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RESEARCH ARTICLE                                         

Milk yield and quality at udder quarter level are influenced by quarter 
position, pathogen, and somatic cell score

Elena Visentina , Giovanni Nieroa , Giulio Visentinb , Martino Cassandroa,c ,  
Massimo De Marchia and Mauro Penasaa 

aDipartimento di Agronomia, Animali, Alimenti, Risorse naturali e Ambiente, University of Padova, Legnaro, Italy; bDipartimento di 
Scienze Mediche Veterinarie, Alma Mater Studiorum University of Bologna, Ozzano dell’Emilia, Italy; cAssociazione Nazionale 
Allevatori della Razza Frisona, Bruna e Jersey Italiana, Cremona, Italy 

ABSTRACT 
There is a paucity of information about milk composition and quality at the quarter level from 
complete milking of the udder, mainly because of the difficulties of sampling procedures which 
imply the adoption of a vacuum system connected to four independent buckets. The objective 
of this study was to evaluate the effect of quarter position, intramammary infection status, and 
somatic cells on milk yield and composition at the mammary quarter level of Simmental cows. 
Milk samples were collected during three consecutive days, after milking individual mammary 
quarters of 10 lactating cows separately, for a total of 120 quarter milk samples. Samples were 
analysed for composition, somatic cell count (SCC), differential SCC, and bacterial culture. 
Somatic cell count was log-transformed to somatic cell score (SCS) to achieve normality of distri-
bution. Sources of variation of milk yield and quality traits were investigated using a linear 
mixed model which included the fixed effects of quarter position (1 to 4), pathogen presence 
(positive or negative), and SCS class (low, medium-low, medium-high, and high). The interaction 
between cow and quarter position was included as random effect. Quarter position significantly 
affected milk yield, with rear udder quarters yielding more milk compared to their front counter-
parts, but with negligible effects on milk composition. Classes of SCS influenced milk compos-
ition, in a way that quarters with high SCS had lower lactose content and higher differential 
SCC. This study is a contribution towards the possibility to better understand physiological proc-
esses at cow udder quarter level.

HIGHLIGHTS
� The effect of quarter position significantly affected milk yield at the quarter level.
� Rear quarters produced more milk compared to their front counterparts.
� Somatic cells significantly affected the investigated traits, except for milk yield and protein 

content.
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Introduction

Bovine milk composition traits, including fat, protein, 
casein, lactose, and urea content have been widely 
investigated at herd and individual level. Broadly 
speaking, some sources of variation of these features 
include: i) herd management, especially feeding strat-
egies (Elgersma et al. 2006; Jenkins and McGuire 
2006), ii) climatic conditions and seasonality (Bouraoui 
et al. 2002; Bertocchi et al. 2014), iii) intramammary 
infection status (Bobbo et al. 2017), iv) somatic cell 
count (SCC) (Ikonen et al. 2004; Hand et al. 2012), v) 
animal health, in particular the occurrence of clinical 

and subclinical mastitis (Ogola et al. 2007) and hyper-
ketonemia (Benedet et al. 2019), and vi) lactation 
stage and parity of the cow (Roveglia et al. 2019). 
Moreover, breed and individual genetic merit have 
been closely associated to the phenotypic variation of 
milk quality and solids yield in dairy cattle (Viale et al. 
2017; Costa et al. 2019).

Little information on milk composition is available 
at the mammary quarter level, mainly due to difficul-
ties in sampling procedures. Most of the studies con-
ducted at quarter level dealt with pathogen detection 
based on sterile sampling or milk quality traits based 
on the analysis of milk fractions collected at different 

CONTACT Giovanni Niero g.niero@unipd.it 
� 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article 
has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

