
ABSTRACT 

BARTZ, BROOKE MARIE. The Effects of LED Lighting and the Identification of the AgRP 

Feeding Mechanism in Turkey Hens (Under the direction of Dr. Jesse L. Grimes). 

 

Lighting is an essential part of the physical environment and artificial light sources are 

imperative in the management of avian species reared in environmentally controlled facilities. 

Light emitting diodes (LED) as alternative light sources to incandescent or compact fluorescent 

bulbs have been researched in domestic poultry applications but has yet to be studied in 

commercial turkeys. As feed cost contributes up to two-thirds of the production cost in poultry, 

understanding mechanisms related to feed intake are important. Therefore, three trials were 

completed with the first two focused on LED light management in turkeys and the third to assess 

the expression of neuropeptides related to feed intake in four different strains of turkeys. Trial 

one and two were completed using a combination of farm-rated, commercially available LED 

lights in an environmental and ventilation-controlled facility and compared to natural light 

conditions. Welfare parameters were completed to analyze feather coverage, eye measurements, 

and hormone analysis. Performance parameters were completed by data collection and 

subsequent calculations. LED lights used in trial one were 5,000 Kelvin (K) LED or a 

combination of 5,000K + Red LED at a 12hL:12hD or 18hL:6hD and compared to naturally 

decreasing daylength (NAT) or NAT light plus 18hL:6hD 5,0000K LED under NAT ventilation. 

Elongation of the anterior-posterior distance (APD) of the eye was affected by to type of light 

used rather than daylength, which has been indicated as a major factor in previous studies. 

Infrared (IR) thermal imaging of the breast feathers measures a significantly higher level of heat 

signature, indicating a decrease in feather coverage in all 18hL:6hD regimens, regardless of bulb 

or ventilation type when compared to the NAT treatment. Triiodothyronine (T3) hormone 

analysis was added as a biological measurement of feather coverage status and was inconsistent 



with IR imaging indicating the addition of a behavioral analysis to properly assess feather 

coverage in turkeys. The NAT treatment had significantly lower BWG during the brooding 

phase, however, by 14 wk, all birds that were exposed to NAT light during the grow-out phase (9 

– 14 wk; excluding 18hL:6hD 5,000K LED during brooding phase) had the highest BWG 

overall. Trial two included 5,000K or 2,700K LED in combination with 2 footcandle (fc) or 10 fc 

light intensities at a fixed 14hL:10hD lighting schedule and compared to natural light and 

ventilation treatment supplemented with 75W Incandescent bulbs to maintain daylength. Novelty 

interactions with novel objects were introduced at 7 wk. Spectral output within the same Kelvin 

temperature LED was significantly altered during bulb dimming to achieve desired fc intensity 

levels (2fc or 10fc) in this study. There was a significant interaction between intensity level and 

bulb color temperature as measured by APD elongation of the eye under low intensity, 5,000K 

LED at 9 wk. There were no differences in feather coverage or T3 measurements between 

treatments and there were no differences in the latency to approach unknown objects between 

treatments. Performance results were mixed with general increases in BWG in all LED 

treatments when compared to NAT lighting and environmental conditions. It was concluded that 

daylength had a larger impact on bird performance and well-being with some interactions 

occurring based on bulb color temperature. The regulation of feed intake involves multiple 

physiological systems and the expression of feed intake regulatory neuropeptides are located 

within the arcuate nucleus (ARC) of the hypothalamus. The focus of the third trial was to 

identify of the alpha-melanocortin hormone (α-MSH) inhibitory neuropeptide, agouti-related 

peptide (AgRP) by immunohistochemistry on four mid-ARC sections of four different genetic 

strains of turkeys. AgRP identification was achieved in all genetic strains and feed intake per pen 

was positively correlated with genetic strain.   
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LITERATURE REVIEW 

A. Introduction 

Lighting is an essential part of the physical environment and the US poultry industry is 

exploring options for use of light-emitting diodes (LED) as an alternative to incandescent or 

compact fluorescent lighting systems in environmentally controlled production facilities. Major 

benefits of using LED are high efficiency, and a long operational life with availability in a 

variety of peak wavelengths based on production type. LED lighting has the potential to benefit 

the poultry industry by lowering energy costs thereby increasing returns in poultry productivity. 

Lighting regimens include three main parameters: daylength, intensity, and chromaticity (color 

temperature) with the interplay of these 3 factors reported to impact physiology and behavior, 

ultimately influencing performance and well-being in birds (Blatchford et al., 2009; Blatchford 

et al., 2012; Archer and Mench, 2014; Parvin et al., 2014a; Parvin et al., 2014b). The use of 

traditional light sources (incandescent and compact fluorescent) have been completed in 

chickens (Buyse et al., 1996; Zupan et al., 2007; Alvino et al., 2009; Blatchford et al., 2009; 

Deep et al., 2010; Schwean-Lardner et al., 2012; Schwean-Lardner et al., 2013; Archer and 

Mench, 2014; Huth and Archer, 2015; Olanrewaju et al., 2015a, Olanrewaju et al., 2015b; Zhang 

et al., 2016; Rodrigues et al., 2018), turkeys (Siopes et al., 1983; Siopes et al., 1984; Vermette et 

al., 2016a, Vermette et al., 2016b; Leis et al., 2017), duck (Archer et al., 2017), and quail (Retes 

et al., 2017). The information regarding LED bulbs as light sources are limited in poultry 

production (Archer, 2018) and involve novel monochromatic or mixed LED applications which 

have been studied in quail (Retes et al., 2017), broilers (Cao et al., 2008; Sultana et al., 2013; 

Parvin et al., 2014a; Parvin et al., 2014b; Huth and Archer, 2015; Olanrewaju et al., 2015; 

Archer, 2018), and layers (Gallegos and Archer, 2014; Liu et al., 2018; Tunaydin and Yilmaz 
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Dikmen, 2019). However, there has been no peer reviewed research regarding the effects of LED 

lighting parameters in turkeys, regardless of monochromatic or mixed LED spectrums. Despite 

the facts that turkeys are markedly different from other poultry species with evidence that 

turkeys and broilers respond differently to lighting regimens (Schwean-Lardner et al. 2016), 

management decisions for turkeys are often based on information gained from broiler 

experiments. Therefore, it is imperative to conduct research on LED lighting effects in turkeys.  

