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ABSTRACT

High milk somatic cell count (SCC) influences milk 
production and quality; however, very little is known 
about the effect of low SCC on milk quality, especially 
in terms of mineral content and coagulation properties. 
Thus, the present study aimed to investigate the effects 
of somatic cell score (SCS), calculated as log2(SCC/100) 
+ 3, on milk yield, composition (fat, crude protein, ca-
sein, lactose, milk urea nitrogen, protein fractions, and 
mineral contents), and coagulation properties of Brown 
Swiss, Holstein Friesian, and Simmental cows from 
multibreed herds. Milk composition and coagulation 
traits were predicted using mid-infrared spectroscopy. 
The data set comprised 95,591 observations of 6,940 
cows in 313 multibreed herds, collected from January 
2011 to December 2017. Observations were divided 
into 8 classes based on SCS. Statistical analysis was 
performed using a linear mixed model, which included 
breed, parity, stage of lactation, SCS class, and their 
interactions as fixed effects, and herd test day, cow, and 
residual as random effects. The probability that cows 
experienced SCS > 4.00 at 30 ± 5, 60 ± 5, or 90 ± 5 d 
after the observation test day was calculated for each 
SCS class, and odds ratios to the reference class (−1.00 
< SCS ≤ 0.00) were reported. Results showed that the 
relationship between SCS and milk traits followed a 
third-order polynomial regression. The average loss 
of milk, fat, and crude protein yields were 0.43, 0.01, 
and 0.01 kg/d, respectively, for each SCS unit higher 
than 1.00. Very low SCS (<−1.00) had detrimental ef-
fects on milk yield and quality traits similar to or even 
stronger than high SCS (>4.00). Moreover, cows with 
SCS lower than −1.00 on a test day were about 7 times 
more likely to present high SCS within the following 
90 ± 5 d than cows with SCS between −1.00 and 0.00. 

Breeds responded similarly to the increase of SCS, but 
the overall loss of fat and crude protein yields, and sev-
eral minerals among Holstein Friesian were lower with 
increasing SCS. The best milk yield and quality were 
observed between SCS 0.00 and 1.00, but milk qual-
ity of Holstein Friesians started to decrease at lower 
SCS compared with milk quality of Brown Swiss and 
Simmental cows. Results suggest a breed-dependent 
optimum of SCS, and highlighted that very low SCS 
can be an indicator of udder health problems and, thus, 
may be used for early detection of mastitis.
Key words: mineral, phenotypic, coagulation property, 
somatic cell

INTRODUCTION

Milk and dairy consumption is steadily growing 
worldwide, and an important goal for researchers and 
farmers is to fulfill such increasing demand (IFCN 
Dairy Research Network, 2017). However, animal selec-
tion to increase milk yield has led to problems in terms 
of fertility, product quality, and technological proper-
ties (Berry et al., 2016). Moreover, high-yielding cows 
have increased risk of mastitis (Ingvartsen et al., 2003), 
and it has been demonstrated that a strong genetic cor-
relation exists between milk yield and mastitis (Koivula 
et al., 2005). Milk SCC or SCS are the most frequently 
used indirect measures to detect mastitis, due to their 
moderate to strong associations (r = 0.30 to 0.80) with 
mastitis (Koivula et al., 2005; Sharma et al., 2011; Ar-
nould et al., 2013). For this reason, high SCC has been 
introduced as a basis for penalty in several milk pay-
ment systems worldwide (Halasa et al., 2007). More-
over, high SCC has been shown to impair milk yield 
(Seegers et al., 2003; Halasa et al., 2007) and quality 
traits such as fat, protein, and lactose contents (Seegers 
et al., 2003; Arnould et al., 2013; Visentin et al., 2018; 
Costa et al., 2019), technological properties (Ikonen 
et al., 2004; Visentin et al., 2018), and cheese yield 
and quality (Barbano et al., 1991; Klei et al., 1998). 
Consequently, high SCC has a negative economic effect 
for both farmers and cheese-producers. Nevertheless, 
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the effect of SCS on milk protein fractions, mineral 
profiles, and milk coagulation properties (MCP) has 
been rarely investigated.

It has also been suggested that the relationships be-
tween SCS and mastitis, and between SCS and milk 
yield, are not linear. Indeed, several authors indicated 
that below some critical levels of SCC, the risk of mas-
titis increases (Suriyasathaporn et al., 2000; Peeler et 
al., 2003) and milk yield decreases (Tyler et al., 1989; 
Juozaitiene et al., 2006), just as for high SCS. However, 
information on the effect of low SCC on milk quality 
traits, including protein fractions, mineral contents, 
and MCP, is very scarce. Furthermore, little is known 
about the effect of somatic cells on these traits in dif-
ferent cattle breeds (Dürr et al., 2008).

The standard laboratory methods to determine 
milk protein fractions, mineral contents, and MCP are 
expensive and time consuming, and require trained 
personnel, hampering their application for population 
studies. The development of mid-infrared spectroscopy 
(MIRS) prediction models for milk protein fractions 
(McDermott et al., 2016; Niero et al., 2016), minerals 
(Franzoi et al., 2019a), and MCP (Visentin et al., 2015, 
2016) has led to new opportunities to investigate the ef-
fect of somatic cells on these traits at population level; 
indeed, MIRS is a nondestructive and cost-effective 
method routinely used in laboratories to determine 
milk composition and record the spectral information 
of the sample (De Marchi et al., 2014). Therefore, this 
study aimed to investigate the effects of somatic cell 
levels on MIRS-predicted milk composition and MCP 
in multibreed herds of 2 specialized dairy cattle breeds 
(Holstein Friesian, HF, and Brown Swiss, BS) and 1 
dual-purpose breed (Simmental, SI), the most wide-
spread breeds in the study area. We hypothesized that 
different levels of somatic cells in milk have different 
effects in the studied breeds, and that very low SCC 
has detrimental effects on milk yield and quality.