ITALIAN JOURNAL OF ANIMAL SCIENCE 
2024, VOL. 23, NO. 1, 585–593 
https://doi.org/10.1080/1828051X.2024.2340097

http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2024.2340097&domain=pdf&date_stamp=2024-04-13
http://orcid.org/0000-0003-2457-3420
http://orcid.org/0000-0002-6169-1162
http://orcid.org/0000-0003-0869-5516
http://orcid.org/0000-0002-8709-2870
http://orcid.org/0000-0001-7814-2525
http://orcid.org/0000-0001-9984-8738
http://creativecommons.org/licenses/by-nc/4.0/
http://www.tandfonline.com
https://doi.org/10.1080/1828051X.2024.2340097


time points during a single milking event (Bansal et al. 
2005; Sarikaya et al. 2005; Piccinini et al. 2007; Bisutti 
et al. 2023). Even less information is available on indi-
vidual quarter milk obtained from complete milking. 
Investigating milk composition at udder quarter level 
allows for a deeper understanding of the physiological 
processes involved in milk synthesis (i.e. differences in 
milk yield (MY) and composition across udder quar-
ters) and animal health (i.e. differences in somatic cell 
and intramammary infection across udder quarters). 
Indeed, the same aspects cannot be studied in such 
resolution when considering individual and bulk milk 
(Bobbo et al. 2022). Forsb€ack et al. (2010) studied day- 
to-day variation of MY and composition at the quarter 
level in clinically healthy cows and concluded that, 
within udder quarter, the day-to-day variation of these 
traits follows the same trend, and repeated milk sam-
pling and analysis at the quarter level can be used to 
detect alterations in milk composition and cow health.

The aim of the present study was to assess the 
effect of position of the quarter, the intramammary 
infection status, and the level of SCC on MY and com-
position in samples from complete udder quarter 
milking.

Materials and methods

Farm management and animals

The study was carried out during routine milking pro-
cedures at the experimental farm of the University of 
Padova (Legnaro, Italy). Procedures were not invasive 
and thus animal care and use committee approval 
was not required for the present study. The experi-
mental farm accounted for 26 lactating Simmental (SI) 
cows which were housed indoors in free-stall barn 
and fed total mixed ration based on mixed hay 
(0.50 kg/cow/day), alfalfa hay (4.10 kg/cow/day), corn 
meal (1.30 kg/cow/day), protein mix (3.40 kg/cow/day), 
concentrate feed (3.20 kg/cow/day), vitamin and min-
eral mix integrator (0.50 kg/cow/day), yeast integrator 
(0.05 kg/cow/day) and corn silage (28.00 kg/cow/day). 
The average chemical composition on dry matter basis 
was as follows: 22.33% starch, 16.31% crude protein, 
3.78% ether extract, 8.52% total ash, 34.65% neutral 
detergent fibre, 21.48% acid detergent fibre, 13.18% 
hemicellulose, and 3.46% acid detergent lignin.

Milking took place two times per day (6:00 am and 
6:00 pm). Prior to the beginning of the study, individ-
ual milk samples from the entire herd were collected 
for SCC analysis in the laboratory of the Breeders 
Association of Veneto Region (ARAV, Vicenza, Italy) 
using FossomaticTM 7 DC (Foss Analytical A/S, Hillerød, 

Denmark). Ten cows were selected among the 26 
available at the experimental farm, avoiding cows 
under antibiotic treatment for any disease. Moreover, 
selection criteria aimed to reach homogenous distribu-
tion of days in milk (DIM; average: 192.50 d; minimum: 
76 d; maximum: 359 d) and parity (average: 3.6; min-
imum: 2; maximum: 6). Finally, cows were selected to 
guarantee a wide range of SCC (average: 80,000 cells/ 
mL; minimum: 7000 cells/mL; maximum: 193,000 cells/ 
mL measured on individual milk). Additional informa-
tion about animal enrolment can be retrieved from 
Bobbo et al. (2022).

Milk samples collection

Milk samples were collected during three consecutive 
morning milkings from individual quarters of 10 cows, 
totalling 120 milk samples. A first milk aliquot (10 mL) 
was obtained in sterile conditions from each quarter 
after accurate cleaning of the teat end with disinfect-
ant disposable towels and discarding the first milk 
jets. Sterile quarter samples were collected according 
to National Mastitis Council guidelines (NMC, 1999) 
and used for subsequent bacterial culture analyses. 
After sterile sampling, udder quarters were milked 
using a vacuum system connected to four different 
plastic buckets as described in Bobbo et al. (2022), 
and milk of each bucket was weighted to obtain MY 
at quarter level. The second milk aliquot (50 mL) was 
collected directly from each bucket, added with 200 mL 
of preservative (Bronopol, 2-bromo-2-nitropropan-1,3- 
diol; D&F Inc., Dublin, CA, USA) to avoid bacterial pro-
liferation and used for subsequent milk composition 
analyses.