 

B. Vision and Light 

Poultry lighting programs have been designed to manipulate feed consumption, growth 

rate, sexual maturity, egg production, and meat yield (Leis et al., 2016). Vision is an important 

mechanism to search for food and water, avoid predation, and aid in mating (Zupan et al., 2007). 

Different wavelengths of light have diverse physiological effects among species of birds with the 

perception of light starts in photoreceptive cells containing opsins, the proteins responsible for 

the interpretation of different wavelengths of light (Retes et al., 2017). There has been 

speculation that because poultry have large eyes and excellent vision, that they may benefit from 

brightly lit environments (Blatchford et al., 2012) and low (2 lux) intensity been shown to 

significantly enlarged turkey eyes (Vermette et al., 2016a). Daylength has been shown to 

significantly impact the size and shape of eyes in turkeys (Schwean-Lardner et al., 2016) and 

broilers (Vermette et al., 2016b). Eyes are the most developed sensory organs of poultry which is 

strongly influenced by lighting (Lewis and Gous, 2009) and the effects of light wavelengths have 

been studied in several poultry species, including chickens, quail, turkeys, geese, and ducks 

(Capar Akyuz and Onbasilar, 2018). Leis et al. (2017) reported that 18 wk old turkeys grown 

under long daylength (23h) with 100W incandescent lights had significantly elongated anterior-
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posterior diameter (APD) compared to birds reared under 14h daylength. LED lights emit a 

complex spectrum that differs from incandescent bulbs or natural sunlight, altering light intensity 

and chromaticity. Birds perceive light differently than humans since they have four types of 

cones (Lewis and Morris, 2000). Birds are sensitive to blue and red (600 – 700 nm) wavelengths 

(Lewis et al., 2007), which have been associated with the stimulation of hypothalamic extra 

retinal photoreceptors in poultry species (Retes et al., 2017). 

 

C. Daylength 

Daylength has been shown to affect bird welfare, skeletal abnormalities, bird behavior, 

and eye health (Vermette et al., 2016b). The regulation of circadian rhythms is directly linked to 

daylength (Blatchford et al., 2012; Vermette et al., 2016b) and exposure to various light sources 

can modify rhythmic cascades of several glucocorticoids (Leproult et al., 2001). Skeletal well-

being has been recorded with short daylengths in both broilers and turkeys with mobility as a key 

indicator in determining bird welfare (Vermette et al., 2016a).  

 It has been suggested that increasing the scotophase (darkness) in poultry can reduce 

metabolic diseases and infectious etiologies and have a beneficial effect on immune system 

function and sleep (Vermette et al., 2016a). Ocular diseases in turkeys have been associated with 

prolonged photoperiod (Leis et al., 2016) and under continuous or near continuous lighting 

programs exhibit increased eye weight, enlarged eye size, corneal flattening, and thinning of the 

retina and choroid, which may lead to glaucoma and/or increased intraocular pressure (Vermette 

et al., 2016b). Larger eyes may produce pressure on the optic nerve, creating an increase in 

pressure with the potential to cause nerve damage, leading to inflammation and the creation of 

eicosanoids (Deep et al., 2010). Conversely, shorter daylengths have been shown to decrease 
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mortality, improve growth, improve bird health (Vermette et al., 2016a), improve bone modeling 

due to changes in metabolism, and increase rejuvenation during the scotoperiod (Vermette et al., 

2016b). Using a lighting regimen with a shorter daylength early in life has measured 

compensatory gains later in comparison to birds in constant and near-continuous lighting 

programs with performance results as an equal or increase body weight at market age (Vermette 

et al., 2016a). In contrast, it has been observed that broilers under continuous or near-continuous 

daylengths were found to have greater body weight compared to those reared under moderate 

daylengths (Blatchford et al., 2012). Schwean-Lardner et al. (2012) indicated an effect of 

daylength on body weight and feed intake that was age dependent; with birds initially lighter 

having compensatory growth measured in commercial broiler strains.  

 

D. Intensity 

Light environment has been shown to affect eye health and immunocompetence as 

continuous lighting regimens that can disrupt the functional development of the avian eye 

(Blatchford et al., 2009; Blatchford et al., 2012) and light intensity manipulation has been used 

as a management tool to affect broiler production and well-being (Deep et al., 2010). Eyes grow 

in a rhythmic fashion with higher growth during periods of light and reduced growth during 

darkness (Deep et al., 2010).  Lighting effects on immune system formation and meat quality in 

poultry have been reviewed by Parvin et al. (2014) and broiler eye health reviewed by Lewis and 

Morris (2000). A positive correlation between light intensity and activity levels in broilers reared 

under incandescent lights has been measured (Blatchford et al., 2012) and pullets under LED 

lights when compared to CFL lighting, although this difference may be a result of the difference 
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of spectral or perceived light intensity between the various types of lights (Liu et al., 2018) or the 

manipulation of circadian rhythms (Vermette et al., 2016b).  

