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PAPER

Validation of a radioimmunoassay method for cortisol in buffalo milk whey.
A preparatory step for future sensor technology

Alessio Cotticellia , Maria Teresa Verdeb, Roberta Materaa , Isabella Pividoric, Alberto Prandic ,
Gianluca Negliaa and Tanja Pericc

aDipartimento di Medicina Veterinaria e Produzioni Animali, Universit�a degli Studi di Napoli Federico II, University of Naples Federico
II, Naples, Italy; bDipartimento di Ingegneria elettrica e delle Tecnologie dell’Informazione, University of Naples Federico II, Naples,
Italy; cDipartimento di Scienze agroalimentari ambientali e animali, University of Udine, Via Sondrio, Udine, Italy

ABSTRACT
One animal-based method to evaluate welfare is the presence of stress. In dairy ruminants, the
responses to stressors include the activation of both neuroendocrine and autonomous nervous
system that can be evaluated through an endocrine assessment. The present study aimed to val-
idate a radioimmunoassay method for cortisol in buffalo milk. Three formulations (whole and
skimmed milk and whey) and three solvents (methanol diethyl ether and dichloromethane) were
tested: methanol was characterised by the best extraction efficiency (69.88%), whey cortisol con-
centrations showed a significant correlation with whole extracted milk and were not affected by
fat content variation during the milking session. The RIA used in the present study showed good
precision, sensitivity and specificity: the dilutions test indicated the high reproducibility of the
results, overlapping of the dilution curve and standard curve highlighted high specificity and the
lack of interfering factors by buffalo whey matrix. It is concluded that the present assay suits the
cortisol measurement in buffalo milk and the ranges described could be employed in the calibra-
tion of a biosensing technologies directly integrated in milking parlour systems.

HIGHLIGHTS

� Buffalo milk whey revealed to be a matrix of great interest because of its high stability in
terms of storage, transportation and processing.

� RIA method suits the cortisol measurement in buffalo milk
� Ranges described can be employed in the calibration of biosensors for non-invasive assess-
ment of cortisol
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Introduction

Nowadays, ensuring animal welfare is of utmost
importance in the production of animal-derived foods
and in particular in dairy industry (H€otzel et al. 2014).
Welfare must be assessed considering the animals and
their attempt to cope with the environment (Broom
1991). A frequent but accurate welfare assessment
requires reliable protocols that can be carried out in a
couple of hours (van Eerdenburg et al. 2021), although
a ‘gold standard’ for welfare assessment is still lacking.
Many methods were proposed for assessing animal
welfare at farm level called as farm based. Among
them, the Animal Needs Index score (ANI 35 L)
(Bartussek 1999) is focussed on environmental condi-
tions and attributes high and positive scores to pas-
ture. This index has a high repeatability among

evaluators and is objective (Amon et al. 2001). Other
methods described by Capdeville and Veissier (2001)
and Whay et al. (2003) involve the direct observations
of animals (animal-based). Thus, environmental and
animal-based criteria should be included together in
an appropriate index for welfare assessment, as pro-
posed by the Welfare QualityVR Consortium (Welfare
QualityVR 2009).

One of the main parameters that can be recorded
to evaluate welfare in animal-based methods is the
presence of stress (Broom 2001). Several factors are
responsible of stress in dairy ruminants including cli-
matic conditions (De Rensis et al. 2015), management
techniques (Canaes et al. 2009; Marsico et al. 2009;
Olmos et al. 2009) and animal-related factors such as
mammary gland health status (Decarvalho et al. 2009),
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lactation stage (Trevisi et al. 2009), breed (Negr~ao
2008), parity number (Van Reenen et al. 2002) and
milk yield (Sevi et al. 2001). Responses include behav-
ioural changes, changes to the immune system and
activation of both neuroendocrine and autonomous
nervous system (Moberg 2000); the latter can be eval-
uated also through endocrine assessment.

