein contents pregnetic correlations close to unity
(lkonen et al., 2004; Cassandro et al., 2008; Sansiral., 2012). However, the
recovery of milk protein in curd has a higher vhility than the casein index (Cipolat-
Gotet et al., 2012b), indicating that some wheytgns can be entrapped in the curd
and some caseins can escape coagulation. Furthertherrecovery of milk fat in curd
shows some variability that can significantly atfebeese yield (Fagan et al., 2007).
The recovery of total solids is influenced by tla¢ &nd protein recoveries, the fat-to-
protein ratio, and the lactose and mineral contehthie curd. Moreover, the recovery
of different nutrients also influences the recovefymilk energy in curd. Finally,
although the compositions and recoveries of thierdint nutrients determine the total
solid cheese yield, the cheese yield is also infted by the ability of the curd to retain
water and its solutes.

Cheese yields and nutrient recoveries are influghgemany factors, such as the
milk composition, the technological properties ¢ tmilk, the utilized cheese-making
process, the time and size of curd cutting, eenhdj and Qvist, 2010). However, we
have no information on the heritability of thesegmaeters or their genetic correlations
with other traits.

The aims of this study were to use model cheese individual milk samples in
a population of Brown Swiss cows to estimate theetje parameters for different
measures of cheese yields and curd nutrient/enegyveries, and to estimate their

genetic relationships with milk yield and compawiti
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MATERIALS AND METHODS

ANIMALS AND MILK SAMPLING

Milk samples were obtained from a total of 1,160Mn Swiss cows from 85
herds (a maximum of 15 cows per herd) locatedenAlpine province of Trento (Italy);
milk samples were obtained once per cow during iegemilking. Within a given day,
only one herd was sampled.

The present study is part of the Cowability—Cowplpmojects. Detailed
descriptions of the sampling procedure may be fanr€ipolat-Gotet et al. (2012a) and
Cecchinato et al. (2012a), and the production enmrent was as described in Sturaro
et al. (2012). Briefly, the collected samples (wiih preservative) were immediately
refrigerated at 4°C and transferred to the Cheeakiid Laboratory of the Department
of Agronomy, Food, Natural resources, Animals amyiEonment (DAFNAE) of the
University of Padova (Legnaro, Padova, Italy).

Data on the cows and herds were provided by ther®upyn Consortium of
Bolzano and Trento (Italy), and pedigree informatreas supplied by the Italian Brown
Swiss Cattle Breeders Association (ANARB, Verortaly). We included cows with

phenotypic records available for the investigatads and all known ancestors.

MODEL CHEESE-MAKING PROCEDURE

All samples were processed within 20 h after caibec Individual milk samples
were analyzed for fat, protein, and casein pergastasing a MilkoScan FT6000 (Foss,
Hillergd, Denmark).

The procedure used for individual model-cheese ymtion was based on that
described by Cologna et al. (2009), which showeddgeepeatability. A detailed

description of the modified cheese-making proceavas previously reported (Cipolat-
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Gotet et al., 2012b). Briefly, 1,500 mL of milk whsated to 35°C in a stainless steel
micro-vat, supplemented with thermophilic startedture, mixed with rennet, and
controlled for coagulation time. The resulting cafdeach vat was cut, drained, shaped
in wheels, pressed, salted, weighed, sampled, aalyzed. The whey collected from

each vat was also weighed, sampled, and analyzed.

TRAIT DEFINITIONS

All of the measured traits were based on the wsidi¥¢, g) and chemical
compositions of milk, whey and curd, as detailed(igolat-Gotet et al. (2012b). The
energy of the curd (kJX) was estimated as the difference between the gr#rthe
milk and whey. The measured traits were as follows:

* cheese yield (C¥urp, %) as W of curd x 100 / W of milk;

¢ total solid (TS) cheese yield (G¥.ps, %) as (W of milk TS — W of whey TS) x100 / W oflkn
e water cheese yield (G¥ater, %) as (W of milk water — W of whey water) x 100//of milk;

e fat (F) recovery (REET, %) as (W of milk F — W of whey F) x 100 / W oflkF;

* protein (P) recovery (REGoren, %0) as (W of milk P — W of whey P) x 100 / W oflkP;

* TSrecovery (REG ps %) as (W of milk TS — W of whey TS) x 100/ Wraflk TS;

* energy recovery (RE&eray, %) as (milk energy — whey energy) x 100 / milleryy.

NON-GENETIC EFFECTS

Non-genetic effects were included in the mixed n®dkesigned to estimate
heritability and genetic correlations for the measuof cheese yield and nutrient
recovery. These non-genetic effects were identifigareliminary analyses based on the
GLM procedure (SAS Inc., Cary, NC, USA). For adlits, the model accounted for the

effects of the herd/sampling-processing date (88l$, days in milk of the cow (DIM;
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class 1: < 60 d, class 2: from 60 to 120 d, clagso® 121 to 180 d, class 4: from 181
to 240 d, class 5: from 241 to 300 d, and class360), the parity of the cows (1 to 4 or

more), and vats (15 levels).

GENETIC ANALYSIS

Statistical inferences were based on a set of liteaanalyses that considered
pairs of traits. These traits were individual cleeggelds (i.e., C¥uro, CYsoLps,
CYwarer), nutrient recoveries (i.e., REGHen, REGar, REGoLps, REGenercy) and
daily milk production (MY) and composition (i.e.atf protein and casein). Each
bivariate analysis was based on the following limaexed model:

y=Xb+Zh+Za+e
wherey is a vector of records for traits 1 andX?;Z,, andZ, are appropriate incidence
matrices for systematic effecis b, herd effects irh, and animal additive genetic
effects ina, respectively; andis a vector of random residuals.

Bayesian Inference. (Co)variance components and related parameters were
estimated using a Bayesian approach and Markownicidonte Carlo methods
(Sorensen and Gianola, 2002). All traits were ta&ercontinuous variables, and their
values were assumed to be sampled from the follpwinltivariate normal distribution:

p(y|b,h,a,R)~MVN(Xb + Z,;h + Z,a,1 ® R),
wherey,b,h,a,X,Z; andZ, are as defined abov® is a 2 x 2 matrix of residual
(co)variances, anllis a 2x 2 identity matrix. The data were properly ordevathin
the vectors, and vectots and h contained the effects for both traits individual by
individual.
In a Bayesian setting, we assumed that:

p(a]G)~MVN(0,A @ G) and
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p(h|[H)~MVN(0,I Q H),
whereG is a 2x 2 matrix of additive-genetic (co)variancesjs the numerator of the
Wright's relationship matrix between individual$,is a 2 x 2 (co)variance matrix for
herd effects, antlis a 2x 2 identity matrix. Flat priors were assumed fa #ifects in
b, as well as foG, H, andR.

Gibbs Sampler. Marginal posterior distributions of unknown paraers were
estimated by performing numerical integration usihg Gibbs sampler (Gelfand and
Smith, 1990) to obtain auto-correlated samples ftloenoint posterior distributions and
subsequently from the marginal posterior distriimosi of all unknowns in the model.
The lengths of the chain and of the burn-in pen@ie assessed by visual inspection of
trace plots, as well as by the diagnostic testsrides] by Geweke (1992) and Gelman
and Rubin (1992). After a preliminary run, we decldto construct a single chain
consisting of 850,000 iterations and discard thet {60,000 iterations as a very
conservative burn-in. Subsequently, one in evey iccessive samples was retained,
in order to store draws that were more looselyeatated. Thus, 4,000 samples were
used to determine the posterior distributions efuhknown parameters. The lower and
upper bounds of the highest 95% probability dens#igions for the parameters of
interest were obtained from the estimated margieakities. The posterior median was
used as the point for all parameters. Auto-cori@iatbetween samples and estimates of
Monte Carlo Standard Error (Geyer, 1992) were dated.

Across-herd heritability was computed as:

where o4, o3, and of are additive genetic, herd/test-date, and residaaiances,

respectively.
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Intra-herd heritability was computed as:

2
()
2 A
hIH_

04 + o
where o4, o3, and of are additive genetic, herd/test-date, and residaaiances,
respectively.

Additive genetic correlations were estimated as:

- OA1,A2
g = ——
Oa1 " 0a2

where o, 4, IS the additive genetic covariance between traignd 2, ands,; and

o, are the additive genetic standard deviations fotstrl and 2, respectively.

RESULTS

DESCRIPTIVE STATISTICS

Table 1 shows descriptive statistics for the aredytraits. The average cheese
yield (CYcurp) Obtained using the individual model-cheese prtdagorocedure was
15.0% and the coefficient of variation was 12.4%.s6ips represented slightly less
than half the C¥urp, While CYwater Was slightly more than half. The coefficient of
variation of CYXyater Was higher than that of G¥.ups (16.3% and 12.8%,
respectively). The nutrient recoveries average@%l(REGoLps) to 89.8% (REEar),
while their coefficients of variation were loweratihthose of the cheese yields at 3.1%,
4.0%, 6.8%, and 4.9% for Rkkotew REGar, REGsoLps, and REGnercy,
respectively.

