
TITLE: Preliminary Evaluation of the Effect of Pulsed Alternating
Wavelengths System on Hormonal Profiling and Peripartal Health
of Transition Dairy Cows

LINK to DATA:

Preliminary Evaluation of the Effect of Pulsed Alternating
Wavelengths System on Hormonal Profiling and Peripartal Health
of Transition Dairy Cows

Gilberto Solano1, Diego Manriquez1, Ana Velasquez-Munoz1, Luciana
Hatamoto-Zervoudakis1, Ryan Putnam2, Lily Edwards-Callaway1, Juan Velez3, and Pablo
Pinedo1*

1 Department of Animal Sciences, Colorado State University, Fort Collins, CO, USA
2 Xiant Technologies Inc., Greeley, CO, USA
3 Aurora Organic Dairy, Platteville, CO, USA

*Correspondence:
Pablo Pinedo
pablo.pinedo@colostate.edu

Keywords: dairy, cow, wavelength, health, peripartum

Abstract

The objective was to evaluate the effect of a recently developed technology, Pulsed Alternating

Wavelengths System (PAWS; Xiant Technologies, Inc., Greely CO), on hormonal (melatonin

[MEL] and somatotropin [bST]) and neurotransmitter (serotonin [SER]) profiles of peripartal

Holstein cows. In addition, dystocia incidence, postpartum metabolic status (non-esterified fatty

acids [NEFA], β-hydroxybutyrate [BHB], and calcium serum concentrations), and early lactation

health were assessed. A total of 82 pregnant cows were blocked by parity and randomly assigned

into 1 of 2 treatments: i) Exposed to a specific combination of pulses and light waves delivered
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PAWS (PAWS; n=40) during -7 ± 4 days before calving; and ii) Control (CON; n=42)

non-exposed to PAWS. Blood samples for hormonal and metabolic assessment were collected at

-1, -2, -3, 1, and 3 days relative to calving. Treatment effects were evaluated using multivariable

logistic regression and repeated measures ANOVA. No significant effects were established on

hormonal or neurotransmitter profiles, but treatment affected the incidence risk of dystocia that

was lower in PAWS (P = 0.031). Although the repeated measures analysis indicated no

significant effect for the interaction between treatment and time on serum concentrations of

NEFA, values were higher in PAWS than in CON at d 1 and 3 postpartum (P = 0.014 and P =

0.013). No significant treatment effect was established on BHB and calcium serum

concentrations or in other peripartal health conditions. In conclusion, exposure to this specific

combination of pulses and light waves delivered by PAWS may reduce the presentation of

dystocia and modify NEFA serum concentrations around calving.

INTRODUCTION

Metabolic changes occurring at the time of calving represent a significant challenge for

dairy cows and result in nutritional and physiological imbalances leading to suboptimal

immunity and early lactation disease (Esposito et al, 2014; Aleri et al, 2016). Strategies to reduce

the impact of the stress associated with calving and the onset of a new lactation include pre and

postpartum nutritional management, close monitoring of the approaching calving, and

surveillance of peripartal diseases (Aleri et al, 2016; Sordillo, 2016).

The interrelationships among multiple hormones and minerals affecting the metabolic

balance and the immunocompetence of the cow around parturition are well documented (Weaver

et al., 2016; Hernandez, 2018; Hernandez-Castellano et al., 2019). Consequently, modulating
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hormonal profiles in the periparturient cow as a mean to reduce stress and metabolic disruptions

has also been considered as a potential option (Garcia-Ispieto et al., 2013; Hernandez-Castellano

et al., 2019).

Melatonin (MEL), mainly synthesized in the pineal gland, modulates the circadian

rhythm (Gillette and Tischkau 1999) and has been associated with reproductive (Reiter 1991;

Tamura et al. 2008; Carlomagno et al, 2018), neuroendocrine (Cardinali and Pevet, 1998) and

immunological processes (Reiter 1991; Cardinali and Pevet, 1998; Hardeland et al, 2006; Reiter

et al. 2009). In addition, MEL influences availability of serum calcium, dry matter intake, and

milk yield by modifying prolactin levels (Özçelik et al, 2017). Somatotropin (bST), produced in

the anterior pituitary, acts in lactogenesis (Bauman, 1992) influencing glucose metabolism by

increasing hepatic gluconeogenesis, reducing glucose oxidation, and increasing glycogen

mobilization (Peel and Bauman,1987; Bauman et al., 1989). In addition, high concentrations of

bST during the transition period have been associated with greater intensity of phagocytosis and

oxidative burst by polymorphonuclear leukocyte, greater concentrations of antiovalbumin IgG,

and lower incidence of retained fetal membranes and metritis (Burvenich et al., 1999, Silva et al.,

2015, 2017). Serotonin (SER), known for its effect on immunity, behavior, and reproduction,

also regulates calcium concentrations by promoting a biological activity on bone calcium

resorption (Hernandez, 2018; Hernández-Castellano et al, 2019). In addition, SER has a role on

glucose regulation and higher levels of SER can significantly reduce the impact of clinical and

subclinical metabolic disorders (Laporta et al, 2013; Weaver et al, 2016).

In a study with human subjects, light intensity, time of exposure, and the spectrum of

light affected hormone concentrations and certain behaviors (Bonmati-Carrion et al, 2014). Blue

light was reported as the most chronodisruptive of the wavelengths, while red light increased
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levels of melatonin around sleep time, potentially adjusting the circadian clock and improving

the quality of sleep (Bonmati-Carrion et al, 2014; Ho Mien et al, 2014).

