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RESEARCH ARTICLE

Lactoferrin concentration in bovine milk: validation of radial
immunodiffusion technique, sources of variation, and association to udder
health status

Giovanni Nieroa , Steffi Anna Thomasa, Kassiani Mouratidoua, Giulio Visentinb ,
Massimo De Marchia , Mauro Penasaa and Martino Cassandroa,c

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

ABSTRACT
The present study aimed to evaluate analytical performances of radial immunodiffusion (RID)
technique for the quantification of milk lactoferrin (LF), and to investigate the main sources of
variation of LF concentration in individual milk samples of Holstein Friesian (HF, n¼ 1516) and
Simmental (SI, n¼ 230) cows. Repeatability (RSDr) and reproducibility (RSDR) of RID method
were assessed as relative standard deviation of 15 measurements within the same day and 45
measurements across 3 d, respectively. Sources of variation of milk LF were investigated through
a mixed linear model which included the fixed effects of classes of stage of lactation and parity
(and their interaction), cow breed, udder health status (UHS, based on somatic cell count and
differential somatic cell count), and the random effects of the herd-test day nested within breed
and the residual. Method performances were satisfactory in terms of repeatability (RSDr < 9%)
and reproducibility (RSDR < 8%), suggesting that the RID can be considered as a consistent
cow-side test for the quantification of milk LF. Milk LF was positively associated with somatic
cell score (r¼ 0.40) and negatively with lactose content (r¼�0.33). Lower concentration of LF
was observed in milk of ‘healthy’ and ‘susceptible’ cows (13.03 and 12.87mg/dL, respectively)
compared to ‘mastitic’ and ‘chronic’ cows (17.91 and 17.33mg/dL, respectively). In this light,
milk LF has the potential to be a useful biomarker to detect early mastitis. Further research is
advisable to deepen the association between milk LF content and observed clinical mastitis.

HIGHLIGHTS

� Radial immunodiffusion method for milk lactoferrin quantification is repeatable and reproducible.
� Somatic cell count is positively associated with milk lactoferrin content.
� Milk lactoferrin is less concentrated in milk of healthy and susceptible than potentially mas-
titic and chronic cows.
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Introduction

Lactoferrin (LF) is an iron-binding glycoprotein (molecular
weight 3125.8g/mol). It belongs to the transferrin protein
family and consists of a single protein chain composed
of 703 amino acids folded into two globular lobes
(Gonz�alez-Ch�avez et al. 2009). Lactoferrin is produced by
mammalian mucosal epithelial cells and is present in dif-
ferent biological secretions including tears, mucus and
saliva, and in colostrum and milk at particularly high
concentrations (Franco et al. 2018). Lactoferrin is a
multifunctional protein, with in vivo antibacterial, anti-
inflammatory, osteogenic and antioxidant activities, and
in vitro anti-tumor properties (€Oztafl and €Ozg€unefl 2005;

Iglesias-Figueroa et al. 2019). Particularly, the antibacterial
activity of LF is associated with two different mecha-
nisms. Firstly, LF has the ability to bind iron, an essential
element in the replication of microorganisms, thereby
indirectly acting as a bacteriostatic agent (Giansanti et al.
2016; Niaz et al. 2019). Secondly, LF is able to promote
the generation of peroxides, which in turn affect bacterial
membrane permeability, acting directly towards bacterial
cell lysis (Braun and Braun 2002). Thanks to its iron scav-
enger properties, LF reduces oxidative stress and exces-
sive inflammatory response (Siqueiros-Cend�on et al.
2014). Given the wide array of biological functions and
potential health benefits, the addition of LF in functional
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foods (i.e. infant formula) and dietary supplements has
become quite common (Wisgrill et al. 2018).

Milk LF concentration is affected by several factors,
including stage of lactation (the concentration
increases along lactation; Cheng et al. 2008), milk yield
(the concentration decreases in milk from high-pro-
ducing cows; Cheng et al. 2008) and milk somatic cell
count (SCC; the concentration increases in milk with
greater SCC; Cheng et al. 2008). The increase of LF
concentration in milk as a physiological reaction to
udder infection is mainly determined by two factors.
On one hand, milk from an infected udder is richer in
immune neutrophils, which indeed are able to synthe-
sise LF (Lindmark-Månsson et al. 2000). On the other
hand, in pathological conditions, the mammary gland
tissue increases LF output (Harmon and Newbould
1980). Based on this evidence, milk LF has been sug-
gested as a complementary indicator to SCC in the
diagnosis of mastitis in dairy cattle (Cheng et al. 2008).