The milk production and composition (fat, proteindacasein content) traits
(Table 1) were representative of the ltalian Bro®8miss population (Samoré et al.,

2007; Samore et al., 2012; Cecchinato et al., 2011)

124



VARIANCE COMPONENTS AND HERITABILITY

The point estimates and features of the marginakepior densities for the
additive genetic, herd/test-date and residual wags, as well as the across-herd and
intra-herd heritabilities for the investigated tsaiare reported in Table 2. The herd/test-
date variance for CY)rp was slightly larger than the variances attributedthe
polygenic effect. The variability represented bg thdividual environmental causes of
variation (within herd/test-date, parity, days inlkrand laboratory vat) was slightly
higher (1.22 residual standard deviation). Frors, ttiie across-herd heritability?(h)
of CYcuro Was equal to 18.5% while the within-herd heritiapikh%) was much
higher at 26.7%. Analyzing the components ofcGrb (Table 2), C¥oLips showed, as
expected, lower variances than &¥p, but the three random sources of variation
accounted for similar proportions of the varianaed thus the two traits had similar
heritability estimates (20.6% and 26.3%, respebtjvéll variances of CYyater Were
higher than those of G¥.ps, especially that of herd/test-date. As a consecgien
CYwarer Yielded an P estimate (13.0 %) much lower than tHg; 1{22.4%), and both
were lower than the corresponding estimates fogdos.

In the context of nutrient recoveries, Riggren had very high (and similar)
genetic and individual residual components, bothwbiich were higher than the
herd/test-date source of variation (Table 2). Asoasequence, the’4y was high
(35.3%) and the3y was very high (49.0%).

REG:-ar showed an additive genetic variance similar tad tfaREGrgroteiny but had
higher herd/test-date and residual variances, laumsl yielded much lower’ky (14.1%)

and K (20.8%) estimates.
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The overall recoveries (REGLps and REGnercy) Showed genetic variances
similar to those of the individual nutrient recaest herd/test-date variances
intermediate with respect to the previous examinaits, and residual variances similar
to those of REEt. The resulted heritability estimates of RigGos and REGneray
were intermediate between those of the two ind&fdwtrients: 21.6% and 18.4% for
h%a4 and 27.4% and 23.2% fofyh, respectively.

Figures 1 and 2 clearly show that the marginal gvamt densities of the %a
estimates for the different cheese yields and enitniecoveries overlap, and also that
the probability to be higher than 10% s almost 1G0%all traits except for C¥ater
and REGat, which were 97% and 95%, respectively. As expedieel probability of
being higher than 10 % was much greater for the dstimates of all traits (data not
shown).

Comparison with the heritability estimates for tmeilk production and
composition traits (Table 2) revealed that thethbiriity estimates of the cheese yields
and nutrient recoveries were higher than that ¢k mield and comparable with those of
the milk contents. The recoveries of individual rrarits (protein and fat) were more
heritable than the corresponding milk contents, @r@drecoveries of overall nutrients
(total solids and energy) yielded heritability esites similar to those of the protein and

casein contents in milk.

PHENOTYPIC, GENETIC AND RESIDUAL CORRELATIONS

As expected, C¥urp showed high phenotypic, genetic and residual tadroms
with its two components, G¥Lps and CXyater (Table 3). With respect to the
phenotypic and residual correlations between the rivajor cheese yield components,

the retention of water in curd was moderately dateel with the retention of total
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solids (+37% and +31%, respectively). In contrabey were much more highly
correlated from the genetic point of view (+87%).

The recovery of protein (Table 4) was totally indiegent from that of fat from
the phenotypic and residual points of view (-2% arfh, respectively), and it showed
only moderate genetic relationship (+32%). Bothivithal nutrient recoveries were
moderately correlated with both overall recoveiR&CsoLips and REGneray), With
REG:-ar showing higher correlations than RE&Gren in both cases. As would be
expected, the two overall recoveries were highlyatated with each other (Table 4).

Considering the relationships between the cheeddsyand nutrient recoveries
(Table 5), the phenotypic, genetic, and residuatetations of C¥urp and CYsoLips
with the individual nutrient recoveries were modeha positive (22% to 58%), while
those with the overall recoveries were high (64%7%&6).

The retention of water by the curd presented lowntmlerate phenotypic and
residual correlations (+13% to +40%) with all okthutrient recoveries, while the
genetic correlations were moderate with Rk&en and REGar (+38% and +50%,
respectively) and high with REGercy and REGoyps (+83% and +88%, respectively).

The genetic correlations of milk yield and compositwith cheese yields and
nutrient recoveries are shown in Table 6. Milk gigended to have a low and
unfavorable additive genetic correlation with afl the individual cheese yield and
nutrient recovery measures (-20% to -47%), withekeeption of a low and favorable
genetic correlation with REGoten (+27%). Milk fat, protein and casein content
showed very high and positive additive genetic eatrons with all of the measures of
cheese vyield, especially G¥iips (92% to 97%) and the recovery of total solids and
energy in the curd. Fat content exerted low genatitelations with REGr (-19%)

and REGroten (+21%). The protein and casein contents of milkdesl to show
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positive moderate genetic correlations with REQ+40% and +39%, respectively) and

almost no genetic correlation with Re&Ten (3% and 6%, respectively).

DISCUSSION

GENETIC PARAMETERS OF CHEESE YIELD

As summarized by Cipolat-Gotet et al. (2012b), ¢heese yield from the milk
of Brown Swiss cows, as calculated on the baste@fveight of the curd after brining,
was higher (15.0% on average, Table 1) than thenats obtained in other breeds
(Verdier-Metz et al., 1998 and 2001; Martin et 2009; Glantz et al., 2011). The main
reasons for this are the high fat, protein andinasentents and the good coagulation
properties (Cecchinato et al, 2011; Bittante et24l12) that characterize the milk from
Brown Swiss cows and make it particularly suited floee production of traditional
cheeses that come under the Protected Designafio@rigin, as defined by the
European Union (De Marchi et al., 2008; Bittantalet2011a and 2011b).

The heritability estimates obtained in the presswidy for milk yield and
composition are close to those reported in prevgiudies of Brown Swiss population
(Samoré et al.,, 2007 and 2012;., 2011). It is edng to note that the heritability
estimates obtained in the present study for chgetds were much higher than the
corresponding estimates of daily milk yield and kmiidt content, and close to the
estimates obtained for milk protein content.

To our knowledge, the present study offers the teritability estimates of
cheese vyield obtained from individual cheese makmnthe bovine species. The only
other heritability estimate of cheese yield found the literature comes from a
laboratory test carried out on very small quarditeé ewe’'s milk (10 mL) that were
mixed with a very high concentration of chymosid(BMCU/mL) and measured after
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a fixed time from rennet addition (1 hour), trouggntrifugation (15 min) and draining
(45 min), as described in Othmane et al. (2002darge data set was obtained with this
procedure (7,492 samples from 1,119 Spanish Chewas), and Othmane et al.
(2002b) obtained a test-day heritability estimateindividual cheese yield that was
much lower (8%) than that found in the present wadrk contrast, their heritability
estimates for the daily milk yield (15%), fat comt€6%) and protein content (23%) of
ewe’s milk were similar to those obtained in thegant study on cow’s milk. Based on
repeated sampling of animals, the authors alsmastd the heritability of lactation data
(Othmane et al., 2002c), and obtained a heritgih(@#o) that was very similar to test
day heritability obtained in the present work omtomilk. It seems likely that the very
small amount of milk used in cheese-yield estimmaaod/or their operating conditions
could have caused repeatability issues, accouritinghe low heritability estimate
obtained from ewe’s milk.

In the present work, the cheese yield showed vegh Ipositive genetic
correlations with the fat, protein and casein cotg®f milk (+88%, +87%, and +86%,
respectively; Table 6), but the probability of tltisrrelation being close to 100% was
very low. Therefore, fat and protein explain a éapgoportion of the genetic variability
observed in cheese yield, but about one fourththighremainder of the genetic variance
depends on other factors. As expected given theeratel negative genetic correlation
between milk yield and quality, the genetic cortiela between the test-day milk yield
of the cow and the cheese yield of the milk was kwd unfavorable (-29%). The
probability of this correlation being lower than (®egative correlation) was 86% (data
not shown).

The major factors that affected the cheese yiedgpbd the milk composition,

were the recoveries of individual nutrients (espkgiprotein and fat) and the ability of

129



the curd to retain water (Fagan et al., 2007). @hseta cannot be obtained with the
procedure described by Othmane et al. (2002a), whses a 10-mL milk sample. In
contrast, the procedure described by Cologna €6a09) using 500 mL, which was
improved by Cipolat-Gotet et al. (2012b) for uselgd00 mL and applied in the present
paper, allows researchers to analyze milk, wheyamd, and determine the complete
nutrient balance between milk, whey, and cheeseowtkned by Cipolat-Gotet et al.
(2012b), some studies (De Marchi et al., 2008; Maat al., 2009) compared different
breeds and found that the differences observederage cheese yield are greater than
the differences in the fat and protein (casein)teatis of the milk. Furthermore, the
genetic variants of milk protein fractions can ughce the cheese yield. Walsh et al.
(1998) found that milk from cows homozygous for Bigariant ofk-casein generated a
significantly greater cheese yield than milk fromws homozygous for the A variant,
even after correcting for milk composition.