Early life experiences may influence interactions within the environment leading to 

alterations in health, welfare, and productivity (Dixon et al., 2016). Melatonin, a hormone 

produced by the retina and the pineal gland, increase in production during the scotoperiod and is 

a major component of the regulation of the circadian rhythm in avian species (Archer and 

Mench, 2014; Vermette et al., 2016a) and mammals alike. Early melatonin rhythm may impact 

later behaviors since rhythms established prenatally have been shown to affect postnatal stability 

of circadian organization in birds as a results of epigenetic adaption process (Archer and Mench, 

2014). Disrupted rhythmic secretion of melatonin may be responsible for increased growth of 

eyes under a long continuous photoperiod compared to short photoperiods with a normal 

melatonin rhythm (Deep et al., 2010) with emerging research regarding melatonin as an 

antioxidant with the potential as a free radical scavenger being explored in various species (Bai 

et.al, 2016). Schwean-Lardner et al. (2012a) suggests that sleep deprivation disrupts melatonin 

and other circadian rhythms which affect feed intake and feed efficiency. Archer and Mench 

(2014) observed variations in melatonin secretion of chicken embryos under two different 

lighting regiments during incubation, however effects on melatonin were not evident by 5 wk 

post-hatch. Notable changes in chicken eyes have been observed in broilers by Deep et al (2010) 

under dim light conditions and previous studies have recorded increased incidences of 

buphthalmia, choroiditis, glaucoma, lens distortion (Deep et al., 2010) and long periods of 

darkness or dim lighting can cause decreased corneal thickness in chickens (Blatchford et al., 

2009). 
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E. Chromaticity 

LED lights emit a different and complex spectrum compared to previously used types of 

lights (Archer, 2018) and the proportion of each wavelength emitted by different types of lights 

can influence the physiology of birds (Retes et al., 2017). Lighting type and color has the 

potential to alter bird behavior by increasing activity, which may impact leg health, although 

results have been mixed between the 1980 and 2000’s (Blatchford et al., 2009). Light intensity 

preference behavior has been suggested to be involved in the welfare of birds (Kang et al., 2020) 

but when broilers were given the choice between white and yellow spectrums, there were no 

differences in preference (Mendes et al., 2013). When broilers were exposed to blue, red, and 

green lights for 28d and then provided a choice between the three, birds displayed a preference 

towards blue light (when previously exposed to red or green) and green (when previously 

exposed to blue) (Prayitno et al., 1997).  

It has been reported by Lewis et al. (2007) that the effects of light wavelengths, blue 

(450nm) and red (650nm), had significant effects on turkeys grown to 16 wk toms and 18 wk 

hens. Birds that were reared under red light had faster growth rates early in life in brightly lit 

environments with sexual maturity beginning earlier in both sexes. However, the use of red 

wavelengths in the period just before sexual maturity suppressed growth. Lewis et al. (2007) 

reported that turkeys generally prefer environments with short wavelengths (blue) with which 

agrees with results obtained from Prayitno et al. (1997) in broilers with no differences in 

behavioral stress in adults exposed to blue, green, red, or white light sources. There has been no 

peer reviewed material regarding turkey spectral preference with LED lights. 

Management manipulation inclusion of green LED lighting within incubators containing 

broiler and turkey eggs revealed that LED lighting had a positive effect on embryogenesis and 
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post-hatch development (Rozenboim et al., 2003; Rozenboim et al., 2004). Studies in broiler 

chickens suggest green and blue light stimulate growth (Rozenboim et al., 2004), and red light 

enhanced egg production in chickens, indicating monochromatic light has a beneficial impact on 

chicken production settings (Olanrewaju et al., 2015a). However, in quail, exposure to green and 

red lights favored gonadal cycles in males and females (Retes et al., 2017), which is opposed to 

the results obtained in chickens. Far-red LED lights mimic sunset wavelengths of light in 

artificial light conditions by increasing the proportion of red wavelengths emitted. These bulbs 

are common in horticulture applications to induce flowering (i.e. reproduction) and include 

wavelengths higher than 700 nm, however, these applications have not been thoroughly studied 

in poultry. 

 

F. Lighting Effects on Feed Efficiency  

Artificial lighting regimens are critical in the management of poultry reared in 

environmentally controlled buildings (Blatchford et al., 2009). Intensive selection for 

economically important production traits, such as growth rate and meat production, have been 

accompanied by significant changes in feed intake and energy balance (Richards, 2003). Feed 

costs constitutes two-thirds of the cost of poultry production (Zeng et al., 2016) and maintaining 

feed requirements are important in turkey production. Monochromatic light has been reported to 

increase body weight gain in broilers and quails under green and blue lights (Retes et al., 2017; 

Rozenboim et al., 2004) and meat quality has been affected by LED lighting in poultry species 

with improved meat characteristics under blue, green, and yellow wavelengths in broilers (Parvin 

et al., 2014a). There have been several studies indicating that using low light intensities can 

improve feed efficiency, reduce sudden death, and reduce carcass damage due to a lower activity 
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level of poultry (Deep et al., 2010). Whereas, in chickens and turkeys grown under red lights, 

increased activity and aggressive behaviors have been recorded (Manser, 1996; Lewis et al., 

2007).  

 

G. Lighting Effects on Bird Welfare 

Stress has been documented under various conditions in poultry production and includes 

heat, cold, stocking density, restraint, cooping, shackling, fasting, feed restriction, and dietary 

protein deficiency (Scanes, 2016). Heterophil:lymphocyte ratio (H:L ratio) has been shown to 

correlate with other stress measures in poultry, such as long term stress (Huth and Archer, 2015) 

and H:L ratio has been used with increases measured in response to social stress (Anderson and 

Jones, 2012). Negative social behaviors including aggression, escape/avoidance, and submission 

have been an ongoing problem in the poultry industry as well as the relationship to stress 

indicators within animals as it relates to welfare (Anderson et al., 2007). Deep et al. (2010) 

reported that high light intensity increases bird activity with increased aggression and a portion 

of these behaviors may be due to genetic predisposition, stocking density, or type of poultry 

production (i.e. breeding stock versus commercial meat production). Anderson and Adams 

(1991) found an approximate increase of 67% of aggressive behaviors in egg-type laying hens 

during feeding periods after feed withdrawal and the effects of feed withdrawal with an increase 

in aggression has been observed in several other studies as well (Duncan and Wood-Gush, 1971; 

Anderson et al., 2007).  

