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Milk lactose, pH, somatic cell count (SCC), bacterial count and NaCl are indirect markers of the mammary
gland status; they can be used to screen milk quality and its technological properties. The variability of
milk composition and coagulation properties from 1272 individual goat milk samples as a function of the
udder health indicators was investigated. High lactose concentrations were associated with reduced
coagulation time, but weakened curd firmness traits. High pH values impaired coagulation, while high

SCC had delayed coagulation time but reduced curd-firming rate. Samples with high bacterial count were
characterised by softer curds, but had faster curd-firming and larger syneresis rates. High concentrations
of NaCl were associated with reduced fat, protein, and casein content, and impaired coagulation traits.
These results show that the concurrent analysis of these markers can be highly informative and suitable
to monitor the quality of milk destined for cheese-making.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

The variation of milk composition and technological properties
is an important topic in the dairy sector. The negative influence of
udder inflammation on milk and cheese quality and the exploration
of indirect mastitis markers have been deeply investigated in cows
(Viguier, Arora, Gilmartin, Welbeck, & O'Kennedy, 2009) and sheep
(Leitner et al., 2016; Pazzola et al., 2018). Total bacterial count (TBC)
and somatic cell count (SCC) are the most used indicators for milk.
Given that TBC and SCC are associated with the hygienic charac-
teristics of milk, legal limits are reported in official documents
regarding productive criteria of food of animal origin (EU, 2004; US
PMO, 2015) and those are often considered in milk payment-
quality systems.

In addition to SCC and TBC, other milk traits are used as indirect
predictors of udder inflammation and the consequent deterioration
of milk technological properties. Decreased lactose concentration
has been recorded during mastitis (Bagnicka et al., 2011; Leitner
et al,, 2004) and it is associated with a general worsening of milk
coagulation traits (Leitner, Merin, & Silanikove, 2011; Pazzola et al.,
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2018). During inflammation, changes in permeability of mem-
branes lead to an increased flow of soluble inorganic ions (i.e., K, Cl,
and Na) from the blood to the milk and electrical conductivity is
used as a mastitis detection tool (Ebrahimie, Ebrahimi, Ebrahimi,
Tomlinson, & Petrovski. 2018). Lastly, milk pH is altered during
udder inflammation, increasing during mastitis, and its effects on
milk coagulation is well known (Bobbo et al., 2017; Pirisi, Lauret, &
Dubeuf, 2007).

As regard goat species, the negative effect of SCC on milk
technological properties is not completely clear. If compared
with cows and sheep, SCC is high also in healthy goats because
of the differences in the udder secretory system (Park, 2010).
Moreover, SCC is extremely variable in goats depending on
parity, lactation stage and the different pathogens (Bagnicka
et al.,, 2011). For those reasons, legal limits are always fixed for
TBC in caprine milk, whereas SCC limits are either not fixed or
set differently among countries (EU, 2004; US PMO, 2015).
Hence, in goats the measurement of SCC is often combined with
other milk traits (i.e., lactose, TBC) to assess the actual health
status of the mammary gland (Bagnicka et al., 2011).

Previous studies on caprine milk have investigated the effect of
infected vs. uninfected udders (Leitner et al., 2004), ranges of SCC
(Pazzola et al., 2012), detailed composition of bacteriological traits
(Bagnicka et al., 2011) and pH (Castillo, Payne, Hicks, & Lopez, 2000)
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on milk composition and coagulation. However, information about
the variation of caprine milk composition and coagulation as a
function of other indirect udder health traits (i.e., lactose, milk pH,
Nadl) is still lacking.

The aim of this study was to improve knowledge about the
changes of milk composition and coagulation traits as affected by
different levels of udder health predictors. In particular, individual
caprine milk samples were used to investigate the effect of milk
lactose and NaCl levels, SCC, TBC, and pH values on milk coagula-
tion properties (MCP), and modelled curd-firming over time pa-
rameters (CFy).

