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Abstract
Dairy cows experience long-term stress during the pre- and postpartum period, as during this period they face extreme 
challenges related to their health, productivity and overall welfare. Recently, hair cortisol has gained attention as one of 
the most promising and non-invasive biomarkers for evaluating stress. However, the exact mechanism of its deposition 
in the hair remains unknown. This review combines the utility of hair cortisol as a tool for evaluating chronic stress and 
its effect on health status, lactation, parity, body condition score (BCS), and metabolic parameters, specifically glucose, 
β-hydroxybutyrate (BHBA), and non-esterified fatty acids in dairy cows. Emphasis is given to the transition period around 
parturition, where hormonal fluctuation, negative energy balance, and immunosuppression increase the animal’s suscepti-
bility to stress. Methodologically, tail hair exhibits a higher cortisol concentration than other regions due to a faster growth 
rate, making it an ideal site for maintaining a proper sampling interval during the transition period. Furthermore, regrown 
hair contains higher cortisol levels than native hair during parturition. In addition, hair cortisol level significantly elevated 
during peak lactation in multiparous cows and in cows with oversized or twin calves. Notably, newborn calves have 
higher cortisol than their dam during birth. Cows diagnosed with a disease condition display higher cortisol levels than 
healthy cows during the postpartum period. During the transition period, Glucose was found to be positively correlated 
with hair cortisol level, whereas β-hydroxybutyrate (BHBA) was negatively correlated with hair cortisol in multiparous 
cows. Ultimately, evaluating hair cortisol concentration alongside associated production and metabolic factors during the 
periparturient period can provide a proper framework for improving and monitoring dairy cattle welfare. However, fur-
ther research is required on hair cortisol concentration and its connection with various stressors of the transition period, 
sampling and analytical methods, and a standardized reference range so that it can have practical use at the farm level.
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Hair cortisol as a biomarker of chronic stress in periparturient dairy 
cattle: associations with health status, lactation, and metabolic 
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Introduction

During the transition period, dairy cows undergo profound 
physiological, metabolic, and hormonal challenges span-
ning from late gestation to early lactation (Yogeshpriya et 
al. 2024), marked by negative energy balance. This altered 
physiological status can be observed through hair cortisol 
concentration, which elevates from a pre-partum baseline 
level of 0.4 pg/mg to 0.8 pg/mg post-partum (Tekin et al. 
2023). A stress reaction occurs when an animal’s body 
initiates adaptive mechanisms in response to significant 
challenges, known as stressors, thereby activating the 
hypothalamic-pituitary-adrenal (HPA) axis and a subse-
quent rise in cortisol levels (Tiwari et al. 2015). Chronic 
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stress affects not only immune function but also reproduc-
tive performance in animals due to prolonged activation 
and overproduction of stress-related mediators (Matteri et 
al. 2000). Stress during the pre- and postpartum periods 
is usually assessed using cortisol concentrations in blood, 
saliva, urine, or feces. However, cortisol concentrations in 
these matrices only provide information about stress expo-
sure within a short time frame, ranging from several hours 
to days (Ghassemi Nejad et al. 2022). To measure long-term 
stress during the peri-parturient period, measurement of cor-
tisol levels in hair has gained attention from researchers as 
a non-invasive biomarker (Peric et al. 2024; Heimbürge et 
al. 2019). The exact process by which cortisol is incorpo-
rated into the hair shaft remains unclear due to the complex 
structure of hair. One possible explanation is that cortisol 
may enter the hair follicle via the blood circulation (Heim-
bürge et al. 2019) or surrounding tissues (Meyer and Novak 
2012) as depicted in Fig. 1. However, since most circulat-
ing cortisol is attached to cortisol-binding globulin, it must 
first be released from this protein before it can move into 
tissues (Ralph and Tilbrook 2016). Moreover, cortisol can 

be incorporated through sweat and sebum in hair or from 
external sources (Pragst and Balikova 2006), or it can be 
locally produced in small quantities by hair follicles (Ito et 
al. 2005). Once inside the follicle, cortisol likely binds to 
receptor proteins and becomes involved in the keratinization 
process. As the follicular bulb cells carrying receptor-bound 
cortisol undergo terminal differentiation into keratinocytes, 
the cortisol becomes embedded within the hardening hair 
cuticle (Burnard et al. 2017). In dairy cows, during prepar-
tum and partum phases, hair cortisol concentration (HCC) 
fluctuates due to the animal’s changing energy demands and 
expected milk production, with significant elevation occur-
ring around parturition (Tekin et al. 2023). Besides, elevated 
cortisol levels are associated with pregnancy and calving 
(Braun et al. 2017), disease conditions, and multiparity in 
cows (Burnett et al. 2015). Additionally, HCC serves as a 
robust indicator of long-term health issues and welfare qual-
ity metrics, correlating with issues like lameness or skin 
damage (Lavrijsen-Kromwijk et al. 2025). Despite growing 
interest in using hair cortisol concentration as a biomarker 
of chronic stress, its practical implementation at the herd 

Fig. 1  The mechanism of cortisol secretion in response to stress and incorporation in hair shaft via circulation; via sweat or sebum; via external 
sources
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level is still limited. This is due to inconsistencies in sam-
pling techniques, result interpretation, and lack of standard-
ized reference values. Moreover, the association between 
chronic stress reflected via hair cortisol levels and complex 
physiological and biochemical changes around the peripar-
turient period is still not so clear, despite it being the most 
crucial phase for dairy cows. Therefore, a comprehensive 
review is needed to combine the current knowledge with 
existing knowledge gaps and future directions to highlight 
the potential of hair cortisol measurement in herd health 
monitoring and management strategies. By evaluating exist-
ing literature, this review solely aims to explore the use of 
hair cortisol to measure chronic stress levels, its association 
with health status, the lactation stage of dairy cows, and its 
effect on the metabolic profile of dairy cows, particularly 
during the transition period.

Methodology

Literature search strategy

This review aimed to collect, evaluate, and summarize 
existing scientific literature on the application of hair cor-
tisol concentration (HCC) as an indicator of chronic stress 
in dairy cattle during the pre- and post-partum periods and 
its association with health status, stages of lactation, and 
related biochemical parameters. A comprehensive search 
of peer-reviewed articles was conducted across major elec-
tronic databases such as PubMed, ScienceDirect, Google 
Scholar, ResearchGate, Web of Science, and Scopus. Stud-
ies published between 1996 and 2025 were considered and 
evaluated. Older studies were included to capture the foun-
dational studies establishing hair analysis methodologies 
and cortisol incorporation. These relevant benchmark stud-
ies were included alongside the recent ones to ensure the 
inclusion of both fundamental and recent findings on hair 
cortisol as a chronic stress indicator, analytical methodolo-
gies, and how various factors affect cortisol levels during 
the transition period.

The electronic search was executed using a combination 
of words connected through Boolean operators (“AND” 
and “OR”). The main search words include: Pre and post-
partum period, hair cortisol concentration or hair cortisol 
or HCC or biomarker of chronic stress, Transition period 
or Periparturient period or calving, Dairy cows or lactat-
ing cows, Health condition or Calving condition or calving 
environment, Lactation status or milk parameter, Biochemi-
cal profile or metabolic profile, Disease condition and hair 
cortisol concentration, Body condition score and Hair cor-
tisol concentration, Parity and hair cortisol concentration, 
hair cortisol analysis protocol.