Endocrinological analysis can provide a picture of
such responses; in particular, cortisol is considered a
useful tool to monitor the response of the hypothal-
amo-pituitary-adrenocortical axis (HPA) to stress (Sevi
2009; Kirovski et al. 2014). Furthermore, its release over
time reflects also the ‘allostatic load’ of the animal, that
is the cumulative effect of experiences in daily life, that
involve ordinary events (subtle and long-standing life
situations) as well as major challenges (McEwen 2007).
Therefore, the evaluation of the allostatic load of ani-
mals could be used as a complement to other welfare
assessment methods (McEwen 2003).

The radioimmunoassay for steroids used in this study
belonged to an in-house method already validated in
plasma (Neglia et al. 2012), feathers (Frongia et al.
2020), hair (Peric et al. 2013; Prandi et al. 2018), wool
(Peric et al. 2020) and bovine whey (Comin et al. 2005).

So far, cortisol in buffalo milk has never been
assayed with immunomethods. The RIA assay is the
traditional gold standard method for immunoassays
(Reimers et al. 1981) as it is sensitive, specific and
reproducible.

The present study aimed to validate a reliable
radioimmunoassay method to assess cortisol concen-
tration in buffalo milk in order to provide a prelimin-
ary data for the calibration of future biosensing
technologies for non-invasive assessment of cortisol to
be integrated in milking parlour systems.

Materials and methods

Milk sampling represents a non-invasive procedure
and within standard farm practices. All experimental
procedures and the care of the animals complied to
the Italian legislation on animal care (DL n.116, 27/1/
1992) and were approved by the Ethical Committee of
the University of Naples ‘Federico II’ (Protocol number:
25539-2022).

Animals and milk sampling

The study was carried out at a commercial buffalo
dairy farm in southern Italy (Campania region,
41�03040.600N� 14�02016.500E), where a total of 950 buf-
faloes were bred.

The trial involved 71 randomly selected Italian
Mediterranean dairy buffaloes (Bubalus bubalis) with an
average weight of 423.02±3.05 kg and an average age
of 4.40±0.29 years, with different parity (33 multiparous
and 38 primiparous) and days in milk (DIM ¼
121.52±8.46). They were maintained in pens with a con-
crete floor and were milked twice daily in the morning
and afternoon; the animals were clinically mastitis-free.

In 63 out of the 71 buffaloes, individual milk sam-
ples were collected by the mean of sterile falcon tubes
(FalconVR 50mL, Corning Science, Mexico) from the
tank of an automatic sampler (MM15 DeLaval) cali-
brated by breeders’ association (Campania region
Breeders Association, ARAC) and placed in the milking
parlour. Thanks to the automated sampler each indi-
vidual specimen was representative of the animal’s
whole milking. After collection, samples were immedi-
ately placed into dry ice (�78 �C) and transported to
the laboratory where they were stored at �20 �C until
lab processing.

An integrative individual milk sampling was per-
formed in the milking parlour on 8 out of the 71 buf-
faloes. In this case milking was carried out manually
by trained professionals and the sampling was per-
formed in two different timeframes: at the beginning
and at the end of milking. The samples were collected
in sterile falcon tubes (FalconVR 50mL, Corning
Science, Mexico), immediately placed into dry ice
(�78 �C) and transported to the laboratory where they
were stored at �20 �C until lab processing.

Milk sample preparation for first testing

After thawing, 5 randomly selected milk samples (out
of the 63 automatically gathered) were divided into
three 5mL aliquots to be used in analysis as whole
milk (first aliquot), skimmed milk (from the second ali-
quot) and whey (from the third aliquot). The second
aliquot of whole milk was skimmed in tubes centrifu-
gated at 2000 � g for 10min at 4 �C and the fatty
supernatant was removed through a pipette obtaining
skimmed milk. The third aliquot was used to obtain
whey from whole milk that undergone coagulation
procedure. Briefly, 400 mL of rennet (60 g of a commer-
cial compound in 250mL of ultrapure water) were
added to 5mL of whole milk, gently mixed for 3min
at room temperature and incubated at 37 �C for
30min to complete the clotting process. After incuba-
tion, samples were centrifuged at 3500 � g for 10min
at 4 �C and separated from the fat and curd phases
supernatant twice.
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Whole milk, skimmed milk and whey extraction
for first testing