2. Materials and methods
2.1. Milk sampling and analysis

Individual milk samples were collected from 1272 goats
belonging to six different breeds (Saanen, Camosciata delle Alpi,
Murciano-Granadina, Maltese, Sarda and Sarda Primitiva) from 35
farms distributed over the whole island of Sardinia (Italy). Each
goat was sampled once in a single day (one sampling day at each
farm) during evening milking. Farms were single (n = 24) or mul-
tiple breeds (n = 11). Detailed information about farms and breeds
are reported in Vacca et al. (2018).

Milk composition (fat, protein, casein, lactose, pH and NaCl) was
determined using a MilkoScan FT6000 milk analyser (Foss Electric
A/S, Hillered, Denmark). In particular, NaCl concentration was
estimated using the ionic strength measured using the MilkoScan
build-in conductivity probe and calibration algorithms developed
according to FIL-IDF recommendations (ISO 9622:2013; IDF, 2013)
and fitted to caprine milk at the Milk Laboratory of the Regional
Farmers Association of Sardinia (Oristano, Italy). SCC and TBC were
measured using a Fossomatic 5000 somatic cell counter and a
BactoScan FC150 analyser (both provided by Foss Electric A/S,
Hillered, Denmark), respectively. These traits were then trans-
formed into the logarithmic somatic cell score [SCS = log,(somatic
cell count 107°) +3] and into the logarithmic bacterial count
[LBC = logyg (total bacterial count 1,000~ )], respectively.

2.2. Analysis of milk coagulation properties

A lactodynamograph instrument (Formagraph, Foss Italia,
Padova, Italy) was used to assess MCP, according to the procedure
described by Vacca et al. (2018). In brief, milk samples were heated
up to 35 °C; rennet (Hansen Naturen Plus 215, Pacovis Amrein AG,
Bern, Switzerland) was diluted in distilled water to obtain a solu-
tion at 1.2% (w/v), with a final value of international milk clotting
units (IMCU) at 0.0513 IMCU per mL of milk; coagulation temper-
ature was maintained at 35 °C. The recorded MCP were: rennet
coagulation time (RCT, min), the time interval between rennet
addition and gelation; curd-firming time (kyo, min), the time be-
tween gelation and the attainment of curd firmness of 20 mm; and
curd firmness at 30, 45 and 60 min after rennet addition (asg, ass,
and agg, mm).

2.3. Modelling curd-firming process of caprine milk

The lactodynamograph instrument recorded the width (mm) of
the oscillatory graph of the pendula immerged in the wells filled
with renneted milk samples every 15 s. Thus, after the 60 min
analysis, 240 curd firming (CF) individual point observations were
recorded for each individual milk sample. CF measures of each
sample were submitted to the 4-parameter model reported in
Bittante, Contiero, and Cecchinato (2013):

CFs =CFp x (1 —e’kCFX(t’qu)) x eksex(t-RCTeg)

where CF; is curd firmness at time t (mm); CFp is the asymptotical
potential value of CF at an infinite time in absence of syneresis
(mm); ke is the curd-firming instant rate constant (% min~!); ksg is
the syneresis instant rate constant (% min~'); RCTeq is RCT esti-
mated by CF; equation on the basis of all data points (min). To avoid
convergence and estimation problems, the 4-parameter model was
revised according to Cipolat-Gotet et al. (2018) by including only CF
measurements up to 45 min after the addition of rennet (180 re-
cords for each individual milk sample, 1 every 15 s). The other three
CF; model parameters (RCTeq, kcr, and ksg) were estimated by a
curvilinear regression using the PROC NLIN of SAS software
(version 9.4, SAS Institute Inc., Cary, NC, USA). The parameters of
each individual equation were estimated using the Marquardt
iterative method (350 iterations and a 10~ level of convergence).