Bacterial culture and gross composition analyses

Bacterial culture analyses were performed in the 
laboratory of the Istituto Zooprofilattico Sperimentale 
delle Venezie (IZSVE, Legnaro, Italy) within 24 h from 
collection. Briefly, 10 mL of milk were plated onto 
blood agar containing 5% defibrinated sheep blood. 
Plates were aerobically incubated at 37 ± 1 �C and 
examined after 16 and 24 h. Bacteria were cultured and 
identified according to NMC (1999), which includes 
morphology, Gram staining, catalase and coagulase 
reactions, oxidase reaction, biochemical properties, and 
haemolysis pattern. Gram-positive microorganisms were 
differentiated as staphylococci and streptococci by the 
catalase reaction. The coagulase tube test in rabbit 
plasma was used to differentiate Staphylococcus aureus 
from Non-aureus staphylococci (NAS). Gram-negative 
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bacteria were identified by oxidase test as well as by 
growth features on MacConkey agar and eosin methy-
lene blue agar. A sample was considered contaminated 
when three or more dissimilar colony types were 
observed with no single colony type predominating 
(NMC, 1999).

Milk gross composition was determined in the 
ARAV laboratory within 12 h from collection. Samples 
were warmed in a water bath at 36 �C, gently inverted 
five times to promote solids homogenisation, and ana-
lysed for fat (%), protein (%), casein (%), lactose (%), 
urea (mg/dL), and pH using MilkoScanTM 7 RM (Foss 
Analytical A/S, Hillerød, Denmark). Somatic cell count 
and differential SCC (DSCC, %), calculated as the ratio 
of polymorphonuclear neutrophils plus lymphocytes to 
total milk SCC, were determined through FossomaticTM 

7 DC (Foss Analytical A/S, Hillerød, Denmark). Values of 
SCC were log-transformed to somatic cell score (SCS, 
units) to achieve the normality of the distribution as 
follows: SCS ¼ 3þ log2(SCC/100,000).

Data editing and statistical analyses

Milk samples exceeding three standard deviations 
from the respective mean were set to missing and 
thus excluded from subsequent statistical analyses. 
Four classes of SCS were defined based on the quartiles 
of the distribution: the low class included SCS �
−0.001 (n¼ 30); the medium-low class included 
−0.001< SCS � 0.94 (n¼ 28); the medium-high class 
included 0.94< SCS � 2.94 (n¼ 31); and the high class 
included SCS > 2.94 (n¼ 31). For results of SCC <
50,000 cells/mL, DSCC was set to 45% following the 
approach of Wall et al. (2018) and Schwarz et al. (2020).

Pearson correlation coefficients were assessed using 
the CORR procedure of SAS 9.4 software (SAS Institute 
Inc., Cary, NC, USA), and sources of variation of MY 
and composition traits were investigated using the 
GLIMMIX procedure of the same software, according 
to the following linear mixed model:

yijkl ¼ l þ quarteri þ pathogenj þ SCSk

þ quarter � cowð Þil þ eijkl , 

where yijkl is the dependent variable (MY or compos-
ition trait); m is the overall intercept of the model; 
quarteri is the fixed effect of the ith quarter position (4 
classes: right front, left front, right rear, left rear); path-
ogenj is the fixed effect of the jth pathogen presence 
(2 classes: positive, negative); SCSk is the fixed effect 
of the kth SCS class (4 classes: low, medium-low, 
medium-high, high); (quarter� cow)il is the random 
interaction effect between the ith quarter position and 
the lth cow�N(0, r2

QC), where r2
QC is the variance of 

the interaction; and eijkl is the random residual 
term�N(0, r2

e), where r2
e is the residual variance. 

Multiple comparisons of least square means for the 
main effects of quarter position, pathogen presence, 
and SCS class were performed using Tukey-Kramer 
adjustment, with significance threshold set to p< .05. 
Contrast analyses between groups of fixed effect levels 
(i.e. front quarters and rear quarters) were performed 
using the LSESTIMATE and ESTIMATE statements of 
the GLIMMIX procedure of SAS 9.4 software, setting 
the statistical significance to p< .05.