To date, analytical methods for milk LF quantification
include electrophoresis (Mao et al. 2017), ion-exchange
extraction coupled with high pressure liquid chromatog-
raphy (Pochet et al. 2018), enzyme-linked immunosorbent
assay (Ostertag et al. 2022) and radial immunodiffusion
(RID; Croguennec et al. 2012). The RID is a fast, easy and
specific technique, based on the radial diffusion of an
antigenic target compound into a homogeneous gel con-
taining the relative specific antibody. The antigen-conju-
gate-antibody complex precipitates in a growing circle
until equilibrium is reached, in a way that circle area is
directly proportional to milk LF concentration.

So far, little information is available in respect to
RID method validation parameters such as repeatabil-
ity and reproducibility. Furthermore, it is not clear if
the RID method is sensible enough to detect LF vari-
ation in respect to milk composition traits and differ-
ent physiological status of lactating animals. The
outcome of the present is to provide information of
bovine milk LF determination, to quantify its pheno-
typic variation and association to udder health status
using a large dataset of Italian Holstein and Simmental
milk samples. Therefore, the specific objectives are to
i) assess repeatability and reproducibility of the RID
technique for the quantification of LF in bovine milk
and ii) investigate sources of variation of individual
milk LF concentration measured through RID assay.

Materials and methods

Validation of RID assay

The validation of the RID assay was performed to
assess method repeatability and reproducibility on a

single raw milk (RM) sample. Repeatability and repro-
ducibility were evaluated on the same RM sample
with Bronopol (50:0.2 v/v) preservative (RMP) added
and on the same RM sample subjected to 24 h freez-
ing (RMF). In particular, repeatability of LF concentra-
tion measurements was calculated as the relative
standard deviation (RSDr) of 15 consecutive measure-
ments in 15 aliquots of RM, 15 aliquots of RMF and 15
aliquots of RMP, within the same day. Similarly, repro-
ducibility of LF concentration measurements was cal-
culated as the relative standard deviation (RSDR) of 45
measurements in 45 aliquots of RM, 45 aliquots of
RMF and 45 aliquots of RMP, obtained across three
days of analyses (Biswas et al. 2011; Niero et al. 2018).

To evaluate the similarity between the LF concen-
tration measured in RM, and that measured in RMF (or
RMP), the z-scores (z) were calculated as pairwise com-
parison between distributions of 45 observations each,
according to the following formula:

z ¼ m� VALREF
SD

,

where m is the average LF concentration in RM, and
VALREF and SD are the median and the standard devi-
ation of LF concentration in RMF (or RMP), respect-
ively. The LF concentration in RMF (or RMP) is
considered equal to the LF concentration in RM when
jzj � 2, similar when 2 < jzj � 3 and different when
jzj > 3 (Thompson et al. 2006).

Experimental design

Ethical approval was not required for the present
study as cows belonged to commercial herds and
milk was collected during official monthly test-day
milk recording schemes by authorised personnel of
the Breeders Association of Veneto Region (ARAV,
Vicenza, Italy). A total of 2313 individual milk sam-
ples of Holstein Friesian (HF; 1966 cows, 29 herds)
and Simmental cows (SI; 347 cows, 11 herds) were
collected between October and December 2020. All
herds involved in the current research were single
breed and all animals were sampled once. For each
cow, two milk aliquots of 50mL were collected and
200 mL of preservative (Bronopol; 2-bromo-2-nitro-
propan-1,3-diol) was added. The two aliquots of the
same samples were intended for subsequent analy-
ses of milk chemical composition and LF
concentration.
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Milk chemical analyses

Gross chemical composition
One of the milk aliquots was transported to the ARAV
laboratory at 4 �C for chemical analyses. Here, milk
samples were warmed, gently mixed by inversion to
promote solid homogenisation and analysed for fat
(%), protein (%), casein (%), lactose (%) and urea
(mg/dL) within 24 h using MilkoScan FT6000 (Foss,
Hillerød, Denmark). The Fossomatic 7 DC (Foss,
Hillerød, Denmark) was used to measure SCC (cells/mL)
and differential somatic cell count (DSCC, %).