2.4. Statistical analysis

Traits achieved from the lactodynamograph analysis and curd-
firming modelling were analysed using a MIXED procedure (SAS
version 9.4, SAS Institute Inc., Cary, NC), according to the following
model:

Yefghijkimno = M + DIMe + Parityf 4 Lactoseg + pHp + SCS; + LBG;
+ NaCly + Farmy + Breedy, + MUy + €efghijimno (1)

where Yefghiimno iS the observed trait; p is the overall intercept of
the model; DIM, is the fixed effect of the e range of days in milk
(e =1 to 4; range 1, <80 days (329 goats); range 2, 81-120 d (350
goats); range 3,121—160 d (352 goats); range 4, >160 d (241 goats);
Parityris the fixed effect of the " parity (f=1 to 3; range 1, 1st and
2nd (392 goats); range 2, 3rd and 4th (460 goats); range 3, >5th
(420 goats); Lactose, is the fixed effect of the g™ range of lactose
concentration (g = 1 to 7; range 1, <4.31 g 100 mL™!; range 2,
4.31-4.43; range 3, 4.44—4.57; range 4, 4.58—4.71; range 5,
4.72—4.85; range 6, 4.86—4.98; range 7, >4.98); pHj, is the fixed
effect of the h'" range of pH (h = 1 to 7; range 1, <6.58; range 2,
6.58—6.63; range 3, 6.64—6.68; range 4, 6.69—6.75; range 5,
6.76—6.80; range 6, 6.81—6.86; range 7, >6.86); SCS; is the fixed
effect of the if" range of SCS (i = 1 to 7; range 1, <3.27; range 2,
3.27—-4.27; range 3, 4.28-5.27; range 4, 5.28-—6.29; range 5,
6.30—7.29; range 6, 7.30—8.30; range 7, >8.30); LBC; is the fixed
effect of the j range of LBC (j = 1 to 7; range 1, <0.72; range 2,
0.72—1.11; range 3, 112—-1.50; range 4, 1.51-1.90; range 5,
1.91-2.29; range 6, 2.30—2.69; range 7, >2.69); NaCly is the fixed
effect of the k™ range of NaCl concentration (k = 1 to 7; range 1,
<183 mg 100 mL~1; range 2, 183—209; range 3, 210—237; range 4,
238—265; range 5, 266—292; range 6, 293—319; range 7, >319);
Farmy is the random effect of the I farm (I = 1 to 35); Breedy, is the
random effect of the m™ breed (m = Saanen, Camosciata delle Alpi,
Murciano-Granadina, Maltese, Sarda, and Sarda Primitiva); MU, is
the random effect of the n measuring unit (pendulum) of the
lactodynamograph instrument (n = 1 to 10); and eefghjjkimno is the
random residual ~ N (0, ¢2), where ¢2 is the residual variance.
Given that 11 out of 35 were multiple-breed farms, and all
breeds were not reared in all farms, a preliminary model was per-
formed to test the possible confounding effect between breed and
farms. A model with the farm effect nested within farm provided
the very same results of fixed effects significance in comparison
with Eq. (1). Finally, the farm and breed effects were computed in
Eq. (1) as two independent random effects. Each of the seven ranges
of lactose, pH, SCS, LBC and NaCl were designed on the basis of
distribution of the variables: each single range explained 0.5 SD of
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the variable; the fourth was centred on the mean value; and the
first and the seventh represented the tails of the distribution.
Chemical composition (fat, protein, and casein) was analysed using
a further model named Eq. 2, derived from Eq. (1) without the
random effect of the measuring unit of the lactodynamograph in-
strument. Orthogonal polynomial contrasts (linear, quadratic and
cubic pattern) were estimated between LSMs of udder sanitary
predictors traits. Pearson product—moment correlations were
performed among lactose, pH, SCS, LBC, and NaCl traits.

3. Results and discussion

As the investigation of the effects of farm, breed, parity and DIM
were not within the aims of this study, these were briefly sum-
marised as results, but they have not been discussed. Milk fat,
protein, casein and casein number have not been considered in the
present paper, as their effects on coagulation and cheese-making
traits have been already described and discussed in other papers
from the same research group (Pazzola, Stocco, Dettori, Bittante, &
Vacca, 2019; Stocco et al., 2018).

3.1. Analysis of variance

Descriptive statistics (mean and standard deviation) and anal-
ysis of variance for milk composition, MCP and CF; traits of indi-
vidual milk samples are summarised in Table 1. The effect of DIM
was highly significant for all milk composition traits, excluding fat,
and for all coagulation traits, except for ass, agp and ksg. Parity of
goats affected only the curd firmness traits. Among the random
effects, breed variance was higher than farm only for variability of
milk composition traits. As regard MCP and CF; traits, farm variance
was much higher than that of breed and the measuring unit.