In domestic species, variable exposure to light has been used to enhance growth and

production and most of the research has focused on photoperiod, which is essentially a change in

the time of daily light exposure (Dahl, 2000; Dahl et al., 2012). In dairy cows, alterations in

photoperiod have resulted in changes in milk yield, estrous cyclicity, timing of puberty, and

mammary growth (Dahl et al., 2004). However, as dairy cattle display circadian rhythms for

behavior, concentrations of hormones, (Dahl et al., 2012), and for metabolites (Bitman et al.,

1990; Lefcourt et al., 1999), light management including other light features, such as variable

pulses and light waves, may result in alterations of these cycles.

Studies on the effect of exposure to different light wavelengths at specific pulsing rates

are scarce. A study in broilers indicated a preference for blue and green light, as compared to

white or red light and these colors resulted in calmer behaviors (Prayitno et al., 1997).

Subsequent studies in broiler chickens indicated that controlled artificial light had positive

biological responses manifested by better production and welfare (Yang et al, 2018) and similar

effects were presented in dairy cows (Penev et al, 2014).

A new developed methodology based on a Pulsed Alternating Wavelengths System

(PAWS; Xiant Technologies, Inc., Greely CO) has been aimed at modifying endogenous

hormone production via light. The application of this technology provides opportunity to

manipulate multiple features of light exposure at strategic times within production systems and

PAWS exposure in laying hens and broiler chickens resulted in increments in numbers of eggs

and weight gain, respectively (non-published data).
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It is plausible to hypothesize that exposure to PAWS could modify hormonal profiles in

periparturient cows. Moreover, this changes could affect the impact of stressful events, such as

calving, as well as hormone concentrations around parturition, reducing the incidence of dystocia

and improving the transition to the milking stage. Hence, our objective was to evaluate the effect

of specific combination of pulses and light waves delivered by PAWS on hormonal (melatonin

[MEL] and somatotropin [bST]) and neurotransmitter (serotonin [SER]) profiles of peripartal

Holstein cows. In addition, calving behavior, dystocia incidence, metabolic status (non-esterified

fatty acids [NEFA], β-hydroxybutyrate [BHB], and calcium serum concentrations), and early

lactation health were assessed.

MATERIALS AND METHODS

The procedures completed on this research were approved by the Institutional Animal

Care and Use Committee (IACUC) at Colorado State University (Fort Collins, CO) in the

protocols 18-7862A (newborn calves) and 18-7885A (adult cows).

Study Population and Pre-trial PAWS Assessment

The study included a pilot analysis in newborn calves (experiment 1), followed by the

main trial in periparturient cows (experiment 2). The initial small-scale experiment was

completed in newborn Holstein heifer calves to explore any potential effect of PAWS on

hormonal (MEL and cortisol) and neurotransmitter (SER) concentrations. Calves (3 d old) born

in June 2018 were housed individually in polyethylene hutches with a front yard of 2.25 m2 with

sand bedding and assigned into 1 of 2 treatments: (1) PAWS exposed (PAWS; n = 4); and (2)

control (CON; n = 4). Hutches in the PAWS group had interior lights affixed to the hutch roof

that were constantly on. All the study calves had free access to the enclosed front yard. Calves

were fed and managed according to the farm management program. Blood samples were
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collected for determination of serum MEL and SER concentrations at 0600 h (pre-PAWS

exposure), 1200 h, 1800 h, and 2400 h on d 1 (enrollment), d 3, d 5, and d 15. Hair samples were

collected for cortisol determination on d 1 (pre-PAWS exposure), d 14, d 40, and d 60.

As a follow-up of experiment 1, the second experiment was conducted in a dairy farm

under certified organic management located in northern Colorado, USA. Pregnant Holstein cows

were enrolled between December 2018 and February 2019 at the maternity facility. Cows that

were 14 days to the expected due date were housed in pens with sand packed floors with ad

libitum access to clean water. Cows received a total mixed ration (TMR) twice a day according

to the National Research Council recommendations for transition cows (NRC, 2001) and anionic

salts were included into the ration (dietary cation anion difference = −100 mEq/kg).

Experimental Design and Treatment Allocation

Prepartum Holstein cows were blocked by their parity number (1; ≥2) in the approaching

calving, aiming at approximately 35% primiparous cows to represent the study farm

demographics. Cows were randomly assigned within parity block into 1 of 2 treatment groups:

(1) exposed to Pulsed Alternating Wavelengths System (PAWS, n = 40) within 7±4 days before

calving; or (2) non-exposed control group during the same period (CON, n = 42) (Figure 3.1).

Study cows were maintained in two sand packed pens with an area of 48 m2 in the opposite

extremes of the maternity barn in an East-West orientation (Figure 1). The pen for PAWS group

had lights affixed to wires at about 3 m height that were constantly on (Figure 1). Regular barn

lights were constantly on for both groups. Study cows had no access to the adjacent yard, and as

cows were calved, new cows were sequentially enrolled to maintain 10 cows in each pen.

Trained personnel and farm veterinarians performed calving monitoring and daily general

health checking from enrollment to d 28 postpartum.
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Hormonal and Metabolic Assessment

A subsample of 30 cows (PAWS = 17; CON = 13) was randomly selected to determine

MEL, bST, and SER serum concentrations at enrollment (7 ± 4 days before calving) and at -1 d,

and 1 d relative to calving for hormonal assessment. A group of 46 cows (PAWS = 26; CON =

20) was also selected for determination of NEFA, BHB, and calcium serum concentrations at 1d

and 3 d post calving.

Blood samples were collected every morning (0600 to 0700 h) from enrollment to

calving in the maternity, and from 0800 to 0900 h at 1 d and 3 d post calving after milking, using

10 ml serum Vacutainer® tubes (Becton, Dickinson and Company, Franklin Lakes, NJ). Samples

were stored in a transportation cooler and the serum was separated within 12 hours of collection

(centrifuged at 3,500 rpm for 15 minutes at room temperature). Serum was stored frozen at -80˚C

from until the analyses were completed at Colorado State University (Fort Collins, CO) in the

Proteomics & Metabolomics Laboratory (MEL and SER), the Animal Reproduction &

Biotechnology Laboratory (bST), and the Clinical Pathology Laboratory of the Veterinary

Teaching Hospital (NEFA, BHB, and calcium).