Study selection and eligibility criteria

For review, articles retrieved through the initial search 
were first screened by title and abstract, then the full text 
of articles was evaluated through predefined selection cri-
teria. The inclusion criteria included literature published in 
English from 1996 to 2025. Studies focused on dairy cattle, 
especially on the periparturient period, but other animals 
and humans were also considered in some cases to vali-
date analytical methodologies or fundamental physiology. 
Besides, Studies focused primarily on hair cortisol as a bio-
marker of chronic stress were included. However, in certain 
cases, studies used other biomarkers, such as blood, saliva, 
and feces, which were also considered if they were evalu-
ated side by side with hair in dairy cows. Moreover, studies 
investigating the association of hair cortisol concentrations 
with production and health factors such as parity, lactation, 
health status, or metabolic and biochemical indicators were 
also given emphasis. The conference papers, book chapters, 
and non-English articles were not included. Besides, Stud-
ies that solely assessed cortisol levels using biomarkers such 
as blood, saliva, or feces of animals were not considered, as 
they indicate acute stress.

Factors related to sampling method and 
analysis

Sampling site, hair color & time of sampling

Factors like hair collection site, hair color, or growth phase 
of hair can affect the cortisol concentration, as shown in 
Table 1. According to Bennett and Hayssen (2010) cortisol 
levels varied with different hair colors and site of collection. 
Hayashi et al. (2021) found a lower concentration of corti-
sol in black hair compared with white hair across various 
phases of the transition period (dry period, 2 months prepar-
tum, 1month prepartum, etc.) in Holstein cows. Burnett et 
al. (2014) also found higher cortisol in white hair than black 
hair (7.8 ± 1.1 vs. 3.8 ± 1.1pg/mg) in dairy cows. But Brahmi 
et al. (2025) and Tallo-Parra et al. (2018) found greater cor-
tisol levels in black hair compared to white hair. While the 
exact reasons for this variation remain unclear, it can be 
associated with the development and differentiation of hair 
melanocytes (Slominski et al. 2004; Roulin et al. 2008).

There are several anatomical sites for collecting hair 
samples, including the head (Comin et al. 2011), neck 
(Tallo-Parra et al. 2015), shoulder (Braun et al. 2017), back 
(Heimbürge et al. 2020a), thoracic region (González-de-
la-Vara et al. 2011), and tail switch (Endo et al. 2017) as 
depicted in Fig. 2. The site of sampling can have a signifi-
cant effect on cortisol concentration. For example, Macbeth 
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et al. (2010) reported that hair collected from the neck 
region had comparatively higher cortisol concentration 
than hair collected from the rump, shoulder, or abdomen. 
Moya et al. (2013) found higher cortisol concentration in 
the hair of the tail region than the head, shoulder, neck, and 
hip in beef cattle. The hair from the tail switch grows more 
than 10 times faster (0.51 ± 0.05  mm/d) than the hair on 
the hips and shoulders (0.04 ± 0.05 and 0.03 ± 0.05 mm/d). 
As a result, biologically significant resampling intervals in 
dairy cows can only be accurately achieved by measuring 
the hair growth rate of the tail switch, particularly during 
the transition period (Burnett et al. 2014). Growing hair 
needs additional blood supply (Vesel et al. 2020), leading 
to greater exposure to cortisol. So, the tail switch can sense 
greater cortisol change within a short interval of 3 weeks; 
hence, a more suitable hair collection site for cortisol analy-
sis. The growth rate of hair also affects cortisol concentra-
tion across different hair colors and collection sites (Moya 
et al. 2013). Timing of sample collection is also crucial to 
detect cortisol levels in hair induced by various stressors 
like calving or disease conditions (Tallo-Parra et al. 2018). 
Specifically, utilizing the shave-re-shave protocol requires 
an approximate interval of 2–3 months from initial clipping 

to complete hair regrowth, as bovine hair grows 0.6–1 cm/
month with complete moulting in 3 months (Schwertl et al. 
2003). According to Braun et al. (2017), stress during the 
parturition period can be well observed from the regrown 
hair area compared to hair collected from the unshorn area, 
as the actively growing anagen phase can incorporate more 
cortisol than the catagen and telogen phases of unshorn hair. 
So, it can be a cause of variation in hair cortisol concentra-
tion at different periods of sampling.

Sample processing and analysis

Hair samples should be cut as close to the skin surface as 
possible with scissors from the tail region and should be 
kept in dry paper envelopes at room temperature, away 
from light, until further processing (Burnett et al. 2014). 
In a study conducted by Vesel et al. (2020), hair samples 
required manual cleaning due to contamination with dirt and 
feces, in order to prevent the potential measurement of cor-
tisol originating from feces. The sample should be weighed 
out, washed with 5 ml isopropanol for 3 min, and dried for 5 
days (Burnett et al. 2014). But Nejad et al. (2019) repeated 
the washing protocol for 2 times and then dried for 7 days 

Table 1  Biological and methodological factors affecting Hair cortisol concentration
Factors Hair cortisol concentration Reference
Color of hair Variable (Hayashi et al. 2021)

(Burnett et al. 2014)
(Brahmi et al. 2025)

Sampling site Higher in tail than shoulder (11 ± 1.2 vs. 6.2 ± 1.2 pg/mg) (Burnett et al. 2014)
Higher in the tail (1.99 ± 0.189 pg/mg) than shoulder, head, neck, hip (0.82 ± 0.189, 
1.14 ± 0.189, 1.50 ± 0.189 and 1.59 ± 0.189 pg/mg)

(Moya et al. 2013)

Sampling method LCMS (higher sensitivity with a limit of quantification down to 0.5 pg/mg) (Binz et al. 2016)
Type of hair Maximum in regrown hair (1.40 ± 1.08 pg/mg) during parturition (Braun et al. 2017)

Fig. 2  Site of hair collection in 
cow. Head region; neck region; 
shoulder region; hip region; tail 
region
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at room temperature. Then the sample can either be cut with 
surgical scissors or minced with a mixer mill (Burnett et al. 
2014). Mincing can be done either with a ball mill (Nedić 
et al. 2017) or a pestle and mortar (Vesel et al. 2020). Hair 
cortisol levels were found to be higher in samples cut with 
scissors than in minced samples (Slominski et al. 2015). 
However, Burnett et al. (2014) indicated that milling sam-
ples can yield up to 3.5 times more cortisol than using surgi-
cal scissors while providing more precise and less variable 
data. Grinding of hair samples creates more homogenized 
and ultra-small particles, which optimizes the potential for 
higher cortisol extraction (Nejad et al. 2019). Extraction of 
hair cortisol can be done by adding methanol to the sample 
in a glass vial, sonicating, incubating it overnight, pipet-
ting the methanol out into a glass tube, and evaporating it 
(Koren et al. 2002). After evaporation of methanol, hair 
sample should be reconstituted with PBS medium. But Slo-
minski et al. (2015)performed a two-step double extraction 
with methanol and acetone, which resulted in higher corti-
sol extraction (98%-100%) than single methanol extraction, 
yielding only 46.1% cortisol on average. The sample can 
be analyzed with ELISA, Radioimmunoassay, HPLC-Mass 
Spectrometry, HPLC-fluorescence detection, or chemilumi-
nescent immunoassay (Meyer and Novak 2012). Hair cor-
tisol levels were found to be higher by ELISA (172.2ng/
ml) than LCMS (38.7ng/ml) (Slominski et al. 2015). Rus-
sell et al. (2015) also found 2.5 to 10 times higher corti-
sol levels by ELISA than LCMS due to cross-reactivity 
with other steroid hormones such as progesterone (7.2%) 
and cortisone (6.2%). Tallo-Parra et al. (2015) found both 
intra-assay and inter-assay coefficients of variation (CV) 
less than 15% (4.9 ± 2.39% and 10.6 ± 1.77%, respectively) 
with recovery of 89.0 ± 23.52% for Enzyme Immunoassay 
(EIA) validation, which indicates its accuracy for measur-
ing hair cortisol levels in cattle. On the other hand, LCMS 
is capable of detecting minute quantities of cortisol down to 
0.03 ng/mg of hair (Gupta et al. 2023). That’s why LCMS is 
regarded as the gold standard test for detecting hair cortisol 
levels due to its high specificity and sensitivity, with a limit 
of detection (LOD) and a limit of quantification (LOQ) less 
than 0.5 pg/mg and 85% recovery (Binz et al. 2016). The 
specific type of assay used isn’t critically important, as long 
as it can accurately detect cortisol and is sensitive enough 
for the sample size being tested. Therefore, hair cortisol 
concentration varies with collection site, color, sample pro-
cessing (washing, cutting, extraction), and chosen analytical 
method, which further makes setting a standard reference 
range impossible; thus, comparisons remain relative.