MATERIALS AND METHODS

Origin of the Data

Milk composition data and spectral information of 
milk samples collected during routine monthly milk 
testing between January 2011 and December 2017 were 
retrieved from the South Tyrolean Dairy Association 
(Bolzano, Italy) and the Breeders Association of Bol-
zano Province (Bolzano, Italy). Milk samples (50 mL) 
were preserved with Bronysolv (200 μL; ANA.LI.TIK 
Austria, Vienna, Austria) and analyzed in the labora-
tory of the South Tyrolean Dairy Association according 
to the guidelines of the International Committee for 
Animal Recording.

Fat, CP, CN, and lactose percentages, and MUN con-
tent of milk samples were determined using MilkoScan 
FT6000 until 2016 and using MilkoScan FT7 in 2017 
(Foss Electric A/S, Hillerød, Denmark). To offset changes 
in instrumental response and ensure the comparability 
of spectra between MilkoScan FT6000 and MilkoScan 
FT7, the 2 instruments were routinely calibrated us-
ing a standard sample, according to the manufacturer’s 
instructions (Feudalea and Woody, 2002; Juhl, 2017). 
Principal component analysis of spectra did not show 
significant differences between the 2 instruments. Ca-
sein number was defined as the ratio of CN to CP. 
Somatic cell count (cells per microliter) was determined 
using Cell Fossomatic (Foss Electric) and transformed 
to SCS according to Wiggans and Shook (1987): SCS 
= log2(SCC/100) + 3. The ECM was estimated ac-
cording to Tyrrell and Reid (1965): ECM = 12.82 × 
fat + 7.13 × CP + 0.323 × milk yield, where fat, CP, 
and milk yield were expressed in kilograms per day. 
Estimated milk value (EMV) per cow and test day was 
calculated using the most common penalties, rewards, 
and prices applied in Bolzano province, excluding the 
penalties and rewards associated with SCS and bacte-
rial count. The base price that farmers received was 
€0.30/kg of milk, €0.035/kg of fat, and €0.037/kg of 
CP. Farmers were penalized with −€0.001/kg of milk 
for each millesimal point of the freezing point greater 
than −0.515°C, and from June to October farmers were 
rewarded with additional €0.085/kg of milk.

Prediction Models for Milk Composition  
and Coagulation Traits

Spectral data from 5,000 to 900 cm−1 were stored to 
allow a posteriori application of the recently developed 
prediction models for milk protein fractions (Niero et 
al., 2016), MCP, and mineral composition (Visentin 
et al., 2016). Briefly, prediction models for absolute 
concentration (milligrams per milliliters) of α-CN (as 
the sum of αS1- and αS2-CN), β-CN, κ-CN, and α-LA 
were developed using uninformative variable elimina-
tion procedure combined with partial least squares 
regression analysis and validated through leave-one-out 
cross-validation, matching the spectra with reference 
values of 114 individual cow milk samples analyzed 
through HPLC (Niero et al., 2016). Those samples were 
collected in 2015 in the same province as the present 
study and included HF (n = 63), BS (n = 26), and 
Jersey cows (n = 25). Coefficients of determination 
(root mean square error) in cross-validation were 0.88 
(1.05 mg/mL), 0.60 (0.53 mg/mL), 0.74 (0.88 mg/mL), 
and 0.37 (0.10 mg/mL) for α-CN, β-CN, κ-CN, and 
α-LA, respectively. Calibration for β-LG was developed 
from the same data set using backward interval PLS 
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analysis (Franzoi et al., 2019b), and the coefficient of 
determination (root mean square error) in leave-one-
out cross-validation was 0.66 (0.79 mg/mL). For the 
data analysis, predicted value for each protein fraction 
was then calculated as the ratio of fraction amount to 
CP.

Prediction models for MCP, namely rennet coagula-
tion time (RCT, min), curd-firming time (k20, min), 
and curd firmness 30 min after rennet addition to milk 
(a30, mm), were also developed using uninformative 
variable elimination procedure combined with partial 
least squares regression analysis on 923 individual 
samples of HF (n = 237), BS (n = 223), Alpine Grey (n 
= 223), and SI cows (n = 240) collected in 2014 in the 
same province as the present study. The reference anal-
ysis for MCP was lactodynamography, and prediction 
models were validated through external validation with 
80% of the samples in the calibration set and 20% of 
the samples in the validation set (Visentin et al., 2016). 
Coefficients of determination (root mean square error) 
in external validation were 0.54 (2.90 min), 0.56 (1.22 
min), and 0.52 (9.00 mm) for RCT, k20, and a30, respec-
tively. The index of milk aptitude to coagulate (IAC) 
was calculated as in Penasa et al. (2015): IAC = 100 
+ (a30 − meana30)/SDa30 × 2.5 − (RCT − meanRCT)/
SDRCT × 2.5, where SD is the standard deviation. Pre-
diction models for Ca, K, Mg, Na, and P contents (mg/
kg) in milk were also developed by Visentin et al. (2016) 
on a representative subset of 251 samples of HF, BS, 
Alpine Grey, and SI cows analyzed through inductively 
coupled plasma optical emission spectrometry as refer-
ence method. Coefficients of determination (root mean 
square error) in external validation were 0.67 (122.00 
mg/kg), 0.69 (120.00 mg/kg), 0.65 (12.50 mg/kg), 0.40 
(70.00 mg/kg), and 0.68 (88.12 mg/kg) for Ca, K, Mg, 
Na, and P, respectively.