Results and discussion

Descriptive statistics

Table 1 summarises the descriptive statistics of MY 
and quality traits in quarter milk samples. Milk yield 
averaged 3.14 kg/quarter/milking, which was slightly 
lower than the average MY reported by Forsb€ack et al. 
(2010) for Swedish Red cows at udder quarter level 
(3.62 kg/quarter/milking). The daily MY per cow was 
estimated by multiplying the average MY per quarter 
by 4 (number of quarters) and then by 2 (number of 
milking/day), yielding a value of 25.12 kg/day. This MY 
is comparable to the individual MY reported by 
Visentin et al. (2018) and Franzoi et al. (2019) for SI 

Table 1. Descriptive statistics of quarter milk yield and quality traits.
Trait1 N Mean Standard deviation Coefficient of variation, % Minimum Maximum

Milk yield, kg/quarter/milking 120 3.14 1.14 36.40 1.32 5.79
Milk quality traits

Fat, % 120 2.98 0.70 23.33 1.29 4.95
Protein, % 113 3.32 0.30 9.10 2.85 4.16
Casein, % 113 2.60 0.25 9.65 2.17 3.30
Lactose, % 117 4.80 0.15 3.15 4.34 5.22
Urea, mg/dL 120 21.91 3.87 17.64 14.00 29.10
SCS, units 120 1.54 1.97 127.82 −1.32 6.76
DSCC, % 120 56.93 15.87 27.88 45.00 89.40
pH 120 6.59 0.07 1.02 6.46 6.73

1SCS: somatic cell score, calculated as SCS ¼ 3þ log2(SCC/100,000), where SCC is somatic cell count (cells/mL); DSCC: differential somatic cell count, 
calculated as the ratio of polymorphonuclear neutrophils plus lymphocytes to total milk SCC.
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cows in single-breed herds of northeast of Italy. Fat, 
protein, casein, and lactose contents averaged 2.98, 
3.32, 2.60, and 4.80%, respectively (Table 1). The lower 
fat than protein content was likely due to a drawback 
of the sampling procedures. Indeed, the four plastic 
buckets adopted for quarter milk collection may have 
favoured fat adhesion on buckets wall, which is not 
the case of the conventional milking procedures. The 
other milk traits measured in the present study were 
comparable to findings of Niero et al. (2021) who 
investigated the effect of grazing on health status of 
SI cows by using milk quality traits, and Penasa et al. 
(2014) who investigated milk coagulation properties of 
Holstein Friesian, Brown Swiss, and SI in multi-breed 
herds. The indicators of udder quarter health status, 
namely SCS and DSCC, averaged 1.54 and 56.93%, 
respectively. Such values are lower than those 
reported by Bobbo et al. (2020) and Niero et al. (2021) 
for SI, and by Magro et al. (2023a) for dual- 
purpose Alpine Grey cows, likely due to the previously 
discussed drawback in sampling procedures, which 
indeed decreased milk fat content and consequently 
SCS (Caplan et al. 2013; D’Incecco et al. 2018).

Among composition traits, fat and lactose had the 
greatest and the lowest coefficient of variation (23.33 and 
3.15%, respectively), and SCS and DSCC had coefficient of 
variation of 127.82 and 27.88%, respectively (Table 1). In 
general, the variability of the traits was greater than that 
reported in previous studies (Penasa et al. 2014; Visentin 
et al. 2018; Niero et al. 2021), likely due to the structure 
of the experimental design which included the collection 
of milk samples from complete milking of each quarter 
rather than individual milk samples.

Average SCS in positive and negative samples at 
udder quarter level are reported in Table 2. Out of the 
120 collected samples, 22 were positive and 98 nega-
tive. Out of the 22 positive samples, 13 were positive 
to NAS, 3 to Candida, 3 to Bacillus spp., 1 to 
Corynebacterium spp., 1 to Escherichia coli, and 1 was 
contaminated. Non-aureus staphylococci were the most 
isolated mastitis causing pathogens, in agreement 
with previous studies (Narayana et al. 2021; Magro 
et al. 2023b). Also, positive quarters were characterised 
by greater SCS; in fact, SCS of positive and negative 
quarters averaged 3.10 and 1.17, respectively.