Analysis of milk lactoferrin through RID assay
The other milk aliquot collected during the milk
recording scheme was transferred to the laboratory of
the Department of Agronomy, Food, Natural resources,
Animals and Environment of the University of Padova
(Legnaro, Italy) and kept refrigerated at 4 �C until LF
quantification. Lactoferrin concentration was assessed
within 24 h, using 24 wells RID kit plates filled with a
jelly medium containing a specific LF antibody (the
name of the supplier is not mentioned to avoid any
possible conflict of interest). Three out of the 24 wells
were filled by pipetting 5 ml of LF standard solutions
(i.e. 3, 16 and 32mg/dL) included in the RID kit. The
remaining 21 wells were filled by pipetting 5 ml of
milk, previously warmed at room temperature and
repeatedly inverted to promote solid homogenisation.
Thereafter, each filled plate was incubated at room
temperature for 24 h. During incubation LF creates a
complex with the LF antibody and precipitates in a cir-
cle around the well, in a way that the area of the cir-
cle is directly proportional to the LF concentration. At
the end of the reaction, RID plates were scanned and
high-resolution images were made available for imag-
ing analyses. ImageJ software was used to measure
the area of each circle (ImageJ 2022). For each plate,
calibration curves were calculated as the regression
between the concentration of LF in the standard solu-
tions and the corresponding circle area (R2 � 0.95).
For each milk sample, LF concentration was deter-
mined by comparing with standard calibration curves.

Editing and statistical analyses

Days in milk (DIM) were restricted to be between
6 and 600 days, and parity between 1 and 10. Herds
with less than 10 test day records were removed from
the dataset. Values of LF below the minimum concen-
tration of the standard solution (i.e. 3mg/dL) and
above the maximum concentration of the standard
solution (i.e. 32mg/dL) were removed. Lactoferrin

concentrations calculated from plates with calibration
curves having a coefficient of determination (R2)
smaller than 0.95 were discarded. Outliers of LF con-
centration were defined as values deviating more than
3 standard deviations (SD) from the respective mean
and were removed from the original dataset.
Moreover, samples exceeding 3 standard deviations
from the respective mean of milk yield, fat, protein,
casein, and lactose percentages, urea concentration,
SCS and DSCC were considered as outliers and set as
missing values. The final dataset included 1746 test
day records from 1516 HF (24 herds) and 230 SI cows
(10 herds).

Pearson correlations (r) of milk LF concentration
with milk yield and quality traits were assessed
through the CORR procedure of the SAS software (SAS
Institute Inc., Cary, NC, USA). Sources of variation of
LF, milk yield and quality traits were investigated
using the GLIMMIX procedure of SAS according to the
following linear model:

yijklm ¼ lþ stagei þ parityj þ breedk þ stage � parityð Þij
þ UHSl þ HTDm breedkð Þ þ eijklm,

where yijklm is the dependent variable (LF content,
milk yield or milk quality traits); m is the overall inter-
cept of the model; stagei is the fixed effect of the ith
class of lactation stage of the cow (i¼ 1 to 8, the first
being a class from 6 to 45 DIM, followed by 6 classes
of 45 DIM each, and the last being a class of DIM >

315); parityj is the fixed effect of the jth parity class of
the cow (j¼ 1 to 5, with the last class including par-
ities 5 to 10); breedk is the fixed effect of the kth cow
breed (k¼HF, SI); (stage�parity)ij is the fixed inter-
action effect between class of lactation stage and par-
ity class; UHSl is the fixed effect of the lth udder
health status (l¼healthy when SCC � 200 cells/mL
and DSCC � 66.3%, susceptible when SCC � 200
cells/mL and DSCC > 66.3%, mastitic when SCC > 200
cells/mL and DSCC > 66.3%, chronic when SCC > 200
cells/mL and DSCC � 66.3%) according to the thresh-
olds defined by Zecconi et al. (2019); HTDm(breedk) is
the random effect of the mth herd-test date nested
within the kth breed (n¼ 1 to 34) �N(0, r2

HTD(Breed)),
where r2

HTD(Breed) is the HTD nested within breed vari-
ance; and eijklm is the random residual�N(0, r2

e),
where r2

e is the residual variance. Differences
between least squares means of the fixed effects were
tested using Bonferroni’s post hoc multiple comparison
test (p < .05).
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Results and discussion