A solvent evaluation was carried out to identify the most
efficient one also by the mean of the test on cortisol
recovery. Three different solvents were chosen for the
extractions: methanol (Sigma-Aldrich, St. Louis, MO,
99.8%), diethyl ether (Sigma-Aldrich, St. Louis, MO, 99.8%)
and dichloromethane (Fluka Honeywell, 99.5%). Briefly, to
400mL of each sample (whole milk, skimmed milk, or
whey) obtained as described previously were added
20mL of antigen tracer (hydrocortisone fcortisol [1,2,6,7-
3H (N)]-g, PerkinElmer Life Sciences Inc., Waltham, MA,
USA) and kept at 4 �C. After 20min, 5mL of one of the
three solvents were added to each tube, mixed for 5min
at room temperature and centrifuged for 15min at 3500
� g and 4 �C. The vials were then kept at �20 �C, and
once frozen the solvent was moved to a tube to dry at
37 �C under an airstream suction hood. The remaining
residue was dissolved in 0.5mL of RIA buffer (0.05M
phosphate-buffered saline, pH 7.5, 0.1% BSA).

Milk sample preparation and extraction for
second testing

For the second testing the rest of the 63 milk samples
collected automatically were divided after thawing in
two aliquots to obtain whole milk and whey as
described previously. Then, 400 mL of the whole milk
and 400 mL of the whey has been extracted adding
5mL of methanol (Sigma-Aldrich, St. Louis, MO,
99.8%), mixed for 5min at room temperature and cen-
trifuged for 15min at 3500� g and 4 �C. Once having
frozen the content of the vials (�20 �C), the solvent
was moved to a tube to dry it at 37 �C under an
airstream suction hood. The remaining residue was
dissolved in 0.5mL of RIA buffer (0.05M phosphate-
buffered saline, pH 7.5, 0.1% BSA).

Milk sample preparation for third testing

The milk samples collected manually from the 8 buffa-
loes at the beginning and the end of milking were
curdled after thawing as described previously to
obtain whey.

Cortisol analysis by RIA

The concentration of cortisol was measured using a
solid-phase microtiter radioimmunoassay (RIA). In brief,
a 96-well microtiter plate (OptiPlate; PerkinElmer Life
Science, Boston, MA, USA) was coated with goat anti-
rabbit c-globulin serum diluted 1:1000 in 0.15mM

sodium acetate buffer (pH 9) and incubated overnight
at 4 �C. The plate was then washed twice with RIA buf-
fer (pH 7.5) and incubated overnight at 4 �C with
200mL of the antibody serum diluted at ratios of
1:20,000 for cortisol (Analytical Antibodies, Bologna,
Italy). The cross-reactivities of the anti-cortisol antibody
with other steroids were as follows: cortisol, 100%; cor-
ticosterone, 1.8%; aldosterone, <0.02%. After washing
the plate with RIA buffer, the standards (5–200pg/well),
the quality-control extract, the test sample or extract
and the tracer (hydrocortisone fcortisol [1,2,6,7-3H (N)]-
g, PerkinElmer Life Science, Boston, MA, USA) were
added, and the plate was incubated overnight at 4 �C.
The bound hormones were separated from the free
hormones by decanting and washing the wells in RIA
buffer. After the addition of 200 mL of scintillation
cocktail (MicroScint-20, PerkinElmer Life Science,
Boston, MA, USA), the plate was counted on a b-coun-
ter (Top-Count, PerkinElmer Life Science, Boston, MA,
USA). Moreover, a 50 mL sample spiked with the tracer
and 200 mL of scintillation cocktail were placed in the
plate and counted. The extraction recovery value for
each unknown well was determined by expressing the
count rate for that well as a percentage of the counts
added before extraction. The cortisol content of the
unknown well was then corrected by the extraction
recovery percentage for that well and the cortisol con-
tent of the unknown sample expressed in pg/mL.

