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ABSTRACT

Cortisol is the primary biomarker associated with the hypothalamic—pituitary-adrenal (HPA) axis.
This research aimed at assessing the predictive potential and the relationship of cortisol concen-
trations in four media (blood, milk, whey and hair) with parity, lactation stage and productive
classes. Multiparous (n = 30) and primiparous (n = 38) ltalian Mediterranean buffaloes were
used and assigned to four productive classes (based on percentiles of mature equivalent milk
yield (EMY) and mature equivalent energy corrected milk (eECM)), and cortisol concentrations
were measured using a in house radioimmunoassay (RIA) method. Parity did not show a signifi-
cant effect on cortisol concentrations of the four media. The catabolic stage of lactation (up to
90 d in milk (DIM)) was characterised by higher cortisol concentrations compared to the second
anabolic stage (beyond 150 DIM) in milk formulations. The plasmatic concentrations of cortisol
were higher at the catabolic and the first anabolic stage (91-150 DIM) compared to the second
anabolic (p = 0.022 and p = 0.009, respectively). Buffaloes beyond 150 DIM differed from those
below 90 DIM (p < 0.001) and between 91 and 150 DIM (p < 0.05) in hair. Finally, hair cortisol
concentrations were negatively correlated to EMY, mature equivalent protein content (EPC)
(p < 0.01) and eECM (p < 0.05). The whey showed a potential to predict the concentrations of
cortisol in whole extracted milk (R*> = 0.31). Hence the development of a real-time automated
cortisol measurement in milk could be a valuable tool in Italian Mediterranean Buffalo farming.
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HIGHLIGHTS

e The lactation stage significantly influences plasma, hair and milk cortisol concentrations.
e Hair cortisol concentrations are negatively correlated to milk quality parameters.
e The whey is a potential predictor of the cortisol concentrations in whole extracted milk.

Introduction pathological conditions can be responsible for an
alteration of the homeostasis in the animals. Parity
and stage of lactation are physiological factors, as
such they can influence metabolic profile (Kuczynska
et al. 2021), milk yield and somatic cell count (Sabek

et al. 2021), and acid base balance (Walter et al. 2022)

Nowadays, animal welfare in dairy farms remains a
major concern, in order to protect livestock from poor
conditions and improve the quality of animal-derived
food. Therefore, it is imperative to interpret their

behaviour, as well as their cognitive needs and capaci-
ties (Nawroth et al. 2019) to both encounter their
requirements and reduce stressful situations. Stress is
an animal condition resulting from the action of one
or more stressors of either external or internal origin
2014). physiological and

(Bova et al. Several

of dairy cattle. In particular, the physiological proc-
esses that cows enact to adapt to the stage of lacta-
tion involve the reduction of immune competence,
negative energy balance, hypocalcaemia, inflammatory
responses and oxidative stress (Trevisi and Minuti,
2018).
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Similarly, milk yield may represent a physiological
burden in dairy ruminants and may be associated with
the hypothalamic—pituitary-adrenal (HPA) axis activa-
tion (Otten et al. 2023). As a matter of fact, milk pro-
duction challenges the metabolism and health of dairy
cows (Gross and Bruckmaier, 2019) since complex
adaptation processes take place to enable the main-
tenance of the animals’ energy and nutrient homeo-
stasis to meet the requirements for the metabolically
prioritised mammary gland in early lactation (Drackley,
1999; Ingvartsen, 2006; van Knegsel et al. 2014).
Consequently, metabolic stress arises with various
effects on the immune system, reproductive perform-
ance, milk yield, product quality and the overall well-
being of the dairy cow (Drackley et al. 2005; Bradford
et al. 2015; Bruckmaier and Gross, 2017). The gluco-
corticoid hormone cortisol, due to its multifaceted role
in the physiological stress response, is the primary
physiological biomarker for many phenotypic and
metabolic changes in animals associated with activa-
tion of the HPA axis (Hellhammer et al. 2009).