Repeatability and reproducibility of the RID assay

Table 1 reports repeatability RSDr calculated within
each day of analysis on 15 measurements performed
on 15 aliquots of RM, RMF and RMP samples. The best
repeatability performances were registered for RM,
which indeed showed the lowest within-day RSDr

ranging from 1.04% (Day 3) to 7.08% (Day 2). Lower
repeatability was obtained for RMF and RMP which
showed RSDr ranging from 6.64% to 8.85% and 5.39%
to 8.35%, respectively. Reproducibility RSDR, calculated
across three days of analyses on 45 measurements in
45 milk aliquots, varied from 6.06% to 7.73% for RM
and RMF, respectively (Table 1). Compared to RM, the
across-days reproducibility worsened in the case of
RMF and RMP, confirming the trend of the within-day
repeatability. In the case of RMF, the greater RSDr and
RSDR may be the result of protein degradation occur-
ring during sample freezing and melting (Vigolo et al.
2022), which may ultimately compromise the forma-
tion of antigen-conjugate-antibody complexes. This is
also reflected in the average concentration of LF in
RMF (from 12.26 to 11.78mg/dL in Day 1 and Day 2,
respectively) which is numerically lower compared to
the average concentration of LF in RM (from 13.22 to
12.92mg/dL in Day 1 and Day 2, respectively). Similar
considerations can be done for milk samples to which
Bronopol has been added (i.e. RMP), which indeed
exhibited greater RSDr and RSDR together with numer-
ically lower LF concentrations compared with RM.
Findings of the present study agree with those
reported by Vigolo et al. (2022) who observed detri-
mental effect of Bronopol on the concentration of
total whey protein and on b-lactoglobulin and a-lact-
albumin fractions. Indeed, Bronopol activity against
bacteria is due to its ability to release formaldehyde,
which reacts with the amino groups of milk proteins,
creating formal-protein complexes (Upadhyay et al.
2014).

Overall, RSDr and RSDR of the present study were
below 9% and 8%, respectively. Such indicators of

repeatability and reproducibility are less satisfactory
compared to the performances of other laboratory
methods based on time-demanding analytical proce-
dures or which rely on costly laboratory equipment
such as high-pressure liquid chromatography (Niero
et al. 2018) or inductively coupled plasma mass spec-
trometry (Niero et al. 2019). Still, given the possibility
to apply RID technique for the quantification of milk
LF in field conditions and at relatively low cost (about
5e/sample), such performances may be considered
reasonable.

Z-scores were calculated as pairwise comparison
between distributions of 45 observations each to
assess whether LF concentration measured in RMF
and RMP agreed with LF concentration measured in
RM. Results from 2 experimental conditions can be
considered comparable for jzj � 2, similar when 2 <

jzj � 3, and different when jzj > 3 (Thompson et al.
2006). The comparison between RM and RMF resulted
in a z-score of 1.14. An even lower z-score (1.08) was
obtained for the comparison between RM and RMP
(Table 1). In the light of these results, and from a prac-
tical view point, we can assume that freezing proc-
esses and the addition of preservatives affect the
quantification of LF through RID assay by a negligible
amount.

Descriptive statistics and phenotypic correlations

Descriptive statistics for i) LF quantified in individual
milk samples through RID assay, ii) individual milk
yield and iii) individual milk quality traits predicted
through mid-infrared spectroscopy in HF and SI cows
are summarised in Table 2. Milk LF averaged
13.06mg/dL and 13.64mg/dL in HF and SI cows,

Table 1. Repeatability relative standard deviation (RSDr, %;
n¼ 15), reproducibility relative standard deviation (RSDR, %;
n¼ 45) and z-scores (z) for lactoferrin concentration (mg/dL)
in raw milk (RM), raw frozen milk (RFM) and raw milk with
preservative added (RPM).

Milk

Day 1 Day 2 Day 3

RSDR zMean RSDr Mean RSDr Mean RSDr

RM 13.22 4.23 12.92 7.08 12.94 1.04 6.06 –
RMF 12.26 6.46 11.78 8.85 12.15 7.75 7.73 1.14
RMP 12.29 5.39 11.61 8.35 12.41 7.35 7.54 1.08

Table 2. Descriptive statistics of milk lactoferrin concentra-
tion, production-related traits and milk quality traits in
Holstein Friesian and Simmental cows.