Phenotypic correlations

Pearson correlation coefficients between MY and qual-
ity traits are summarised in Table 3. Milk urea was 
positively correlated with protein (r¼ 0.50; p< .001) 
and casein (r¼ 0.48; p< .001). Stoop et al. (2007) 
reported a weak positive correlation between urea 
and protein content (r¼ 0.11) in a study evaluating 
genetic parameters of milk urea nitrogen and its rela-
tionship with milk production traits. On the contrary, 
other studies reported that as milk protein percentage 
increased, milk urea nitrogen concentration decreased 
(Johnson & Young 2003). Such divergent results are 
likely related to differences in feeding regimes, which 
are strictly connected with the synthesis of milk pro-
tein and urea metabolism (Roy et al. 2011).

In the present study, a moderate negative associ-
ation between SCS and lactose (r¼−0.33; p< .001) 
was observed. A similar negative association was 
reported by Lindmark-Månsson et al. (2006) and 

Table 2. Average somatic cell score in positive (pos) and negative (neg) udder quarter milk samples.
Right front (n¼ 30) Left front (n¼ 30) Right rear (n¼ 30) Left rear (n¼ 30)

Trait Pos (n¼ 9) Neg (n¼ 21) Pos (n¼ 2) Neg (n¼ 28) Pos (n¼ 4) Neg (n¼ 26) Pos (n¼ 4) Neg (n¼ 26)

SCS1, units 3.04 1.86 1.05 0.95 4.80 1.26 3.50 0.60
1Somatic cell score, calculated as SCS ¼ 3þ log2(SCC/100,000), where SCC is somatic cell count (cells/mL).

Table 3. Pearson correlation coefficients between milk traits at quarter level.

Trait1

Milk quality traits

Fat Protein Casein Lactose Urea SCS DSCC pH

Milk yield 0.31��� −0.14 −0.13 0.17 −0.005 −0.15 −0.14 0.02
Milk quality traits

Fat −0.07 −0.08 −0.22� 0.14 0.21� 0.03 0.37���

Protein 1.00��� 0.24�� 0.50��� 0.18 0.20� 0.41���

Casein 0.28�� 0.48��� 0.14 0.17 0.40���

Lactose 0.17 −0.33��� −0.23� 0.20�

Urea 0.34��� 0.30��� 0.44���

SCS 0.87��� 0.32���

DSCC 0.13
1SCS: somatic cell score, calculated as SCS ¼ 3þ log2(SCC/100,000), where SCC is somatic cell count (cells/mL); DSCC: differential somatic cell count, cal-
culated as the ratio of polymorphonuclear neutrophils plus lymphocytes to total milk SCC.
�p< .05; ��p< .01; ���p< .001.

588 E. VISENTIN ET AL.



Roveglia et al. (2019), who estimated correlations of 
−0.77 and −0.39, respectively. In general, an increase 
of SCS is associated to a decrease of lactose content, 
which can be explained both by increased milk barrier 
permeability and impaired synthetic ability due to 
damage to the mammary tissue (Py€or€al€a 2003). A posi-
tive correlation was observed between SCS and urea 
content (r¼ 0.34, p< .001), in agreement with findings 
of Stoop et al. (2007), who described altered protein 
metabolism during episodes of mastitis. Also, a weak 
negative association between DSCC and lactose con-
tent (r¼−0.23; p< .05) was observed, which agrees 
with estimates of Bobbo et al. (2019) who reported a 
weak correlation (r¼−0.05) between these two traits 
in Italian Holsteins. As expected, SCS and DSCC were 
strongly correlated (r¼ 0.87; p< .001), similarly to 
Magro et al. (2023c) who estimated a positive correl-
ation between SCS and DSCC (r¼ 0.63; p� .05) in indi-
vidual milk of SI cows and concluded that combining 
information from these two traits is useful for a better 
monitoring of cow udder health status.

The milk pH was significantly correlated with the 
studied traits, except for MY and DSCC. Specifically, a 
moderate positive correlation was observed between 
pH and SCS (0.32; p< .001), in agreement with 
Kandeel et al. (2019) who estimated a correlation of 
0.50 between pH and SCC in early lactation dairy 
cows. Such an increase of pH in quarter milk samples 
with high SCC is associated to the increased perme-
ability of blood capillaries which determines specific 
changes in mineral equilibrium. For example, citrates, 
bicarbonates, Naþ, and Cl− are transferred from extra-
cellular fluid into the lumen of mammary gland 
(Balcones et al. 1996; Caballero Villalobos et al. 2015; 
Mart�ı-De Olives et al. 2020). Consequently, to maintain 
osmolarity, milk potassium level decreases (Kitchen 
1981; Summer et al. 2009).