Data Editing

The original data set contained 2,119,143 test days. 
Only records from multibreed herds with combinations 
of HF, BS, and SI cows from parity 1 to 15 and between 
6 and 305 DIM were retained. Herds with less than 10% 
of individuals from a breed and cows with less than 3 
test days per lactation were removed from the data 
set. Within breed, animals with age at calving that 
deviated more than 3 SD from the respective breed par-
ity mean were discarded. Contemporary groups were 
defined as cows tested in the same herd and date (herd 
test day, HTD) and HTD with less than 3 animals 
were deleted. Inconsistent values for the investigated 
traits—that is, those outside ± 3 SD from the respec-
tive breed mean—were treated as missing. The final 

data set consisted of 95,591 records of 6,940 cows in 313 
multibreed herds. Parity, DIM, and herd size averaged 
2.65 ± 1.63, 152.32 ± 82.87 d, and 22.15 ± 12.67 cows, 
respectively. Herd size ranged from 6 to 113 cows. The 
frequency for each breed was as follows: HF, 2,352 cows 
and 31,902 records; BS, 2,799 cows and 38,795 records; 
and SI, 1,789 cows and 24,894 records. Herd combina-
tions were: BS + HF (132 herds), BS + SI (63 herds), 
HF + SI (81 herds), and BS + HF + SI (37 herds).

Statistical Analysis

Sources of variation of milk yield, ECM, EMV, com-
position (fat, CP, CN, lactose, MUN, protein fractions, 
and mineral contents), SCS, and MCP were investi-
gated using the HPMIXED procedure of SAS version 
9.4 (SAS Institute Inc., Cary, NC) according to the 
following linear mixed model:

 yijklmn = μ + Bi + Sj + Pk + Cl + (B × C)il   

+ (S × P)jk + (S × C)jl + (P × C)kl + HTDm  

+ Cown + eijklmn,

where yijklmn is the analyzed trait; μ is the overall inter-
cept of the model; Bi is the fixed effect of the ith breed 
(i = HF, BS, or SI); Sj is the fixed effect of the jth DIM 
class (j = 1 to 30; 10-d classes); Pk is the fixed effect of 
the kth parity class (k = 1 to 5, with class 5 including 
parities ≥5); Cl is the fixed effect of the lth SCS class (l 
= −2 to 5; class −2, SCS ≤ −1.00; class −1, −1.00 < 
SCS ≤ 0.00; class 0, 0.00 < SCS ≤ 1.00; class 1, 1.00 < 
SCS ≤ 2.00; class 2, 2.00 < SCS ≤ 3.00; class 3, 3.00 < 
SCS ≤ 4.00; class 4, 4.00 < SCS ≤ 5.00; class 5, SCS > 
5.00); (B × C)il is the fixed interaction effect between 
breed and SCS class; (S × P)jk is the fixed interaction 
effect between DIM class and parity class; (S × C)jl is 
the fixed interaction effect between DIM class and SCS 
class; (P × C)kl is the fixed interaction effect between 
parity class and SCS class; HTDm is the random effect 
of the mth herd test day (m = 1 to 8,572) ~ , ,N HTD0 2σ( )  
where σHTD

2  is the HTD variance; Cown is the random 
effect of the nth cow (n = 1 to 6,940) ~ , ,N C0

2σ( )  where 

σC
2  is the cow variance; and eijklmn is the random residu-

al ~ , ,N e0
2σ( )  where σe

2 is the residual variance. The 
main effect of SCS class and the interactions that in-
volved this factor were not included in the analysis of 
SCS. Multiple comparisons of LSM were performed for 
the main effect of breed, stage of lactation, parity, and 
SCS classes using Bonferroni adjustment. Frequency of 
observations for the interaction effects are reported in 
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Supplemental Tables S1 to S4 (https: / / doi .org/ 10 
.3168/ jds .2019 -16916). The best polynomial regression 
between the SCS classes and the analyzed traits was 
selected through polynomial contrasts up to a fifth-or-
der polynomial. Significance was set at P < 0.05, unless 
otherwise stated.

The odds ratio (OR) for each SCS class relative to 
the reference class (SCS class −1, −1.00 < SCS ≤ 0.00) 
was calculated to estimate the likelihood that in at 
least one test day at 30 ± 5, 60 ± 5, or 90 ± 5 d from 
the observation test day the cow would present SCS > 
4.00, which is the most common cutoff in Italy to con-
sider a cow as mastitic (Piccinini et al., 2005). When 
at least 1 of the following test days was not available, 
the observation was deleted. This led to a reduction of 
the number of cows from 6,940 to 6,344. The OR were 
calculated using the GLIMMIX procedure of SAS ver-
sion 9.4 (SAS Institute Inc.) according to the following 
linear mixed model:

 yijklmno = μ + Bi + Pj + Ck + Ml + Ym   

+ Cown + Ho + eijklmno,

where yijklmno is a binary variable, being 1 if at least 1 
test day at 30 ± 5, 60 ± 5, or 90 ± 5 d from the obser-
vation test day had SCS > 4.00, and 0 if all those test 
days had SCS ≤ 4.00; Bi is the fixed effect of the ith 
breed (i = HF, BS, or SI); Pj is the fixed effect of the 
jth parity class (j = 1 to 5, with class 5 including pari-
ties ≥5); Ck is the fixed effect of the kth SCS class (k = 
−2 to 5; class −2, SCS ≤ −1.00; class −1, −1.00 < SCS 
≤ 0.00; class 0, 0.00 < SCS ≤ 1.00; class 1, 1.00 < SCS 
≤ 2.00; class 2, 2.00 < SCS ≤ 3.00; class 3, 3.00 < SCS 
≤ 4.00; class 4, 4.00 < SCS ≤ 5.00; class 5, SCS >5.00); 
Ml is the fixed effect of the lth month of sampling (l = 
1 to 12); Ym is the fixed effect of the mth year of sam-
pling (m = 2011 to 2017); Cown is the random effect of 
the nth cow (n = 1 to 6,344) ~ , ;N C0

2σ( )  Ho is the ran-

dom effect of the oth herd (o = 1 to 312) ~ , ,N 0 2σH( )  

where σH
2  is the herd variance; and eijklmno is the random 

residual ~ , .N e0
2σ( )  An additional analysis was per-

formed using the same model as above but defining 3 
levels for the fixed effect of SCS [low (SCS ≤ −1.00), 
average (−1.00 < SCS ≤ 4.00), and high (SCS > 4.00)]. 
The reference SCS class for this model was the average 
one. Odds ratios were reported with the 95% Wald 
confidence interval (CI95%); if the CI95% overlapped 
1, which is the null hypothesis (OR = 1), it indicated 
no significant association between the exposure vari-
able and the outcome (Szumilas, 2010).