Activity monitoring and Definitions of Dystocia and Health Events

All cows had IceQube accelerometers (IceQube®, IceRobotics, Edinburgh, Scotland)

previously attached in the rear leg for activity assessment. Activity measurements included lying

time (min), number of steps, and number of lying bouts summarized in 15 minutes intervals.

Records for behavior analyses were summarized to include 12 hours before the time of calving,

determined using video records from cameras in the study pens.

Health related events included dystocia, stillbirth, clinical hypocalcemia, clinical ketosis,

puerperal metritis, clinical endometritis, clinical mastitis, and other (retention of fetal
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membranes, digestive problems, respiratory disease, and lameness). Farm workers performed

supervisory rounds every 30 minutes through the maternity pens to detect cows in labor and the

progression of calvings. Cows unable to expel the calf within one-hour post amniotic sac

presentation and assisted by 2 people were considered as a dystocia case (Schuenemann et al.,

2011; Funnell and Hilton, 2016). A stillbirth was defined as a calf that was either born dead or

died within the first 24 hours after birth and a case of retention of fetal membranes was a cow

unable to expel the placenta within 24 hours after the expulsion of the offspring (Kelton et al.,

1998).

Cows with clinical hypocalcemia were identified as downer-cows (in head-down

recumbency with paresis of the four limbs) 24 hours after parturition responding to intravenous

calcium administration (Mahjoubi et al, 2018). Clinical ketosis was defined as presence of

acetoacetate in urine that resulted in any color change in the urine test strip, combined with

staggering, excessive object chewing, and unusual behavior (Ketostix, Bayer, Leverkusen,

Germany).

Diagnosis of uterine diseases was done by transrectal massage of the uterus combined

with vaginal discharge collection with a Metricheck device (Metricheck, SimcroTech, Hamilton,

New Zealand). Puerperal metritis (PMET) was defined as an abnormally enlarged uterus and a

fetid, watery, reddish/brownish uterine discharge, associated with signs of systemic illness (e.g.

reduced milk yield and appetite, dullness) and fever (≥ 39.5˚C) within 21 days after calving.

Clinical endometritis was assessed at 21 DIM and defined as vaginal discharge with a content of

pus greater than the content of mucus (more than 50% pus) noticeable in the vagina (Sheldon et

al, 2006).
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Clinical mastitis was defined as a mammary quarter with signs of inflammation (heat,

pain, redness, or swelling) and/or changes in the appearance in the milk (e.g. flakes, clots, pus,

etc.) (International Dairy Federation. 1971). Trained workers and veterinarians diagnosed

respiratory disease by the auscultation of lung sounds and the presence of cough, polypnea, and

nasal discharge. Records of clinical diseases from calving to 28 DIM were exported from

PCDART® (Dairy Records Management Systems, Raleigh, NC) into Microsoft® Office Excel

(Microsoft Corp., Redmond, WA) spreadsheets for subsequent organization and analysis.

Data Management and Statistical Analyses

Sample size calculations were performed using the data analysis application SAS Power

and Sample Size (release 9.4; SAS, Inst. Inc., Cary, NC). Based on the results from experiment 1,

the sample size was calculated to detect a difference of 2.5 pg/mL in MEL serum concentration

in favor of PAWS group. The anticipated average MEL serum concentration in the CON group

was 20 pg/mL (Buchard et al., 1998). Considering power = 80% and confidence = 95%, the

number of cows required to show a significant difference between the 2 treatment groups was

estimated to be 42 cows per group (PROC POWER, SAS; release 9.4; SAS, Inst. Inc., Cary,

NC).

Randomization of cows into treatment groups was performed using the RAND function

of Excel, based on a list of cows expected to calve within 2 weeks at the time of enrollment start.

All data were exported to Microsoft Excel (Microsoft Corp., Redmond, WA), where data were

organized for further analysis using SAS.

Due to lack of normality, hormone and metabolite concentrations were

Log10-transformed to perform the analyses (PROC MIXED). After the analyses, the Log10

LSM and CI were back-transformed for reporting in the original units.
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Disease frequency analyses considered incidence risk, as the time at risk of all the

health-related outcomes was well delimited and short in comparison to the duration of the whole

lactation (Dohoo et al., 2009). Multivariable models included treatment, parity category

(primiparous; multiparous), and the interaction treatment by parity. Binary variables were

analyzed using chi-square test (PROC FREQ, SAS 9.4) and logistic regression (PROC

GLIMMIX). Continuous variables with multiple values across time were analyzed using

repeated measures ANOVA (PROC MIXED) followed by Tukey test (PROC GLM) and least

squared means calculation (PROC LSMEANS). Models included treatment, parity category

(primiparous; multiparous), sampling time, and the interactions treatment by time and treatment

by parity. Significance and tendency levels were declared at P < 0.05 and P < 0.1, respectively.

RESULTS

Experiment 1: Calf Pre-trial

No differences for hair cortisol concentrations were determined between treatment

groups. Average ± SE hair cortisol values for CON vs. PAWS were 592 ± 201 pg/mg vs. 663 ±

201 pg/mg at d 1, 365 ± 99 pg/mg vs. 569 ± 98 pg/mg at d 15, and 309 ± 93 pg/mg vs. 211 ± 93

pg/mg at d 40 of the study. Repeated measures analyses established no significance for the

interaction between treatment and time (P = 0.59). Average MEL and SER serum concentrations

for the overall monitoring period, by day, and by day at 2400 h, which was the sampling time of

maximum exposure to the treatment, are presented in Table 1. Overall, PAWS calves had higher

MEL concentrations, as indicated by a significant interaction between treatment and time (P =

0.02).