Physiological and environmental factors 
affecting hair cortisol concentration during 
the transition period

Parity

Studies revealed that the influence of parity on hair cortisol 
concentration varies between pre- and postpartum phases of 
the transition period. Both Sano et al. (2023) and Burnett 
et al. (2015) found no significant difference in hair cortisol 
concentration in primiparous and multiparous animals in 
the prepartum period. This consistent baseline suggests that 
the initial physiological preparation for parturition creates a 
similar stress response across all heifers and cows regard-
less of parity. However, Burnett et al. (2015) observed a 
significant change in HCC in terms of parity, as the days 
in milk (DIM) increase after calving. According to that 
study, multiparous cows have higher cortisol concentrations 
than primiparous cows at day 21 after calving (postpartum 
period), which gradually decrease as the days in milk (DIM) 
increase. This observation completely contradicts the gen-
eral belief that primiparous cows suffer from more stress 
than multiparous cows during the transition period, as pri-
miparous cows are not adapted to this transition. While a 
recent study by Botia et al. (2025) similarly found higher 
HCC levels with increased parity but no significant asso-
ciation with DIM, as observed by Burnett et al. (2015). So, 
more studies should be conducted to clarify the inconsis-
tent relationship between DIM and HCC. Overall, parity 
significantly affects hair cortisol concentration, as multipa-
rous cows face drastically higher metabolic demands due to 
higher milk yields with the additional challenge of repeated 
calving and rearing offspring, which leads to elevated levels 
of HCC.

Calving environment and difficulty

Cortisol concentration in hair significantly elevates during 
the calving period (Braun et al. 2017). So, the provision 
of an optimal calving environment during this time is cru-
cial for proper calving. Calving environment involves the 
type of area in which a cow gives birth. The cow should be 
shifted to the specific calving area before calving. The calv-
ing area should be clean to ensure the safety and comfort of 
the animals (Villettaz Robichaud et al. 2016). Specifically, 
replacing old bedding in calving areas has been shown 
to decrease the significant rates of neonatal calf diarrhea 
and Johne’s disease transmission (McKenna et al. 2006). 
According to Sano et al. (2023) there was no significant dif-
ference in hair cortisol concentration (HCC) of cows kept in 
different calving environments (calving pens, tie stall and 
paddocks, respectively). It can be due to exposure to similar 
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managerial practices, such as having a similar feeding and 
milking schedule and exposure to the same weather condi-
tions, despite having different calving environments.

According to Sano et al. (2023) Higher HCC was found 
in cows having twin calves or oversized calves than hav-
ing normal calves during calving. Cows having oversized 
fetuses or twins need more nutritional support and have 
higher metabolic requirements for fetal development, which 
can act as a stressor for the cows. Besides this, these cows 
are at higher risk of dystocia (difficult calving) or other 
complications, leading to a higher level of hair cortisol con-
centration during the transition period.

Cortisol concentration in newborn calves

Stress during the transition period in the dam can affect the 
cortisol concentration of neonates born. Braun et al. (2023) 
found higher HCC in newborn calves on the day of birth 
than in their dam in both healthy and sick conditions of the 
dams, as shown in Table 2. Heimbürge et al. (2020b) also 
found increased HCC in newborn calves than in adult cattle. 
Fetal plasma corticosteroid levels rise 10–15 days before 
birth in most mammals for fetal development and initiation 
of parturition (Fowden et al. 1998). Another possible expla-
nation is that cows exhibit higher HCC in late pregnancy, 
which can be transferred to the fetus and elevate fetal HCC 
levels.

Health condition

Cows can have various health issues or diseases during 
the transition period, such as metritis, clinical or subclini-
cal endometritis, retained placenta, ovarian cysts, masti-
tis, or other metabolic diseases. These can act as stressors 
during the pre- and postpartum periods. According to the 
study of Burnett et al. (2015) multiparous cows with at least 
one clinical disease (Metritis, mastitis, laminitis, etc.) have 
higher HCC levels than healthy cows during the postpar-
tum period. But no change was detected in cows with only 

subclinical endometritis. This study also has similarities 
with the study of Sano et al. (2023). These findings sug-
gest that while subclinical conditions might not trigger the 
prolonged activation of the HPA axis, clinical illnesses can 
serve as an indicator of chronic stress by elevating the HCC 
level. But Tekin et al. (2023) found no difference in HCC 
between healthy and diseased cows, which can be due to 
management variation. Braun et al. (2023) Also found no 
significant difference in hair cortisol concentration in ill 
cows due to immediate treatment. In another study by Endo 
et al. (2019), older cows have more HCC before parturi-
tion, indicating more subclinical disorders they face after 
parturition. This suggests that cows with increased parity 
and age have to bear long-term physiological stress, which 
increases their susceptibility to different diseases. High 
metabolic and hormonal demand and physiological stress 
during the pregnancy and lactation period increase cortisol 
levels during parturition (Burton and Kehrli 1996) which in 
turn decreases the functional capacity of peripheral blood 
mononuclear cells and causes immunosuppression (Preisler 
et al. 2000). Ultimately, the inherent stress suppresses the 
immune system during calving, making the cow susceptible 
to transition diseases, which then drive chronic HPA axis 
activation and further elevate postpartum HCC.

Reproductive performance

The relationship between hair cortisol concentration and 
reproductive performance stems from a direct inhibitory 
effect of stress hormones on the HPA axis. According to the 
study of Dobson and Smith (2000) cortisol level decline the 
reproductive performance of cows. This decline occurs as 
cortisol suppresses the Luteinizing hormone (LH) surge by 
lowering the sensitivity of the pituitary gland to Gonado-
tropin-releasing hormone (GnRH), which ultimately delays 
ovulation (Gupta et al. 2023). Furthermore, Higher lev-
els of cortisol reduce the release of estradiol and suppress 
estrous behavior (Hansen and Aréchiga 1997) and lead to 
silent ovulation and ovulation failure in dairy cows. Endo et 

Table 2  Factors associated with hair cortisol concentration at the transition period
Factor Hair cortisol concentration Reference
Parity of cow Higher in multiparous cows than primiparous cows (9.2 vs. 7.8pg/mg) (Burnett et al. 2015; 

Botia et al. 2025)
Calving difficulty Higher in cows having oversized or twin calves than normal or single calves (4.2 ± 2.2 pg/mg 

vs. 2.1 ± 1.5 pg/mg)
(Sano et al. 2023)

Newborn calf Higher than the dam (31 pg/mg vs. 0.6 pg/mg) (Braun et al. 2023)
Disease Higher in diseased cows (3.8 ± 1.1 pg/mg vs. 2.3 ± 1.9 pg/mg) than in healthy cows. (Sano et al. 2023)
Fertility Higher in sub-fertile cows (p < 0.05) than in fertile cows (Endo et al. 2019)
Lactation Higher in peak lactation (4.1 ± 0.5 pg/mg) (Endo et al. 2017)
BCS Variable (Burnett et al. 2015; 