In dairy ruminants, conflicting results have been
reported about the influence of parity and lactation
stage on cortisol concentrations. Some authors (Wu
et al. 2019) reported that days in milk (DIM) and par-
ity do not affect serum cortisol concentrations in
Holstein cows, whereas Saqib et al. (2022) concluded
that lactation numbers and DIM have an impact on
blood cortisol in buffaloes. Other studies carried out
in dairy cattle (Fukasawa et al. 2008; Gellrich et al.
2015) and goats (Diaz et al. 2013) demonstrated that
both parity and DIM affect milk cortisol concentra-
tions, but no clear effects are recorded on hair, since
contrasting results have been reported (Burnett et al.
2014, 2015). In Italian Mediterranean buffalo parity
and stage of lactation strongly affect milk yield and
quality (Costa et al. 2020), response to temperature-
humidity index (THI) (Matera, Di Vuolo, et al. 2022;
Matera, Cotticelli, et al. 2022) and milk electrical con-
ductivity (Matera, Di Vuolo, et al. 2022; Matera,
Cotticelli, et al. 2022).

Plasma cortisol concentrations have been widely
used to evaluate acute responses to stressful stimuli
(Kovacs et al. 2021). However, the process of blood
sampling is accompanied by additional burden, which
can affect the test results due to the stress response
to immobilisation and handling. Therefore, milk has
been suggested as an alternative to blood for dairy
ruminants (Pos¢i¢ et al. 2017) and the protocol for
assessing milk cortisol has been recently validated also
in buffalo (Cotticelli et al. 2022). Both these biological
fluids provide short-term evaluation about the HPA
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axis activity (in milk with a lag-time) (Sgorlon et al.
2015). On the other hand, hair analysis can be used
for the assessment of long-term retrospective concen-
trations of cortisol, since it is non-invasive and has a
long-time lag for changes (Sharma et al. 2019). The
aim of this study was to evaluate the influence of par-
ity, stage of lactation and productive levels on cortisol
concentrations in several biological matrices sampled
in Italian Mediterranean buffaloes and to study which
one could show a promising predictive potential.

Materials and methods

All the experimental procedures and the care of the
animals complied to the Italian legislation on animal
care (DL n.116, 27/1/1992) and received the approval
of the Ethical Committee of the University of Naples
“Federico II" (Protocol number: 25539-2022).

Animals and sampling procedures

The Italian Mediterranean dairy buffaloes (Bubalus
bubalis) used in this study were located in a commer-
cial dairy farm in southern Italy (Campania region,
41°03'40.6"N — 14°0216.5”E), where a total of 950
buffaloes were bred. Multiparous (n = 30) and prim-
iparous (n = 38) buffaloes were kept in pens with con-
crete floor (straw was used for bedding and renewed
every 2 days) and were routinely milked twice daily
(morning and afternoon) in herringbone milking par-
lour (12 + 12) with low pipeline. An availability of
space of 15 m?/head and 80cm front manger were
guaranteed throughout the study. Buffaloes received a
total mixed ration administered twice daily. At begin-
ning of the trial an area of 10cm? was shaved in all
the animals on the left prescapular region. After
50days three substrates (blood, milk and regrown
hair) were concurrently collected on each animal in
different lactation period and productive level (see
statistical analysis section). Milk quality traits included
milk yield (as daily yield (kg)) fat, protein, lactose con-
tent of milk (expressed as daily percentage), somatic
cells count (SCC), mature equivalent milk yield (EMY),
mature equivalent fat content (EFC) and mature
equivalent protein content (EPC) (expressed as kg/lac-
tation, Trus and Buttazzoni 1990). Milk yield was meas-
ured using milk metres according to ICAR procedures
(2022), while fat, protein, lactose contents of milk
were determined by mid-infrared spectroscopy using a
MilkoScan FT6000 (Foss Electric A/S, Hillerod,
Denmark). SCC was assessed using the Fossomatic FC
(Foss Electric A/S) and log-transformed into somatic
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cell score (SCS) using the following formula (Ali and
Shook, 1980):

SCS = log, (?gg) +3

Energy-corrected milk (ECM = 740kcal) was calcu-
lated according to the formula from Campanile et al.
(1998):

ECM = milk yield
x {[fat(g/kg) — 40 + protein(g/kg) — 31]
X 0.01155} + 1

The same formula was adapted for the calculation
of mature equivalent energy-corrected milk (eECM):

eECM = dEMY
x {[EFC(g/kg) — 40 + EPC(g/kg) — 31]
X 0.01155} + 1

where:

EFC and EPC are percentages, calculated by divid-
ing mature equivalent fat and protein contents (kg/
lactation) by mature EMY (kg/lactation);

dEMY is the daily mature EMY, calculated by divid-
ing mature EMY (kg/lactation) by 270 (standard lacta-
tion length (days) of buffalo cows).