Experiment 2: Peripartum Trial

Descriptive Statistics
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A total of 82 Holstein cows (23 primiparous, 59 multiparous) were enrolled (PAWS = 40;

CON = 42). One cow (primiparous, PAWS) left the study at 11 DIM due to death caused by

puerperal metritis combined with respiratory disease. Average ± SD lactation numbers were 2.80

± 1.83 and 2.52 ± 1.55 for PAWS and CON, respectively. Average ± SD number of days from

enrollment to calving were 4.00 ± 2.74 and 5.00 ± 2.75 for PAWS and CON, respectively. None

of these descriptive variables were significantly different between treatment groups.

Hormonal Profiles, Peripartal Conditions, Metabolic Status, and Activity

No differences were established between treatments for the overall serum concentrations

of MEL, bST, or SER for any of the sampling points (enrollment; d -1 and d 1 relative to calving;

Table 2). Treatment had a significant effect on the incidence risk of dystocia (0% in PAWS vs.

5% in CON; P = 0.031). However, there was no significant effect of PAWS on the presentation

of other health conditions from enrollment to 28 DIM (Table 3).

Although no significance was determined for the effect of the interaction treatment by

time on serum concentration of NEFA, this metabolite was higher in PAWS than in CON at d 1

and d 3 postpartum (P = 0.014 and P = 0.013, respectively). Exposure to PAWS did not have a

significant effect on BHB or calcium (Table 4).

There was a tendency of PAWS to reduce the number of lying bouts (5.5 ± 0.8 in PAWS

vs 8.4 ± 1.3 in CON; P = 0.065); however, no significant effect was found in any of the other

activity parameters. Average values for number of steps, lying time and number of bouts

(number of times the cows went down to lie on the ground) within -12 h relative to calving are

shown in Table 5.

DISCUSSION
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This preliminary investigation included an initial experiment consisting of a small-scale

trial completed in newborn Holstein calves. The aim was to test potential differences in hormonal

and neurotransmitter concentrations in PAWS exposed vs. unexposed control calves. A

significant finding for this pre-trial study was the difference in MEL concentrations in favor of

PAWS. Although, likely due to the limited sample size, differences were not significant when

evaluated in specific time points, MEL concentrations at midnight were more than doble in

PAWS vs. CON calves. This is an interesting finding, as during the night calves were inside the

hutch and exposure to treatment was maximized. Based on these results and considering the

multiple activities described for MEL(Cardinali and Pevet, 1988; Bonmati-Carrion et al., 1999;

Hardeland et al., 2006), the objective of the second experiment of the study was to expand the

analyses on the effects of PAWS in periparturient Holstein cows.

Although the peripartum period offers unique opportunities for testing the potential effect

of PAWS on stress reduction, this is also a challenging time for evidencing differences in

hormonal profiles, as hormone concentrations are changing drastically around parturition

(Hernández et al., 2018; Hernández-Castellano et al., 2019). This issue was evident in our study,

as indicated by significant P-values for the effect of time in the concentrations of the hormones

in analysis (Table 2). Remarkably, the effect of PAWS on MEL serum concentrations established

in calves was not replicated in mature cows. Moreover, no differences were established for SER

and bST at any of the sampling points. In addition to the challenges presented by calving, it is

plausible to hypothesize that the time of exposure to treatment was not long enough to evidence

effects on the outcomes in analysis. Moreover, one sample per day, especially for MEL, may not

capture a treatment effect due to the significant variation in blood concentrations at different

hours of the day (Suarez-Trujillo et al., 2020).
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Our main finding was a lower incidence risk of dystocia in PAWS (0%) compared with

CON (11.9%) cows. Incidence of dystocia in the US (USDA, 2010) are 19% and 11% in

primiparous multiparous cows, respectively. In the current study, the overall incidence was lower

(6.1%) and values were higher in multiparous (4.3%) than primiparous (6.8%) cows; a possible

explanation could be the use of different criteria in the definition of dystocia.

Calving easy is associated to multiple factors, such as calf size, parity, and calf position

(Funnell and Hilton, 2016, Zaborski et al, 2009) but stress also plays a significant role on the

adequate progression of calving. It is likely that excessive levels of environmental stress and

hormonal asynchrony may result in incomplete dilation of cervix, causing dystocia (Funnell and

Hilton, 2016). Although not evident in the serum concentrations of the hormones analyzed in this

study, PAWS may have reduced environmental stress in the exposed group by providing a more

favorable synchronization in the hormonal response around calving with an improvement in

calving ease (Funnell and Hilton, 2016).

Multiple behaviors, especially lying activity, can be considered for the assessment of

comfort and welfare in lactating cows (Hendricks et al, 2019). In our study, supporting the

possibility of lower stress in the PAWS exposed group, a statistical tendency to lower number of

lying bouts was established for these cows. Although, this difference did not affect the time spent

lying the number of times that the cow shifted positions could be indicative of uneasiness.

All the study cows, regardless of the treatment group, spent around 75% of the time

standing. As presented in previous studies (Piñeiro et al., 2019) this was expected, as activity

was measured in the 12 hours before calving, a period characterized by restlessness and anxiety.

Contrary to our hypothesis, none of the peripartal conditions was affected by treatment.

Moreover, unexpectedly, PAWS exposed cows presented higher NEFA serum concentrations at
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d1 and d3 postpartum compared with CON cows. No significant difference between groups was

determined on serum BHB or calcium concentrations at d1 and d3 postcalving. The main effect

of daylight on calcium homeostasis relies on the synthesis of calcitriol, an essential component

for calcium intestinal absorption and renal reabsorption (Özçelik et al, 2017). In this experiment,

both groups had relatively the same amount of exposure to natural day light, which may have

masked a treatment effect.