Endo et al. 2019)
Breed Higher in Holstein Friesian (1.75 pg/mg) than other breeds (Braun et al. 2022)

Higher in Holstein than Busha cows (p < 0.05) (Nedić et al. 2017)
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al. (2019) stated that cows show a different pattern of hair 
cortisol concentration at the postpartum period according to 
the time of fertility and artificial insemination. A significant 
change was found in HCC in normal and delayed first Arti-
ficial insemination (AI) cows during the postpartum period. 
Cows with delayed AI had higher HCC than those with 
normal AI at different sampling times of the postpartum 
period. In addition, sub-fertile cows had more HCC than 
fertile cows in the postpartum period. Similarly, Burnett et 
al. (2015) also reported that multiparous cows that became 
pregnant 100 days postpartum had lower HCC than those 
that were not pregnant by 100 days postpartum. Sub-fertile 
cows often suffer from negative energy balance, reproduc-
tive diseases, and other metabolic disorders. These physical 
strains serve as chronic stressors, which ultimately affect the 
HPA axis, elevate cortisol levels, and in turn suppress the 
hormonal cascade necessary for fertility, successful ovula-
tion, and conception rate.

Lactation and milk yield

According to Fukasawa and Tsukada (2010), cortisol con-
centration was higher in the early lactation stage than in 
other stages. Similarly, Endo et al. (2017) found elevated 
cortisol levels (4.1 ± 0.5 pg/mg) during peak lactation of 
60–90 days postpartum. According to Otten et al. (2023), 
there is a positive correlation between milk yield and hair 
cortisol (HCC) concentration from parturition to 300 days 
postpartum. It can be due to the higher metabolic demand 
of the body for higher milk production during the lactation 
period. But Burnett et al. (2015) found higher HCC in cows 
with low milk yield. Tallo-Parra et al. (2018) also found a 
negative effect of HCC on milk yield. These findings may 
stem from the stress-induced activation of the HPA axis, 
which triggers cortisol release that subsequently interferes 
with milk letdown and the energy mobilization process 
(Tallo-Parra et al. 2018). Otten et al. (2023) found a positive 
correlation between HCC and somatic cell count in milk, 
which is similar to the study of Tallo-Parra et al. (2018), 
indicating that cows with high milk yield are prone to dis-
ease conditions due to elevated cortisol levels (Burnett et al. 
2015). Season and climatic region had a great influence on 
hair cortisol concentration in lactating cows (Uetake et al. 
2018). So, hair cortisol levels can vary during the lactation 
period due to the presence of stressors, adverse environmen-
tal conditions, seasonal influence, or metabolic demand of 
the cows.

Body Condition Score (BCS)

The relationship between hair cortisol concentration and 
body condition score (BCS) is highly dynamic, depending 

on both the cow’s parity and whether it is evaluated during 
the prepartum or postpartum period. According to Burnett et 
al. (2015), thin multiparous cows had lower HCC than aver-
age and moderate cows at the prepartum period, while BCS 
did not affect HCC of primiparous cows. This can be due to 
higher metabolic and physiological burden that is carried 
out by the multiparous cows with average and moderate 
body condition scores. But Endo et al. (2019) found a nega-
tive correlation between BCS and HCC, as cows with low 
BCS have higher HCC than cows with high BCS, which has 
similarity with the study of Vesel et al. (2020). Cows with 
low BCS go through prolonged undernourishment or sub-
clinical complexes, which can be a cause of increased hair 
cortisol concentration. Ultimately, these conflicting patterns 
show that BCS is not a static indicator of stress. Rather, 
BCS can be a non-invasive factor to assess how different 
nutritional or metabolic status affects the cortisol concentra-
tion under varying environmental conditions, sampling time 
or method, BCS scoring system or genetic or physiological 
differences.

Breed

Hair cortisol concentration may vary among different dairy 
breeds depending on their production stage, whether they 
are in lactation or in the dry period. Braun et al. (2022) found 
significantly higher HCC in Holstein Friesian (1.75pg/mg) 
than in other dairy breeds, Brown Swiss, Swiss Fleckvieh, 
and water buffalo cows. Similarly, Endo et al. (2017) also 
found higher HCC in Holstein cows than in Brown Swiss 
crossbreds at the early lactation period (60–90 days post-
partum). Nedić et al. (2017) reported similar trends, noting 
higher HCC in Holstein cows than in Busha cows. Because 
Holstein cows are genetically selected for their higher milk 
yield, metabolic stress of peak lactation likely causes pro-
longed activation of the HPA axis, therefore elevating HCC. 
In contrast, Endo et al. (2017) found no significant varia-
tion in HCC between Holstein and Brown Swiss during the 
dry period, indicating that without higher demand for milk 
production, different dairy breeds maintain uniform cortisol 
levels. So, HCC variation among breeds can be due to their 
milk yield and the metabolic stress associated with it rather 
than inherent genetic differences.

Correlation of biochemical parameters with hair 
cortisol concentration

Several biochemical parameters, such as glucose, 
β-hydroxybutyrate, and non-esterified fatty acids, affect the 
hair cortisol concentration as shown in Table  3, either by 
influencing the hypothalamic-pituitary-adrenal axis or by 
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reflecting the body’s metabolic and physiological response 
to stress.

According to Burnett et al. (2015), during the transition 
period, glucose had a positive correlation with hair cortisol 
concentration in both primiparous and multiparous cows. 
Ghanem et al. (2018) also found higher glucose level at pre-
partum period. But according to Grelet et al. (2022), chronic 
stress does not affect glucose levels, as they rapidly fluctu-
ate over time. Jensen et al. (1993) indicate it to be a more 
suitable biomarker for acute stress in dairy cows. Grelet et 
al. (2022) also found higher levels of fructosamine, which is 
formed by the reaction of glucose and protein, and it has a 
relatively long half-life (approximately 16 days) in cattle. It 
indicates the plasma glucose level over 1–3 weeks without 
rapid fluctuation. So, a higher glucose level in relation to 
higher cortisol concentration indicates the effect of chronic 
stress on metabolism. Mechanistically, elevated cortisol 
levels during the transition period are thought to stimu-
late hepatic gluconeogenesis by cAMP-dependent protein 
kinase, thereby raising glucose levels in circulation. Beta-
hydroxybutyrate (BHBA) had a negative correlation with 
hair cortisol concentration in multiparous cows, whereas 
no effect of BHBA on hair cortisol concentration has been 
observed in primiparous cows (Burnett et al. 2015). This 
decline in BHBA during chronic stress may occur as ele-
vated cortisol levels direct the metabolic pathway toward 
gluconeogenesis, thus potentially shifting flux away from 
ketogenesis. Moreover, chronic stress can suppress hepatic 
mitochondrial activity, where ketogenesis occurs, and 
decrease the production of BHBA. Endo et al. (2019) found 
elevated non-esterified fatty acids (NEFA) around parturi-
tion in sub-fertile cows, which decrease after parturition as 
the cows may mobilize the fats to meet higher metabolic 
demand during this period. Alkaline phosphatase (ALP) has 
been found to be decreased in heat stress in primiparous 
cows by Abeni et al. (2007). It also decreases significantly 
with stressors like high stocking density or changing groups 
in dairy cows (Calamari et al. 2003). But no further study 
has been found on its correlation with hair cortisol concen-
tration, though it shows promise as a potential significant 
biomarker for estimating chronic stress.