Behavioral observations can be used to assess bird activity and other aspects of well-

being associated with the environment. Longer daylengths have been associated with decreased 

activity levels in turkeys (Vermette et al., 2016a) and a behavior ethogram has been developed 
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previously by Anderson and Jones (2012). Bird health was improved under shorter daylength 

based on benefits associated with skeletal development and the incidence of leg disorders 

(Vermette et al., 2016a). When broilers were offered an opportunity to increase activity, they 

show less lameness, however this statement must be further investigated by measuring activity 

levels (Blatchford et al., 2012). Skeletal health was improved by stimulating activity at higher 

light intensity; however, the effects have been inconsistent (Deep et al., 2010). It has been 

suspected that longer periods of rest experienced on longer daylengths predispose birds to 

pathological changes in skin integrity and histopathology conducted on footpad lesions have 

reported hyperkeratosis, inflammation, and necrosis (Vermette et al., 2016b). Olanrewaju et al. 

(2015b) and Archer (2018) observed an increase in body weights of broilers reared under cool 

LED lighting (5,000K) with Archer (2018) reporting an additional increase in efficiency and 

improved welfare. 

Feathers are an extension of the integumentary system of birds and are important for 

flight, protection, thermoregulation, insulation, and energy conservation. Feathers develop from 

keratinized epithelium derived from special follicles in the dermis skin layer. Given that follicle 

cell growth is under direct action of thyroid hormones (Leeson and Walsh, 2004), this serves as 

one possible mechanism of the feather replacement during times of ovarian structure regression 

and cessation of egg laying in birds when thyroxine (T4) is elevated. It has been reported that 

type of light significantly affects the degree to which turkeys peck and pull feathers (Denbow et 

al., 1990) and Hunt (2009) determined that the use of LED lights in poultry houses resulted in a 

positive, calming response with birds less prone to feather pecking and aggression. Furthermore, 

broilers showed less feather-pecking behavior in warm-white rather than biolux (CFL type) light 

and more foraging behaviour in dim rather than bright light intensities (Kristensen et al., 2007). 
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Schwean-Lardner et al. (2016) described a decrease in feather pecking among turkeys reared 

under 18h daylength, matching the results compared by Vermette et al. (2016b) with turkeys 

reared under a 23 h daylength. Decreases in feather pecking has been observed though divergent 

selection in chickens, however this reaction may be in response to an emotional experience and 

its impact on the complete behavioral response (Anderson et al., 2007).  

It has been suggested that some feather pecking may be associated with social grooming 

with preening behaviors being recorded as both maintenance behaviors and as a coping 

mechanism during stressful situations (Delius, 1988). An increase in preening behaviors have 

been shown in laying hens during the molt phase, however this is more likely a behavior 

attributed to an increased irritation due to feather replacement rather than displaced foraging 

behaviors (Anderson et al., 2007). Turkeys have displayed a decrease in preening behaviors 

during long daylengths, which may be an indicator of birds choosing to spend their time on other 

activities, such as rest and feeding, however this alteration in behavior is difficult to quantify as a 

positive or negative attribute (Vermette et al., 2016b).  

 

H. Hormone Alterations with Lighting Regimens 

Besides vision, light has a primary role in on the synchronization of rhythmic activities 

and induces hormone production (Grimes and Siopes, 1999). The effect of light intensity on the 

synchrony of resting behavior in poultry has been shown by Alvino et al., (2009) and sleep 

deprivation in birds can have a negative impact on welfare (Schwean-Lardner et al., 2016). 

Melatonin has several functions, including the regulation of circadian rhythms, sleep cycles, 

sexual maturation, metabolic function, and production of hormones related to growth and 

immune function (Schwean-Lardner et al., 2016). Long daylengths have been associated with 
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alterations in melatonin secretion patterns in poultry species (Schwean-Lardner et al., 2016; 

Calisar et al., 2018) and melatonin has been shown to be affected by monochromatic light in 

chickens (Li et al., 2015). Melatonin peaks at night and drops during the day with highest 

amplitude during the dark phase (Vermette et al., 2016a).  

Changes in light intensity, daylength, or red-light spectrum have been associated with 

stimulation of the hypothalamic extra retinal photoreceptors and stimulate the reproductive axis 

by controlling the secretion of gonadotrophin releasing hormone (GnRH), the hormone 

responsible for stimulating the release of luteinizing hormone and follicle stimulating hormone 

(Liu et al., 2018). Extra-retinal receptors are primarily stimulated by red wavelengths of light 

(600 – 700 nm), which appear to have transcranial stimulation, based on penetration power, 

enabling the light to directly stimulate the hypothalamic receptors promoting sexual responses 

(Retes et al., 2017). GnRH is responsible for secretion of sex steroids and gonadal development 

in both males and females (Deep et al., 2010). Testosterone (T) which is secreted in a pulsatile 

pattern, is the main androgen produced by sexually mature males and increases in T correlate 

with intermale aggression (Molter et al., 2015). Increased levels of T have correlated with larger 

body size in avian species (Hagelin, 2002) and birds that have increased weight may have 

increased meat yield due to this increased secretion of androgens. Bacon et al. (1994) reported 

minor alterations in secretory patterns of sex hormone pulses in turkey toms when comparing 

continuous and intermittent lighting schedules. Siopes et al. (1983) reported a decrease in GnRH 

secretion, causing a decreasing in testicular size of turkey toms under low light intensities and 

sex steroids directly affect lipolytic agents, such as growth hormone, that can affect the amount 

of fat deposition in carcasses (Deep et al., 2010). Having a low light intensity may not be able to 

penetrate the skull to activate this cascade, affecting the amount of GnRH released (Deep et al, 
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2010). Furthermore, photoperiodic induction to release gonadotropins in Japanese quail has been 

mimicked by dosing with thyroid hormones (Follett and Nicholls, 1988).  