Cortisol RIA validation tests

Each validation tests involved different pools consti-
tuted by five whey samples and were analysed by
quintuple. The parallelism test consisted of determin-
ing the deviation from the standard curve of a series
of whey samples containing known amounts of corti-
sol, they were prepared by serial dilution of whey
samples from animals that showed high concentra-
tions of cortisol. Linear regression was used to deter-
mine if whey samples and the standard cortisol curve
deviated from parallelism.

The recovery test was conducted to evaluate the sys-
tem response to an increasing amount of cortisol stand-
ard added to a whey sample with low concentration.
The percentage of recovery was determined as follows:

measured cortisol in spiked sampleð Þ=
measured cortisol in non� spiked sample

þ added cortisol

0
@

1
A

� 100

2
6666664

3
7777775
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The sensitivity of the curve was as the hormone
concentration resulting in a displacement of the
labelled hormone at least two standard deviations
from maximal binding.

Precision was estimated by repeatedly assaying
samples in the inter- and intra-assay and was
expressed as the coefficients of variation (CV%).

Statistical analysis

Statistical analyses were carried out using SPSS (28.0)
for Windows 10 (SPSS Inc., Chicago, IL). To compare
cortisol concentrations between different milk formula-
tions and sampling timeframes Student’s t-test was
used. Pearson correlation test was performed to assess
possible correlations between different milk formula-
tions. Results are expressed as mean± standard error
mean (SEM). A statistically significant difference was
accepted at p< .05.

Results

First testing – solvent efficiency

The test on cortisol recovery to evaluate the solvents
extraction efficiency gave the following rates when
used dichloromethane: 52.03±3.42% on whole milk,
60.71±2.17% on skimmed milk, 60.00±1.75% on whey.
Diethyl ether showed a recovery of 54.76 ±5.69%,
63.03±1.87% and 68.67 ±1.64% respectively for whole,
skimmed and whey. Finally, methanol reported recov-
eries of 58.89±3.47%, 59.09±4.03% and 69.88±1.43%
for whole, skimmed and whey, respectively.

The cortisol concentrations recorded in the three
types of samples (whole milk, skimmed milk and
whey) with the three solvents tested for hormone
extraction are described in Figure 1.

Second testing

Based on the first testing results only methanol was
chosen as solvent for the subsequent second testing.
The cortisol concentrations (pg/mL) of the 63 milk
samples that were assayed as whole extracted milk,
extracted whey and whey are displayed in Figure 2.

No significant differences were recorded between
the three formulations.

The cortisol concentrations (pg/mL) detected in
whey and whole extracted milk showed a significant
correlation (p< .001, correlation coefficient þ 0.51)
(Figure 3).

Third testing

The whey cortisol concentrations of milk sampled in
the two different timeframes of the milking session
are displayed in Figure 4 along with the percentage of
cortisol’s variation and the difference in whey cortisol
concentrations between the beginning and the end of
milking. Average values were 328.84 and 250.29pg/mL,
respectively, for beginning and end of milking.

Among the two timeframes sampled for milk, whey
cortisol concentrations ranged between a minimum of
152.10 (pg/mL, end of milking) and a maximum of
499.20 (pg/mL, beginning of milking). No significant
differences were highlighted by comparing the two
concentrations (p> .05).

RIA validation

The parallelism between the dilution curves and the
standard one indicated that milk cortisol and standard
cortisol reacted identically to the antibodies because
of the high correlation (r¼ 0.99) observed between
the concentrations obtained and those expected
(Figure 5). The relationship between whey cortisol
concentrations and the standard cortisol curve was
given by the equation y¼ 1.02x� 0.97 (Figure 5).

The recovery test aimed to evaluate the reaction
of the system to an increasing amount of cortisol
standards and revealed a recovery rate of
104.4 ± 6.1% (mean± SD).

The assay sensitivity was 16.8 pg/mL. Whey sample,
in repeated determinations, showed intra- and inter-
assay coefficients of variation of 7.6% and 12.7%,
respectively.