3.2. Influence of lactose level
The effect of lactose was highly significant on milk composition

traits (Table 1; Fig. 1a). In particular, its relationships with fat,
protein and casein were described by a linear trend, with the

Table 1

1

highest lactose content being associated with the lowest values of
fat, protein and casein (Supplementary Table S1). In agreement
with the results of the present study, Varnam and Sutherland
(1995) reported that more than one third of the osmotic pressure
of milk is attributable to lactose, and hence its high or low con-
centration in milk is associated with reciprocal variations in the
content of other milk constituents. In cattle, lactose is strictly
correlated with SCS (Wickstrom, Persson-Waller, Lindmark-Man-
sson, Ostensson, & Sternesjo, 2009) and it is routinely used to
monitor udder health. Low values are associated with infections
(Bagnicka et al., 2011; Leitner et al., 2004) and poor milk coagula-
tion ability (Bobbo et al., 2017). In goats, lactose is also a proven
indicator of inflammatory processes in the mammary gland
(Leitner et al., 2004). Its reduction is associated with an increased
somatic cell count (Bagnicka et al., 2011), as also confirmed in the
present study by the negative linear correlations reported in
Table 2. However, no study is available on the direct effect of lactose
on MCP and CF; parameters. Results obtained from this study
suggest that the decrease of lactose was associated with delayed
rennet coagulation times, both RCT and RCTeq, shorter kpo,
increased kcr and curd firmness traits (Fig. 2a; Supplementary
Table S1). Hence, the attainment of CFpix was slower (tmax) in
milk samples with the lowest lactose concentration
(Supplementary Table S1).

Pazzola et al. (2018), in their study on ovine milk, reported that
decreasing levels of lactose are associated with delayed RCT and kg,
and a general improvement of curd firmness traits. In contrast to
our results, those authors also reported that ovine kcr and ksg
decreased at low lactose concentrations. However, while the effect
of high lactose concentration improved the RCT (a reduction was
recorded), all the other traits coagulation were worsened (i.e., curd-
firming time and the speed of curd-firming were longer, curd
firmness traits reduced). Hence, we can speculate that high lactose
concentration decreased only coagulation time because a larger
quantity of lactose was available to be converted into lactic acid,
supporting the aggregation of casein micelles.

On the other hand, as mentioned above, because of the associ-
ation of lactose with other milk components, it is likely that part of

Descriptive statistics and results from linear model for milk composition, traditional coagulation properties and curd-firming over time parameters of individual milk samples
(n = 1272) from six breeds of goat, and the proportion of variance explained by random effects.”

Trait Mean SD Fixed effects Random effects (%) RMSE
DIM Parity Lactose pH SCS LBC Nacl Farm Breed MU
Milk composition, g 100 mL™!
Fat 4.60 1.44 ns ns ok . o ns . 31.6 31.6 - 0.81
Protein 3.61 0.55 A ns o . . ns A 16.3 37.6 - 0.34
Casein 2.86 0.55 A ns . b . ns A 16.5 374 - 0.34
Traditional MCP
RCT, min 13.05 4.16 o ns o . . ns ns 36.7 1.0 0.3 3.26
ko, min 441 2.25 o ns ns ns ns ns ok 39.5 0.0 3.4 1.67
asp, mm 35.96 1217 . * * o ns ns o 50.8 0.0 29 7.96
45, MM 36.20 12.78 ns > ns * ns o o 49.4 0.0 7.5 8.32
ago, MM 27.83 17.50 ns o ns * * ok ok 733 0.0 4.2 8.37
CF¢ parameters
RCTeq, min 14.23 5.21 e ns e o e ns ns 26.2 1.0 03 429
Ker, % min~! 17.93 7.98 ok ns ns ns o ok ns 34.5 0.1 13.6 6.03
Kksgr, % min " 0.62 0.50 ns ns ns ns ns * ns 30.6 0.0 153 0.39
CFp, mm 44.56 12.39 o . ns ns ns i . 46.3 5.9 43 7.72
CFrax, mm 3943 10.99 ok ok ns ns ns o ok 46.3 5.9 43 6.88
tmax, Min 39.23 12.05 o ns o ns o ok ns 224 43 7.9 9.85