RESULTS

Analysis of Variance

The fixed effects of breed, parity, stage of lactation, 
and SCS significantly explained the variation of the 
studied traits, with the exception of parity for β-CN, 
and SCS class for β-LG (Table 1). The interaction 
between stage of lactation and parity was significant 
for all the traits. The interaction between SCS class 
and breed was significant for all the traits, except for 
fat percentage; SCS class by stage of lactation interac-
tion was significant for all the traits, except for milk 
K content; and SCS class by parity interaction was 
significant for most traits, with the exception of MUN, 
fat percentage, several protein fractions (α-CN, β-CN, 
β-LG, and α-LA), and Ca, K, and P content.

The variance explained by cow effect was greater than 
the variance explained by HTD effect for milk yield, 
ECM, and SCS; fat, CP, CN, and lactose yields and 
percentages; and P and Na content. For those traits, 
the cow effect explained about 50% of the variance, 
except for SCS, fat yield, fat percentage, P content, and 
Na content, for which the cow effect explained between 
26 and 45% of the variance. The variance explained 
by HTD effect was greater than that explained by cow 
effect for EMV, MUN, CN number, all protein frac-
tions, Ca, K, and Mg content, and MCP, with values 
comprising between 38 and 87% (Table 1).

Breed Effect

Holstein Friesian cows produced about 4.20 kg/d 
more milk than did BS and SI cows (P < 0.05), with 
lower fat, CP, and CN percentages, and MUN content, 
and greater SCS (Table 2). However, fat, CP, CN, and 
lactose yields were greater for HF than for BS or SI (P 
< 0.05). Considering the prices in Bolzano province, 
the EVM was €1.47/d and €1.37/d higher for HF than 
BS and SI, respectively (Table 2). Milk composition 
(percentage and yield), CN number, and MUN were 
greater in BS than in SI (P < 0.05), except for lactose 
yield (Table 2). Milk CP was mainly composed of α-CN 
(between 42.53 and 43.19%) and β-CN (between 28.10 
and 30.20%), with slight differences among breeds (P 
< 0.05; Table 2). Milk of BS had greater proportion 
of β-CN and κ-CN, and lower proportion of β-LG and 
α-LA than the other breeds. Milk of SI was richer in 
α-CN and β-LG, and poorer in β-CN than the other 
breeds. Regardless of the breed, the most abundant 
minerals were Ca (between 1,314 and 1,404 mg/kg), K 
(between 1,485 and 1,508 mg/kg), and P (between 979 
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and 1,034 mg/kg; Table 2). The Ca and Mg contents 
differed among breeds, with the highest content for SI 
and the lowest for HF. Moreover, milk of BS had the 
lowest content of K, and milk of HF had the highest 
content of Na and the lowest of P (Table 2). Milk of HF 
coagulated later, required longer time to reach the 20 
mm of coagulum, and had weaker curd firmness than 
milk of the other breeds, resulting in the lowest IAC (P 
< 0.05; Table 2).

Effects of SCS on Production Traits

Similar trends for milk yield, ECM, EMV, and milk 
component yields (Figure 1) were obtained for BS, HF, 
and SI across SCS classes. The greatest values for all 
traits were observed in SCS class −1 for BS and HF, 
and in class 0 for SI, with decreasing values thereafter. 
When milk composition was expressed as percentage, a 
similar pattern was observed for lactose, whereas fat, 
CP, and CN percentages had an opposite trend, with 

SCS class 0 having the lowest contents (Supplemental 
Figure S1; https: / / doi .org/ 10 .3168/ jds .2019 -16916).

Overall, milk yield decreased by 7.53, 8.60, and 
8.62% moving from SCS class −1 (class 0 for SI) to 
SCS class 5 for BS, HF, and SI, respectively, with an 
average loss of 0.43 kg/d for each SCS unit higher than 
1.00. The decrease was less marked for ECM (5.77% for 
BS, 5.22% for HF, and 6.87% for SI). Regarding EMV, 
daily income from milk in SCS class 5 was €0.65, €0.84, 
and €0.76 lower than daily income from milk in SCS 
class −1 (class 0 for SI) for BS, HF, and SI, respectively 
(Figure 1). The effect of SCS class on fat yield was 
less pronounced for HF than BS and SI; indeed, HF 
lost 2.68% fat yield in SCS class 5 compared with the 
SCS class with the greatest fat yield, and BS and SI 
lost 4.00 and 5.31%, respectively. The average fat yield 
reduction was 0.010 kg/d for each SCS unit higher than 
1.00. Protein yield decreased by 5.76, 4.40, and 7.02%, 
and CN yield by 6.50, 5.15, and 7.77% for BS, HF, 
and SI, respectively. The average loss of CP yield was 

Franzoi et al.: EFFECTS OF SCS ON MILK QUALITY TRAITS

Table 2. Least squares means (± SE) of milk yield, ECM, estimated milk value (EMV), milk composition, protein fractions, mineral contents, 
and coagulation properties of cows of different breeds

Trait1

Brown Swiss

 

Holstein Friesian

 

Simmental

n LSM ± SE n LSM ± SE n LSM ± SE

Milk yield, kg/d 38,795 25.87 ± 0.09b  31,902 30.01 ± 0.09a  24,894 25.81 ± 0.11b