Biological samples collection

Sterile falcon tubes (Falcon® 50mL, Corning Science,
Mexico) were used to collect individual milk samples
from the at-line sampler (MM15 Delaval). It automatic-
ally collects a representative sample of milk from an
individual buffalo during milking. So, each individual
specimen was representative of the whole milking as
previously described (Cotticelli et al. 2022). After col-
lection, samples were immediately placed into dry ice
(=78°C) and transported to the laboratory where they
were stored at —20 °C until lab processing.

Blood (10mL) was collected from the mammary
vein into vacutainer tubes (lithium heparin anticoagu-
lant) puncture. Samples were centrifuged at 1500 x g
for 15min and the plasma was aliquoted into
Eppendorf tubes (1 mL) and stored at —20°C.

For analyses only regrown hair was obtained from
the scapular region of the buffalo using a razorblade
given that the animals were shaved for the first time
50 days before the substrates collection, and the hair
was discarded (Meyer and Novak 2012). Therefore, the
samples collected for analyses represented the inte-
grated circulating steroids concentrations over the

previous 50 days (Meyer and Novak, 2012; Russell
et al. 2012; Caslini et al. 2016).

Samples processing and analysis

Milk processing

After thawing, two aliquots of whole milk were consti-
tuted for each specimen. The first was extracted as
per Cotticelli et al. (2022). In brief, 5mL of methanol
(Sigma-Aldrich, St. Louis, MO, 99.8%) were added to
400 pL of sample, mixed for 5min at room tempera-
ture and centrifuged for 15 min at 3500 RPM and 4°C.
The vials were frozen and the solvent was moved to a
tube to dry at 37°C under an airstream suction hood.
The residue was dissolved in 0.5mL of RIA buffer
(0.05 M phosphate-buffered saline [PBS], pH 7.5,
0.1% BSA).

The second aliquot was processed to obtain the
whey. The coagulation procedure was exactly as per
Cotticelli et al. (2022). Briefly, rennet (400 pl) was
added to whole milk (5mL), mixed and incubated at
37°C for 30min. Samples were then centrifuged at
3500 x g for 10 min at 4°C and fat and curd phases
were separated twice.

Plasma processing

Plasma samples were aliquoted (0.25mL) in a glass
vial, extracted with 5mL of >99.8% diethyl ether
(Sigma-Aldrich St. Louis, MO), centrifuged at 1500 x g
for 5min and incubated at —20°C for 18 h. Next, the
liquid in the vial was dried at 37 °C under an airstream
suction hood. The remaining residue was dissolved in
0.5mL of PBS, 0.05 M, pH 7.5.

Hair processing

Hair samples were prepared for cortisol assay as per
Peric et al. (2022). In brief, approximately 60mg of
trimmed hair was washed twice in 3mL isopropanol
(Sigma -Aldrich, St. Louis, MO) and extracted in a glass
vial with 3mL of methanol (Sigma-Aldrich, St. Louis,
MOQO). The vials were incubated at 37°C for 18 h and
then evaporated to dryness at 37°C under an air-
stream suction hood. The remaining residue was dis-
solved in 0.60 mL of PBS, 0.05 M, pH 7.5.

Cortisol radioimmunoassay

The cortisol concentrations were measured in whole
extracted milk, whey, hair and plasma using the in-
house radioimmunoassay (RIA) method (Cotticelli et al.
2022; Peric et al. 2022). The cross-reactivities of the
anti-cortisol antibody with other steroids were as



follows: cortisone 4.3%, corticosterone 2.8%, 11-deoxy-
corticosterone 0.7%, 17-hydroxyprogesterone 0.6%,
dexamethasone 0.1%, progesterone, 17-hydroxypreg-
nenolone, DHEA-S, androsterone sulphate and pregne-
nolone <0.01%. After washing the plate with RIA
buffer, the standards (5-200 pg/well), the quality-con-
trol extract, the test sample or extract and the tracer
(hydrocortisone {cortisol [1,2,6,7-3H (N)I-}, Perkin-
Elmer Life Science, Boston, MA) were added, and the
plate was incubated overnight at 4 °C. The bound hor-
mones were separated from the free hormones by
decanting and washing the wells in RIA buffer. After
the addition of 200 uL of scintillation cocktail
(MicroScint-20, Perkin-Elmer Life Science, Boston, MA,
the plate was counted on a B-counter (Top-Count,
Perkin-Elmer Life Science, Boston, MA). The sensitivity
of the assay was 16.8pg/mL. The samples showed
inter- and intra-assay coefficients of variation in
repeated determinations of duplicate samples of 7.6%
and 12.7% (whey), 3.7% and 10.1% (plasma), 3.7% and
9.9% (hair).