Discussion

The assessment of cortisol concentration in biological
samples is one of the main tools to evaluate the stress
in animals. E.g. cortisol has been used to study auto-
matic milking systems (Gygax et al. 2006) versus con-
ventional milking parlours, or to investigate the
association with animal behaviour (Fukasawa and
Tsukada 2010). It is known that steroid hormones can
permeate cell membranes and may cross the epithelial
blood-milk barrier (Rushen et al. 2008). A high correl-
ation between milk and plasma cortisol concentrations
after ACTH administration has been found (Thinh et al.
2011). Considering that milking for dairy cows is a rou-
tinary process, milk might represent a non-invasive
alternative to blood in HPA axis evaluation (Diaz et al.
2013): it can be sampled without any extra animal
manipulation and offers the advantage to monitor
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hormones concentration directly in milking parlour in
line or at the official milk recording.

The purposes of the present study were to validate
a radioimmunoassay to assess for the first-time cortisol
concentration in buffalo milk. The RIA assay is the trad-
itional gold standard method for immunoassays
(Reimers et al. 1981) as it is sensitive, specific and
reproducible. It would provide essential evidence, as
the physiological cortisol concentrations range of buf-
falo species is, for the practical purpose of calibrating a

sensor able of automatically measuring cortisol in buf-
falo milk. Moreover, in this study we considered two
variables that could interfere with sensor’s activity on a
farm basis: the milk formulation and the sampling time-
frame. Differently from Claycomb and Delwiche (1998)
who integrated a rapid enzyme immunoassay (EIA) for
progesterone in an on-line sensor, the RIA technology
won’t be part of the device developed.

According to previous studies performed on bovine
milk, three formulations were chosen: whole milk
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Figure 1. Concentration of cortisol (pg/mL) in five samples (A–E) tested as skimmed milk, whole milk and whey extracted with
dichloromethane, diethyl ether and methanol.

Figure 2. Cortisol concentrations (pg/mL) in 63 milk samples assessed as whole extracted milk, extracted whey and whey. When
relevant the extraction was made with methanol.
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(Butler and Des Bordes 1980), skimmed milk (Gellrich
et al. 2015) and whey (Comin et al. 2005).

Two out of three milk formulations showed some
criticalities concerning their versatility in sample prep-
aration/using. Great attention had to be paid when
pipetting the whole milk samples because of the lipi-
dic film that adhered on the surface of the pipette
tips. In the literature it has been reported that milk lip-
ids can be detrimental to give an accurate measure-
ment of cortisol (Butler and Des Bordes 1980).
Therefore, it has been hypothesised that the removal
of fat would make the pipetting easier without
affecting the concentrations of cortisol in milk.

Nevertheless, milk from Italian Mediterranean water
buffaloes is characterised by high fat content (approxi-
mately 8.00%) and favourable coagulation characteris-
tics (Costa et al. 2020). These features conditioned the
skimming procedure, that turn out to be troublesome
and time-consuming. Conversely, the whey proved to
be a matrix of great interest: coagulation process was
effective and timesaving in buffalo milk too and
allowed to remove both peptide and lipidic interfer-
ence. In addition, whey has already been described as
a trustworthy milk formulation to measure a steroid
such as progesterone in cow milk (Comin et al. 2005).
As usual for steroid hormones, to exclude any possible

Figure 3. Pearson correlation between cortisol concentrations (pg/mL) of whole extracted milk and whey.
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interference due to the matrix components, the ana-
lytical measurement can be preceded by an extraction
step. The extraction solvent must disrupt the binding
of the steroid to protein and must extract the steroid
of interest quantitatively and leave behind in the
aqueous medium non-specific interfering substances
(Makin et al. 2010).