 

I. The Melanocortin Feeding Mechanism 

Intensive selection for economically important production traits, such as growth rate and 

meat production, are accompanied by significant changes in feed intake and energy balance 

(Richards, 2003). It has been theorized that the two major components in the regulation of feed 

intake are short–term control of feeding and a long–term regulation of energy balance by the 

central nervous system (Richards, 2003) with daylength affecting the growth and feed intake of 

turkeys in an age and gender-specific manner (Vermette et al., 2016a). The melanocortin system 

has been established as the major regulator of feeding behavior and energy balance in mammals 

(Strader et al., 2003) and a similar mechanism is thought to occur in other avian species. There 

has been extensive research in chickens, Japanese quail, ring dove, rock dove, duck, zebra finch, 

pigeons, and the white crown sparrow with regards to feeding behaviors (Boswell and Dunn, 

2017) with neuropeptides being quantified from the hypothalamus and shown to influence 

feeding behavior, and affect the reproductive axis (Zeng et al., 2016).  

The hypothalamus is the center of appetite regulation with the arcuate nucleus (ARC) of 

the hypothalamus being identified as the area where the feeding regulatory peptides, agouti-

related peptide (AgRP), neuropeptide-Y (NPY), proopiomelanocortin (POMC), and cocaine and 

amphetamine-regulated transcript (CART) are localized (Ueno and Nakazato, 2016; Boswell 

and Dunn, 2017). AgRP is a neuropeptide physiologically implicated in regulating food intake, 

body weight, and energy homeostasis (Mirabella et al., 2004) which has been identified in both 

mammals and avian species (Takeuchi and Takahashi, 1998; Takeuchi et al., 2000; and Dunn et 
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al., 2013). Melanocortin peptides are generated from a common precursor glycoprotein, POMC 

(Takeuchi et al., 2000) and the importance of the melanocortin system was discovered using 

knockout mice, specifically the MC4R, which affects feeding and energy balance. Mice that are 

knockout MC4R are obese, hyperphagic, hyperinsulinemic, and hyperglycemic and these same 

phenotypic responses are observed in mice that have been genetically designed to overexpress 

AgRP (Strader et al., 2003). AgRP, as an appetite stimulatory neuropeptide (Takeuchi et al., 

2000; Dunn et al., 2013), which can be used as an indicator of bird satiety. AgRP inhibits MC3R 

and MC4R, resulting in elevated feeding over a longer period of time than any other known 

orexigenic molecule in mammals (Strader et al., 2003) and this same MC4R pathway is 

suggested as the only melanocortin receptor subtype implicated in feeding behavior or body 

weight regulation present in the chick brain (Strader et al., 2003; Takeuchi and Takahashi, 1998; 

Takeuchi et al., 2000).  

The blood-brain barrier of the ARC is more permeable than other area of the brain 

(Cowley, 2003) and negative energy state induced by food deprivation in ring doves has been 

shown to increase AgRP immunoreactivity in the tuberal and lateral hypothalamic regions of the 

dove hypothalamus (Mirabella et al., 2004; Strader and Buntin, 2001; Strader et al., 2003). 

AgRP has been identified in the hypothalamus and adrenal gland by both mRNA and protein in 

ducks (Mirabella et al., 2004). Previous research has indicated that mammals and avian species 

have evolved with similar feeding regulatory mechanisms, neural pathways, and 

neuroanatomical sites of feeding regulation (Richards, 2003). However, there has been some 

evidence that feeding behaviors, and the associated neuropeptides in regulation of feeding, may 

be different between avian and mammalian species (Dunn et al., 2013). AgRP expression is 

stimulated by fasting and is inhibited by leptin (Cowley, 2003), however, avian species leptin 
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receptors show variation in expression patterns and appear less linked to nutritional state 

(Boswell and Dunn, 2017). According to Dunn et al., (2013), leptin does not appear to be present 

in avian species, since it is absent in the avian genome and given that central infusion of 

mammalian leptin did not influence AgRP gene expression in broiler chickens.   

In mammals, food deprivation results in increased synthesis and release of orexigenic 

neuropeptides, including AgRP, suggesting a similar upregulation in avian brain may be an 

important response to negative energy state (Strader et al., 2003). During long periods without 

feed consumption, chickens develop anticipatory feed intake behaviors, reduced gastric motility 

and use the crop more effectively (Rodrigues et al., 2018). However, these patterns have not 

been researched in commercial turkey production. Turkeys are diurnal in nature and under usual 

circumstances feed during the day (Vermette et al., 2016a). Intermittent lighting programs have 

been shown to increase feed retention in the crop and reduce pH in the foregut in comparison 

with standard commercial lighting programs and may aid in the prevention of the invasion of the 

gastrointestinal tract by pathogens (Rodrigues et al., 2018). When broilers were reared under 

cool LED lighting (5,000K) had significantly higher body weights and body weight gain at 42d 

and 56d (Olanrewaju et al., 2015b) and research in turkeys indicates that long daylength 

improved FCR (Vermette et al., 2016a). Therefore, outlining the mechanism involving the AgRP 

stimulatory pathway is necessary to understanding the significance of feed restriction and 

biological alterations associated with feeding management systems.  