Statistical analysis

Statistical analyses were carried out using SPSS
(29.0.1.0) for Windows 10 (SPSS Inc., Chicago, IL).
According to the lactation stage, buffaloes were
assigned to three classes (Matera et al. 2021): class C
(catabolic phase of lactation, between 60 and 90 DIM,
n = 23), class A1 (first anabolic phase, from 91 to 150
DIM, n = 19), and class A2 (second anabolic phase,

Table 1. Percentiles of EMY (mature equivalent milk yield)
and eECM (mature equivalent energy corrected milk) used to
allocate the buffaloes to the four classes of productive levels.

Class EMY (kg/die) eECM
1 8.944 15.851
2 10.015 17.569
3 11.089 19.739
4 14.185 24.345
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beyond 150 DIM; n = 26). Furthermore, animals were
divided according to their productive levels (4 classes),
based on percentiles of EMY (kg) and eECM (Table 1).

The normal distribution of data was verified using
the Shapiro-Wilk test. Possible correlations between
cortisol concentrations of the four matrices and
mature equivalent milk parameters were studied using
Spearman’s  correlation.  Cortisol  concentrations
between the two milk formulations were compared
using Wilcoxon signed-ranks test for related samples
The Kruskal-Wallis test was used to compare the corti-
sol concentrations of the four matrices between lacta-
tion stages, productive levels and parities. The
predictive potential of the matrices was tested by
including whey, whole extracted milk and plasmatic
cortisol concentrations in a linear regression model
(prior log-transformation). A statistically significant dif-
ference was accepted at p < 0.05 and tendency was
discussed at p < 0.10. Unless otherwise stated data
are medians + standard deviations.

Results

The DIM and the age of the dairy buffaloes used in
this study alongside the quality and quantity parame-
ters of milk recorded are shown in Table 2.

The distribution of the concentrations of cortisol in
the four matrices analysed in the present study is pre-
sented in Table 3.

Parity did not show any significant effect on the
cortisol concentrations for each of the four matrices,
with similar values in whey, whole extracted milk, hair
and plasma (p > 0.10).

The analysis of the stage of lactation (Figure 1) on
cortisol concentrations (pg/mL) in whole extracted
milk revealed that significantly (p < 0.05) higher con-
centrations were recorded during the catabolic com-
pared to second anabolic phase in whole extracted
milk. A similar trend was also observed in whey,

Table 2. Descriptive statistic of the buffaloes (n = 68) enrolled in the trial, and quality and quantity parameters

of milk. Data are means + SE.

Parameters Mean Standard error Minimum Maximum
Parity 1.971 0.183 1 6

DIM (days in milk, days) 119.574 8.580 10 225

Age (years) 4.389 0.262 2.068 10.071
Milk yield (I/day) 8.513 0.399 3.900 19.500
Fat content (%) 9.683 0.479 6.940 14.350
Protein content (%) 3.960 0.156 3.420 4.700
ECM (energy corrected milk) 14.855 1.062 8.213 39.387
Lactose (%) 3.933 0.174 2.850 4810
SCS (somatic cell score) 2.949 0.176 1.585 7.411
Mature equivalent milk yield (EMY, kg/lactation) 2732.436 60.603 1897.000 3830.000
Mature equivalent fat content (EFC, kg/lactation) 253.436 5.616 174.000 372.000
Mature equivalent protein content (EPC, kg/lactation) 119.909 2.541 87.000 161.000
Mature equivalent energy corrected milk (eECM) 17.792 0.368 12.558 24.345
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although in this case the values did not reach the stat-
istical significance (p < 0.10).

In general, cortisol concentrations (pg/mL) did not
differ (p > 0.10) between whey and whole extracted
milk (Figure 2) with median values of 340.65 and
338.53pg/mL for whey and whole extracted milk,
respectively.

Plasma cortisol concentrations were higher during
the catabolic and the first anabolic stage compared to
the second anabolic (p 0.022 and p 0.009,
respectively), independently of parity as reported pre-
viously. Similarly, the lactation stage had a significant

Table 3. Descriptive statistic of cortisol concentrations of the
four matrices.

effect on hair cortisol concentrations (Figure 3). The
three lactation phases differed significantly in hair,
with the second anabolic stage that differed both
from the catabolic (p < 0.001) and the first anabolic
stage (p < 0.05), similarly these last two tended to dif-
fer (p = 0.051).