ECM, kg/d 38,192 28.95 ± 0.10b  31,389 31.99 ± 0.11a  24,474 28.23 ± 0.12c

EMV, €/d 38,192 8.70 ± 0.03b  31,389 10.11 ± 0.03a  24,474 8.74 ± 0.04b

SCS 38,795 2.54 ± 0.02b  31,902 2.59 ± 0.02a  24,894 2.25 ± 0.03c

MUN, mg/dL 38,587 22.49 ± 0.09a  31,773 19.32 ± 0.09c  24,754 20.44 ± 0.11b

Fat yield, kg/d 38,268 1.10 ± 0.004b  31,515 1.22 ± 0.005a  24,570 1.07 ± 0.005c

CP yield, kg/d 38,704 0.93 ± 0.003b  31,758 0.98 ± 0.003a  24,783 0.90 ± 0.004c

CN yield, kg/d 38,694 0.73 ± 0.002b  31,760 0.77 ± 0.003a  24,783 0.70 ± 0.003c

Lactose yield, kg/d 38,424 1.24 ± 0.004b  31,669 1.43 ± 0.005a  24,639 1.23 ± 0.005b

Milk composition, %         
 Fat 38,268 4.28 ± 0.01a  31,515 4.08 ± 0.01c  24,570 4.17 ± 0.01b

 CP 38,704 3.65 ± 0.004a  31,758 3.31 ± 0.005c  24,783 3.52 ± 0.005b

 CN 38,694 2.85 ± 0.004a  31,760 2.58 ± 0.004c  24,783 2.75 ± 0.004b

 Lactose 38,424 4.78 ± 0.002a  31,669 4.76 ± 0.002b  24,639 4.77 ± 0.003b

 CN number, % 38,674 78.22 ± 0.02a  31,730 78.10 ± 0.02b  24,767 78.08 ± 0.02b

Protein fractions, %         
 α-CN 36,295 42.71 ± 0.03b  29,693 42.53 ± 0.03c  23,479 43.19 ± 0.03a

 β-CN 34,756 30.20 ± 0.06a  29,367 29.66 ± 0.06b  23,211 28.10 ± 0.07c

 κ-CN 35,989 17.71 ± 0.04a  28,971 16.40 ± 0.04c  23,337 16.88 ± 0.05b

 β-LG 31,645 6.61 ± 0.06c  25,973 7.61 ± 0.06b  21,964 8.40 ± 0.07a

 α-LA 34,796 1.92 ± 0.01c  28,703 2.22 ± 0.01a  22,732 2.08 ± 0.01b

Milk minerals, mg/kg         
 Ca 29,379 1,369.95 ± 2.18b  24,030 1,314.18 ± 2.32c  18,901 1,403.55 ± 2.65a

 K 29,366 1,484.62 ± 1.96b  24,006 1,504.17 ± 2.06a  18,917 1,508.19 ± 2.34a

 P 29,393 1,034.06 ± 1.77a  24,115 979.08 ± 1.90b  18,963 1,032.60 ± 2.17a

 Na 29,363 411.76 ± 0.70b  24,097 422.72 ± 0.76a  18,981 413.86 ± 0.86b

 Mg 26,062 147.94 ± 0.38b  22,418 142.24 ± 0.38c  16,683 149.59 ± 0.42a

Milk coagulation properties        
 RCT, min 28,332 21.53 ± 0.06b  22,855 22.03 ± 0.07a  18,136 21.54 ± 0.08b

 a30, mm 28,371 24.60 ± 0.17a  21,529 18.57 ± 0.18c  17,965 22.37 ± 0.21b

 k20, min 29,377 4.89 ± 0.02c  24,064 6.16 ± 0.02a  18,926 5.44 ± 0.02b

 IAC 27,955 100.09 ± 0.07a  21,334 98.52 ± 0.08c  17,710 99.61 ± 0.09b

a–cLeast squares means with different superscript letters within a row are significantly different (P < 0.05).
1α-CN = sum of αS1-CN and αS2-CN; RCT = rennet coagulation time; k20 = curd-firming time; a30 = curd firmness 30 min after addition of 
rennet to milk; IAC = index of milk aptitude to coagulate.

https://doi.org/10.3168/jds.2019-16916
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0.011 kg/d for each SCS unit higher than 1.00. The 
increase of SCS affected the lactose yield more than 
it did the other milk components, being in all breeds 
about 10.50% lower in SCS class 5 compared with 
the SCS class with the greatest lactose yield. Casein 
numbers differed less than 1% between the highest and 

lowest values. The MUN tended to decrease at higher 
SCS, but differences among classes, even if statistically 
significant, were negligible.

The lowest SCS class in this study (SCS class −2), 
which corresponded to SCC ≤6,250 cells/mL, had milk 
yield, ECM, EMV, and milk composition yields that 

Franzoi et al.: EFFECTS OF SCS ON MILK QUALITY TRAITS

Figure 1. Least squares means of (a) milk yield, (b) ECM, (c) estimated milk value, (d) fat yield, (e) CP yield, (f) lactose yield, and (g) 
CN yield across SCS for Brown Swiss (□), Holstein Friesian (■), and Simmental (○) cows in multibreed herds. For each breed, represented data 
points are means of each variable for each SCS class.
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were similar to or worse than those observed in SCS 
classes 4 and 5 (SCS > 4.00). Thus, the impairment of 
milk production and milk quality traits for SCS class 
−2 was of similar magnitude to the overall loss reported 
above.

Effects of SCS on Milk Protein Fractions, Mineral 
Contents, and MCP

Similar trends for milk protein fractions (Figure 2), 
mineral contents (Figure 3), and MCP (Figure 4) were 
observed for the 3 breeds across SCS classes. Regard-
ing protein fractions, α-CN and β-CN showed opposite 
patterns; whereas α-CN increased from SCS class −1 to 
5, β-CN decreased. As reported above, values of α-CN 
and β-CN in SCS class −2 were similar to those ob-

served in SCS class 5. The other milk protein fractions 
were almost stable across SCS classes (Figure 2).