 

J. Summary 

There are 3 main lighting parameters that must be taken into consideration when 

developing a lighting regimen: daylength, intensity, and chromaticity. Each can significantly 

impact bird physiology and well-being in both direct and indirect mechanisms. Lighting 
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regimens for poultry have been designed to manipulate feed consumption, growth rate, sexual 

maturity, egg production, and meat yield. Daylength and intensity have been shown to affect bird 

behavior, welfare, eye health, and skeletal abnormalities. Chromaticity of light has been 

associated with both positive and negative results in bird performance and activity level. As 

continued understanding of how feeding mechanisms associated with neuropeptide development 

in the hypothalamus of birds are developed, possible links to improved performance may be 

obtainable. A further understanding of behavioral and hormonal changes will aid turkey 

producers to make informed decisions regarding the selection and optimization of LED lighting 

systems with regards to bird health and performance. As feed cost constitutes a large portion of 

poultry production, gaining a further understanding of the underlying mechanisms associated 

with feed consumption are imperative.    
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CHAPTER 1: The effect of 5,000 Kelvin, mixed 5,000 Kelvin + far-red LED lighting, and 

daylength on performance and feather coverage in turkey hens 

 

ABSTRACT 

Lighting is a main parameter necessary for poultry production and the increased use of 

light emitting diodes (LED) as alternative light sources have not been evaluated in commercial 

turkey production. Therefore, turkeys consisting of the same strain were reared under 

combinations of lighting treatments (n = 6) with two different ventilation systems and thee 

daylengths: natural light or natural light plus 5,000 Kelvin (K) LED (18hL:6hD) under natural 

ventilation, and 5,000K LED (12hL:12hD or 18hL:6hD) or a combination of 5,000K LED and 

monochromatic far-red LED (629 nm) (12hL:12hD or 18hL:6hD) under environmental 

controlled ventilation. Intensity level was naturally fluctuating for the natural treatment and fixed 

at 9 footcandles in environmental controlled treatments. Statistical analysis was completed at 5, 

9, and 14 wk for performance and at 5 and 9 wk for welfare parameters. Growth phases were 

separated at 5 and 14 wk of age with half of the birds from each pen moved at 5 wk to natural or 

natural plus 5,000K LED conditions. Brooding in combination with grow-out treatment had 

significant effects with improved performance in birds reared under natural conditions during 

grow-out when compared to birds under natural plus 5,000K LED treatment. Eye development 

was significantly altered in birds reared under additional far-red LED spectrum in which birds 

had an increased anterior-posterior distance compared to birds reared in the natural treatment. 

There was increased feather coverage in birds reared under natural conditions when compared to 

birds reared under all long daylength (18h) treatment groups. However, feather coverage did not 

correlate directly with thyroid hormone, triiodothyronine (T3) ng/mL concentration levels, 

indicating the possibility of an additional behavior mechanism, such as feather pecking. Based 

on these results, it may be concluded that lighting parameters have significant effects on bird 
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performance, health, and feather coverage and should be taken into consideration when choosing 

a LED lighting program for turkeys. 

 

Key words: turkey, LED light, daylength, feather coverage, kelvin temperature  
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INTRODUCTION 

Artificial light sources are critical in the management of poultry reared in 

environmentally controlled buildings (Blatchford et al., 2009) and early life experiences can 

affect bird well-being impacting performance (Dixon et al., 2016). Lighting regimens include 

thee main parameters: daylength, intensity, and chromaticity (color temperature) which can 

potentially modify physiology, behavior, performance and the well-being status of the birds 

(Blatchford et al., 2009; Blatchford et al. 2012; Archer and Mench, 2014; Parvin et al., 2014a; 

Parvin et al., 2014b). Previous research has been completed based on lighting parameters with 

traditional light sources in chickens (Buyse et al., 1996; Zupan et al., 2007; Alvino et al., 2009; 

Blatchford et al., 2009; Deep et al., 2010; Schwean-Lardner et al., 2012; Schwean-Lardner et al., 

2013; Archer and Mench, 2014; Huth and Archer, 2015; Olanrewaju et al., 2015a, Olanrewaju et 

al., 2015b; Zhang et al., 2016; Rodrigues et al., 2018), turkeys (Siopes et al., 1983; Siopes et al., 

1984; Vermette et al., 2016a, Vermette et al., 2016b; Leis et al., 2017), duck (Archer et al., 

2017), and quail (Retes et al., 2017); however the information regarding light emitting diodes 

(LED) as light sources are limited in poultry production (Archer, 2018).  

The use of LED bulbs in poultry production are gaining popularity since they possess a 

long life, contain specific wavelengths (Olanrewaju et al., 2015a), and have a variety of features 

making them sustainable for management options (dimmable, range in wattage, color 

specifications, etc.). Overall, this adds potential for increased benefits to the poultry industry by 

lowered energy costs and increased returns in poultry productivity. Lighting studies involving 

novel monochromatic or mixed LED lights have been conducted in quail (Retes et al., 2017), 

broilers (Cao et al., 2008; Parvin et al., 2014a; Parvin et al., 2014b; Huth and Archer, 2015; 

Olanrewaju et al., 2015a, Olanrewaju et al., 2015b; Archer, 2018), and layers (Gallegos and 
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Archer, 2014; Liu et al., 2018; Tunaydin and Yilmaz Dikmen, 2019). However, very little has 

been reported on the effects of LED lighting parameters in turkeys, regardless of monochromatic 

or mixed LED spectra. Despite the fact that turkeys are markedly different from other poultry 

species with evidence that turkeys and broilers respond differently to lighting regimens 

(Schwean-Lardner et al., 2016), management decisions for turkeys are often based on 

information gained from broiler experiments. Therefore, it is imperative to conduct research on 

LED lighting implications in turkeys.  