Thus, based on previous findings and the presernit itois evident that water
retention in curd and the individual nutrient reeogs from milk play important roles in
explaining cheese yield variation (both between wittin breeds) even after the data

have been corrected for the fat and protein costent

GENETIC CONTRIBUTIONS OF TOTAL SOLIDS AND WATER TO CHEESE

YIELD

Similar to previous reports using similar condisgiMartin et al., 2009; Verdier-
Metz et al., 2001), total solids represented 48%hmeffresh curd after brining, meaning
that water contributed slightly more to the cheggéd (7.8% vs. 7.2%, respectively;
Table 1). CYyater Was also characterized by a higher phenotypic ficeeit of

variation with respect to the G¥.ps (16.3 vs. 12.8%, respectively).
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The genetic variability of C¥ops Was appreciable from the economic point of
view, as the genetic standard deviation was 0.4@epéage points (5.5% of the
average). The equivalent figure for WXrer Was 0.44 percentage points (5.6% of the
average). The two components are comparable tgahetic variation of cheese yield
(genetic standard deviation, 0.74 percentage paifdo of the average). From Table 3,
it can be seen that G¥.ps and CXyater have a high genetic correlation with each
other (+87%), and thus both are very highly coteslavith their sum (+97% and +98%,
respectively). We may therefore conclude that tlmetjic improvement of one
component will cause a large increase in the adiner an even higher increase in the
fresh cheese yield, and a genetic increase of tlassdraits will cause an equivalent
high genetic improvement in milk total solids anater retention in the curd after
brining.

The contributions of individual environmental vaiea to CYsoups and
CYwater Were higher than the genetic contributions, eslgcior CYwater (residual
standard deviations 0.66 and 0.81 percentage pogsgectively). As a result, the intra-
herd heritability of C¥oLps was almost identical to that of G¥zp (Table 2), while
that of CXyater Was slightly lower (26.3% vs. 22.4%, respectively)

A large difference was found between £Yps and CXyater in the effect of
herd/test-date, which showed standard deviation8.49 and 0.78 percentage points,
respectively. The combined effect of the genetsjdual and herd/test-date effects on
phenotypic variation explains why the € ps estimate of across-herd heritability was
slightly larger than that of CX)rp, While the estimate obtained for GXrer Was much
smaller (20.6% vs. 13.0%, respectively). Howeveturfe work will be required to

determine whether this relatively high effect ofdieest-date on water retention by curd
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was due to a moderate reproducibility of the madielese production procedure or to a
larger effect of some environmental condition (Isafeeding, milking procedures, etc.).

In contrast to the genetic correlations, 4oYps and CXyater Showed a
moderate positive phenotypic correlation with eather (+37%, Table 3), but high
phenotypic correlations with their sum (+86% an@%Bwith CYcurp, respectively).

The total solid cheese yield showed genetic cdiogia with the fat, protein and
casein contents of milk (+97%, +93%, and +92%, eespely), which were even
greater than the high correlations showed by.¢r¥; conversely, they showed a greater
negative correlation with daily milk yield (-47%)Vhile these results could perhaps be
expected, it was somewhat unexpected thayGyr showed genetic correlations with
milk traits similar to those obtained for G¥rp (high and positive with milk contents
and low and negative with milk production).

It also worth noting that the across-herd and theed heritability estimates of
CYsoLps Were both much higher than those estimated fok fail content and almost

identical to those obtained for milk protein corit€fable 2).

PROTEINS: GENETICS OF CURD RECOVERY AND WHEY LOSSES

The coagulation and syneresis processes that ¢baraccheese-making are
strongly dependent on milk proteins (Emmons et2003). Proteins and fats are the
main components of curd, and the losses of prateivhey reduce cheese yield (Hallen
et al., 2009).

Almost all of the selection indices used for thengfec improvement of dairy
breeds around the world include the protein anatdatents of milk as predictor traits
for the cheese value of the milk (VanRaden, 2004g implicit assumption is that the

recovery of protein and fat is constant. Howevdgafdri et al. (1989) found that the
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curd, salted-curd and Parmesan cheese yields wealy related to fat content, but
curvilinearly related to the protein content of trad. Our descriptive statistics (Table 1)
show that the average recovery of milk proteindrdcafter brining was almost identical
to the average casein index (78.08% vs. 78.05%e¢otively). However, the average
recovery of milk protein in curd was characterizeg an appreciable variability
coefficient (3.1%) in the present work. Furthermoipolat-Gotet et al. (2012b)
showed that RE&roteniS heavily influenced by herd/test-date, paritd a@ays in milk,
and discussed the results of previous studies sigptiat the recovery of casein in
cheese can be substantially lower than 100% (Byanch Olson, 1982; Ikonen et al.,
1999; Summer et al., 2003; Malacarne et al., 2006).

As shown in Table 2, an important part of this abiiity is of genetic origin. In
fact, REGroten had a genetic standard deviation equal to 1.42epésige points,
which is higher than the genetic variability ofterund for casein index. The residual
individual variability was on the same order as #dklitive genetic variability, so the
intra-herd heritability of REfroten Was very high (close to 50%; Table 2). The
herd/test-date component was slightly lower thaan dlenetic and residual variances,
yielding an across-herd heritability of 35.3% fdE®roteNn

It is evident that including the protein contentaifk in the selection indices for
dairy breeds is useful for the indirect selectidnhaher cheese yield, whereas the
inclusion of casein content would not be likelysignificantly improve the results of
this indirect selection because the casein anejrabntents of milk generally show a
genetic correlation close to unity (Samoré et 2007, and 2012). Furthermore, the
present study shows that the genetic correlatidnsasein with all of the individual
cheese yield and nutrient recovery measures weyesuailar to those found for crude

protein. Only REGroten and/or REGasgin, Which were shown to be independent of

133



the protein and casein contents of milk, could piddly contribute new information to
support the genetic improvement of animals foreased cheese yield. Unlike the other
tested measures of cheese yield and nutrient dpR&G-roteNn SEEMS tO be favorably
correlated, from the genetic point of view, wittcaw’s productivity (median +27%,
with an 84% probability of being > 0). As the direseasurement of RERoten iS not
feasible in practice, new research should focuscalibrating indirect prediction
equations. Recent achievements in the improvenfentlio coagulation properties have
shown the potential for using medium infra-red $geuetry (Dal Zotto et al., 2008; De
Marchi et al., 2009; Cecchinato et al., 2009), idewe genes (Glantz et al., 2011;
Cecchinato et al., 2012c and 2012d) and genome-aeoaches (Tyriseva et al.,
2008; Glantz et al., 2012). The effect of differpnbtein fractions and/or their genetic
variants on cheese yield have been analyzed in gpbmeotypic studies (Alipanah and
Kalasnikova, 2007; Zambrano Burbano et al., 2016nf8tti et al., 2011), but their

effects on REGroten have not yet been quantified on a genetic basis.

FAT: GENETICS OF CURD RECOVERY AND WHEY LOSSES

The fat recovery in the curd was close to 90% oaraye, which can be
considered normal for industrial cheese-making {¢tef et al., 1995), and had a
coefficient of variation greater than that of RirGrein (4.0% vs. 3.1%, respectively).
Proteins are more important than fat in the praeesd coagulation and syneresis, but
the recovery of fat in the curd or its loss in twhey (which are influenced by
coagulation and syneresis) are important to thal itheese yield (Fagan et al., 2007).
Cipolat-Gotet et al. (2012b) showed that REQs heavily influenced by herd/test-date
and days in milk, and discussed the effects of rottedevant phenotypic and

technological causes of variation.
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In the context of individual factors related to tpenetics of the cow, Mistry et
al. (2002) found that the higher cheddar cheedd wietained from the milk of Brown
Swiss versus Holstein cows was due to superiordabvery (94.55% vs. 90.85%,
respectively), whereas the protein recovery wadlairnetween the two breeds. Similar
results were obtained by Malacarne et al. (200&@nuising milk from the same breeds
to produce Parmigiano-Reggiano cheese; the autttnbuted this difference in fat
whey loss mainly to the superior coagulation propsrof Brown Swiss breed. Also
Alipanah and Kalashnikova (2007) used a small-st@dé to show that the superior
cheese yield of milk obtained from cows expresgiBgand BB k-casein is mainly due
to differences in REgroteinand (especially) REGy.

As shown in Table 2, RE&r had an additive genetic standard deviation similar
to that of REGroten (1.34 vs. 1.42 percentage points, respectively}, dhowed a
much greater variability due to individual residaad herd/test-date effects. As a result,
the intra-herd and across-herd heritabilities of0R& (20.8% and 14.1%, respectively)
were low to moderate, and only about 40% of theresmponding estimates of
REGeroten Notably, the heritability estimates for RgE were greater than those for
the fat content of milk itself (Table 2). FurthemapREGat was genetically influenced
by the milk protein and casein contents (mediamafginal posterior densities, +40%
and +39%, respectively, both with 93% probability lmeing > 0) but seemed
unfavorably related to fat content (median -19%hva 74% probability of being < 0)
and daily milk yield (median -20%, with a 71% prbbay of being < 0).

Interestingly, the recovery rates of the two majomponent of cheese were
phenotypically independent and their genetic cati@h was positive but moderate

(+32%; Table 4). In addition, the phenotypic andege correlations of REGoten
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and REGat with the three studied measures of cheese yietd ailow to moderately
positive (13% to 58%; Table 5).

Similar to REGroten REGeat could also play an important role in the potential
genetic improvement of cheese vyield. Thus fututeliess should seek means for the
direct measurement (practically unfeasible) or necti prediction (to be studied) of

REG:at through milk recording or genome-wide approaches.