The concentrations of cortisol of the four matrices
were analysed according to productive levels of buffa-
loes and are presented in Figure 4. The medians
showed a repeatable pattern among the four matrices
and the effect of the productive level was significant
in three matrices: productive class 3 differed to class 1
in whole extracted milk (p < 0.05), to class 1
(p <0.01), 2 and 4 (p < 0.05) in whey, to class 1 and 4
in hair (p < 0.05).

Matrix Median Standard error As reported in Table 4, the Spearman’s correlation
w:o'e(ex7acffd milk (pg/mL) gig'gg; %g';i; showed that hair cortisol concentrations were negatively

ey (pg/m X . .
p|as,¥]a (?\g/mL) 4062 0501 correlated with EMY (p = —-0358 p < 0.01), EPC
Hair (pg/mg) 2.050 0.090 (p = —-0347; p < 001) and eECM (p = -—0.288;
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Figure 1. Cortisol concentrations (pg/mL) of 68 milk samples according to parity and stage of lactation.
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Figure 2. Comparison between whey and whole extracted milk cortisol concentrations (pg/mL).
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Figure 3. Cortisol concentrations in hair (pg/mg) and plasma (ng/mL) according to parity and stage of lactation.
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Figure 4. Cortisol concentrations of whole extracted milk (pg/mL), whey (pg/mL), plasma (ng/ml) and hair (pg/mg) sorted by pro-
ductive classes (1-4).

Table 4. Correlations between the cortisol concentrations of the four matrices and the mature equivalent milk parameters
(mature equivalent milk yield, EMY; mature equivalent fat content, EFC; mature equivalent protein content, EPC; mature equiva-
lent energy corrected milk, eECM).

Milk parameters Spearman Cortisol whole extracted (pg/mL) Cortisol whey (pg/mL) Cortisol plasma (ng/mL) Cortisol hair (pg/mg)
EMY (kg/lactation) rho —0.093 —0.097 -0.115 —0.358
P 0.500 0.483 0.417 0.007
EFC (kg/lactation) rho -0.182 —0.229 —0.064 —0.247
P 0.183 0.096 0.653 0.069
EPC (kg/lactation) rho —0.091 —0.152 -0.118 —0.347
P 0.507 0.273 0.406 0.009
eECM rho —0.142 —0.187 —0.088 —0.288
P 0.301 0.176 0.534 0.033

p < 0.05), and a tendency was observed with EFC  tended to be significant between whey cortisol concen-
(p = —0.247; p = 0.069). Similarly, a negative correlation trations and EFC (p = —0.229; p < 0.10).
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Cortisol whole extracted log

200 220 240 260 230

Cortisol plasma log

Cartisol plasma log

Cortisol whey log

Cortisol whole extracted log

Figure 5. Cortisol concentrations of whole extracted milk (pg/mL) (left panel) and plasma (ng/mL) (right panel) regressed on
whey (pg/mL) and of plasma (ng/mL) regressed on whole extracted milk (below panel) (pg/mL) in a linear model. The whole
extracted milk, whey and plasma cortisol concentrations were log-transformed and included as independent and dependent varia-

bles, respectively.

Furthermore, significant positive correlations were
recorded between whey cortisol concentrations and
both plasma cortisol (p = 0.229, p < 0.10) and whole
extracted milk (p = 0.631, p < 0.001), and between
these last two (p=0.298, p < 0.05), suggesting the
potential of the two milk formulations to predict plas-
matic concentrations of cortisol in buffalo. Therefore,
milk concentrations were tested in a linear regression
model (Figure 5).

Discussion

The objective assessment of animal welfare is one of
the challenges that livestock systems are actually
obliged to face with. Cortisol evaluation may represent
a simple, reliable and cheap parameter that could be
considered in this sense, since this hormone may be
assessed in several matrices with different significance:
in fact, the measurement of cortisol concentration in
milk and blood is an indicator of responses to acute
stress, while its concentration in hair is used to evalu-
ate the retrospective condition of the animals. In the
present research, we aimed at studying both the rela-
tionship of concentrations of cortisol with parity,

lactation stage and productive levels in Italian
Mediterranean buffaloes and to evaluate its physio-
logical concentrations in different matrices.