Relatively little work has been conducted on the effect of LED lighting on feather 

development (Leeson and Walsh, 2004). Photorefractoriness, termination of reproduction and 

maintenance of annual cycle (including molting) under long daylength has been previously 

investigated by measuring feather coverage, thyroid hormones, and prolactin levels (Lein and 

Siopes, 1993). Feather pecking and cannibalism are major concerns in poultry farming with 

regards to animal welfare and farm economics (Hewlett et al., 2014). Feather pecking in turkeys 

has been shown to be reduced under long daylengths (Schwean-Lardner et al., 2016) indicating 

that a decreasing daylength may cause poor feather quality on turkey hens grown for meat 

production. Therefore, the objectives of this study were to determine the effects of LED lighting 

daylength and color temperature on performance and feather coverage of commercial type turkey 

hens grown to 14 weeks of age. It was hypothesized that birds exposed to longer daylength and 

lighting treatments with increased red spectrum will have increased feather coverage and 

improved feed efficiency.   
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MATERIALS AND METHODS 

Bird management and housing systems 

Large White, female turkeys were reared until 14 weeks of age under six different 

lighting treatments. Treatment groups included: 1) 5,000K LED, 12hL:12hD (5KS); 2) 5,000K 

LED, 18hL:6Dh (5KL); 3) 5,000K + far-red LED, 12hL:12hD (FRS); 4) 5,000K + far-red LED, 

18hL:6hD (FRL); 5) natural decreasing daylength (NAT), 6) natural daylight + 5,000K 

supplemental lighting, 18hL:6hD blocked daylength (BLK). The LED spectroradiometer 

(UPRtek MK350S Premium, purchased from Gamma Scientific, San Diego, United States) was 

used to determine wavelength output between 380nm and 780nm in addition to footcandles (fc) 

readings. All birds were subjected to 72 hours of continuous light, excluding the NAT (control 

treatment) in which birds were only exposed to supplemental light emitted from brooder heat 

lamps. Time clocks were used to maintain daylength in pens for 12h (7AM – 7PM) or 18h (7AM 

- 1AM) and light intensity in all pens was adjusted to 9 fc throughout the entire trial in the 

environmentally controlled facility.  

Birds exposed to LED lighting treatments with no natural lighting were housed using a 16 

pen, environmental and light controlled facility equipped with total light and ventilation control 

(140 ft2/room). Each room was furnished with a variable speed fan, fitted with a light trap to 

block any outside light from penetrating into the room and two, light proof, gravity fed air inlets 

were located on the interior wall of each room to supply fresh air. Direct spark ignition brooders 

and two digital thermostats were fitted in each room to regulate ambient temperature. In case of 

power failure, an alarm system was present to monitor electric power, high and low 

temperatures, static pressure, and water pressure. All birds exposed to natural light or a 

combination of LED and natural light were reared in a curtain sided, natural ventilation facility.  
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At the end of the brooding phase (5 weeks), birds were randomly assigned to either stay 

in the original treatment pen or were moved to either NAT, or BLK treatments as an added 

management procedure similar to birds being moved between houses in commercial poultry 

production. Additionally, adding to the study for compounded brooding and grow-out phases in 

combination with spectral impact on turkeys moved to a traditional curtain-sided house for the 

grow-out phase.  

 

Performance and bird welfare measurements 

Birds were fed a typical commercial turkey soybean meal, corn, and wheat-based diet 

milled by the North Carolina State University Feed Mill (Raleigh, NC) with allocations 

calculated on a per bird basis in four phases (Table 1.1). Placement weights were recorded, and 

performance data were compiled at 5 wk, 9 wk, and 14 wk. At 5 wk and 9 wk, right eye samples 

were taken for eye weight (EW), cornea diameter (CD), averaged medial-lateral dorsal-ventral 

diameter (MLDV), and anterior-posterior diameter (APD) using a digital caliper (±0.01mm). 

Serum was collected from the brachial vein and stored at -80°C until processing at 5 and 9 wk 

for thyroid hormone evaluation. A commercially available radioactive immunoassay kit (MP 

Biomedical, Solon, OH, 06B2542-CF) was validated in house and ran in duplicate for the 

quantification of total triiodothyronine (T3) as a biological indicator of feather coverage/molt 

status (n = 2bds/pen). Standard curves were made from both kit standards to ensure kit procedure 

using pooled turkey serum (2x stripped with activated charcoal) spiked with T3 (Sigma-Aldrich) 

to account for matrix consistency. Standards were tested for parallelism and turkey samples were 

compared against the stripped turkey serum standard curve. 
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Infrared thermography as a non-invasive feather measurement 

Infrared (IR) thermography has been used to assess laying hen feather coverage (Zhao et 

al., 2013), however, little work has been done in turkeys. To assess feather coverage in turkeys, 

IR images were obtained using a FLIR T400 (360 X 240 pixel resolution) by individually 

photographing birds placed upside down from a 360° rotational, stationary shackle in which the 

bird’s feet would inlay the shackle 81.28cm from the ground between the foot pad and shank. 

Behind the shackle, a 2.54cm royal blue painted checkered board was attached to the plywood 

wall to prevent ambient temperature fluctuations in photos. Images were taken in four directions 

for each bird: dorsal (back), left lateral (wing/thigh), right lateral (wing/thigh), and ventral 

(breast/drum) from a distance of 1.63m from the IR camera which was placed on a stand to 

ensure all photos were taken from the same distance and height. Areas of “red” heat signature 

located on the ventral images for drum and breast were analyzed using imageJ to quantify the 

area of red pixilation. A pixel percentage was obtained by dividing the number of pixels of red 

into the total amount of pixels in the photo and multiplied by 100.  

 

Statistical Analysis 

All performance data were analyzed using a one-way ANOVA in JMP and IR image 

pixel percentages were analyzed with body weight as a covariate. Brooding TRT was used as a 

covariate in the model for data following 5 wk of age to correct for variation between TRT 

during the brooding phase. LSmeans were separated using Tukeys HSD and significance was 

defined as P ≤ 0.05.  
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Animal Care 

This study was conducted using the associated procedures approved by the Institution 

Animal Care and Use Committee at North Carolina State University under the guidelines set 

forth by Ag guide 3rd Edition (2010). All husbandry and euthanasia procedures were 

implemented by trained individuals with full consideration for the welfare of the animal.  