3 Abbreviations are: MCP, milk coagulation properties; CF;, curd firming time; SD, standard deviation; SCS, somatic cell score: log, (SCC 10~>) + 3; LBC, logarithmic bacterial
count: log; (total bacterial count 1,000~!); MU, measuring unit of the lactodynamograph; RMSE, root means square error; RCT, rennet coagulation time of samples coag-
ulating within 60 min of enzyme addition; kyo, curd-firming time of samples reaching 20 mm of firmness within 60 min from enzyme addition; azg 45 6o, curd firmness at 30, 45
and 60 min after enzyme addition, respectively; RCTeq, rennet coagulation time estimated using the CF; equation; K¢, curd-firming instant rate constant; ksg, syneresis instant
rate constant; CFp, asymptotic potential curd firmness; CFyax, maximum curd firmness attained within 45 min; ty,x, time at attainment of CFpax. ***, P < 0.001; **, P < 0.01; *,

P < 0.05; ns, not significant.
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Fig. 1. Effect of ranges of (a) lactose, (b) pH, (c) somatic cell score, SCS, (d) logarithmic bacterial count, LBC and (e) NaCl level on caprine milk fat (@), protein (O) and casein ()
contents. The response curve of the data across ranges of each milk indirect udder health indicator (linear, quadratic or cubic) has been reported. The coefficient of determination
(R?) of the regression and the P-value (***, P < 0.001; **, P < 0.01; *, P < 0.05) of the polynomial contrasts between lactose and fat is R? = 0.96***; lactose and protein, R? = 0.97***;
lactose and casein, R? = 0.98"**. Between pH and fat, R> = 0.91***; pH and protein, R? = 0.92***; pH and casein, R? = 0.89***. Between SCS and fat, R = 0.76***; SCS and protein,
R? = 0.88***; SCS and casein, R? = 0.84***, Between LBC and fat, R? = 0.73*; LBC and protein, R? = 0.83**, Between NaCl and fat, R? = 0.98"**; NaCl and protein, R? = 0.99***; NaCl
and casein, R? = 0.99***.

the effect of lactose on the speed of curd-firming and curd firmness the lowest fat content (and consequently with the highest con-
traits was attributable to the change of other components. For centration of lactose), and a general weakening of curd firmness
example, in a previous study dealing with the same dataset (Stocco traits in milk samples with the lowest concentration of fat, protein
et al.,, 2018), a slower speed of curd-firming in milk samples with and casein (<2.79 g 100 mL™ !, <2.93 g 100 mL™, and <219 g
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100 mL~, respectively) was observed. In that study, low protein
content in milk (corresponding to high lactose concentration) were
associated with shorter RCT. Those results support the hypothesis
that the effect of lactose found in the present study is mainly
attributable to the effects of other milk components. In fact, the
lower amount of fat is entrapped in the casein network, the slower
are the kinetics of coagulation (Sweetsur & Muir, 1983) while the
negative linear relationship between protein and RCT is explained
by longer time needed by rennet enzyme to hydrolyse a larger
amount of k-casein when the milk protein level was high. These
results provide additional information about the effect of lactose on
other aspects of coagulation in caprine milk, besides traditional
MCP, and are in agreement with previous findings for other species
(Bobbo et al., 2017; Leitner et al., 2011).

3.3. Influence of pH

High values of milk pH (Fig. 1b; Supplementary Table S2) were
associated with high fat (linear trend), protein and casein concen-
trations (curvilinear trend). Milk pH can be used as an indicator of
udder inflammation for both cattle (Kelly, Leitner, & Merin, 2011)
and sheep (Pazzola et al., 2018) and, also in goats, it is one of the
most important traits associated with milk composition and ca-
seins stability (Pirisi et al., 2007).