TOTAL SOLIDS AND ENERGY: GENETICS OF CURD RECOVERY AND WHEY

LOSSES

Although only about half of the total solids presenmilk are retained in cheese
(Verdier et al., 1995; Kefford et al., 1995; VerdMetz et al., 1998), the energy content
of cheese represents about two thirds that of wholke (Table 1). The recoveries of
total solids and energy are more variable thanettudgheir major constituents, and are
influenced by herd/test-date and by days in milip@at-Gotet et al. 2012b).

With respect to the recoveries of the major indidldcomponents of cheese,
REGsoLps and REGnercy had similar genetic variability estimates, an rimtediate
herd/test-date effect and a residual individualarare similar to that of RE&y (Table
2). The heritability estimates were intermediatmpared to those of the protein and fat
recoveries and similar to those of the three chgietds.

As expected, RE& ps and REGnercy Were strictly correlated with each other,
both phenotypically and genetically (Table 4). Thegre highly correlated with
REGeat (+55% to +70%) and moderately correlated with REZen (+22% to +61%).
Their high genetic correlations with the fat, pmtand casein contents of milk (58% to
84%) reflect the dilution of the relative conterftlactose and minerals (which are

almost completely lost in the whey) by fat and pnot Both REGoLips and REGneray
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showed very high genetic correlations with the ehcheese yields (+83% to +97%),
high phenotypic correlations with Q¥rp and CYsoLps (+66% to +93%), and

moderate phenotypic correlations with @afer (+40% and +33%, respectively).

CONCLUSION

We herein describe the first estimation of gengéiameters of cheese yield in a
cattle population, as assessed through individualdeticheese fabrication. The
heritability of cheese yield was much greater thiaat of milk yield and milk fat
content, and similar to that of milk protein cortten

The cheese yield, which was expressed in termsrof weight after brining as a
percentage of the weight of milk processed, waspos®d almost equally of retained
total solids and water. The cheese yield expressedotal solids per 100 kg milk
exhibited heritability estimates very close to thad the fresh cheese yield, and the
amount of water retained in the curd after brinjpgr 100 kg milk) was heritable, albeit
to a slightly smaller degree. Moreover, the retantf water in the curd showed a high
genetic correlation with the retention of solid$ieseas their phenotypic correlation was
moderate.

In almost all selection indices used around the ldvdior the genetic
improvement of cattle populations, cheese yielthdsrectly selected by including the
major cheese components of milk: protein and fats Tmplicitly assumes that protein
and fat are the major determinants of cheese yaeld,that their recovery from milk to
cheese is approximately constant and is not getigticontrolled.

Instead, the present study shows that fat and iprdtave high genetic
correlations with cheese yield, but these values sgnificantly lower than 100%,

indicating that there is room for further genetigprovement of cheese yield. This study
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also shows that there is phenotypic variabilitytteé protein and fat recoveries in the
curd, and that the cow’s genetics are importanhi® variability. The heritability of
protein recovery is high, while that of fat recoye moderate; both are greater than the
heritability estimates for their respective conseimt milk and milk yield, whereas their
genetic correlations are low or moderate. These thaibs are moderately correlated
with each other and highly correlated with the cugcbveries of total solids and energy
of milk, which were highly correlated with the sieid measures of cheese vyields.
These results demonstrate the existence of an sgoally important genetic
variability in cheese yield; this does not depeoiely on the fat and protein contents of
the milk, but rather relies on the ability of theagulum to retain the highest possible
amount of protein, fat and water. This interestgenetic variability seems ripe for
possible exploitation. However, as it does not séemsible to directly measure these
aspects at the population level, further reseanchilsl focus on indirect prediction (i.e.,
through mid-infrared spectral analysis of milk)e tftudy of individual genes (candidate

gene approach), and/or genome-wide scans.
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TABLES AND FIGURES

Table 1. Descriptive statistics of individual cheese yi@eight of fresh curd, curd
solids and curd water as percentage of weight & priocessed), milk components
recovery (protein, fat, solids, and energy of thedcas percentage of the protein, fat,
solids, and energy of the milk processed), singgé-day milk yield and composition

Trait N Mean SD PS5 P95
Cheese yield
CYcurps % 1,162 14.97 1.86 12.03 18.12
CYsoLps, % 1,153 7.18 0.92 5.75 8.73
CYwaTer, %0 1,156 1.77 1.27 5.84 9.90

Nutrient recovery

REGroten %0 1,158 78.08 2.43 73.90 81.96
REGar, % 1,143 89.79 3.55 82.67 94.41
REGoLips, %0 1,157 51.88 3.52 46.01 57.64
REGnercy: %0 1,144 67.19 3.29 61.78 72.42

Production traits
Milk Yield, kg/d 1,153 24.62 7.81 12.60 38.10
DIM, d 1,167 179.46 110.70 25.00 392.00

Milk quality traits

Fat, % 1,163 4.21 0.72 3.13 5.40
Protein, % 1,163 3.69 0.42 3.02 4.38
Casein, % 1,163 2.88 0.32 2.37 3.40

Ip5 = " percentile; P95 = F5percentile.
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Table 3. Phenotypic (), additive genetic {§, and residual § correlations among
individual cheese yield (weight of fresh curd, csalids and curd water as percentage
of weight of milk processetl)

Trait o g e
CYcurpWith:

CVYsoLips 0.86(0.83; 0.88) 0.97 0.86; 0.99) 0.81(0.77; 0.85)

CYwater 0.86(0.83; 0.88) 0.980.56; 0.99) 0.81(0.77; 0.85)
CYsoLips With:

CYwater 0-37(0.28; 0.44) 0-87(0.59; 0.98) 0-31(0.16; 0.42)

Median of the marginal posterior density of theguaeter ( HPD95% = lower and upper bounds of the
95% highest posterior density region).

Table 4. Phenotypic (), additive genetic {J, and residual § correlations among milk
components recovery (protein, fat, total solidg] anergy of the curd as percentage of
the protein, fat, total solids, and energy of tHkk processed)

Trait o 'y e
REGerorenWith:

REGar ‘0-02(-0.11; 0.06) 0-32(-0.12; 0.72) '0-07(-0.28; 0.13)

REGsouips 0-22(0.14; 0.30) 0-42(0.01; 0.73) 0-22(-0.01; 0.43)

REGneray 0-26(0.18; 0.34) 0-61(0.21; 0.85) 0-23(0.01; 040)
REGeat With:

REGsouips 0-55(0.49; 0.61) 0-65(0.22; 0.88) 0-54(0.41; 0.64)
REGeneray 0-68(0.65; 0.72) 0-70(0.29; 0.89) 0-67(0.57; 0.75)
REGCsoLipsWwith:

REGeneray 0-93(0.92; 0.94) 0-96(0.90; 0.99) 0-93(0.90; 0.94)

Median of the marginal posterior density of theapaeter (HPD95% = lower and upper bounds of the
95% highest posterior density region).
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ABSTRACT

Cheese chemical composition, physical traits ands@® properties were
assessed in a dairy cattle population using anviohail model-cheese production
procedure. A total of 1,224 Brown Swiss cows froBhh@rds of the Alpine province of
Trento were sampled once. From each cow, 1,500fm&w milk was used for the
cheese-making. The composition and physical taditsidividual maturated cheese (2
months of ripening) were analysed individually. Ansory panel was made up and
trained for the sensory assessing of individualesbe The assessed traits exhibited
almost a normal distribution (expect for the chesakt). The average cheese quality
values £SD were: protein (%) 26.83+4.01, fat (%)0384.06, salt (%) 2.04+0.07, total
solids (%) 80.06+4.63, pH 5.17+0.17, L* 58.99+6.40,2.07+0.53, b* 7.63£2.83, SI*
7.97+2.61, MSF (N) 35.52+16.98. The average senpooperties values +SD were:
smell 3.06+0.36, flavor 3.33+0.36, salt 3.23+0.4dur 2.51+0.55, elasticity 2.48+0.71,
firmness 4.97+£0.72, moisture 2.79x+0.48. All trastsre highly influenced by herd/test
date and days in milk (not significant for: colduaits b* and SlI; sensory properties:
flavor) of the cow. Chemical composition of maturgieese were influenced by the
fat:protein ratio of milk. Only few traits were loénced by order of parity, while milk
production resulted not influencing any variabl@sidered in this study. Comparison
among sensory properties indicated that only texindices were highly correlated and
exhibited an high relationship with MSF. The ddsed results provide new insight into
the variability and relationship among quality tsaof cheese. Additional research on
this topic is needed, especially in terms of ediingagenetic parameters for the

described traits and of assessing methods for itindinect prediction.

Key words: individual cheese quality, physical traits, seggmoperties
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INTRODUCTION

Sensory analysis of cheese and, in general, of gaiducts, represents the last
step for the quality evaluation (Drake, 2007). Tdaracteristics and the quality of
maturated cheese depend upon many factors linkedpne hand, to the quality
(chemical and microbiological) of milk, and, onetlother to the cheese-making
technology process (Verdiez-Metz et al., 1998)véiaand texture of cheese could be
influenced by its chemical composition, retentidnnalk components in cheese and
cheese yield (Green and Grandison, 1993). Wherosepsoperties are evaluated on
cheese produced by the same process, milk quajiesents an important variability
factor that assumes more importance for the promluaif Protected Designation of
Origin (PDO) cheeses because of the relevancegofiagons and restrictions on the
modifications of raw milk during the cheese-makprgcess.