Few studies are reported in literature on cortisol
concentrations in buffalo species. In particular, cortisol
has been investigated in milk (Cotticelli et al. 2022),
whereas the impact of parity and lactation stage on
its concentrations was studied on plasma in Pakistani
buffaloes (Saqgib et al. 2022). However, to our know-
ledge, no information is present by using different
matrices from the same animals. We used two formu-
las of buffalo milk that proved to be highly correlated
in a previous study (Cotticelli et al. 2022). A significant
positive correlation has been confirmed also in this
study, and cortisol concentrations did not differ
(p > 0.05) between the two formulations. It confirms
the stability, the reliability and the reproducibility of
whey and whole extracted milk for the measurement
of cortisol by RIA.

As specified above, cortisol in hair samples reflects
the hormone concentration over a prolonged period
of time (Heimburge et al. 2019). In particular, hair spe-
cimen reflects cortisol concentrations from a period of
approximately three months and the retrospective



value of hair has been already extensively exploited in
previous research (Cotticelli et al. 2022; Otten et al.
2023; Peric et al. 2024).

The parity was expected to exert an effect on corti-
sol concentrations. As reported by Siewert et al.
(2019), primiparous animals must deal with the milk-
ing management practices for the first time and are
less used to milking practices. In addition, it is largely
known that primiparous cows may be more affected
from stress than multiparous cows, especially during
the transition period (Burnett et al. 2014).
Nevertheless, previous studies reported conflicting
results even within the same species, arguing that
more physiological stress parameters are needed to
evaluate the parity effect (Ferreira et al. 2021).

In this study, primiparous and multiparous buffaloes
showed similar whole extracted and whey cortisol
concentrations. Contrasting results are present in lit-
erature. In dairy cattle, some authors (Fukasawa et al.
2008) reported no differences according to parity,
whereas others (Gellrich et al. 2015) highlighted that
milk cortisol tends (p = 0.07) to be lower in second
parity animals in comparison with those with higher
parity. The concentrations of cortisol described in this
study were higher than those reported for dairy cattle.
Therefore, it's possible to suggest that the values con-
sidered for the stress-response of the bovine species
should not be directly transferred to buffaloes, and
the analysis of the effect of parity should be adapted
accordingly. It is worth pointing out that a higher vari-
ability was observed in the stress-response of prim-
iparous buffaloes compared to multiparous, since they
highlighted a more asymmetrical distribution of whey
cortisol concentrations.

Our results are consistent with a recent study, that
reported no significant effect of parity on plasma con-
centrations of cortisol in Nellore cows (Ferreira et al.
2021); on the contrary Sagib et al. (2022) compared
dairy buffaloes of first, second and third parity and
reported a declining trend of serum cortisol concen-
trations with the increasing lactation number.

The parity effect was proved to be not significant in
hair of Holstein dairy cows by some authors (Burnett
et al. 2014), although the same authors in a subsequent
study (Burnett et al. 2015) reported a more pronounced
effect of parity by including only animals with absence
of clinical diseases. In this case, multiparous cows
showed greater concentrations of cortisol than primipar-
ous counterparts. The effect of parity should be also dis-
cussed according to the metabolic and nutritional
alterations, in particular primiparous cows are more sen-
sitive than multiparous to negative energy balance. In
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this study, primiparous produced higher energy correct
milk compared to multiparous (15.28 and 14.38 for prim-
iparous and multiparous, respectively), it may confirm
that metabolic status and energy utilisation differ among
parities, due to fat deposits and energy requirements
that are greater in primiparous (Yehia et al. 2020). In
addition, it has been already reported that nulliparous
display a higher metabolic effort than multiparous
(Ferreira et al. 2021).

Since the dynamics of physiological processes asso-
ciated with different calving numbers (namely parity)
are different and they last long timeline, it is likely
that they end up being dampened over the time and
not even hair as the most retrospective matrix used in
this study has been able to highlight differences
between the two groups of buffaloes.

The stage of lactation largely influenced cortisol
concentrations in all matrices. It is known that after
calving buffaloes undergo several physiological
changes, including, but not limiting, negative energy
balance, uterine involution and ovarian cyclic activity
resumption (Campanile et al. 2006, 2010). All these
conditions represent stressful events for the animals
that may respond to increasing cortisol concentrations.
As expected, our results showed an increase of cortisol
concentration in animals in the first stages of lactation
in almost all matrices considered. Buffaloes were char-
acterised by higher cortisol concentrations during the
catabolic phase of lactation (within 90 DIM) compared
to the second anabolic phase (beyond 150 DIM) in
both whey (p < 0.10) and whole extracted milk
(p < 0.05). Our results agree with both Fukasawa et al.
(2008) and Diaz et al. (2013), who reported higher val-
ues of milk cortisol in early lactation than in mid and
late lactation in Holstein cows and in Murciano-
Granadina goats, respectively.