As regards milk coagulation traits achieved from the present
study (Fig. 2b), at the highest pH values, RCT, RCTeq and kg were
delayed, curd firmness traits reduced, and ksg increased. The
importance of pH in terms of coagulation, curd-firming and syn-
eresis has been extensively investigated in bovine milk (Najera, de
Renobales, & Barron, 2003; Stocco, Cipolat-Gotet, Cecchinato,
Calamari, & Bittante, 2015). In general, low pH values promote
chymosin activity, casein hydrolysis, and the aggregation of casein
micelles (Bansal, Fox, & McSweeney, 2008). In particular, the
shortening of coagulation time could be due to solubilisation of
colloidal calcium phosphate, higher at low pH level, reduced
colloidal stability of particles, and increased rate of bond-forming
reactions among casein micelles (Varnam & Sutherland, 1995). In
agreement with our results, Fox, Guinee, Cogan, and McSweeney
(2017) reported that curd firmness increases markedly with
decreasing pH values. As regard syneresis rate, a larger quantity of
whey was expelled from milk samples characterised by high pH
values (Fig. 2b), since the decreasing pH during coagulation process
may enhance syneresis because of a faster contraction of protein
network (Van Dejmek & Walstra, 2004).

3.4. Influence of SCS

The increase of SCC in cow milk is associated with higher levels
of total protein but poorer coagulation ability of milk, because the
increase in protein is mainly due to whey proteins and non-protein
nitrogen, and not by casein (Auldist & Hubble, 1998). In goats,
because of the different milk secretion process compared with
other species (apocrine-holocrine versus merocrine), milk with

Table 2
Pearson product—moment correlations between individual lactose, pH, SCS, LBC and
NaCl contents in goat milk samples.”

Parameter Lactose pH SCS LBC NaCl
Lactose — 0.51™" —0.40™" —-0.04 -0.81™"
pH - -0.25™" -0.16™" -0.24™"
Scs - 0.10"™" 0.24™"
LBC — 0.03
NaCl _

3 SCS, somatic cell score: log, (SCC 107°) + 3; LBC, logarithmic bacterial count:
logy (total bacterial count 1,000~ '); N = 1272; ***, P < 0.001.

high SCS was also characterised by high concentrations of major
milk components (fat, protein, and casein; Fig. 1c).

The relationship between goat SCC and milk composition is still
controversial. Some authors reported decreased fat concentration in
milk with high SCC (Barron-Bravo et al., 2013), while another study
showed the opposite results (Todaro, Scatassa, & Giaccone, 2005). In
accordance with data from the present study, a positive correlation
between somatic cell count and protein content is reported for
caprine milk (Barron-Bravo et al., 2013; Leitner et al., 2004), which is
attributable to the increase of whey proteins compared with total
protein content. SCS is not currently used as an indicator of mastitis
in goats (Bagnicka, Lukaszewicz, & A;dnﬂy, 2016), because milk is
physiologically characterised by a high somatic cell content even
when leukocytes are low (Park, 2010). In particular, Bagnicka et al.
(2011) report that the exfoliated epithelial cells in caprine milk
free of bacterial pathogens reach almost 70% of total SCC, and only
30% are leukocytes. However, in agreement with Bagnicka et al.
(2011) and Koop, van Werven, Schuiling, and Nielen (2010), a posi-
tive, although weak, correlation was found in the present study
between SCS and LBC (Table 2). High SCS-milk samples were char-
acterised by longer RCT and lower curd firmness (Fig. 2c;
Supplementary Table S3), as also found in dairy cattle (Bobbo,
Cipolat-Gotet, Bittante, & Cecchinato, 2016; Leitner et al., 2011)
and sheep (Pazzolaetal.,2018). The other coagulation traits were not
strongly affected by increasing SCS, in agreement with the results of
Bobbo et al.(2016) for Brown Swiss cows. Even if this is the first study
aiming at describing the variability of milk composition and coag-
ulation traits in relation to SCS, it is important to highlight that the
use of differential cells count analysis would be useful to give in-
formation about detailed somatic cells’ composition (Schwarz et al.,
2011) and probably to better explain the results obtained.