Normally, sensory analysis is conducted on chees#uped in a cheese-making
plant (milk from one or more herds). Few studiegestigated the relationship between
sensory traits and the aspects that influence ouiility such as species (Ha et al.,
1991; Kondyli and Katsiari, 2001), breed (Verdi¢rag, 1995; Verdier-Metz et al.,
1998; Martin et al., 2009), feeding (Verdier et 4P95; Verdier-Metz et al., 1998) and
herd management (Coulon et al., 2004; Martin e809).

No previous study focused on the variability of s@wy traits of cheese produced
at animal level especially because of the many mlesteps required to produce an high
number of model cheese from individual milk sampl€golat-Gotet et al., 2012b).
This research approach could be fundamental toevBluate how the effect of
physiological factors like the moment of lactatitime state of health (i.e. somatic cells)
and order of parity, could influence sensory props of cheese; 2) estimate genetic

parameters of sensory properties and their genetielations with milk quality traits.
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To study the relationship between sensory traitstha animal is fundamental to assess
a cheese-making procedure and a ripening procdssligidual level. Cipolat-Gotet et
al. (2012b) proposed an individual model cheeseui@@turing to assess factors
affecting variation of different measures of chegsg#dd and nutrient recovery and
Bittante et al. (2012) estimated genetic parametérghese traits and their genetic
relationships with milk yield and composition bt previous study has investigate the
variability of sensory properties of cheese produatindividual level. Therefore, the
aims of the present study were: 1) to propose dividtual model cheese that include
the sensory evaluation of cheese produced; 2)aluate the variability of components,
physical and sensory properties of cheese at uhaiilevel;, and 3) to investigate
several sources of variation for components, playsiod sensory properties of cheese

using milk from individual cows.

MATERIALS AND METHODS

DATA COLLECTION

Individual milk samples were obtained from 1,2248n Swiss cows (sampled
once, 15 cows per day with few exceptions) reane83 dairy herds located in Trento
province. The present study is part of a multi-gha®ject named Cowability-Cowplus.
Details of samples collection and storage wereifipaity described by Cipolat-Gotet
et al. (2012a) and Cecchinato et al. (2012). Athgles were analyzed and processed
the following morning, within 20 h from collectiomformation about cows, herds and
pedigrees were obtained from Superbrown Consortéifirento (Trento, Italy) and
from the Italian Brown Swiss Breeders Associati®@iNARB, Bussolengo, Verona,

Italy).
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LABORATORY ANALYSIS

Milk samples were analyzed for chemical compositi@at, protein, casein and
total solids) using a FT6000 (Foss, Hillergd, DerkhaSomatic cell score (SCC) was
determined using a Fossomatic FC counter (Fosderbld, Denmark) and log-
tranformed to SCS (Ali and Shook, 1980). The mitk yalues were obtained using a
Crison 25 electrode (Crison, Barcelona, Spain).

Micro cheese-making sessions (15 individual sampkr day) were conducted
processing 1500 mL per sample in accord to theopabtset up by Cipolat-Gotet et al.
(2012hb). After the cheese-making process, cheeses left to ripen at 15°C and 85%
UR (relative humidity) for 2 months. Cheese sampilese turned and cleaned from
mould using a saline solution at 7, 14, 28 and d¢sdrom the processing. After 2
months of ripening, cheese samples were weightddchrese yield (Cop, %) was
expressed as the ratio between the quantity (gheése produced from 1500 ml of
milk. Chemical components (fat, protein, salt aothlt solids) of the cheese were
determined using a FoodScan (Foss, Hillergd, Dekimahe acidity of cheese was
expressed as pH and measured (3 measurement petesaweraged before data
analysis) using Crison 25 electrode (Crison, Bam&| Spain)Color determination was
carried out on cheese samples (3 consecutive gadiveraged before data analysis)
using a Minolta colorimeter (CM-508c, D65 illumintaand 10° observer, Konica-
Minolta Sensing Inc., Ramsey, NJ) and expresse@rims of lightness (L*), redness
(@*), and yellowness (b*) and saturation index (&)ording with CIELAB (1976).
Cheese hardness ,expressed as maximum shear ft8ée (), was assessed using a
TA-HDi Texture Analyzer (Stable Macro System, LondtK) with a Warner-Bratzler

shear attachment (10 N load cell, 2 mm/s crosshpaddpn cylindrical cheese sample
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(diameter of 1 cm; 3 repeated measures per sanfRas)lts were interpreted by means

of texture expert software (Joseph, 1979).

SENSORY EVALUATION

The panel was made up of 14 technicians of theae@nt of Agriculture,
Food, Natural resources, Animals and Environme®KRAE; University of Padova).
They were previously selected and trained in thes@® characterization of cheese
produced from 1500 mL (Cipolat-Gotet et al., 201Znr each day of sensory analysis
(83 days), 15 cheeses were evaluated by 6 asseaadmnly selected from the pool of
panel. Testing-day was completed over two sesswitis eight samples for the first and
seven samples for the latter. Cheese samples ¢8pper sample) were presented on a
Petri plate and water was supplied to wash the mbetween samples. All sensory
analysis were held at mid-morning in a sensory rodrhe protocol-scorecard
comprised 7 sensory terms that describe: one serall (intensity), one flavor term
(intensity), two taste terms (intensity of salt amilir) and three texture (Foegeding and
Drake, 2007) terms (elasticity, firmness and moetuThey were used to test the
cheese samples on a 15-points scale (0-7 scalededng the half point) where 0
represented absence and 7 represented maximumppencef the attribute under

evaluation.

STATISTICAL ANALYSIS

Statistical models were fit using a GLM proced8A$ Inst. Inc., Cary, NC).).
Physico-chemical traits of cheese were analyzedoainuous traits according to the
following linear model:

Yiimn =p + HTD; + DIM; + parity + vai + MY, + 8jkimn.
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where Yumn iS the observed trait (fat, protein, salt, towllds, pH, L*, a*, b* and shear
force); u is the overall intercept of the model; HiT(Derd/test date) is the fixed effect of
theith herd-sampling date (i = 1 to 85); DI the fixed effect of th@h class of days
in milk (j =1 to 10; class 1: < 30 days, class3@:to 60 days, class 3: 61 to 90 days;
class 4: 91 to 120 days; class 5: 121 to 150 dagss 6: 151 to 180 days; class 7: 181
to 210 days; class 8: 211 to 240 days; class 9:t@4&D0 days; class 10: > 300 days);
parityk is the fixed effect of th&th parity of the cow (k = 1 to 5 or more); vt the
fixed effect of thelth number of the vat (I = 1 to 15); MyY(Milk yield, kg/d) is the
fixed effect of themth class of milk yield (m = 1 to 7; class 1: < 18l.Kg/d; class 2:
14.48 to 18.43 kg/d; class 3: 18.44 to 22.37 kglalss 4: 22.38 to 26.31 kg/d; class 5:
26.32 to 30.26 kg/d; class 6: 30.27 to 34.20 kgéks 7: > 34.20 kg/d); anggn is the
residual random error term ~ N ().

Prior the statistical analysis, sensory variablesenstandardized and scaled for
each assessor to unit variance and zero centreaich variable was forced to 0 mean
and variance equal to 1 (Naes, 1990). Standardimesbsy attributes were analyzed as
continuous traits according to the following lineaodel:

Yikimn = 1 + HTD; + DIM; + parity + OR + MY + Gjkimn,

where yumn IS the observed trait (smell, flavor, salt, sceiasticity, firmness
and moisture)p is the overall intercept of the model; HT(erd/test date) is the fixed
effect of theith herd-sampling date (i = 1 to 85); DIM the fixed effect of thgh class
of days in milk (j =1 to 10; class 1: < 30 dayl®ss 2: 30 to 60 days, class 3: 61 to 90
days; class 4: 91 to 120 days; class 5: 121 toddy8; class 6: 151 to 180 days; class 7:
181 to 210 days; class 8: 211 to 240 days; clasz19:to 300 days; class 10: > 300
days); parity is the fixed effect of th&th parity of the cow (k = 1 to 5 or more); QF

the fixed effect of théth number of the order of presentation of cheesgbss to the
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assessors (I = 1 to 15); MY(Milk yield, kg/d) is the fixed effect of theth class of

milk yield (m = 1 to 7; class 1: < 14.48 kg/d; da®. 14.48 to 18.43 kg/d; class 3:
18.44 to 22.37 kg/d; class 4: 22.38 to 26.31 kglalss 5: 26.32 to 30.26 kg/d; class 6:
30.27 to 34.20 kg/d; class 7: > 34.20 kg/d); apsheis the residual random error term

~ N (0,6%).

RESULTS

CHARACTERISTICS OF INDIVIDUAL CHEESES

Mean and standard deviation values of investigatedts (one cheese
represented an individual sampled cow) are repdrietiable 1. The lactating dairy
cows (mean values for DIM and order of parity 09 Bhd 2.54, respectively) produced
on average 24.34 kg/d with a protein, casein,lé&tpse, total solids content; and SCS
of 3.75, 2.88, 4.38, 4.77, 13.89% and 2.98, respdyt (data not shown). Singular
component values of individual cheeses after twatimof ripening were 26.83, 38.04
and 2.04% for protein, fat and salt content, respely, contributing to a cheese yield
of 8.73% with a total solid content of about 80%. &pected for the milk, fat content
and SCS showed the highest coefficient of varia{@®47% and 62%, respectively)
whereas, in the cheese, protein was more varidblé £ 14.94%) then the other
components.