Holstein Friesian Simmental

Trait n Mean CVa, % n Mean CVa, %

Lactoferrin, mg/dL 1516 13.06 55.01 230 13.64 51.74
Production related traits
Milk yield, kg/day 1514 34.76 26.87 230 26.40 30.69
Days in milk, days 1516 157.91 74.58 230 156.94 72.35
Parity, n 1516 2.43 61.73 230 2.80 63.13

Milk quality traits
Fat, % 1503 4.03 23.24 229 4.18 22.04
Protein, % 1512 3.41 11.50 230 3.67 11.10
Casein, % 1514 2.69 12.23 229 2.88 11.52
Lactose, % 1510 4.81 3.90 229 4.79 3.65
Urea, mg/dL 1505 21.16 25.84 230 21.90 28.79
Somatic cell count,

cell/mL
1512 179.98 229.41 230 175.21 225.95

Differential somatic
cell count, %

1178 59.29 28.07 161 59.01 26.14

aCV: coefficient of variation.
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respectively. The great coefficient of variation of milk
LF for both HF cows (55.01%) and SI cows (51.74%)
suggests that exploitable phenotypic variation exists
for this trait. Mean values of LF concentration in the
present study were slightly lower than the value
(16.91mg/dL) reported by Hagiwara et al. (2003), who
measured LF through RID technique in quarter milk
obtained from healthy cows and from cows with sub-
clinical mastitis. In particular, average LF concentration
varied from 0.7mg/dL to 115mg/dL on quarter milk
samples obtained from healthy cows and from
0.7mg/dL to 360mg/dL on quarter milk samples
obtained from animals with subclinical mastitis
(Hagiwara et al. 2003). Conversely, average LF concen-
tration observed in the present study was slightly
greater compared to the value (11.45mg/dL) reported
by Cheng et al. (2008), who quantified milk LF on a
smaller sample size (198 HF cows) through sandwich
ELISA assay. In the present study, SCC averaged
179.98 cells/mL and 175.21 cells/mL for HF and SI cows,
respectively, and DSCC averaged 59.29% and 59.01%.
Such values are below the thresholds of 200 cells/mL
for SCC (Dohoo and Leslie 1991) and 66.30% for DSCC
(Zecconi et al. 2019), which are commonly used to
classify cow’s udder health status.

Pearson correlation coefficients between milk LF,
milk yield and quality traits are reported in Table 3. All
correlations significantly differed from zero (p < .001),
except for the almost null association between LF and
urea (r¼�0.02, p > .05). The estimated correlation
between LF and milk yield was weakly negative
(r¼�0.22), supporting the existence of a dilution
effect as already reported for other milk protein frac-
tions (Ng-Kwai-Hang et al. 1982; Niero et al. 2021) and
other milk components (Visentin et al. 2018). The cor-
relation between LF and protein content was positive
(r¼ 0.28), which was expected because of LF being
classified as a protein. A similar weak positive associ-
ation was observed between LF and casein content
(r¼ 0.27), probably because an increase in the casein

fraction is translated into an increase of total protein
content, which in turn reflects increased LF content. In
the present study, the strongest phenotypic correl-
ation was observed between LF and SCS (r¼ 0.40), in
such a way that milk with greater SCS had greater LF
concentration. A similar positive association (r¼ 0.375)
was reported by Cheng et al. (2008) who investigated
factors influencing LF concentration in bovine milk.
Such results confirmed the role of LF in the innate
defense system of the host against pathogens related
to udder infection and potential mastitis events
(Valenti and Antonini 2005). The weakly positive cor-
relation between LF and DSCC (r¼ 0.13) and the mod-
erately negative association between LF and lactose
(r¼�0.33) confirm this hypothesis, since DSCC
increases and lactose content decreases in presence of
relatively high SCS and mastitis (Miglior et al. 2007;
Damm et al. 2017).