Calcium, K, Na, and Mg increased from SCS class −1 
or 0, depending on the breed, to SCS class 5 (Figure 3). 
The greatest increase was observed for Na content (be-
tween 6.51 and 8.87%), followed by Mg (1.40 to 3.02%), 
Ca (1.51 to 2.07%), and K (0.74 to 1.60%), with the 
lowest variation for HF and the greatest for BS breed. 
On the other hand, P content remained almost stable 
across SCS classes for all the breeds (data not shown). 
The mineral contents of SCS class −2 were also similar 
to those of SCS class 5.

Rennet coagulation time increased between 1.60 and 
1.91 min from SCS class −1 or 0 (depending on the 
breed) to SCS class 5, whereas a30 and IAC decreased 
between 3.66 and 4.60 mm, and between 1.70 and 

Franzoi et al.: EFFECTS OF SCS ON MILK QUALITY TRAITS

Figure 2. Least squares means of (a) α-CN, (b) β-CN, (c) κ-CN, (d) β-LG, and (e) α-LA across SCS for Brown Swiss (□), Holstein Friesian 
(■), and Simmental (○) cows in multibreed herds. For each breed, represented data points are means of each variable for each SCS class.
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2.05, respectively (Figure 4). On the other hand, k20 
was quite stable across SCS classes. Milk coagulation 
properties of HF cows in SCS class −2 were worse than 
those in SCS class 5 (longer RCT and k20, weaker a30, 
and lower IAC).

Polynomial Regressions for Milk Yields,  
EMV, and MCP

Least squares means of milk yield traits, EMV, and 
MCP were interpolated for each breed with a third-
order polynomial, which resulted in R2 ≥ 0.96 (P < 
0.001; Table 3) for all traits. The best SCS, resulting 
in the highest milk yield, ECM, EMV, and milk com-
ponent yields, was lower for HF compared with BS and 
SI, except for fat yield and CN number, which were 
greater for HF than for BS. An opposite pattern was 
observed for MCP, where the best SCS, resulting in the 
most desirable MCP, were greater in HF than in BS or 
SI. Most of the desirable estimated SCS values were in 
SCS class 0, with very few exceptions.

Evolution of SCS on Consecutive Test Days

On average, 34.04, 33.15, and 33.87% of the cows 
that presented low SCS (SCS ≤ −1.00) in a test day 
moved to a high SCS (SCS > 4.00) in the following 3 
test days at 30 ± 5, 60 ± 5, or 90 ± 5 d, respectively. 
Also, 53.06% of cows with low SCS had high SCS in at 

least 1 test day within the next 90 ± 5 d. On the other 
hand, only 24.60% of cows with SCS between −1.00 
and 4.00 on a test day moved to a high SCS in at least 
1 test day within the next 90 ± 5 d.

The OR obtained when evaluating the probability 
of a cow to move to a high SCS in the subsequent test 
days for each class of SCS, considering SCS class −1 
(−1.00 < SCS < 0.00) as the reference, are presented 
in Figure 5. The OR indicated an increased risk of SCS 
> 4.00 within 90 ± 5 d from the test day, for SCS other 
than −1 and 0. Cows that were in SCS class above 0 
exhibited a greater probability to reach a high SCS in 
the subsequent test days, and the probability increased 
with SCS classes. Cows that had SCS lower than −1.00 
presented a greater probability to reach high SCS dur-
ing the following test days, compared with the reference 
class. Cows in SCS class −2 presented a similar OR to 
cows in SCS class 3 (OR 6.77 and 8.05, respectively). 
Moreover, OR for SCS class −2 was greater than for 
SCS class 2. Cows in SCS classes 4 and 5 were 14 and 
20 times, respectively, more likely to present SCS > 
4.00 within the following 90 ± 5 d, compared with cows 
in SCS class 0.

Results from the model, which considered only 3 
levels of SCS (low, average, or high), indicated that 
observations from SCS class low (SCS ≤ −1.00) were 
2.86 (CI95% = 2.40 to 3.41) times more likely to pres-
ent high SCS in subsequent test days than were ob-
servations from SCS class average. The observations 

Franzoi et al.: EFFECTS OF SCS ON MILK QUALITY TRAITS

Figure 3. Least squares means of (a) Ca, (b) K, (c) Na, and (d) Mg content across SCS for Brown Swiss (□), Holstein Friesian (■), and 
Simmental (○) cows in multibreed herds. For each breed, represented data points are means of each variable for each SCS class.
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from SCS class high (SCS > 4.00) were 5.75 (CI95% = 
5.21 to 6.36) times more likely to present high SCS in 
subsequent test days than were observations from SCS 
class average.

DISCUSSION

Breed Effect on Milk Yield, Composition, and MCP

All the traits included in the present study were 
significantly affected by breed. Penasa et al. (2014) 

estimated greater milk production, lower fat, protein, 
and CN content, greater RCT, and lower a30 for HF 
than for BS or SI. However, those authors did not in-
clude SCS as an explanatory variable in the statistical 
model. The lower milk production, with greater fat and 
protein content, and much more favorable MCP among 
BS than among HF cows agreed with results reported 
by Stocco et al. (2017).

The lower Ca, Mg, and P contents observed in milk of 
HF than in milk of BS or SI can be related to the lower 
protein and CN concentrations and the higher milk 

Franzoi et al.: EFFECTS OF SCS ON MILK QUALITY TRAITS

Figure 4. Least squares means of (a) rennet coagulation time (RCT), (b) curd firmness 30 min after rennet addition to milk (a30), (c) curd-
firming time (k20), and (d) index of milk aptitude to coagulate (IAC) across SCS for Brown Swiss (□), Holstein Friesian (■), and Simmental (○) 
cows in multibreed herds. For each breed, represented data points are means of each variable for each SCS class.