Critical evaluation of contradictory findings

Despite the growing use of HCC as a retrospective bio-
marker of chronic stress during the periparturient period, 
significant inconsistencies and conflicting findings persist 
across published studies. For instance, Burnett et al. (2015) 
and Comin et al. (2013) found higher HCC in cows suffering 
from peripartum health disorders, whereas others observe 
no significant variation in cortisol accumulation during sim-
ilar clinical conditions (Tekin et al. 2023). These conflicting 
outcomes mainly stem from methodological and biologi-
cal variations. Methodologically, mincing hair, either with 
scissors or with a ball mill, makes a difference in extraction 
efficiency. Furthermore, the choice of extraction solvent 
(ethanol or methanol) and analytical method (ELISA ver-
sus LC-MS/MS) impact the cross-reactivity and quantita-
tive accuracy (Slominski et al. 2015). Biologically, hair coat 
color, hair segment length, and anatomical site of hair col-
lection introduce variation in cortisol levels; for example, 
tail hair exhibits consistently higher HCC than shoulder and 
hip (Burnett et al. 2014). Additionally, season exerts a great 
effect on cortisol levels, with higher concentrations typi-
cally observed in winter than in summer (Heimbürge et al. 
2020b). This can be due to sunlight or UV radiation degrad-
ing the cortisol in hair. Therefore, standardization of col-
lection site, maintaining uniform analytical methodologies, 
and accounting for season, hair segment, and coat color are 
crucial prerequisites for establishing hair cortisol as a clini-
cal diagnostic tool in dairy production.

Conclusion and future direction

Hair cortisol is a highly promising, non-invasive biomarker 
for assessing chronic stress during the crucial periparturi-
ent period, as it effectively reflects prolonged activation 
of the hypothalamic-pituitary-adrenal axis associated with 
factors such as parity, lactation, calving, and health sta-
tus. However, methodological variations hinder its routine 
application in monitoring herd health. To make it a practical 
diagnostic tool for monitoring herd welfare, further research 
should prioritize standardized sampling, validation of ana-
lytical procedures, and the establishment of reference ranges 
across distinct physiological stages to reduce data variabil-
ity. Moreover, researchers should place more emphasis on 

Table 3  Biochemical parameters related to hair cortisol concentration
Parameter Correlation with HCC Reference
Glucose Positive (r = 0.26) in multiparous cows (Burnett et al. 2015)
Fructosamine Positive (p = 0.035) (Grelet et al. 2022)
β-hydroxybutyrate Negative (r = -0.10) in multiparous cows. (Burnett et al. 2015)
Non-esterified fatty acids Positive (p = < 0.05) in sub-fertile cows (Endo et al. 2019)
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significant factors related to the transition period to make 
welfare assessment much easier during the pre and post-
partum period of dairy cows.

Acknowledgements  None.

Author contributions  Nusrat Jahan Momy: Writing – review & edit-
ing, Writing – original draft, Visualization, Investigation, Conceptu-
alization. Md Naim Uddin Nipu: Writing – review & editing, Formal 
analysis, Data curation. Md. Shohel Al Faruk: Writing – review & 
editing, Supervision, Resources, Project administration, Investigation, 
Data curation, Conceptualization.

Funding  The authors declare that no funds, grants, or other support 
were received during the preparation of this manuscript.

Data availability  Not applicable.

Declarations

Competing interests  The authors have no competing interests to de-
clare that are relevant to the content of this article.

References

Abeni F, Calamari L, Stefanini L (2007) Metabolic conditions of lac-
tating Friesian cows during the hot season in the Po valley. 1. 
Blood indicators of heat stress. Int J Biometeorol 52(2):87–96. 
https:/​/doi.or​g/10.10​07/s0​0484-007-0098-3

Bennett A, Hayssen V (2010) Measuring cortisol in hair and saliva 
from dogs: Coat color and pigment differences. Domest Anim 
Endocrinol 39(3):171–180. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​d​o​m​a​n​i​e​n​d​
.​2​0​1​0​.​0​4​.​0​0​3​​​​​​​

Binz TM, Braun U, Baumgartner MR, Kraemer T (2016) Development 
of an LC–MS/MS method for the determination of endogenous 
cortisol in hair using 13 C 3 -labeled cortisol as surrogate analyte. 
J Chromatogr B 1033–1034. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​j​c​h​r​o​m​b​.​2​
0​1​6​.​0​7​.​0​4​1​​​​​​​

Botia M, Contreras-Aguilar MD, Ceron JJ, Llonch P, Berteselli GV, 
Canali E, Frondelius L, Stygar A (2025) Fit-for-purpose validation 
of hair cortisol concentration as a biomarker of dairy cow welfare. 
J Dairy Res 1–9. https:/​/doi.or​g/10.10​17/S0​022029925101039

Brahmi E, Basiricò L, Ataallahi M, Bernabucci U, Bouraoui R (2025) 
Influence of Hair Pigmentation on Cortisol Concentrations Under 
Heat Stress in Holstein, Montbéliarde, and Brown Swiss Dairy 
Cows. Ruminants 5(4):60. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​9​0​/​r​u​m​i​n​a​n​t​s​5​0​4​
0​0​6​0​​​​​​​

Braun U, Michel N, Baumgartner MR, Hässig M, Binz TM (2017) 
Cortisol concentration of regrown hair and hair from a previously 
unshorn area in dairy cows. Res Vet Sci 114:412–415. ​h​t​t​​p​s​:​/​​/​d​o​​i​
.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​r​v​s​c​.​2​0​1​7​.​0​7​.​0​0​5​​​​​​​

Braun U, Züblin S, Imhof S, Baumgartner MR, Binz TM (2022) Hair 
cortisol concentrations in different breeds of cows: Comparison 
of hair from unshorn and previously shorn areas and from various 
regions of the body. Schweiz Arch Tierheilkd 164(10):695–703. 
https:/​/doi.or​g/10.17​236/s​at00369

Braun U, Schubnell F, Bleul U, Nuss K, Baumgartner MR, Binz TM 
(2023) Hair cortisol concentrations in bovine neonates born to 
healthy and ill cows. Schweiz Arch Tierheilkd 165(3):181–180. 
https:/​/doi.or​g/10.17​236/s​at00388

Burnard C, Ralph C, Hynd P, Hocking Edwards J, Tilbrook A (2017) 
Hair cortisol and its potential value as a physiological measure of 
stress response in human and non-human animals. Anim Prod Sci 
57(3):401. https:/​/doi.or​g/10.10​71/AN​15622

Burnett TA, Madureira AML, Silper BF, Nadalin A, Tahmasbi A, Veira 
DM, Cerri RLA (2014) Short communication: Factors affecting 
hair cortisol concentrations in lactating dairy cows. J Dairy Sci 
97(12):7685–7690. https:/​/doi.or​g/10.31​68/jd​s.2014-8444

Burnett TA, Madureira AML, Silper BF, Tahmasbi A, Nadalin A, Veira 
DM, Cerri RLA (2015) Relationship of concentrations of cortisol 
in hair with health, biomarkers in blood, and reproductive status 
in dairy cows. J Dairy Sci 98(7):4414–4426. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​
1​6​8​/​j​d​s​.​2​0​1​4​-​8​8​7​1​​​​​​​

Burton JL, Kehrli ME (1996) Effects of dexamethasone* on bovine 
circulating T lymphocyte populations. J Leukoc Biol 59(1):90–
99. https:/​/doi.or​g/10.10​02/jl​b.59.1.90

Calamari L, Maianti MG, Stefanini L (2003) Effect of space availabil-
ity at feed bunk and rest area on metabolic conditions and produc-
tive responses in dairy cows. Italian J Anim Sci 2:281–283. https:/​
/doi.or​g/10.40​81/ij​as.2003.s1.281