3.5. Influence of TBC

TBC is routinely used to monitor the hygiene of individual dairy
goat flocks, but also bulk milk destined to cheese-making (Pirisi
et al., 2007). The presence of bacteria affected fat and protein,
with the highest values of fat and protein at the highest range of
LBC (Fig. 1d; Supplementary Table S4). From milking to cheese-
making, milk is normally stored at 4 °C to prevent uncontrolled
growth of bacteria. Storage at 4 °C increases the growth of psy-
chrotrophic bacteria such as Pseudomonas that contribute to the
degradation of milk lipids and proteins during storage and after
heat treatment; as a consequence, milk technological properties are
generally worsened, although that finding is less marked in caprine
milk (Raynal & Remeuf, 2000).

In the present study, the highest values of LBC were associated
with a general decrease of ag5 and agg with quadratic pattern, an
increase of kcr and ksg, so that CFpax was reached faster (tmax)
(Fig. 2d; Supplementary Table S4). Bobbo et al. (2017) have found
that ke differs only between milk samples from healthy cows
(kcr = 9.0% min~") and milk samples from cows infected by con-
tagious pathogens (k¢ = 8.7% min~!), while no differences was
found for milk samples infected by environmental and opportu-
nistic pathogens.

3.6. Influence of NaCl level

The effect of NaCl on a wide range of milk coagulation traits has
never been studied before in goat species. Many studies in the
literature are focused on the effect of NaCl addition on calcium and
phosphorous dissociation within the casein micelles (Lucey & Fox,
1993), changes in milk pH (Gaucheron, Le Graet, & Briard, 2000)
and coagulation properties of bovine milk (Sbodio, Tercero, Coutaz,
& Revelli, 2006). Together with lactose, NaCl is mainly responsible
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Fig. 2. Pattern of curd firmness after rennet addition (CF, parameters) according to ranges of (b) lactose, (b) pH, (c) somatic cell score, SCS, (d) logarithmic bacterial count, LBC, and
(e) NaCl level of individual caprine milk samples. Ranges are presented from the clearest (first range) to the darkest (last range) line: — - -, first range; =— —, second range; = - =,
third range; === =, fourth range; ===-: , fifth range; s=ss=;, , sixth range; ===, seventh range.

for the osmotic pressure of milk. The increase in NaCl concentration
in milk was associated with a reduction of fat, protein and casein suggested that, in agreement with Gaucheron, Le Great, and Briard
content (Fig. 1e). When the concentration of NaCl in caprine milk (2000), higher values of NaCl led to milk acidification, whereas the
increased, the higher osmotic pressure was compensated by the positive correlation with SCS was probably due to the changes in
reduction of lactose content (Table 2) and the other milk constit- permeability of membranes and to an improved influx of sub-
uents (Fig. 1e). stances from blood into the milk. Milk samples rich in NaCl were

The negative relationship between NaCl and pH of milk (Table 2)
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characterised by a slower coagulation process, evidenced by the
higher values of ko, and lower values of curd firmness traits asg, ass
and agp (Fig. 2e; Supplementary Table S5). In fact, high NaCl con-
centration can reduce the extent of k-casein hydrolysis and curd
firmness traits, probably because of the substitution of micellar Ca
by Na, and modification of the syneresis process (Fox et al., 2017).

4. Conclusion

The variation of composition and coagulation traits of caprine
milk was described for the first time as a function of the effect of
each indirect udder health trait. The osmotic effect of lactose on
the other milk components was confirmed and its effect on
coagulation, curd-firming and syneresis processes was clarified;
high lactose concentration was correlated with reduced coagu-
lation time, but worsened curd firmness traits. Milk pH was an
important factor influencing both composition and technological
properties. Although the variability of milk composition and
technological aptitude has never been studied in relation to SCS
and LBC in goats, the higher fat, protein and casein contents
found in milk samples with high SCS and LBC and results about
coagulation traits suggest that further specific analysis are
needed (e.g., differential cell counts). High concentrations of
NaCl were detrimental for both milk quality and technological
characteristics, reducing milk fat, protein and casein contents,
delaying coagulation and curd-firming times, and reducing curd
firmness traits. These information could be useful to monitor
technological quality of milk destined for cheese-making.
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