Sources of variation

F-values and significance of fixed effects included in
the analysis of variance for LF content, milk yield and
quality traits of HF and SI cows are reported in
Table 4. Class of lactation stage (F-value ¼ 41.03; p <

.001), parity class (F-value ¼ 10.91; p < .001) and
udder health status class (F-value ¼ 51.30; p < .001)
were significant in explaining the variation of milk LF
concentration. On the other hand, the breed (F-value
¼ 0.15; p > .05) and the first order interaction
between class of lactation stage and parity class (F-
value ¼ 1.41; p > .05) did not affect milk LF concen-
tration. The random effect of HTD nested within cow
breed explained 15.59% of the total variance of milk
LF, being similar to the variance explained for lactose
percentage (13.77%), lower than that explained for fat
percentage, milk yield and urea concentration
(24.42%, 38.20% and 56.77%, respectively), and
greater than that accounted for protein and casein
percentages (7.64% and 9.19%, respectively). The neg-
ligible effect of bovine breed in explaining LF vari-
ation was observed also in Soyeurt et al. (2007), who
reported significant differences only between Holstein
and Jersey lactoferrin concentration predicted by mid-
infrared spectrometry. This has been also confirmed
in Fleming et al. (2019) who investigated the pheno-
typic variation of LF and other fine milk constituents
in 4 different Canadian breeds (Holstein, Jersey,
Brown Swiss, and Ayrshire). Findings of the present
study suggest that milk LF concentration is affected
by environmental factors (i.e. farm management and
feeding regimes) and indirectly corroborate the

Table 3. Pearson correlations of milk lactoferrin with milk
yield and quality traits.
Trait Lactoferrin, mg/dL

Milk yield, kg/day �0.22���
Milk quality traits
Fat, % 0.12���
Protein, % 0.28���
Casein, % 0.27���
Lactose, % �0.33���
Urea, mg/dL �0.02
Somatic cell score, units 0.40���
Differential somatic cell count, % 0.13���

���p < .001.
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results of Soyeurt et al. (2007) and Arnould et al.
(2009) who quantified the presence of additive gen-
etic variation for milk LF, with an heritability estimate
of 0.19 and 0.22, respectively.

Effects of lactation stage, parity and udder health
status

Least squares means of milk LF concentration across
classes of lactation stages are depicted in Figure 1(A).

Table 4. F-values and significance of fixed effects, and variance accounted by herd test-day nested within breed effect
(r2

HTD(Breed), %) for lactoferrin concentration, milk yield and quality traits.

Trait

Fixed effectsa
Random effect Residual

standard deviationDIM P Breed DIM	 P UHS r2
HTD(breed)

Lactoferrin, mg/dL 41.03��� 10.91��� 0.27 1.18 51.30��� 15.59 5.95
Milk yield, kg/day 101.47��� 41.47��� 19.71��� 5.89��� 14.02��� 38.20 6.19
Milk quality traits
Fat, % 10.41��� 1.16 1.24 1.36 4.51�� 24.42 0.79
Protein, % 95.39��� 6.25��� 45.53��� 1.14 5.35��� 7.64 0.31
Casein, % 97.34��� 7.83��� 32.13��� 1.09 4.37�� 9.19 0.25
Lactose, % 23.44��� 57.98��� 0.25 1.74�� 23.29��� 13.77 0.16
Urea, mg/dL 11.76��� 1.02 0.32 1.39 3.00� 56.77 3.82

aDIM: class of stage of lactation; P: parity class; UHS: udder health status.�p < .05,��p < .01,���p < .001.

Figure 1. Least squares means (with standard error) of milk lactoferrin concentration across classes of lactation stage (A) and par-
ity classes (B). Means with different letters differ significantly (p <.05).
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Milk LF steadily increased across lactation (p < .001),
varying from 10.92mg/dL (between 6 and 45 DIM) to
19.30mg/dL (for DIM > 315). Besides being significant
from a statistical point of view, such a variation has
physiological and biological meanings. The first relies
on the well-known ‘dilution effect’, which translates
into an increased LF concentration due to decreased
productivity of the animals towards later lactation
stages (Hagiwara et al. 2003; Cheng et al. 2008). In
other terms, milk LF concentration increases due to a
diminished milk production rather than to an aug-
mented synthesis of this protein. A similar pattern of
LF concentration within lactation was reported also in
Leclercq et al. (2013), with a nadir around the lactation
peak. This also corroborates the negative association
between milk LF and milk yield (r¼�0.22; p < .001;
Table 2). The second reason reflects the increase of
SCS which may occur in later lactation stages (Jones
and Bailey, 2009). This translates into augmented LF
synthesis boosted by the cells of the immune system
of the host as a reaction against udder infection
(Harmon and Newbould 1980; Lindmark-Månsson
et al. 2000). This is in agreement with the positive cor-
relation between milk LF and SCS (r¼ 0.40; p < .001;
Table 2) and DSCC (r¼ 0.13; p < .001; Table 2).