Comin A, Prandi A, Peric T, Corazzin M, Dovier S, Bovolenta S (2011) 
Hair cortisol levels in dairy cows from winter housing to summer 
highland grazing. Livest Sci 138(1–3):69–73. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​
0​1​6​/​j​.​l​i​v​s​c​i​.​2​0​1​0​.​1​2​.​0​0​9​​​​​​​

Comin A, Peric T, Corazzin M, Veronesi MC, Meloni T, Zufferli V, 
Cornacchia G, Prandi A (2013) Hair cortisol as a marker of hypo-
thalamic-pituitary-adrenal axis activation in Friesian dairy cows 
clinically or physiologically compromised. Livest Sci 152(1):36–
41. https:/​/doi.or​g/10.10​16/j.​livsci.2012.11.021

Dobson H, Smith RF (2000) What is stress, and how does it affect 
reproduction? Anim Reprod Sci 60–61:743–752. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​1​0​1​6​/​S​0​3​7​8​-​4​3​2​0​(​0​0​)​0​0​0​8​0​-​4​​​​​​​

Endo N, Kuroki R, Tanaka T (2017) Comparison of productive and 
reproductive performance and hair cortisol levels between Brown 
Swiss cross-bred and Holstein cows housed in the same barn. 
Anim Sci J 88(10):1506–1512. https:/​/doi.or​g/10.11​11/as​j.12828

Endo N, Kitamura T, Okubo M, Tanaka T (2019) Hair cortisol concen-
tration in pre- and postpartum dairy cows, and its association with 
body condition, hock health, and reproductive status. Anim Sci J 
90(8):924–931. https:/​/doi.or​g/10.11​11/as​j.13247

Fowden AL, Li J, Forhead AJ (1998) Glucocorticoids and the prepara-
tion for life after birth: Are there long-term consequences of the 
life insurance? Proc Nutr Soc 57(1):113–122. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​7​9​/​P​N​S​1​9​9​8​0​0​1​7​​​​​​​

Fukasawa M, Tsukada H (2010) Relationship between milk cortisol 
concentration and the behavioral characteristics of postpartum 
cows introduced to a new group. Anim Sci J 81(5):612–617. 
https:/​/doi.or​g/10.11​11/j.​1740-0929.2010.00770.x

Ghanem PDM, Mahmoud M, El-Raof A, Gioushy M (2018) Metabolic 
profile test for monitoring the clinical, haematological and bio-
chemical alterations in cattle during peri-parturient period

Ghassemi Nejad J, Ghaffari MH, Ataallahi M, Jo J-H, Lee H-G 
(2022) Stress Concepts and Applications in Various Matrices 
with a Focus on Hair Cortisol and Analytical Methods. Animals 
12(22):3096. https:/​/doi.or​g/10.33​90/an​i12223096

González-de-la-Vara MdelR, Valdez RA, Lemus-Ramirez V, Vázquez-
Chagoyán JC, Villa-Godoy A, Romano MC (2011) Effects of 
adrenocorticotropic hormone challenge and age on hair cortisol 
concentrations in dairy cattle. Can J Veterinary Res = Revue Can-
adienne De Recherche Veterinaire 75(3):216–221

Grelet C, Vanden Dries V, Leblois J, Wavreille J, Mirabito L, Soyeurt 
H, Franceschini S, Gengler N, Brostaux Y, HappyMoo, Consor-
tium, Dehareng F (2022) Identification of chronic stress biomark-
ers in dairy cows. Animal 16(5):100502. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​
j​.​a​n​i​m​a​l​.​2​0​2​2​.​1​0​0​5​0​2​​​​​​​

https://doi.org/10.1007/s00484-007-0098-3
https://doi.org/10.1016/j.domaniend.2010.04.003
https://doi.org/10.1016/j.domaniend.2010.04.003
https://doi.org/10.1016/j.jchromb.2016.07.041
https://doi.org/10.1016/j.jchromb.2016.07.041
https://doi.org/10.1017/S0022029925101039
https://doi.org/10.3390/ruminants5040060
https://doi.org/10.3390/ruminants5040060
https://doi.org/10.1016/j.rvsc.2017.07.005
https://doi.org/10.1016/j.rvsc.2017.07.005
https://doi.org/10.17236/sat00369
https://doi.org/10.17236/sat00388
https://doi.org/10.1071/AN15622
https://doi.org/10.3168/jds.2014-8444
https://doi.org/10.3168/jds.2014-8871
https://doi.org/10.3168/jds.2014-8871
https://doi.org/10.1002/jlb.59.1.90
https://doi.org/10.4081/ijas.2003.s1.281
https://doi.org/10.4081/ijas.2003.s1.281
https://doi.org/10.1016/j.livsci.2010.12.009
https://doi.org/10.1016/j.livsci.2010.12.009
https://doi.org/10.1016/j.livsci.2012.11.021
https://doi.org/10.1016/S0378-4320(00)00080-4
https://doi.org/10.1016/S0378-4320(00)00080-4
https://doi.org/10.1111/asj.12828
https://doi.org/10.1111/asj.13247
https://doi.org/10.1079/PNS19980017
https://doi.org/10.1079/PNS19980017
https://doi.org/10.1111/j.1740-0929.2010.00770.x
https://doi.org/10.3390/ani12223096
https://doi.org/10.1016/j.animal.2022.100502
https://doi.org/10.1016/j.animal.2022.100502


1 3

  560   Page 10 of 11 Tropical Animal Health and Production          (2026) 58:560 

Gupta A, Yadav U, Bansal KN, Bishnoi MB, Bala R, Verma N, Bhard-
waj S, Kumar P, Kumar D, Yadav PS (2023) Hair Cortisol: A 
Biomarker of Chronic Stress in Animals and its Association with 
Reproduction. Anim Reprod Update 3(2):43–58. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​4​8​1​6​5​/​a​r​u​.​2​0​2​3​.​3​.​2​.​5​​​​​​​

Hansen PJ, Aréchiga CF (1997) Strategies for managing reproduction 
in the heat-stressed dairy cow. J Anim Sci 77(suppl2):36. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​2​5​2​7​/​1​9​9​7​.​7​7​s​u​p​p​l​_​2​3​6​x​​​​​​​

Hayashi H, Arai C, Ikeuchi Y, Yamanaka M, Hirayama T (2021) Effect 
of growth and parturition on hair cortisol in Holstein cattle. Anim 
Sci J 92(1):e13518. https:/​/doi.or​g/10.11​11/as​j.13518

Heimbürge S, Kanitz E, Otten W (2019) The use of hair cortisol for the 
assessment of stress in animals. Gen Comp Endocrinol 270:10–
17. https:/​/doi.or​g/10.10​16/j.​ygcen.2018.09.016

Heimbürge S, Kanitz E, Tuchscherer A, Otten W (2020a) Is it getting 
in the hair? – Cortisol concentrations in native, regrown and seg-
mented hairs of cattle and pigs after repeated ACTH administra-
tions. Gen Comp Endocrinol 295:113534. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​
6​/​j​.​y​g​c​e​n​.​2​0​2​0​.​1​1​3​5​3​4​​​​​​​

Heimbürge S, Kanitz E, Tuchscherer A, Otten W (2020b) Within a 
hair’s breadth – Factors influencing hair cortisol levels in pigs 
and cattle. Gen Comp Endocrinol 288:113359. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​1​6​/​j​.​y​g​c​e​n​.​2​0​1​9​.​1​1​3​3​5​9​​​​​​​