Concerning physical traits, colour analysis indcatthat individual cheese
samples tended to light-yellow showing L* , a*, and Sl traits of 58.99, -2.07, 7.63
and 7.97, respectively. The hardness of cheeséieddugh (35.52 N) and comparable
with commercial types of cheese presenting a lopgnmg time. All of these traits
(Table 1) were almost normally distributed with tasis and skewness values close to

zero, except the cheese salt content (data notrghow
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Table 2 reports descriptive statistics for attri@sudf sensory analysis, Figure 1
and 2 exhibited the corresponding distributionrafividual observation, while Pearson
product-moment correlations among these standardiaés are given in Table 3. The
intensity of smell and flavor exhibited similar nmeand variance values with 3.06+0.36
and 3.33%0.36, respectively. The correlation betwéeese two traits assumed a
medium value (0.4 < 0.001). Values of skewness and kurtosis clogedmphasized
the normal distribution of smell and flavor integsattributes (Figure 1a and Figure
1b). For the taste traits, assessors felt highlelegaof salt (3.23) than sour (2.51) even if
the latter was more variable showing a CV of 21.88#though its distribution can be
defined as normal, sour attribute exhibited an higllue of skewness (Figure 1d)
explainable by values of cheeses acidity closed than for the other sensory traits.
Salt was quite correlated with sour attribute (Q.RG< 0.001) and the correlations of
both taste attributes with smell and flavor intgnsivere positive, medium and
significant (Table 3).

As confirmed by the high content of cheese totitisqTable 1), all of texture
traits pointed out high hardness of the cheese lesmwyith 4.97 of firmness, 2.48 of
elasticity and 2.79 of moisture attribute. Elasyidhowed the highest variability than
the other sensory traits with a CV of 28.80%. Imagal, texture attributes showed a
normal distribution (Figure 2) although elasticpgyesented a skewness value slightly
over 0 while firmness skewness was slightly beloaxplainable by the high hardness
of the cheese samples. As expected, texture waits highly correlated: firmness were
negatively correlated with elasticity and moistateibutes showing a correlation value
of -0.81 P < 0.001) for both, while elasticity was positivatgrrelated with moisture
(0.77; P < 0.001). Texture and the other sensory attribwtese low correlated

presenting values from -0.18 to 0.17.
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FACTORS AFFECTING VARIATION OF CHEESE QUALITY

Table 4 and 5 presents how the sensory attributescarrelated with milk
guality and cheese quality traits, respectivelyebnmwas not or low correlated with all
milk components, while flavor showed a negativer@ation with milk lactose content
and pH (-0.26, -0.17, respectiveR;< 0.001). Flavor attribute was also not correlated
with any component of cheese while smell preseatkav correlation with cheese total
solids (-0.09;P < 0.001). Salt and sour taste attributes were thegaorrelated with
lactose showing values from -0.40 to -0.28. Salt wasitive correlated with milk
casein (0.20P < 0.001) and protein (0.2®, < 0.001) and this relationship was found
with cheese protein (0.21P < 0.001). As expected, sour attribute was negative
correlated with pH of cheese (-0.4%;< 0.001) although the relationship with pH of
milk was less accentuated (-0.23x< 0.001).

In general, the correlations between texture aiteib and milk components
showed high values. Casein resulted positive catedlwith elasticity (0.3@ < 0.001)
and moisture (0.3# < 0.001) while showed a negative relationship viitmness (-
0.32; P < 0.001). High values of correlation were alsonfdwhen texture attributes
were correlated with milk total solids (0.31, -O&2d 0.43 with elasticity, firmness, and
moisture, respectivel\? < 0.001). Moving to the correlations with cheesaldy traits,
elasticity, firmness and moisture resulted highbgipve correlated (-0.70; 0.69; -0.64;
P < 0.001) with total solids showing an oppositatiehship than what found in the
case of texture attributes-milk total solids catigin. As expected, MSF of cheese
samples was positive correlated (0.81< 0.001) with firmness while negative related
with the other texture attributes.

Table 6 shows the importance of the effects indude the linear model

explaining the variability of the cheese qualitgits. The coefficient of determination
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presented medium values for all the traits ran@iom 0.29 (cheese salt) to 0.58 (pH).
In general, herd/test date resulted significantaibthe traits P < 0.001), but days in
milk effect showed higher f-values when cheese aompts were tested as dependent
variables. The maximum differences of the leastsegimeans from the 83 herds were
11.47% for protein, 9.80% for fat, 15.52% for tatalids 0.64 for pH 20.66 for L*, 1.29
for a*, 7.76 for b*, 8.96 for SI and 53.11 N for MMSdata not shown). For cheese
protein, total solids and MSF, lactation effect NDIpresented a similar trend to the
daily milk yield showing higher values with the jeat milk production and a decrease
with the prolonging of lactation; for cheese fatapposite trend was found (Figure 3).
Parity resulted significant when tested on cheet# solids (P < 0.001), LP(< 0.05),

b* P < 0.05), SI P < 0.05), and MSFR < 0.05) without showing any trend between
cows presenting different order of parity. MY effeesulted not significant for all the
considered traits (except for cheese protéin< 0.05) underlining that the milk
production did not affect the composition and thggical traits of cheese. The source
of variation directly associated with the cheesédn@ procedure and the ripening
process, did not significantly affected any trakcept the cheese total solids< 0.01),
empathizing an acceptable reproducibility of thérerprocess (from milk collection to
the analysis of ripened cheeses).

In Table 7 are summarized the result from ANOVAanh¢d testing the effects
of herd/test day, days in milk, parity, order okebe presentation and milk production
on sensory standardized attributes. Herd/test das/am important source of variation
for all the sensory traitsP(< 0.001). The maximum differences of the leastases
means from the 83 herds were 1.29 for smell, lo81ldvor, 1.37 for salt, 2.29 for sour,
2.12 for elasticity, 2.41 for firmness and 1.65 fooisture (data not shown). Days in

milk resulted significant for smell trait exhibigra decrease till the middle of lactation
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and a subsequent increase (Figure 4a). Also thereexattributes were influenced by
DIM (P < 0.001) and presented a trend during lactatioagreement with the results
found for total solids and MSF during lactatione irmness attribute was higher at the
beginning (peak of daily milk production) of ladtat showing a decrease till the end;
the other two texture traits presented an oppdsated (Figure 4b). The order of parity
resulted significant for salP(< 0.01), elasticity® < 0.01) and moistureP(< 0.01): it
was found a trend just for the salt attribute, olisg higher salt values with older cows
(data not shown).

The order of presentation of cheese to the assedsining the sensory test was
an important effect especially for smell and flaér < 0.001): in the figure it is
possible to observe that the first cheese presetutetie assessors assumed higher
values for the intensity of smell and flavor whilee score of these two attributes was
more constant during the testing (Figure 5).

Daily milk yield was not significant for all the s®ory traits considered in the

present work.

DISCUSSION

CHEMICAL COMPONENTS OF CHEESE

The average value of Gyp obtained from mature (two months of ripening)
individual cheese was of 8.73% starting from valakfresh curd 15% (Cipolat-Gotet
et al., 2012b). This CY is comparable to that of®difor cheeses with long ripening
(more than 12 months) such as Parmiggiano Reggarauced using milk of Brown
Swiss cows (Malacarne et al.,, 2006). This breednpaoed to Holstein-Friesian, is

characterized to produce milk presenting high pattein and casein contents, good
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coagulation properties which results in an high @Malacarne et al., 2006; De Marchi
et al., 2008; Cecchinato et al., 2011).

In the present study, protein, fat salt and totéils of model cheeses produced
by raw unskimmed individual milk samples averagéd32%, 38.04%, 2.04% and
80.06%, respectively. Days in milk was the mostanmgnt source of variationP(<
0.001). Cheese protein and fat showed an oppasitel ton the lactation (Figure 3a)
where, at the peak of milk production, cheese prassumed the highest values while
cheese fat the lowest. The percentage differenteelea the highest and the lowest
(end of lactation) values were 13.80% and 10.258piotein and fat, respectively. This
results could be explain by the different fat-pnoteatio of milk during the lactation:
this ratio assumed values of 1.23 at 90 days fitoenchlving while 1.11 at the end of
lactation. Auldist et al. (1996), reported lowerlues of protein and fat of cheese
produced using milk of late-lactating cows compaethe results obtained using milk
of early-lactating cows. Coulon et al. (1998), sind the effects of days in milk on
quality of Saint-Nectaire-type cheese, divided &méire lactation in four periods and
found higher values of cheese fat in the seconubgégi45 days) of lactation. Cheese
total solids presented the same trend of fat duaotation with higher values between
45 and 90 days from calving: the percentage diffegeof higher values than the worst
was almost 5% showing less differences than thprtaiably due to the opposite trend
of cheese protein. For cheese salt, higher valees found at the end of lactation.

Parity factor resulted significant only in the cadecheese total solids without
showing any evident trend. Although order of pasitgs not significant for cheese
protein and fat, it was found that the older cowsdpced cheese with lower content of
protein and higher content of fat than the youngeta not shown). Milk production

(MY) milk did not presented any effect on the qualitychkese; the inclusion of this
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factor in the linear model produced only a halvioigF-values for DIM (data not
shown).