Milk LF concentration increased with parity order,
exhibiting the lowest value in primiparous cows
(13.61mg/dL) and the greatest value in cows of parity
� 5 (16.28mg/dL). This trend is somewhat opposite
compared to that of caseins fractions and a-lactalbu-
min (Franzoi et al. 2019), and once again may reflect
the protective effect of LF towards mastitis events
which are more frequent in older cows (Costa et al.

2020). The increase of LF concentration across parity
order corroborates with Fleming et al. (2019), who
reported that LF in milk produced by cows at 5th (and
more) lactation was more than 20% greater compared
to milk from first-lactating animals. A similar effect,
and pattern, across lactations was reported also in
Nudda et al. (2003) investigating the variation of LF in
ovine milk. However, investigations in other species
suggested, for example, that in swine LF is greater in
gilts compared to sows (Jahan et al., 2020).

Figure 2 reports least squares means of milk LF
concentration for different classes of udder health sta-
tus (i.e. healthy, susceptible, mastitic and chronic),
defined according to the SCC and DSCC thresholds
proposed by Zecconi et al. (2019). Milk LF concentra-
tion was significantly lower in the case of healthy
(13.03mg/dL) and susceptible animals (12.87mg/dL)
having SCC � 200 cells/mL compared to mastitic and
chronic animals (17.91mg/dL and 17.33mg/dL,
respectively) having SCC � 200 cells/mL. Similar results
were reported by Kawai et al. (1999), who studied the
association between milk LF and clinical mastitis, and
more recently by Raj et al. (2021) who investigated
variations in the levels of acute-phase proteins and LF
in bovine milk during subclinical mastitis. In line with
the results of the present study, Huang et al. (2012)
observed increased secretion of LF from the mammary
epithelial cells during acute clinical mastitis. Galfi et al.
(2016) reported that milk LF concentration quickly
increased in cows affected by subclinical and clinical
mastitis. Findings of the present study suggest that
milk LF concentration is mostly affected by the
amount of SCC rather than by the percentage of

Figure 2. Distribution of the data and least squares means of milk lactoferrin concentration (mg/dL) according to udder health
status classification proposed by Zecconi et al. (2019): healthy (SCC � 200 cells/mL and DSCC � 66.3%), susceptible (SCC � 200
cells/mL and DSCC � 66.3%), mastitic (SCC � 200 cells/mL and DSCC � 66.3%) and chronic (SCC � 200 cells/mL and DSCC �
66.3%). Means with different letters differ significantly (p <.05).
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DSCC. Indeed, the phenotypic correlation calculated
between milk LF and SCC (r¼ 0.40; p < .001) was con-
siderably greater than that calculated between milk LF
and DSCC (r¼ 0.13; p < .001). Based on the results of
the present study, the RID method represents a rela-
tively low-cost method helpful in field conditions to
discriminate milk with low and high SCC and possibly
for the early detection of mastitis.

Conclusions

Results of the present study indicate that RID method
adopted for milk LF quantification has fairly satisfactory
performances in terms of repeatability (RSDr < 9%) and
reproducibility (RSDR < 8%). In the light of this, RID
technique may be used to determine milk LF in field
conditions and at relatively marginal cost. Among
studied traits, SCC had the strongest Pearson correlation
with milk LF (r¼ 0.40, p < .001). Milk LF increased signifi-
cantly across lactation and parity order. Based on the
thresholds of SCC and DSCC used to define UHS, we
observed that LF was less concentrated in milk of
healthy (13.03mg/dL) and susceptible cows
(12.87mg/dL) than potentially mastitic (17.91mg/dL) and
chronic cows (17.33mg/dL). Therefore, RID technique
has potential to be used as a screening method to
detect milk with low and high SCC and as an indicator
of early detection of mastitis. Further research is needed
to understand whether the RID method is enough sens-
ible to detect possible differences in LF concentration
across different bovine breeds.
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