In conclusion, exposure to this specific combination of pulses and light waves delivered

by PAWS resulted in lower incidence of dystocia and greater NEFA serum concentrations within

3 days after calving. No significant effects were found in hormonal profiles and other health and

metabolic outcomes. Future approaches including assessment at multiple stages of lactation for

prolongated periods are necessary to properly support an inference about the effect of PAWS on

the results obtained.

REFERENCES

Aleri JW, Hine BC, Pyman MF, Mansell PD, Wales WJ, Mallard B, et al. Periparturient

immunosuppression and strategies to improve dairy cow health during the periparturient period.

Res Vet Sci. (2016) 108:8–17. doi: 10.1016/j.rvsc.2016.07.007

Bauman DE. Bovine somatotropin: Review of an emerging animal technology. J. Dairy Sci.

(1992) 75:3432–3451. doi: 10.3168/jds.S0022-0302(92)78119-3

Bauman DE, Dunshea FR, Boisclair YR, McGuire MA, Harris DM, Houseknecht KL. (1989)

Regulation of nutrient partitioning: Homeostasis, homeorhesis and exogenous somatotropin. 7th

Int. Conf. Prod. Dis. Farm Anim. Cornell Univ., Ithaca, NY.

14



Bitman J, Wood DL, Lefcourt AM. Rhythms in cholesterol, cholesteryl esters, free fatty acids,

and triglycerides in blood of lactating dairy cows. J Dairy Sci. (1990) 73:948–955. doi:

10.3168/jds.S0022-0302(90)78751-6

Bonmati-Carrion MA, Arguelles-Prieto R, Martinez-Madrid MJ, Reiter R, Hardeland R, Rol

MA, et al. Protecting the melatonin rhythm through circadian healthy light exposure. Int J Mol

Sci. (2014) 15:23448–23500. doi: 10.3390/ijms151223448

Caixeta LS, Herman JA, Johnson GW, McArt JA. Herd-level monitoring and prevention of

displaced abomasum in dairy cattle. Vet Clin North Am Food Anim Pract. (2018) 34:83–99.

doi.org/10.1016/j.cvfa.2017.10.002

Burchard JF, Nguyen DH, Block E. Effects of Electric and Magnetic Fields on Nocturnal

Melatonin Concentrations in Dairy Cows. J. Dairy Sci. (1998) 81:722–727. doi:

10.3168/jds.S0022-0302(98)75628-0

Burvenich C, Paape MJ, Hoeben D, Dosogne H, MassartLeen AM, Blum J. Modulation of the

inflammatory reaction and neutrophil defense of the bovine lactating mammary gland by growth

hormone. Domest Anim Endocrinol. (1999) 17:149–159. doi: 10.1016/S0739-7240(99)00032-6

Cardinali DP, Pevet P. Basic aspects of melatonin action. Sleep Med Rev (1998) 2:175-190. doi:

10.1016/S1087-0792(98)90020-X

Carlomagno G, Minini M, Tilotta M, Unfer V. From Implantation to Birth: Insight into

Molecular Melatonin Functions. Int J Mol Sci. (2018) 19:2802. doi: 10.3390/ijms19092802

Collier RJ, Dahl GE, VanBaale MJ. Major advances associated with environmental effects on

dairy cattle. J Dairy Sci. (2006) 89:1244–53. doi: 10.3168/jds.S0022-0302(06)72193-2

15



Casey TM, Plaut K. Lactation Biology Symposium: Circadian clocks as mediators of the

homeorhetic response to lactation. J Anim Sci. (2012) 90:744–754. doi: 10.2527/jas.2011-4590

Dahl GE, Auchtung TL, Reid ED. Manipulating milk production in early lactation through

photoperiod changes and milking frequency. Vet Clin North Am Food Anim Pract. (2004)

20:675–85. doi: 10.1016/j.cvfa.2004.06.004

Dahl GE, Buchanan BA, Tucker HA. Photoperiodic Effects on Dairy Cattle: A Review. J Dairy

Sci (2000) 83:885–893. doi: 10.3168/jds.S0022-0302(00)74952-6

Dahl GE, Tao S, Thompson IM. Lactation Biology Symposium: Effects of photoperiod on

mammary gland development and lactation. J Anim Sci. (2012) 90:755–760. doi:

10.2527/jas.2011-4630

Esposito G, Irons PC, Webb EC, Chapwanya A. Interactions between negative energy balance,

metabolic diseases, uterine health and immune response in transition dairy cows. Anim Repro.

Sci. (2014) 144:60–71. doi: 10.1016/j.anireprosci.2013.11.007

Funnell BJ, Hilton WM. Management and prevention of dystocia. Vet Clin North Am Food Anim

Pract. (2016) 32:511–522. doi: 10.1016/j.cvfa.2016.01.016

Hardeland R, Pandi-Perumal SR, Cardinali DP. Melatonin. Int J Biochem Cell Biol. (2006)

38:313–316. doi: 10.1016/j.biocel.2005.08.020

Hendriks SJ, Phyn CVC, Turner SA, Mueller KM, Kuhn-Sherlock B, Donaghy DJ, et al. Lying

behavior and activity during the transition period of clinically healthy grazing dairy cows. J

Dairy Sci. (2019) 102:7371–7384. doi: 10.3168/jds.2018-16045

16



Hernandez LL. ADSA Foundation Scholar Award: A role for serotonin in lactation

physiology-Where do we go from here? J Dairy Sci. (2018) 101:5671–5678. doi:

10.3168/jds.2018-14562

Hernández-Castellano LE, Hernandez LL, Bruckmaier RM. Review: Endocrine pathways to

regulate calcium homeostasis around parturition and the prevention of hypocalcemia in

periparturient dairy cows. Animal. (2019) 24:1–9. doi: 10.1017/S1751731119001605

Ho Mien I, Chua ECP, Lau P, Tan LC, Lee ITG, Yeo SC, et al. Effects of Exposure to

Intermittent versus Continuous Red Light on Human Circadian Rhythms, Melatonin

Suppression, and Pupillary Constriction. PLoS ONE (2014) 9:e96532. doi:

10.1371/journal.pone.0096532

Garcia-Ispierto I, Abdelfatah A, Lopez-Gatius F. Melatonin treatment at dry-off improves

reproductive performance postpartum in high-producing dairy cows under heat stress conditions.