Table 3. Estimated optimal SCS (R2) for milk yield, ECM, estimated milk value (EMV), milk component 
yields, and milk coagulation properties, based on a third-order polynomial regression; all regressions were 
significant (P < 0.001)

Trait1 Brown Swiss Holstein Friesian Simmental

Milk yield, kg/d 0.14 (0.97) −0.07 (0.96) 0.26 (0.99)
ECM, kg/d 0.23 (0.99) 0.10 (0.98) 0.34 (0.99)
EMV, €/d 0.17 (0.97) −0.11 (0.96) 0.26 (0.99)
Fat yield, kg/d 0.34 (0.99) 0.38 (0.99) 0.50 (0.99)
CP yield, kg/d 0.44 (0.99) 0.20 (0.98) 0.49 (0.99)
CN yield, kg/d 0.46 (0.99) 0.29 (0.98) 0.51 (0.99)
Lactose yield, kg/d 0.13 (0.98) 0.03 (0.97) 0.21 (0.99)
CN number, % 0.62 (0.99) 0.72 (0.99) 0.81 (0.99)
Milk coagulation properties    
 RCT, min 0.31 (0.99) 0.73 (0.99) 0.17 (0.99)
 a30, mm 0.72 (0.99) 0.93 (0.99) 0.47 (0.99)
 k20, min 1.88 (0.97) 2.36 (0.97) 1.29 (0.98)
 IAC 0.50 (0.99) 0.79 (0.99) 0.30 (0.99)
1RCT = rennet coagulation time; k20 = curd-firming time; a30 = curd firmness 30 min after addition of rennet 
to milk; IAC = index of milk aptitude to coagulate.
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production of HF compared with other breeds (Tof-
fanin et al., 2015; Visentin et al., 2018). Breed differ-
ences in milk protein profile have been reported among 
Swedish Red, Danish Holstein, and Danish Jersey cows 
(Gustavsson et al., 2014), and among HF, BS, and SI 
cows in single-breed herds (Franzoi et al., 2019b).

High and Low SCS Similarly Impair Production Traits

In the present study, the average milk yield loss per 
each SCS unit higher than 0.00 was 0.43 kg/d, in agree-
ment with the findings of Koldeweij et al. (1999), who 
estimated milk yield loss of 0.39 and 0.61 kg/d for pri-
miparous and multiparous cows, respectively. The same 
authors reported protein yield loss of 0.012 and 0.016 
kg/d for primiparous and multiparous cows, respective-
ly, similar to the average protein yield loss per SCS unit 
(0.011 kg/d) of the present study. A greater fat yield 
loss per SCS unit (0.025 kg/d) than the one calculated 
in the present study (0.010 kg/d) has been reported by 
Gill et al. (1990) in dairy herds of Ontario, Canada, 
which could be explained by the different management 
practices and genetic backgrounds of the 2 populations.

Interestingly, the overall loss of milk fat and protein 
yields was lower at increasing SCS in HF compared 
with SI. The lower effect of SCS on fat yield loss for HF 
compared with other breeds was previously reported 
by MacMillan et al. (1983) for HF and Jersey cows. 
Distinctive traits of each breed, such as body weight, 
shape and size of teats, and infecting pathogens, could 
play a role in determining such breed-dependent dif-
ferences in SCS increase (Alhussien and Dang, 2018). 
Considering the different patterns of neutrophil migra-
tion to the mammary gland reported for HF and Jersey 
cows in induced infections (Bannerman et al., 2008), 

we hypothesized that HF might experience a greater 
increase of SCS for less-severe mastitis events compared 
with BS and SI breeds.

Based on the decrease of milk, fat, and protein yields, 
the present study suggested that a very low SCS (SCC 
< 6,250 cells/mL) could reflect similar udder damage 
to that of high SCS. Very few studies have highlighted 
the negative effect of low SCC on dairy cow production 
(Tyler et al., 1989; Garcia et al., 2015). Those studies 
have reported lower milk loss in HF (0.38 kg/d; Tyler 
et al., 1989) and Jerseys (0.92 kg/d; Garcia et al., 2015) 
due to low SCC than we did (2.23 kg/d), probably 
because of the different cutoffs used in definitions of 
SCS classes and different statistical approaches.

Most studies have reported a linear correlation be-
tween SCS and milk, protein, and fat yields (Hortet 
and Seegers, 1998), which could be related to the exclu-
sion of observations with SCS < 0.00 or to the SCS 
class definition. Many papers have considered a unique 
class for observations with SCS ≤ 2.00, which is the 
commonly assumed cutoff for healthy cows (Hortet and 
Seegers, 1998).

SCS Alters Milk Detailed Composition and MCP

The overall increase of the proportion of α-CN and 
the decrease of β-CN in milk protein profiles at increas-
ing SCS agreed with Kroeker et al. (1985) and Ng-
Kwai-Hang et al. (1987) in individual HF milk. More-
over, the trivial effect of SCS on the relative proportion 
of κ-CN, α-LA, and β-LG agreed with the findings of 
Ng-Kwai-Hang et al. (1987). Nevertheless, the effects 
of other whey proteins not considered in the present 
study cannot be excluded. For example, Le Maréchal et 
al. (2011) have reported an increase of BSA and Ig in 
the milk of mastitic cows. Moreover, results for α-LA 
should be interpreted with caution because of the low 
coefficient of determination (R2 = 0.39) of the calibra-
tion model.

The increase observed for Ca, Na, K, and Mg, and 
the stability of P with increasing SCS reflects changes 
in the endothelium permeability of mastitic cows (Tal-
lamy and Randolph, 1970) as well as a concentration ef-
fect due to reduction of milk yield. On the other hand, 
Summer et al. (2009) have reported lower P and K 
content, higher Na and Cl content, and no significant 
effect on Ca and Mg when comparing milk of the quar-
ters of 10 HF cows with SCC < 400,000 and > 400,000 
cells/mL.