Significance of fixed effects

Results from the analysis of variance of MY and quality 
traits are summarised in Table 4. The effect of quarter 
position was the only one significant in explaining the 
variation of MY (F-value ¼ 6.87; p< .001). This was 
also confirmed when comparing right and left front 
quarters vs. right and left rear quarters, which indeed 
affected only MY (p< .001) and had negligible effects 
on milk composition. Pathogen presence was the least 
important fixed effect to explain the variability of the 
studied traits, being significant only for pH (F-value ¼
5.09; p< .05). Somatic cell score class was significant 

for all studied traits (p< .05), with the exception of MY 
and protein content.

The random interaction effect between quarter pos-
ition and cow explained a great proportion of variabil-
ity of the investigated traits, with values that ranged 
from 72.47% for urea content to 97.47% for DSCC. The 
only exception was fat content, for which the inter-
action explained 34.05% of total variance.

Least squares means

Figure 1 depicts the least squares means of quarter 
MY according to quarter position. Rear quarters 
yielded more milk (3.96 and 3.52 kg for left and right 
quarter, respectively) than their front counterpart (2.32 
and 2.53 kg for left and right quarter, respectively). 
Similar results were obtained through the contrast 

Table 4. F-values and significance of fixed effects included in 
the model for quarter milk yield and quality traits.

Trait1

Fixed effects Random effect

Quarter Pathogen SCS2 r2
QC, %3 RSD4

Milk yield, kg/ 
quarter/milking

6.87��� 2.28 0.88 90.80 0.30

Milk quality traits
Fat, % 0.63 3.73 5.01�� 34.05 0.52
Protein, % 0.28 1.06 2.71 94.41 0.07
Casein, % 0.30 1.20 2.74� 94.60 0.06
Lactose, % 0.55 4.89 4.20�� 76.34 0.08
Urea, mg/dL 0.25 0.42 3.18� 72.47 1.94
DSCC, % 2.65 0.02 5.89�� 97.47 2.04
pH 0.47 5.09� 4.30�� 85.75 0.02

1DSCC: differential somatic cell count, calculated as the ratio of poly-
morphonuclear neutrophils plus lymphocytes to total milk SCC 
(cells/mL).

2Classes of somatic cell score. Each class was defined based on quartile 
distribution of SCS: low (SCS � −0.001), medium-low (−0.001< SCS �
0.94), medium-high (0.94< SCS � 2.94) and high (SCS > 2.94).

3Proportion of total variance accounted by the random interaction 
between quarter position and cow.

4RSD: residual standard deviation.
�p< .05; ��p< .01; ���p< .001.

Figure 1. Least squares means (with standard error) of quarter 
milk yield. a,b,cMeans with different superscript letters differ 
significantly (p< .05).
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analysis, comparing the two front quarters (i.e. right 
and left) with the two rear quarters (i.e. right and left), 
which exhibited MY of 2.42 and 3.74 kg, respectively. 
Such a pattern is similar to that reported by Penry 
et al. (2018) who analysed quarter MY of Holstein 
Friesian cows from automatic milking system. Also, 
Weiss et al. (2004) reported greater MY in rear udder 
quarters of Brown Swiss�German Braunvieh cross-
breed cows. This difference in MY is directly related to 
udder quarter conformation, with greater cisternal area 
for rear compared to front quarters (Ayadi et al. 2003). 
Results of the present study suggest that traditional 
milking systems may cause over-milking of front quar-
ters due to their lower yield compared to rear quarters. 
In this view, the adoption of differential milking sys-
tems at udder quarter level (as already implemented in 
automatic milking systems) would be advisable 
(Krawczel et al. 2017).

Intramammary infection status had no effect on the 
studied traits, except for a slight impact on pH. A 
more alkaline pH was observed in positive (6.61) than 
negative milk samples (6.59). It is likely that such dif-
ference is related to SCS level rather than to intra-
mammary infection status. Indeed, as reported in 
Table 2, positive samples had greater SCS and greater 
pH, whereas negative samples had lower SCS and 
lower pH.