Moving from the discussion of animal effects, Hedl date resulted significant
for all the cheese componenB< 0.001). This factor pointed out high differen¢&s
between the best herd and the worst, showing vaitie36.25% 22.81% and 17.73%
for protein, fat and total solids, respectively. mya studies evaluated factors
(summarized in the herd effect) affecting the cleaincomposition of cheese or the
strictly related milk quality, such as the herdes{Allore et al., 1997), feeding regime
(Verdier-Metz et al.,, 1998 and 2000), season (Malee et al., 2003) and herd
management (Coulon et al., 2004; Martin et al., 9200

The no-significance vat factor (except for totadéids; P < 0.01) underlines the
good reproducibility of the method proposed (evétaraipening of cheese) and joins
the good results presented by Cipolat-Gotet et(2112b) on the CY and nutrient

recoveries of milk cheese in the curd.

PHYSICAL TRAITS OF CHEESE

To our knowledge, there are no studies that hawvestigate on physical traits of
individual cheeses from dairy cows with an high temof observations. Acidity,
evaluated measuring pH averaged 5.17, the colosy asmexpected, near to yellow (b*
= 7.63) showing relatively high values of lightnggs = 58.99) while hardness of
cheese resulted high (MSF = 35.52 N). Herd/test deis the most important source of
variation for all traits P < 0.001). The differences (%) between herds showgher
and lower values for MSF (80.63%) and pH (29.15%%pectively, while medium
values for the colour. Most of the studies comparsults of cheese physical traits

considering factors related to feeding system (\éetilletz et al., 1998 and 2000) and

158



breed (De Marchi et al., 2008; Martin et al., 2009¢ Marchi et al. (2008), comparing
results in three types of cheeses obtained witlk wiilHolstein Friesian and Brown
Swiss cows, found conflicting results for pH and ardness (MSF, N) of cheese. In a
study that compare Holstein Friesian and MontbédiagMartin et al., 2009), it was
reported lower values of cheese pH for the lattieiterfor the colour traits breed factor
was not significant.

Lactation stage (DIM) was another important facédfecting variability of
physical traits. This factor was not already stddet individual level but selecting
group of cows on the basis of days in milk. Auldisal. (1996), in a study to assess the
effect of somatic cell count (SCC) and the stagkctation, divided four in groups the
cows by the content of milk SCC (high or low) ah& imoment of lactation (early or
late). They found opposite results with higher ealof pH in early-lactating cows with
low milk SCC while lower values with high milk SC@&Iso in the study of Coulon et
al. (1998), the effect of stage of lactation waslgd on cheese physical traits dividing
the pool of cows in 4 groups by the moment of laata They reported constant values
of pH during lactation with an increase in the lpstiod (298 days). In the present
study, pH assumed higher values in the middle aiateon while lower at the beginning
and at the end. The lactation stage resulted signif just for L* and b* without
showing and continuous trends. Despite this, ittbase highlighted that the variability
(%) for b* of least square means for DIM was 18@&a not shown).

Figure 3b presented the least square means of MISstdge of lactationP( <
0.001). This trait showed a similar trend similarthe dry matter present in the cheese.
This was confirmed by the correlations betweendle® traits (0.56P < 0.001). The
production of individual cheeses individual usihg same sampling of milk, the same

cheese-making procedure, the same timing and deasdics of cheese ripening has as
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obvious consequence a great variability in termsCof. This implies a different
quantity of cheese dry matter and then a diffehantiness.

Apparently the order of parity did not influenceeele physical traits. This
factor was significant for L*R < 0.05), b* P < 0.05) and MSFK < 0.05) but the
differences of these traits between cows presemlifigrent order of parity were very
low and negligible.

As for chemical components, daily milk producti@ator was not significant for

any physical traits.

SENSORY PROPERTIES OF CHEESE

As for physico-chemical traits, there are no stsidieat have evaluated sensory
properties tested on individual cheeses producied usilk of dairy cows. The herd/test
date showed higher f-values and significance then dther factors included in the
linear model. When sensory traits were tested htrd/test date included not only the
cheese-making session factor but also the dayeokéimsory analysis. The differences
between opposite values of least square meansidghggd an high variability. The
relationship between sensory properties and hesdsivalied especially considering the
feeding system (Verdier-Metz et al.; 1998; Buchinak, 1999; Verdier-Metz et al.,
2000) while in one study was related with the nurddemilking per day (Martin et al.,
2009). In the present study characteristics (fepdagime, geographical location, size)
of herds were collected and these will be relatedhe sensory properties in our
following studies.

The stage of lactation resulted significant for Brlé < 0.01), salt® < 0.05)
and sour P < 0.001) intensity and for all the texture prom=tP < 0.001). in the

present study, flavour was not affected by factetated to the animal (DIM, order of
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parity and MY) and to the herd. In Figure 4a ip@ssible to observe that in the middle
of lactation smell of cheese assumed lower valliéss results are similar to those
obtained by Coulon et al., (1998) in which the $meds lower in cheese from the
second group of cows (145 days). It's difficultcdmmpare the results of this study with
what found by Auldist et al. (1996) because thaddig the cows in only two group
(related to the lactation).however they reporteghér values of flavour in the early-
milking cows. For the sour intensity trait it wabserved lower values in middle of
lactation (data not shown): the same was found dyl@h et al. (1998).

Least square means of texture properties for DIMewsotted in Figure 4b. as
expected, firmness property showed a similar tseitld cheese total solids and MSF. In
fact, the correlation between firmness and MSF gk and positive (0.61; Table 5).
The higher values of firmness were obtained forawthe last part of lactation were
the CYsop was the worst. Elasticity and Moisture showed agite trend than the
firmness presenting lower values at the end o&tawt. The opposite trend of these two
traits was expected observing the correlations éetwfirmness and elasticity and
moisture, respectively (-0.81 for both). Coulorakt(1998) reported opposite values for
firmness than the present study, whit higher vahieist5 days from calving.

Order of parity factor resulted significant for jder salt < 0.01) elasticity P
< 0.01) and moisturé’(< 0.01). It was observed higher values of chealtength older

cows while for the other traits any trend was faund

As it's important to consider the effect of the esr on sensory assess of
results, it is equally fundamental to consider dnger in which cheeses are presented
for the tasting to understand what is the effecthef saturation of sensory properties

(and eventually remove it).
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In the present study smell and flavour were espigcdfected P < 0.001) by
order of presentation. In both traits, after thetfcheese presented, the evaluations of
are more constant during all the tasting sessioriigure 5 are given the least square
means of smell and flavour for the order of presiom effect: it is possible to observe
how the first cheese was evaluated for the smelltha flavor assigning higher values
compared to the subsequent samples. For the sgheory traits, order of presentation

was significant but it was not found a clear trémévaluate this effect.

CONCLUSIONS

In conclusion, we have described a method for exmlg the quality of the
cheese and sensory properties at the individual.l&he results have allowed us to
assess in particular the effects of the animas{age of lactation and parity of order) on
quality traits and sensory properties of the chesssy 1.500 mL of milk per sample.

For cheese chemical components we can conclutle tha

Herd/test date and days in milk were the most itgmbrsources of
variation.

» Total solids of cheese depends on fat-protein rahich determinate the
chemical composition of cheese because influeneanitiusion protein
and fat in the cheese (opposite trend during ttiati@n of a cow).

» Order of parity resulted significant just for tosallids.

Milk yield did not affected chemical compositiondfeese.
For cheese physical traits we can conclude that:

* Herd/test date and days in milk were the most ingmbrsources of

variation.
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* When the quality of individual milk is evaluated hias to consider that
hardness of cheese is strictly related to the eheagsld when the
processing and the ripening are the same.

» Order of parity did not affected physical traitschieese.

* Milk yield was not significant for any variable csidered.

For cheese sensory properties we can conclude that:

* Herd/test date and days in milk were the most ingmbrsources of
variation.

» Texture properties are related to the CY and itapmusition.

* Order of presentation has to be included in théssitzal model when
sensory properties are analysed.

* Milk yield was not significant for any variable csidered.

Furthermore, the results highlighted the need foremnvestigations on this topic, such
as to analyse the genetic aspects of these traitsaad to propose measures indirect

measure of prediction.
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TABLES AND FIGURES

Table 1. Descriptive statistics of physico-chemical traits theese at 2 months of

ripening’.
Trait’ N Mean SD P5 P95

CYeoo % 1,224 8.73 1.12 6.99 10.61
Protein, % 1,080 26.83 4.01 20.01 32.85
Fat, % 1,072 38.04 4.06 31.70 45.18
Salt, % 1,086 2.04 0.07 1.90 2.12
Total solids, % 1,077 80.06 4.63 71.84 86.91
pH 1,216 5.17 0.17 4.87 5.45
L" 1,198 58.99 6.10 49.81 69.33
a 1,200 -2.07 0.53 -2.91 -1.14
b’ 1,200 7.63 2.83 3.47 12.64
S 1,197 7.97 2.61 4.21 12.73
MSF, N 1,203 35.52 16.98 13.08 68.08

Ip5 = 8" percentile; P95 = 5percentile.
“CYe0p = cheese yield after 60 days of ripening; L* =hligess; a* = redness; b* = yellowness.