Ito N, Ito T, Kromminga A, Bettermann A, Takigawa M, Kees F, 
Straub RH, Paus R (2005) Human hair follicles display a func-
tional equivalent of the hypothalamic-pituitary‐adrenal (HPA) 
axis and synthesize cortisol. FASEB J 19(10):1332–1334. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​1​0​9​6​/​f​j​.​0​4​-​1​9​6​8​f​j​e​​​​​​​

Jensen AL, Petersen MB, Houe H (1993) Determination of the Fruc-
tosamine Concentration in Bovine Serum Samples. J Vet Med Ser 
A 40(1–10):111–117. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​1​1​1​/​j​.​1​4​3​9​-​0​4​4​2​.​1​9​9​3​.​t​
b​0​0​6​0​7​.​x​​​​​​​

Koren L, Mokady O, Karaskov T, Klein J, Koren G, Geffen E (2002) 
A novel method using hair for determining hormonal levels in 
wildlife. Anim Behav 63(2):403–406. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​6​/​a​n​
b​e​.​2​0​0​1​.​1​9​0​7​​​​​​​

Lavrijsen-Kromwijk L, Müller U, Demba S, Gimsa U, Rose S (2025) 
Hair cortisol concentration of dairy cattle is unrelated to automa-
tion level of dairy farms—However, it can reflect Welfare Qual-
ity® measures. Front Anim Sci 6:1688775. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​8​
9​/​f​a​n​i​m​.​2​0​2​5​.​1​6​8​8​7​7​5​​​​​​​

Macbeth BJ, Cattet MRL, Stenhouse GB, Gibeau ML, Janz DM 
(2010) Hair cortisol concentration as a noninvasive measure of 
long-term stress in free-ranging grizzly bears (Ursus arctos): 
Considerations with implications for other wildlife. Can J Zool 
88(10):935–949. https:/​/doi.or​g/10.11​39/Z1​0-057

Matteri RL, Carroll JA, Dyer CJ (2000) Neuroendocrine responses to 
stress. In G. P. Moberg & J. A. Mench (Eds.), The biology of ani-
mal stress: Basic principles and implications for animal welfare. 
(1st ed., pp. 43–76). CABI Publishing. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​7​9​/​9​
7​8​0​8​5​1​9​9​3​5​9​1​.​0​0​4​3​​​​​​​

McKenna SLB, Keefe GP, Tiwari A, VanLeeuwen J, Barkema HW 
(2006) Johne’s disease in Canada part II: Disease impacts, risk 
factors, and control programs for dairy producers. Can Veterinary 
J = La Revue Veterinaire Canadienne 47(11):1089–1099

Meyer JS, Novak MA (2012) Minireview: Hair Cortisol: A Novel 
Biomarker of Hypothalamic-Pituitary-Adrenocortical Activity. 
Endocrinology 153(9):4120–4127. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​2​1​0​/​e​n​.​2​0​
1​2​-​1​2​2​6​​​​​​​

Moya D, Schwartzkopf-Genswein KS, Veira DM (2013) Standardiza-
tion of a non-invasive methodology to measure cortisol in hair of 
beef cattle. Livest Sci 158(1–3):138–144. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​
/​j​.​l​i​v​s​c​i​.​2​0​1​3​.​1​0​.​0​0​7​​​​​​​

Nedić S, Pantelić M, Vranješ-Đurić S, Nedić D, Jovanović L, Čebulj-
Kadunc N, Kobal S, Snoj T, Kirovski D (2017) Cortisol con-
centrations in hair, blood and milk of Holstein and Busha cattle. 

Slovenian Veterinary Res 54(4). ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​2​6​8​7​3​/​S​V​R​-​3​
9​8​-​2​0​1​7​​​​​​​

Nejad JG, Ataallahi M, Park K-H (2019) Methodological validation of 
measuring Hanwoo hair cortisol concentration using bead beater 
and surgical scissors. J Anim Sci Technol 61(1):41–46. ​h​t​t​​p​s​:​/​​/​d​o​​
i​.​o​​r​g​/​1​0​.​5​1​8​7​/​j​a​s​t​.​2​0​1​9​.​6​1​.​1​.​4​1​​​​​​​

Otten W, Heimbürge S, Tuchscherer A, Kanitz E (2023) Hair cortisol 
concentration in postpartum dairy cows and its association with 
parameters of milk production. Domest Anim Endocrinol 84–85. 
https:/​/doi.or​g/10.10​16/j.​domaniend.2023.106792

Peric T, Veronesi MC, Prandi A, Fusi J, Faustini M, Probo M (2024) 
Postpartum hair cortisol, dehydroepiandrosterone sulfate and 
their ratio in beef cows: Exploring association with parity and 
conception outcome. Theriogenology 214:352–359. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​
g​/​1​0​.​1​0​1​6​/​j​.​t​h​e​r​i​o​g​e​n​o​l​o​g​y​.​2​0​2​3​.​1​1​.​0​0​8​​​​​​​

Pragst F, Balikova MA (2006) State of the art in hair analysis for detec-
tion of drug and alcohol abuse. Clin Chim Acta 370(1–2):17–49. 
https:/​/doi.or​g/10.10​16/j.​cca.2006.02.019

Preisler MT, Weber PSD, Tempelman RJ, Erskine RJ, Hunt H, Burton 
JL (2000) Glucocorticoid Receptor Expression Profiles in Mono-
nuclear Leukocytes of Periparturient Holstein Cows. J Dairy Sci 
83(1):38–47. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​1​6​8​/​j​d​s​.​S​0​0​2​2​-​0​3​0​2​(​0​0​)​7​4​8​5​
2​-​1​​​​​​​

Ralph CR, Tilbrook AJ (2016) INVITED REVIEW: The usefulness of 
measuring glucocorticoids for assessing animal welfare. J Anim 
Sci 94(2):457–470. https:/​/doi.or​g/10.25​27/ja​s.2015-9645

Roulin A, Almasi B, Rossi-Pedruzzi A, Ducrest A-L, Wakamatsu K, 
Miksik I, Blount JD, Jenni-Eiermann S, Jenni L (2008) Corticos-
terone mediates the condition-dependent component of melanin-
based coloration. Anim Behav 75(4):1351–1358. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​
1​0​.​1​0​1​6​/​j​.​a​n​b​e​h​a​v​.​2​0​0​7​.​0​9​.​0​0​7​​​​​​​

Russell E, Kirschbaum C, Laudenslager ML, Stalder T, De Rijke Y, 
Van Rossum EFC, Van Uum S, Koren G (2015) Toward Stan-
dardization of Hair Cortisol Measurement: Results of the First 
International Interlaboratory Round Robin. Ther Drug Monit 
37(1):71–75. https:/​/doi.or​g/10.10​97/FT​D.0000000000000148

Sano M, Togashi A, Tanaka T, Endo N (2023) Evaluation of prepartum 
and postpartum stress by measuring hair cortisol concentrations 
of Holstein dairy cows and their calves and its relationship to 
calving conditions and health status. J Vet Med Sci 85(4):479–
485. https:/​/doi.or​g/10.12​92/jv​ms.22-0354

Schwertl M, Auerswald K, Schnyder H (2003) Reconstruction of the 
isotopic history of animal diets by hair segmental analysis. Rapid 
Commun Mass Spectrom 17(12):1312–1318. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​0​2​/​r​c​m​.​1​0​4​2​​​​​​​

Slominski A, Tobin DJ, Shibahara S, Wortsman J (2004) Melanin 
Pigmentation in Mammalian Skin and Its Hormonal Regulation. 
Physiol Rev 84(4):1155–1228. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​1​5​2​/​p​h​y​s​r​e​v​.​0​
0​0​4​4​.​2​0​0​3​​​​​​​