Table 5 reports the least squares means of quarter 
MY and quality traits according to classes of SCS. 
Classes of SCS did not affect MY, and protein and 
casein content. Overall, lactose content decreased as 
SCS increased, moving from 4.89% (medium-high 
class) to 4.77% (high class). Costa et al. (2019) reported 
similar results by testing the effect of different classes 
of lactose content on SCC. In particular, higher SCS 
was associated to lower lactose content. Opposite 
trends were observed for DSCC and pH, which 
increased towards the high SCS class. These trends 

confirm the previously discussed negative association 
between SCS and lactose, and the positive association 
between SCS and DSCC, and between SCS and pH. 
Results of the present study confirmed that variations 
in lactose, DSCC, and pH are useful indicators to moni-
tor udder health status of dairy cows, even at udder 
quarter level.

Urea content significantly increased with SCS, mov-
ing from 20.22 mg/dL (low SCS) to 23.70 mg/dL (high 
SCS). This trend indicates a slight worsening of nitro-
gen metabolism towards greater SCS in agreement 
with results of Stoop et al. (2007). Contrary to the find-
ings of the present study, Mariani et al. (2022) and 
Magro et al. (2023a) observed lower concentration of 
urea in milk with high SCS, whereas Pegolo et al. 
(2021) did not find significant changes in urea content 
across different levels of SCS and DSCC. Such an 
apparent inconsistency is likely related to different 
feeding regimes used in different trials (especially in 
terms of protein content, composition, and availabil-
ity), thus making the comparison challenging. It is also 
worth noting that Pegolo et al. (2021), Mariani et al. 
(2022), and Magro et al. (2023a) analysed individual 
composite milk and not udder quarter milk, which 
may suggest different interpretations.

Conclusions

The present study investigated the effect of quarter 
position, intramammary infection status, and SCS on 
MY and quality traits at udder quarter level. The effect 
of quarter position was significant for MY, with the 
right and left rear udder quarters yielding more milk 
than their front counterparts. On the other hand, quar-
ter position had negligible effects on milk quality 
traits. Pathogens did not affect MY and had minor 
effects on milk quality traits, being significant only for 
milk pH. In general, milk quality was negatively 

Table 5. Least squares means (standard error) of quarter milk yield and quality traits.

Trait1

SCS2

Low Medium-low Medium-high High

Milk yield, kg/quarter/milking 3.14 (0.20) 3.22 (0.19) 3.06 (0.19) 2.90 (0.21)
Milk quality traits

Fat, % 2.56 (0.16)b 2.63 (0.16)b 3.25 (0.15)a 3.02 (0.15)ab

Protein, % 3.28 (0.06) 3.28 (0.06) 3.41 (0.06) 3.36 (0.06)
Casein, % 2.56 (0.05) 2.57 (0.05) 2.68 (0.05) 2.64 (0.05)
Lactose, % 4.82 (0.03)ab 4.89 (0.03)a 4.82 (0.03)ab 4.77 (0.04)b

Urea, mg/dL 20.22 (0.86)b 21.40 (0.83)ab 22.84 (0.80)ab 23.70 (0.89)a

DSCC, % 54.47 (2.24)b 54.81 (2.19)b 56.80 (2.17)b 61.53 (2.34)a

pH 6.57 (0.01)b 6.59 (0.01)ab 6.62 (0.01)a 6.62 (0.01)a

1DSCC: differential somatic cell count, calculated as the ratio of polymorphonuclear neutrophils plus lymphocytes to total 
milk SCC (cells/mL).

2Classes of somatic cell score. Each class was defined based on quartile distribution of SCS: low (SCS � −0.001), medium- 
low (−0.001< SCS � 0.94), medium-high (0.94< SCS � 2.94) and high (SCS > 2.94).

a,bMeans with different superscript letters within row differ significantly (p< .05).
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affected when considering high SCS. In particular, lac-
tose content decreased as SCS increased, whereas 
DSCC increased towards high SCS. These findings rep-
resent a contribution towards the possibility to better 
understand physiological processes involved in milk 
production and quality at udder quarter level. Based 
on the results, the adoption of independent buckets 
for complete quarter draining could be considered 
during routine milking procedures to effectively separ-
ate milk with high and low SCS, which significantly 
affected milk composition.
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