Plasma cortisol concentration was higher in buffa-
loes between 60 and 90 DIM compared to other
groups, as reported by Saqib et al. (2022) in dairy buf-
faloes. Also in this case, different plasma cortisol con-
centrations were recorded during post-partum period,
although it must be underlined that this study was
focused on the transition period and only animals
within 56 d from calving were recruited.

Similarly, the lactation stage significantly affected
hair cortisol concentrations. Our results are consistent
with those reported by Burnett et al. (2015) for
Holstein dairy cows, even if their experimental design
compared hair cortisol within 126 d from calving.
Moreover, Endo et al. (2017) reported higher concen-
trations of hair cortisol at 60-90 d after parturition
and a subsequent decrement in Brown Swiss cross-
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bred and Holstein cows. It is conceivable that, unlike
the effect of parity, the metabolic changes related to
the lactation stage are effectively described by the
hair, since they fall within the timeframes retrospect-
ively covered by this matrix.

The interrelationships between productive levels and
cortisol concentrations have been investigated in dairy
cattle with contrasting results (Otten et al. 2023; Tallo-
Parra et al. 2018). In our study, the relationship
between cortisol concentrations and productive param-
eters were further examined by correlating the values
of the four matrices to the mature equivalent milk
parameters. Mature equivalent parameters are lactation
records that have been adjusted for age at freshening,
frequency of milking and season of the year at calving.
They estimate how much a cow would have produced
if she were of a mature age, calved during an average
month, and were milked twice a day.

The negative correlations between the hair cortisol,
EMY, EPC and eECM and between whey cortisol and EFC
seem to reveal a detrimental effect of the cortisol on
both quality and quantity parameters of buffalo milk.
Our results are consistent with the higher hair cortisol
observed in cows with lower milk yield reported by
Burnett et al. (2015) and Tallo-Parra et al. (2018). The
productive level represents mid-term physiological bur-
den, so the hair may represent a matrix of choice to pic-
ture how it relates to the HPA axis activity. Still, it is
suggested that more research is needed to deepen the
effect of productive level on cortisol concentrations of
dairy buffaloes, possibly enhancing the cause-effect rela-
tionship between HPA axis and milk yield.

To pursue the final aim of the study, the cortisol con-
centrations of the two milk formulas were included in a
regression model, since they showed high correlation
coefficients with plasma. Our results suggest that the
whey and the whole extracted milk could be further
investigated as potential predictor of the concentrations
of cortisol of the other two matrices. If the predictive
potential of the whey on the whole extracted milk
would be confirmed, it could serve the purpose of
avoiding the extraction process that is necessary for
measuring cortisol concentrations in whole milk and is
expensive, time-consuming and operator dependent.
Also, predicting the plasma cortisol concentrations by
milk could help sparing the animals the blood sampling,
that is always invasive and stressful.

Conclusions

This study aimed to analyse for the first time the
effect of parity, lactation stage and productive level

on cortisol concentrations of dairy buffaloes in four
matrices indicating short to mid-long term hormone
concentrations. In fact, these factors are major con-
cerns in animal welfare and occasionally can represent
prolonged stressors throughout the productive career
of dairy animals.

According to our results, it can be concluded that
the lactation stage showed a comparable influence on
cortisol concentrations across the four media, and it
was also consistent with the results previously
reported in other ruminants. On the contrary, further
studies are needed to get conclusions about the
effects of parity that seemed to overrun the period
retrospectively covered by the biological matrices
used, including hair. The influence of cortisol on pro-
ductive level was only pictured by the hair being a
retrospective matrix that include a broader timeframe
compared to punctual matrices (plasma and milk) pro-
viding only physiological snapshots at a single point
in time. Finally, milk seems to have predictive poten-
tial to estimate cortisol concentrations in buffalo and
may be used as parameter for stress determination
avoiding blood sampling. It is concluded that the
development of a real-time automated cortisol meas-
urement in milk could be a profitable tool in Italian
Mediterranean Buffalo farming.
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