Table 2. Descriptive statistics of sensory traits

Trait N Mean SD P5 P95
Smell 1,219 3.06 0.36 2.50 3.70
Flavor 1,221 3.33 0.36 2.75 3.92
Taste

- Salt 1,211 3.23 0.44 2.58 4.00

- Sour 1,211 2.51 0.55 1.75 3.58
Texture

- Elasticity 1,222 2.48 0.71 1.33 3.75

- Firmness 1,219 4.97 0.72 3.70 6.10

- Moisture 1,222 2.79 0.48 2.00 3.58

Ip5 = 8" percentile; P95 = 5percentile.
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Table 3. Pearson product-moment correlations among sensaty. t

Flavor Salt Sour Elasticity Firmness Moisture
Smell 0.40" 0.13" 0.09" 0.16" -0.17" 0.10"
Flavor 0.43" 0.397 -0.02° -0.09" 0.09
Salt 0.40" -0.18"7 0.01° -0.02°
Sour -0.06 -0.12" 0.13"
Elasticity -0.817 0.77"
Firmness -0.81

*P < 0.05; **P < 0.01; **P < 0.001,™ not significant.

Table 4. Pearson product-moment correlations between seasivityutes and quality

milk traits.
Smell Flavor Salt Sour  Elasticityfrirmness Moisture

Casein, % 0.02 0.02° -003° 020" 030" -032° 034"
Protein, % 0.05  0.09 0.07 028" 021" -026° 0.287
Fat, % 0.08 0.10" 0.07 0217 022" -035° 0.35
Lactose, % -0.08 -026" -040" -028" 0.8 013" 0.14"7
Total solids, % 0.08 0.08 0.03* 025" 0317 0427 043
SCS, units 0.07 010" 0.16" 0.06 -0.08 0.04°  -0.09"
pH -0.02° -017" -016° -023° 0.04° 0.0 -0.07

*P < 0.05; *P < 0.01; **P < 0.001;™ not significant.
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Table5. Pearson product-moment correlations between sgasiwibutes and physico-
chemical parametersl for cheese at 2 months afirige

Smell Flavor Salt Sour ElasticityFirmness Moisture
Protein, % -0.0%  0.08° 0.06° 0217 019" -0.177 015"
Fat, % 0.08° 0.02° 0.03*  0.001° -0.15" 0.08°  -0.06"
Salt, % 0.02 0.02° 0.08°  0.13" 0217 019" 0.6

K,k ke

Total solids, % -0.09" -0.02° 0.08° -0.17" -0.70 0.69" -0.64

pH 0.09 -0.09° -0.10° -0.45"7 0.08¢ 012" 013"
L’ 0.15" 0.04° 0.07 0.09" 0.16°  -0.207 0.16"
a 0.09" 0.11" 0.17" 0.17" 0.02° -0.10° 0.137
b’ 011" 010" 011 0.03* 0127 -0.14" 015"
Sl 0.10° 010" 041" 0.02° 0127 -0.14" 014"
MSF, N -0.07 -010° -0.0* -0.18" -054" 061  -0.56"

*P < 0.05; **P < 0.01; **P < 0.001,™ not significant.
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Table 6. Results from ANOVA (F-value and significance) fghysico-chemical traits
of individual model cheese.

EFFECT
Trait

2§ RMSFE HTD DIM Parity Vat MY

Protein, % 0.41 3.25 5.16 9.55" 0.94° 1.08° 2.19
Fat, % 0.36 3.41 4.20 8.75" 1.23° 0.82°  2.01°
Salt, % 0.29 0.06 2.71 8.58" 0.66° 0.58° 1.19"®
;Otal solids, 0.52 3.38 10.46 16.22" 5.66 2.23 0.69°
pH 0.58 0.12 15.62 3.00” 1.47° 1.14° 1.16°
L’ 0.40 4.97 7.37 2.68 2.96 1.54°  1.71°
a 0.37 0.43 6.2T 3.317 1.26° 0.94°  1.07°
b’ 0.41 2.24 8.13 1.82° 3.20 0.99°  0.18°
Sl 0.40 2.10 7.81 1.73° 3.13 0.97°  0.22°
MSF, N 0.39 14.13 6.45 3.83" 2.66 1.12°  0.89°

*P < 0.05; *P < 0.01; **P < 0.001;™ not significant.
L * = lightness; a* = redness; b* = yellowness.
’RMSE = Root means square error.

Table 7. Results from ANOVA E-value and significance) for sensory attributes.

EFFECT
Trait
2§ RMSE' HTD DIM Parity OP MY

Smell 0.43 0.43 5.93 2.78 0.56°  16.32” 1.13°
Flavor 0.31 0.54 471 1.44° 0.18° 3.46"° 1.24°
Salt 0.37 0.45 6.27 2.26 3.37 1.76 0.89°
Sour 0.47 0.48 939  4.00” 0.52° 2.27" 1.67°
Elasticity 0.50 0.57 10.67  3.50" 4.06° 2.09 0.70°
Firmness 0.39 0.67 6.92  4.09” 2.18° 2.39" 0.39°
Moisture 0.29 0.63 3.78 3.63" 3.89" 1.86 0.78°

*P < 0.05; **P < 0.01; **P < 0.001,™ not significant.
'RMSE = Root means square error.
0P = order of cheese samples presentation to thaliges.
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Figurel. Distribution of individual smell [a], flavor [b],adt [c], and sour [d] sensory
attributes.
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Figure2. Distribution of individual, elasticity [a], firmnagb] and moisture [c] sensory
attributes.
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Figure 3. Least square means of cheese protein and fatrd]¢claeese total solids and
MSF(maximum shear forcff)] over days in milk.
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Figure 4. Least square means of smell [a], and firmnesstielty and moisture [b] over

days in milk.
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Figure5. Least square means of smell and flavor attributes order of presentation of

cheeses during the sensory testing.
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GENERAL CONCLUSIONS

The main objective of this thesis was to invesagae variability of some “new
phenotypes” related to the technological propemiesdividual milk of Brown Swiss
COWS.

The comparison of MCPs has shown phenotypic andetgerdifferences
between the measurements of the two instrumentsh@mnécal and optical). The optical
instrument could be used in future to assess rag,tespecially on the early phases of
clotting in which the progress of the process it visible. The increase of the time-
duration analysis (from 30 to 90 minutes) appedoelde a viable and simple solution
for the presence of NC samples and allowed to tilmate genetic parameters fapka
trait usually not included in previous genetic s#gdbut of considerable practical
importance; 2) estimate 42 (phenotypically and genetically) although further
investigations are needed to better understandhdaning of the trait. For the MCP as
for the milk quality traits, lactation stage reedltthe most important factor of variation.
In Table 1 and 2 are reported the trends (posdiveegative compare to the average of
traits) of all quality parameters determined irstekperimental project for days in milk
and order of parity, respectively.

The proposed individual model cheese-making pracgssesulted repeatable
and has allowed, for the first time, to assessvirebility of the individual traits for
cheese yield and nutrients recoveries in cow's .nilkctation stage, as for MCPs,
resulted highly influencing these traits (Table 1).

Results demonstrated the existence of an impopaenotypic and genetic
variability in cheese yield and nutrients recoverieariations in cheese yield does not
depend solely on the fat and protein contents efrttilk, but also by the coagulum

ability to retain matter (protein, fat and wategetul to compose the cheese. On the
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basis of this assumption, it will be necessary toppse new prediction formulas
considering the no-costant recovery of individudkraomponent in the curd.

Further studies are needed to investigate on #metg results obtained for
cheese yields and nutrients recoveries assesse@dbociation of individual genes
(candidate gene approach) to genetic variabilitthege traits.

A phenotypic analysis on cheese quality (chemiglaysical and sensory traits)
was conducted. Generally, these traits exhibiteatgvariability and highly influenced
by the lactation stage. On the basis of phenotyfaéts collected it will be possible to
carry out a genetic analysis.

Finally, for the large amount of work required imetlaboratory to assess all
these traits for 1,271 dairy cows it will be im@ort to propose a routine analysis

(indirect measures on milk) in order to carry ostidy at population level.
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Table 1. Phenotypic trend for all investigated traits, eeqsed as deviation (positive,
negative or equal) from the mean trait within clakdays in milk

Days in milk

Trait 5-60 60-120 120-180 180-240 240-300
Milk Yield, kg/d 0 + 0 - --
Milk Components

- Recovered in curd - - 0 0 +

- Not recoverd in curd 0 0 0 0 0
MCP? ++ + 0 0 +
Cheese Yields ++ - + + ++
Nutrients Recoveries

- Protein, % 0 0 0 0 0

- Fat,% ++ + 0 0 0

- Solids and Energy, % ++ - + + ++
Cheese

- Protein, % 0 - + ++ +++

- Fat,% ++ +++ + 0 -
Cheese sensory properties

- Smell ++ + - - +

- Flavor - - - 0 +

- Salt 0 - 0 + ++

- Sour 0 - - + ++

- Elasticity +++ - - 0 ++

- Firmness ++ + - --

- Moisture +++ - - 0 ++
" milk protein and fat
2 milk lactose

3MCPs measured with Formagrpah (Foss Eletric, HitleDenmark)

Table 2. Phenotypic trend for all investigated traits, exsexl as deviation (positive,
negative or equal) from the mean trait within classrder of parity.

Order of Parity

Trait 1 2 3 4
Milk Components
- Casein 0 0 - -
- Fat - + - --
- Lactose + . - -
MCP"
- RCT, min 0 -- 0 +
Cheese Yields + + - -

Nutrients Recoveries

- Protein, % ++ + 0 -

! MCPs measured with Formagraph (Foss Eletric, Hitle Denmark)
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