Reprod Dom Anim (2012) 48, 577–583. doi: 10.1111/rda.12128

Gillette MU, Tischkau SA. Suprachiasmatic nucleus: the brain’s circadian clock. Recent Prog

Horm Res. (1999) 54:33–59

Jin-Ryong P, Nam-Jin Y, Shah-Ahmed B, Kwan-Seob S. Effect of LED Lighting Time on

Productivity, Blood Parameters and Immune Responses of Dairy Cows. Korean J Org Agric.

(2018) 26:515–532. doi: 10.11625/KJOA.2018.26.3.515

Kelton DF, Lissemore KD, Martin RE. Recommendations for recording and calculating the

incidence of selected clinical diseases of dairy cattle. J Dairy Sci. (1998) 81:2502-2509. doi:

10.3168/jds.S0022-0302(98)70142-0

17



Lacasse P, Ollier S, Lollivier V, Boutinaud M. New insights into the importance of prolactin in

dairy ruminants. J Dairy Sci. (2016) 99:864–74. doi: 10.3168/jds.2015-10035

Lacasse P, Zhao X, Ollier S. Effect of stage of lactation and gestation on milking-induced

hormone release in lactating dairy cows. Domest Anim Endocrinol. (2019) 66:72–85. doi:

10.1016/j.domaniend.2018.10.003

Laporta J, Moore SA, Peters MW, Peters TL, Hernandez LL. Short communication: Circulating

serotonin (5-HT) concentrations on day 1 of lactation as a potential predictor of transition-related

disorders. J Dairy Sci. (2013) 96:5146–5150. doi: 10.3168/jds.2013-6718

Lefcourt AM, Huntington JB, Akers RM, Wood DL, Bitman J. Circadian and ultradian rhythms

of body temperature and peripheral concentrations of insulin and nitrogen in lactating dairy

cows. Domest Anim Endocrinol. (1999) 16:41–55. doi: 10.1016/S0739-7240(98)00047-2

Mahjoubi E, Zahmatkesh D, Hossein-Yasdi M, Khabbazan MH, Samadian MR. Short

communication: Test of the relationship between prepartum milk leakage and blood calcium

concentration in Holstein cows—An observational study." J Dairy Sci. (2018) 101:3579–3582.

doi: 10.3168/jds.2017-13767

Martinez N, Risco CA, Lima FS, Bisinotto RS, Greco LF, Ribeiro ES, et al. Evaluation of

peripartal calcium status, energetic profile, and neutrophil function in dairy cows at low or high

risk of developing uterine disease. J Dairy Sci. (2012) 95:7158–7172. doi:

10.3168/jds.2012-5812

National Organic Farming Handbook, National Organic Program (NOP), United States

Department of Agriculture (USDA) (2015). Available online at:

18



https://www.nrcs.usda.gov › wps › download

National Research Council (NCR). (2001). Nutrient requirements of dairy cattle, 7th rev. Ed.

Natl. Acad. Sci., Washington, DC.

Oetzel GR. Diagnosis and management of subacute ruminal acidosis in dairy herds. Vet. Clin.

North Am Food Anim Pract. (2017) 33:463–480. doi: 10.1016/j.cvfa.2017.06.004

Ospina PA, Nydam DV, Stokol T, Overton TR. Evaluation of nonesterified fatty acids and

β-hydroxybutyrate in transition dairy cattle in the northeastern United States: Critical thresholds

for prediction of clinical diseases. J Dairy Sci. (2010) 93:546–554. doi: 10.3168/jds.2009-2277

Özçelik R, Bruckmaier RM, Hernández-Castellano LE. Prepartum daylight exposure increases

serum calcium concentrations in dairy cows at the onset of lactation. J Anim Sci. (2017)

95:4440–4447. doi: 10.2527/jas2017.1834

Peel CJ, Bauman DE. Somatotropin and lactation. J Dairy Sci. (1987) 70:474–486. doi:

10.3168/jds.S0022-0302(87)80030-9

Penev T, Radev V, Slavov T, Kirov V, Dimov DK, Atanassov A, et al. Effect of lighting on the

growth, development, behaviour, production and reproduction traits in dairy cows. Int. J. Curr.

Microbiol App Sci (2014) 3:798–810. Available online at:

https://www.researchgate.net/profile/Alex_Atanasoff/publication/268447021_Effect_of_lighting

_on_the_growth_development_behaviour_production_and_reproduction_traits_in_dairy_cows/li

nks/547351910cf24bc8ea1a082c/Effect-of-lighting-on-the-growth-development-behaviour-prod

uction-and-reproduction-traits-in-dairy-cows.pdf

19



Pinedo P, Manriquez D, Solano G, Paudyal S, Velasquez A, Velez J. (2019). Effect of pulsed

alternating wavelengths on melatonin, cortisol, and serotonin concentrations in Holstein heifers.

Abstract retrieved from American Dairy Science Association Annual Meeting, June 23–26, 2019

Cincinnati, Ohio. Journal of Dairy Science, Volume 102, Supplement 1.

Piñeiro JM, Menichetti BT, Barragan AA, Relling AE, Weiss WP, Bas S, et al. Associations of

pre- and postpartum lying time with metabolic, inflammation, and health status of lactating dairy

cows. J Dairy Sci. (2019) 102:3348-3361. doi: 10.3168/jds.2018-15386

Prayitno DS, Phillips CJC, Omed H. The effects of color of lighting on the behavior and

production of meat chickens. Poult Sci. (1997) 76:452–457. doi: 10.1093/ps/76.3.452

Reiter RJ. Pineal melatonin: cell biology of its synthesis and of its physiological interactions.