Several extraction protocols have been described in
ruminants reporting different procedures. We choose
to refer to Hagen et al. (2004) who performed extrac-
tion of bovine milk with diethyl ether and Castro-
G�omez et al. (2014) who extracted whole milk with a
dichloromethane-methanol solution. According to our
data, methanol was characterised by the best results
based on cortisol recovery to evaluate the solvents
extraction efficiency compared to diethyl ether and
dichloromethane. Also, visually the samples extracted
with methanol formed a homogenous solution after
the solvent addition and a clear separation between
the two phases after centrifugation. Furthermore,
methanol has been already used for steroid extraction
in several studies on different matrices (Gleixner and
Meyer 1997; Ashley et al. 2011; Palme et al. 2013) pro-
viding convenient and efficient extraction. This inter-
esting finding leads to point at methanol as the most
reliable solvent for steroid analysis in buffalo milk.

Subsequently, the evaluation of the biological
matrix to be used in milk cortisol evaluation has been
extended to a larger sample size. We reported the
absence of significant differences (p> .05) in cortisol
concentrations among the formulations, suggesting
that all of them can be used in cortisol measurement,
but a significant correlation was found between whey
and whole extracted milk. In any case, considering
that the whole milk was hard to store before analysis
and to handle throughout sample preparation, milk

whey was chosen as the best matrix to be used
because of its high stability in terms of storage, trans-
portation and processing.

Some modifications have been reported in bovine
milk composition during milking session (Nielsen et al.
2005), with a marked increment in milk fat concentra-
tion at the beginning of milking and a small decre-
ment in non-fat milk solids at the end of the session.
The exact reason for such variation remains unclear,
but several theories have been proposed: the progres-
sive filtration of milk fat globule clusters through the
mammary ducts, the mechanical shearing of alveolar
contractions and decreasing adsorption of fat globule
to the alveolar wall during milking (Rico et al. 2014).
Moreover, a circadian rhythm of milk fatty acids con-
centration has been reported and it may be linked to
a stratification of the fat contentand fatty acids profile
of the cistern and alveolar milk (Daly et al. 1993;
Rottman et al. 2014). Given that buffalo milk has
higher fat concentration than bovine milk and the pre-
sent study aimed to provide preliminary data for sen-
sor-based technologies, an integrative analysis was
performed to study if the high fat percentage of buf-
falo milk and sampling timeframe could affect meas-
urements (Pope et al. 1976) and to properly describe
what should be the best timeframe to be sampled
throughout milk ejection.

Our findings revealed that whey cortisol concentra-
tions were not affected by fat content variation during
the milking session, showing no significant difference
between the concentrations of the two timeframes
sampled (p> .05). Moreover, endpoint cortisol concen-
trations were always lower than the beginning with a
variation always less than 0.1 ng/mL. Such evidence
seems to suggest that cortisol concentration in whey
doesn’t significantly change with the increasing
amount of fat in buffalo milk.

The RIA analysis method used in the present study
showed good precision, sensitivity and specificity also
for determining cortisol in buffalo whey. The analysis
of cortisol concentrations in buffalo whey resulted to
be feasible and reproducible; the dilutions tested indi-
cated the high reproducibility of the results.
Overlapping of the dilution curve and standard curve
indicates the method’s high specificity and the lack of
interfering factors by buffalo whey matrix.

Conclusions

To our knowledge, this is the first study aimed to
measure cortisol in buffalo milk matrix.

Figure 5. Relationship between theoretical whey cortisol con-
centration and the observed whey cortisol.
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The measurement of cortisol in buffalo milk has
been evaluated step-by-step, approaching the poten-
tial interferences and variables given by the peculiarity
of buffalo milk itself. This aimed to provide reliable
and solid data for the calibration of future biosensing
technologies for non-invasive assessment of cortisol to
be integrated in milking parlour systems. In case of
extraction, a more time-consuming procedure, it has
been demonstrated the necessity to work with a suit-
able solvent for buffalo milk, but the results have also
shown that it is possible to opt for a more versatile
matrix such as whey without losing in quality of the
data obtained in assay. The RIA method revealed
good sensitivity and specificity for measuring cortisol
in buffalo milk whey, the present assay suits the corti-
sol measurement in buffalo milk and the ranges
described can be employed in the calibration of a bio-
sensing method for non-invasive assessment of corti-
sol directly integrated in milking parlour systems.
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