Slominski R, Rovnaghi CR, Anand KJS (2015) Methodological Con-
siderations for Hair Cortisol Measurements in Children. Ther 
Drug Monit 37(6):812–820. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​9​7​/​F​T​D​.​0​0​0​0​0​
0​0​0​0​0​0​0​0​2​0​9​​​​​​​

Tallo-Parra O, Manteca X, Sabes-Alsina M, Carbajal A, Lopez-Bejar 
M (2015) Hair cortisol detection in dairy cattle by using EIA: 
Protocol validation and correlation with faecal cortisol metabo-
lites. Animal 9(6):1059–1064. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​7​/​s​1​7​5​1​7​3​1​
1​1​5​0​0​0​2​9​4​​​​​​​

Tallo-Parra O, Carbajal A, Monclús L, Manteca X, Lopez-Bejar M 
(2018) Hair cortisol and progesterone detection in dairy cattle: 
Interrelation with physiological status and milk production. 
Domest Anim Endocrinol 64:1–8. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​d​o​m​
a​n​i​e​n​d​.​2​0​1​8​.​0​2​.​0​0​1​​​​​​​

Tekin M, Câmara DR, Binz TM, Bruckmaier RM, Bollwein H, Wagener 
K (2023) Relationship between periparturient diseases, metabolic 
markers and the dynamics of hair cortisol concentrations in dairy 

https://doi.org/10.48165/aru.2023.3.2.5
https://doi.org/10.48165/aru.2023.3.2.5
https://doi.org/10.2527/1997.77suppl_236x
https://doi.org/10.2527/1997.77suppl_236x
https://doi.org/10.1111/asj.13518
https://doi.org/10.1016/j.ygcen.2018.09.016
https://doi.org/10.1016/j.ygcen.2020.113534
https://doi.org/10.1016/j.ygcen.2020.113534
https://doi.org/10.1016/j.ygcen.2019.113359
https://doi.org/10.1016/j.ygcen.2019.113359
https://doi.org/10.1096/fj.04-1968fje
https://doi.org/10.1096/fj.04-1968fje
https://doi.org/10.1111/j.1439-0442.1993.tb00607.x
https://doi.org/10.1111/j.1439-0442.1993.tb00607.x
https://doi.org/10.1006/anbe.2001.1907
https://doi.org/10.1006/anbe.2001.1907
https://doi.org/10.3389/fanim.2025.1688775
https://doi.org/10.3389/fanim.2025.1688775
https://doi.org/10.1139/Z10-057
https://doi.org/10.1079/9780851993591.0043
https://doi.org/10.1079/9780851993591.0043
https://doi.org/10.1210/en.2012-1226
https://doi.org/10.1210/en.2012-1226
https://doi.org/10.1016/j.livsci.2013.10.007
https://doi.org/10.1016/j.livsci.2013.10.007
https://doi.org/10.26873/SVR-398-2017
https://doi.org/10.26873/SVR-398-2017
https://doi.org/10.5187/jast.2019.61.1.41
https://doi.org/10.5187/jast.2019.61.1.41
https://doi.org/10.1016/j.domaniend.2023.106792
https://doi.org/10.1016/j.theriogenology.2023.11.008
https://doi.org/10.1016/j.theriogenology.2023.11.008
https://doi.org/10.1016/j.cca.2006.02.019
https://doi.org/10.3168/jds.S0022-0302(00)74852-1
https://doi.org/10.3168/jds.S0022-0302(00)74852-1
https://doi.org/10.2527/jas.2015-9645
https://doi.org/10.1016/j.anbehav.2007.09.007
https://doi.org/10.1016/j.anbehav.2007.09.007
https://doi.org/10.1097/FTD.0000000000000148
https://doi.org/10.1292/jvms.22-0354
https://doi.org/10.1002/rcm.1042
https://doi.org/10.1002/rcm.1042
https://doi.org/10.1152/physrev.00044.2003
https://doi.org/10.1152/physrev.00044.2003
https://doi.org/10.1097/FTD.0000000000000209
https://doi.org/10.1097/FTD.0000000000000209
https://doi.org/10.1017/s1751731115000294
https://doi.org/10.1017/s1751731115000294
https://doi.org/10.1016/j.domaniend.2018.02.001
https://doi.org/10.1016/j.domaniend.2018.02.001


1 3

Page 11 of 11    560 Tropical Animal Health and Production          (2026) 58:560 

cows. Res Vet Sci 158:134–140. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​r​v​s​c​.​2​
0​2​3​.​0​3​.​0​1​6​​​​​​​

Tiwari RV, Parajuli P, Sylvester PW (2015) γ-Tocotrienol-induced 
endoplasmic reticulum stress and autophagy act concurrently to 
promote breast cancer cell death. Biochem Cell Biol 93(4):306–
320. https:/​/doi.or​g/10.11​39/bc​b-2014-0123

Uetake K, Morita S, Sakagami N, Yamamoto K, Hashimura S, Tanaka 
T (2018) Hair cortisol levels of lactating dairy cows in cold- and 
warm‐temperate regions in Japan. Anim Sci J 89(2):494–497. 
https:/​/doi.or​g/10.11​11/as​j.12934

Vesel U, Pavič T, Ježek J, Snoj T, Starič J (2020) Welfare assessment 
in dairy cows using hair cortisol as a part of monitoring protocols. 
J Dairy Res 87(S1):72–78. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​7​/​S​0​0​2​2​0​2​9​9​2​0​
0​0​0​5​8​8​​​​​​​

Villettaz Robichaud M, De Passillé AM, Pearl DL, LeBlanc SJ, God-
den SM, Pellerin D, Vasseur E, Rushen J, Haley DB (2016) Calv-
ing management practices on Canadian dairy farms: Prevalence 

of practices. J Dairy Sci 99(3):2391–2404. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​1​6​
8​/​j​d​s​.​2​0​1​5​-​9​6​4​1​​​​​​​

Yogeshpriya S, Saravanan M, Sivaraman S (2024) Optimizing Transi-
tion Cow Management: Current Strategies and Future Directions. 
In L. Babinszky (Ed.), Veterinary Medicine and Science (Vol. 21). 
IntechOpen. https:​​​//d​oi.​or​g/10​.577​2/inte​chopen.1006154

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.rvsc.2023.03.016
https://doi.org/10.1016/j.rvsc.2023.03.016
https://doi.org/10.1139/bcb-2014-0123
https://doi.org/10.1111/asj.12934
https://doi.org/10.1017/S0022029920000588
https://doi.org/10.1017/S0022029920000588
https://doi.org/10.3168/jds.2015-9641
https://doi.org/10.3168/jds.2015-9641
https://doi.org/10.5772/intechopen.1006154

	﻿Hair cortisol as a biomarker of chronic stress in periparturient dairy cattle: associations with health status, lactation, and metabolic profiles
	﻿Abstract
	﻿Introduction
	﻿Methodology
	﻿Literature search strategy
	﻿Study selection and eligibility criteria

	﻿Factors related to sampling method and analysis
	﻿Sampling site, hair color & time of sampling
	﻿Sample processing and analysis

	﻿Physiological and environmental factors affecting hair cortisol concentration during the transition period
	﻿Parity
	﻿Calving environment and difficulty
	﻿Cortisol concentration in newborn calves
	﻿Health condition
	﻿Reproductive performance
	﻿Lactation and milk yield
	﻿Body Condition Score (BCS)
	﻿Breed
	﻿Correlation of biochemical parameters with hair cortisol concentration

	﻿Critical evaluation of contradictory findings
	﻿Conclusion and future direction
	﻿References