Endocr Rev (1991) 12:151–180. doi: 10.1210/edrv-12-2-151

Reiter RJ, Tan DX, Korkmaz A. The circadian melatonin rhythm and its modulation: possible

impact on hypertension. J Hypertens. (2009) 27:S17–S20. doi:

10.1097/01.hjh.0000358832.41181.bf

Schuenemann GM., Nieto I, Bas S, Galvao KN, Workman JD. Assessment of calving progress

and reference times for obstetric intervention during dystocia in Holstein dairy cows. J Dairy Sci.

(2011) 94:5494–5501. doi: 10.3168/jds.2011-4436

Silva PRB, Machado KS, Lobao Da Silva DN, Moraes JGN, Keisler DH, Chebel RC. Effects of

recombinant bovine somatotropin during the periparturient period on innate and adaptive

immune responses, systemic inflammation, and metabolism of dairy cows. J Dairy Sci. (2015)

98:4449–4464. doi: 10.3168/jds.2014-8959

20



Silva PRB, Soares HF, Braz WD, Bombardelli GD, Clapper JA, Keisler DH, et al. Effects of

treatment of periparturient dairy cows with recombinant bovine somatotropin on health and

productive and reproductive parameters. J Dairy Sci. (2017) 100:3126–3142. doi:

10.3168/jds.2016-11737

Sordillo LM. Nutritional strategies to optimize dairy cattle immunity. J Dairy Sci. (2016)

99:4967–4982. doi: 10.3168/jds.2015-10354

Suarez-Trujillo A, Wernert G, Sun H, Steckler TS, Huff K, Cummings S, et al. Exposure to

chronic light–dark phase shifts during the prepartum nonlactating period attenuates circadian

rhythms, decreases blood glucose, and increases milk yield in the subsequent lactation. J Dairy

Sci. (2020) 103:2784–2799. doi: 10.3168/jds.2019-16980

Tamura H, Takayama H, Nakamura Y, Reiter RJ, Sugino N. Fetal/placental regulation of

maternal melatonin in rats. J Pineal Res (2007) 44:335–340. doi:

10.1111/j.1600-079X.2007.00537.x

USDA:APHIS:VS, CEAH, Fort Collins, CO. United States Department of Agriculture (USDA)

(2010). Heifer Calf Health and Management Practices on U.S. Dairy Operations, Dairy 2007.

Available online at:

https://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/dairy07/Dairy07_ir_CalfHeal

th_1.pdf

Weaver SR, Laporta J, Moore SA, Hernandez LL. Serotonin and calcium homeostasis during the

transition period. Domest Anim Endocrinol. (2016) 56:S147–S154. doi:

10.1016/j.domaniend.2015.11.004

21



World Health Organization & Joint FAO/WHO Expert Committee on Food Additives. Meeting

( 78th : 2013 : Geneva, Switzerland) ( 2014) . Toxicological evaluation of certain veterinary drug

residues in food / prepared by the seventy-eighth meeting of the Joint FAO/WHO Expert

Committee on Food Additives ( JECFA) . World Health Organization. Available online at:

https://apps.who.int/iris/handle/10665/128550.

Yang Y, Pan C, Zhong R, Pan J. Artificial light and biological responses of broiler chickens:

dose-response. J Anim Sci. (2018) 96:98–107. doi: 10.1093/jas/skx044

Zaborski D, Grzesiak W, Szatkowska I, Dybus A, Muszynska M, Jedrzejczak M. Factors

Affecting Dystocia in Cattle. Reprod Domest Anim. (2009) 44:540–551. doi:

10.1111/j.1439-0531.2008.01123.x

TABLE 1 Least square means (SE) for melatonin and serotonin serum concentrations in
newborn calves for the overall monitoring period, by day, and by day at 2400 h, which was the
time of maximum exposure to the treatment.

 Melatonin by treatment1  Serotonin by treatment  

Time CON PAWS P-value CON PAWS P-value

Overall 5.47 (1.86) 11.6 (1.85) 0.02 1,644 (91.5) 1,462 (91.6) 0.16

Daily average

day 1 2.66 (2.08) 9.98 (2.08) 0.02 1,406 (118) 1,268 (119) 0.42

day 3 4.58 (2.27) 10.3 (2.27) 0.08 1,926 (196) 1,850 (196) 0.78

day 5 4.99 (2.36) 9.8 (2.36) 0.16 1,369 (192) 1,279 (192) 0.74

day 15 9.10 (6.8) 17.0 (6.8) 0.41 1,870 (172) 1,458 (172) 0.1

Sample at 2400 h

day 1 4.56 (7.66) 22.6 (7.66) 0.14 1,781 (311) 1,458 (311) 0.49

day 3 5.13 (7.13) 23.7 (7.13) 0.11 2,700 (405) 2,543 (405) 0.79

day 5 10.1 (9.06) 20.8 (9.07) 0.43 2,169 (470) 1,758 (470) 0.55

day 15 4.45 (9.62) 15.4 (8.33) 0.43 1,803 (320) 1,925 (277) 0.78
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1Treatment groups = Cows were assigned into 1 of 2 treatments: i) Exposed to PAWS (PAWS;
n=40) during -7 ± 4 days before calving; and ii) Control (CON; n=42) non-exposed to PAWS.
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TABLE 2 Least square means (SE) from the repeated measure analyses for assessment of treatment differences in melatonin,
serotonin, and bovine somatotropin serum concentrations at enrollment (-7 ± 4 days before calving) and at -1 and 1 day relative to
calving. Models included treatment, parity category, time, and the interactions between treatment and time and treatment and parity
category as fixed effects.