The overall trend in MCP variation across SCS 
classes is similar to the one described by Politis and 
Ng-Kwai-Hang (1988) for Holstein milk and by Bobbo 
et al. (2016) for individual BS milk. Moreover, our find-
ings agreed with the positive correlation between SCS 
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Figure 5. Odds ratios for each SCS class relative to SCS class −1, 
calculated to estimate the likelihood that in at least one test day, at 30 
± 5, 60 ± 5, or 90 ± 5 d from the observation test day, the cow would 
present SCS > 4.00. Bars correspond to 95% Wald CI. A vertical line 
indicates odds ratio equal to 1, which is the case that exposure does 
not affect odds of outcome, compared with reference class.
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and RCT and k20, and the negative correlation between 
SCS and a30, reported by several authors (Jõudu et 
al., 2008; Le Maréchal et al., 2011). The reduction of 
RCT observed in the present study was similar to the 
2-min reduction reported by Politis and Ng-Kwai-Hang 
(1988), but these authors reported a weaker effect on 
k20 and a30 compared with our results. Bobbo et al. 
(2016) reported a quadratic polynomial relationship be-
tween SCS and RCT (R2 = 0.80) and SCS and a30 (R

2 
= 0.77), with R2 that were lower than those obtained 
in the present study. To the best of our knowledge, the 
current study is the first to estimate the effect of very 
low SCS on detailed milk composition and technologi-
cal traits.

Best Production Performance Occurs  
at Specific SCS Values

Based on the cubic model proposed in the present 
study, the estimated SCS values to achieve the highest 
milk, fat, protein, and lactose production, were mostly 
at SCC between 12,500 and 25,000 cells/mL (Table 
3). Fat and protein maximum yields were found at 
slightly higher SCS compared with yields of milk and 
lactose, which agreed with the fact that intramammary 
infections first perturb endothelium permeability and 
thereafter reduce biosynthesis and secretion (Kitchen, 
1981; Shuster et al., 1995; Zhao and Lacasse, 2008). 
Milk coagulation properties were better at higher SCS 
compared with milk and component yields, which can 
be explained by the variety of factors affecting MCP. 
For example, RCT could be improved at increasing SCS 
due to the concentration effect on milk fat, protein, and 
CN linked to milk yield reduction. Nevertheless, pH is 
known to increase with higher SCS, which can over-
come the previous effect and impair RCT (Ikonen et 
al., 2004; Le Maréchal et al., 2011), and the proteolytic 
activity in mastitic cows negatively affects MCP (Le 
Maréchal et al., 2011).

Simmental cows revealed maximum productivity at 
higher SCS (milk and components yield) than the other 
breeds, suggesting that SI cows cope better with po-
tential mammary infections. Holstein Friesian showed 
the lowest SCS for the highest production, which could 
indicate a lower physiological SCS value and a differ-
ent relationship among mastitis, SCS, and milk quality 
compared with other breeds. Moreover, the evolution of 
milk yield and components across SCS classes showed 
that milk production and quality among HF started to 
decrease at lower SCS than among SI, even if the trend 
was less pronounced for the former than for the latter 
breed. This suggests that SCS values resulting in the 
most desirable productivity depend on the breed.

Very Low SCS Increases Risk of Mastitis  
in Later Test Day Records

The present study revealed that cows with very low 
SCC have higher risk of reaching high SCS in a subse-
quent test day compared with cows with average SCS 
levels. This contrasts with the findings of Whist and 
Østerås (2007), who reported that cows with SCC < 
20,000 cells/mL had the lowest risk of developing clinical 
mastitis. However, some species of mastitic pathogens, 
such as Streptococcus uberis and Escherichia coli, can 
weaken the host immune response (Thompson-Crispi et 
al., 2014). Indeed, E. coli has been associated with low 
SCC before emergence of clinical mastitis, indicating 
impaired immune efficiency in the udder (Suriyasath-
aporn et al., 2000). Udder quarters with SCC < 21,000 
cells/mL have been linked to increased risk of clinical 
mastitis in HF, in particular for infections caused by 
coliforms (Peeler et al., 2003), and herds with a greater 
proportion of cows with SCC < 50,000 cells/mL had 
increased risk of developing clinical mastitis (Beaudeau 
et al., 2002). According to Rainard et al. (2018), low 
SCC could have a negative effect on susceptibility to 
infections, although they excluded that genetic selec-
tion for low SCC could have a negative influence on 
mastitis resistance. Still, it is not clear whether very 
low SCC levels are a naturally occurring clinical prob-
lem of the cow, leading to increased susceptibility to 
mastitis from environmental pathogens (Wellnitz et al., 
2010), or whether specific pathogens are able to inhibit 
the migration of immune cells to the udders of infected 
cows (Shuster et al., 1995).

CONCLUSIONS

Results of the present study confirmed that an in-
crease of SCC impairs milk productivity, profitability, 
and quality following a third-order polynomial regres-
sion, and highlighted that very low SCC (<6,250 cells/
mL, corresponding to SCS < −1.00) had similar or 
worse detrimental effects on milk yield and quality than 
high SCC (>200,000 cells/mL, corresponding to SCS 
> 4.00). Moreover, cows with SCS < −1.00 in a test 
day were 7 times more likely to present with high SCC 
within the following 90 ± 5 d than were cows with SCC 
between 6,250 and 12,500 cells/mL, corresponding to 
SCS between −1.00 and 0.00. The best SCC, resulting 
in the highest milk yield and quality, was found between 
12,500 and 25,000 cells/mL, corresponding to SCS from 
0.00 to 1.00, but quality of HF milk started to decrease 
at lower SCS compared with the other breeds, even 
if the effect on production at increasing SCS was less 
pronounced for HF. Overall, our results suggest that 
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a breed-dependent optimum of SCS at test day level 
exists, in terms of both milk yield and quality, and that 
very low SCS values could be considered a risk factor 
for the development of mastitis and should be taken 
into account for herd management.
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