LSM by time relative to calving (d) P-value

Variable Treatment (T)1 -7 -1 1 Treatmen
t Parity (P) Time (t) T x P T x t

Melatonin (pg/mL) CON 9.28 (1.36) 9.99 (1.65) 10.4 (1.5) 0.77 0.18 <0.001 0.43 0.98

PAWS 9.27 (1.41) 10.3 (1.5) 10.4 (1.82)

Serotonin (ng/mL) CON 462.5 (65) 468.6 (69) 659.4 (65) 0.44 0.28 0.008 0.20 0.38

PAWS 546.0 (73) 465.1 (76) 618.9 (73)

bST (ng/mL) CON 12.7 (1.22) 10.8 (1.22) 13.1 (1.22) 0.147 0.41 0.022 0.018 0.58

 PAWS 9.72 (1.19) 7.27 (1.19) 8.55 (1.19)

1Treatment groups = Cows were assigned into 1 of 2 treatments: i) Exposed to PAWS (PAWS; n=40) during -7 ± 4 days before
calving; and ii) Control (CON; n=42) non-exposed to PAWS.
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TABLE 3 Incidence risk (%) of health-related events by treatment group and parity category.
Models included treatment, parity category and the interaction treatment by parity. No significant
effect for the interaction treatment by parity was established.

Variable Parity (P)
Treatment (T)1

CON, n (%) PAWS, n (%) P-value

Dystocia Overall 5 (11.9) 0 (0) 0.031

Multiparous 4 (13.3) 0 (0) 0.060

Primiparous 1 (8.30) 0 (0) 0.522

Stillbirth Overall 1 (2.38) 3 (7.50) 0.237

Multiparous 1 (3.33) 0 (0) 0.509

Primiparous 0 (0) 3 (27.27) 0.093

Clinical hypocalcemia Overall 3 (7.14) 2 (5) 0.329

Multiparous 3 (10.00) 2 (6.90) 0.329

Primiparous 0 (0) 0 (0) .

Clinical ketosis Overall 2 (4.76) 2 (5.00) 0.384

Multiparous 2 (6.67) 1 (3.45) 0.388

Primiparous 0 (0) 1 (9.09) 0.478

Puerperal Metritis Overall 2 (4.76) 4 (10.00) 0.225

Multiparous 1 (3.33) 3 (10.34) 0.241

Primiparous 1 (8.33) 1 (9.09) 0.521

Clinical endometritis Overall 3 (7.14) 3 (7.50) 0.324

Multiparous 3 (10.00) 3 (10.34) 0.329

Primiparous 0 (0) 0 (0) .

Clinical mastitis Overall 9 (21.43) 5 (12.50) 0.133

Multiparous 4 (13.33) 3 (10.34) 0.294

Primiparous 5 (41.67) 2 (18.18) 0.178

Other events2 Overall 6 (14.29) 2 (5.00) 0.115

Multiparous 4 (13.33) 2 (6.90) 0.247

Primiparous 2 (16.67) 0 (0) 0.261
1Treatment groups = Cows were assigned into 1 of 2 treatments: i) Exposed to PAWS (PAWS;
n=40) during -7 ± 4 days before calving; and ii) Control (CON; n=42) non-exposed to PAWS.
2Other events included retention of fetal membranes (n = 1), digestive (n = 1; constipation),
respiratory (n = 3) and lameness cases (n = 3; sole ulcer, white line disease and a pinched nerve).
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TABLE 4 Least square means (SE) from the repeated measure analyses for assessment of treatment differences in metabolic status
(NEFA = non-esterified fatty acids, BHB = beta hydroxybutyrate, and calcium) at 1 DIM = 1 day in milk and 3 DIM = 3 days in milk.

Variable Treatment1
         

 (T) 1 DIM  3 DIM  Treatmen
t Parity (P) Time (t) T x P T x t

NEFA (meq/L) CON 0.46 0.08 0.49 0.09 0.013 0.014 0.732 0.002 0.262

PAWS 0.73 0.07 0.64 0.08

BHB (mmol/L) CON 0.69 0.1 0.78 0.10 0.906 0.014 <0.001 0.017 0.217

PAWS 0.66 0.1 0.83 0.10

Calcium (mg/dL) CON 8.52 1.03 8.57 1.03 0.752 0.013 0.774 0.115 0.601

 PAWS 8.37 1.03 8.54 1.03      

1Treatment groups = Cows were assigned into 1 of 2 treatments: i) Exposed to PAWS (PAWS; n=40) during -7 ± 4 days before
calving; and ii) Control (CON; n=42) non-exposed to PAWS.
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TABLE 5 Least square means (SE) from the repeated measure analyses for assessment of treatment differences in activity variables.
Activity data were summarized in 15 minutes intervals for the period of 12 hours before calving, which was determined using video
records from cameras in the study pens.

Variable
Values in 12 hours* P-values

Treatment (T)1 Mean SE Treatmen
t

Parity
(P) Time (t) T x P T x t

Number of steps CON 301 92 0.642 0.933 0.125 0.770 0.919

PAWS 251 51

Lying time (minutes) CON 233 62 0.892 0.181 0.222 0.378 0.909

PAWS 224 35

Number of bouts** CON 8.4 1.3 0.065 0.138 0.140 0.083 0.203

PAWS 5.5 0.8

1Treatment groups = Cows were assigned into 1 of 2 treatments: i) Exposed to PAWS (PAWS; n=40) during -7 ± 4 days before
calving; and ii) Control (CON; n=42) non-exposed to PAWS.
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FIGURE 1: Lights were attached in the interior of the individual hutches in the calf pre-trial (top left
panel). Lights affixed to wires at 3 m height on top the pen of cows exposed to PAWS (top right).
Distribution of PAWS and CON groups within the maternity complex (top panel).
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