 

RESULTS AND DISCUSSION 

Daylength impacts poultry physiologically via the regulation of circadian rhythms 

(Vermette et al., 2016b). LED light have been heavily scrutinized within the layer and broiler 

chicken community but have yet to be fully reported in turkey production. It has been 

hypothesized that chickens grown under blue lights have decreased stress (Abdo et al., 2017) and 

growth promotion has been attributed to an increase in blue or green wavelengths which are 

found in cool blue LED lights in broiler chickens (Yang et al., 2018). Lighting trials have been 

conducted in turkeys with most of the research completed in the 1990s (Vermette et al., 2016a). 

However, these trials were conducted before LED lights became widely available for 

commercial poultry use. Therefore, a 14-week long trial was performed using commercially 

available Large White female turkey hens to determine the effects of LED lighting including 

blue spectrums, on turkey hen performance and bird welfare. Bird performance results for this 

study are summarized in Table 1.2. Feed intake (FI) was significantly higher in the BLK and 

FRL treatments when compared to FRS treatment with all other intermediate in response 

(P=0.044). BWG was improved in the BLK and FRL treatments when compared to the NAT and 

FRS treatments (P = 0.008) and FCR was improved in the 5KS treatment compared to the NAT 

treatment during this phase (P = 0.018). Shorter daylength early in life has demonstrated 
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compensatory gains compared to near-continuous light with equal or increased BW at market 

age (Vermette et al., 2016a). Similar positive performance parameters were observed in turkeys 

reared in the current study with 12h daylength and LED containing blue spectrum during the 

brooding phase. FI was decreased with no difference in BWG or FCR in the NAT, BLK, and 

5KS treatments compared to the 5KL treatment from 5 – 9 wk (P = 0.002, 0.091, and 0.300, 

respectfully). However, from 9 – 14 wk, there were no significant differences between treatments 

groups (P > 0.05). For the entire grow-out phase (5 – 14 wk) BWG was the highest in the NAT 

treatment and significantly higher than the FRL treatment (P = 0.022) with no differences 

between FI or FCR between any treatments (P = 0.373 and 0.557, respectfully). Brooding 

combination effects with grow-out treatment are summarized in Table 1.3. Higher BWG was 

measured when birds were placed in grow-out treatments with NAT light (except L5K brood 

treatment) when compared to BLK brooding/grow-out combination (P = 0.001). Schwean-

Lardner et al. (2012) indicated an effect of daylength on body weight and feed intake that was 

age dependent; with birds initially lighter having compensatory growth measured in commercial 

broiler strains. However, Blatchford et al. (2012) determined that contrast in light intensity, 

rather than daylength, influenced broiler behavior and health. Similar daylength effects were 

obtained in this study; however, birds reared under NAT grow-out conditions, had compensatory 

gains, which may be due to an increased light intensity level versus a daylength effect as 

suggested by Blatchford et al. (2012).   

Ocular anatomy and physiology are heavily reliant on diurnal influences (Leis et al., 

2017) and eyes are the most developed sensory organs of poultry making them susceptible to 

alterations in lighting programs (Lewis and Gous, 2009). Eye measurements obtained at 5 and 9 

wk of age are summarized in Table 1.4. At 5 wk, anterior-posterior elongation was recorded in 



   

32 

 

the FRS and FRL treatments when compared to NAT treatment (P = 0.03). The effects of light 

wavelengths have been studied in several poultry species, including chickens, quail, turkeys, 

geese, and ducks (Capar Akyuz and Onbasilar, 2018) and it has been reported that exposure of 

turkeys to prolonged photoperiod results in pathologic changes including globe enlargement, 

flattened cornea, a shallow anterior chamber, decreased cone function and photoreceptor nuclei, 

and decreased choroidal thickness (Leis et al, 2016). In the study herein, this elongation was due 

to type of light used rather than daylength effects, despite that it has been reported than increased 

daylength has negative effects on eye health. Furthermore, by 9 wk, all differences were 

mitigated and no differences between treatments were recorded.   

Triiodothyronine hormone levels (T3) are summarized in Table 1.5. Normal 

physiological levels of T3 in female turkey breeders are 1 – 3 ng/mL with molting status 

obtained once birds approach levels of 4.5ng/mL (Lein and Siopes, 1993). Hormone levels were 

significantly increased in the BLK treatment measuring 3.02 ng/mL at 5 wk when compared to 

all other LED containing treatments (P = 0.0001). However, at 9 wk, T3 was significantly 

increased in the 5KL treatment measuring 4.79 ng/mL when compared to NAT, BLK, and 5KS 

treatments (P = 0.011). In fact, all treatments at 9 wk of age were above 3 ng/mL T3 status, 

which has been related to poor feather coverage as measured by Lein and Siopes (1993). The use 

of IR imaging as an alternative means of assessing feather coverage in laying hens has been 

published by Zhao et al. (2013). Due to inconsistency in photo quality of dorsal and lateral 

images (wing up/down, tail head up/down) were not analyzed, however, ventral (breast) imaging 

was consistent and the results obtained are summarized in Table 1.6. Feather coverage recorded 

by IR imaging on the breast was significantly decreased in all 18h daylength treatments when 

compared to the NAT treatment (P < 0.0001). When comparing IR results to those obtained by 
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hormone analysis, the two results do not directly correlate with measured T3 levels. Previous 

research completed by Lein and Siopes (1993) regarding feather coverage and thyroid hormone 

levels indicate a high correlation between timing of annual cycle and thyroid hormone levels. 

Feather formation and regeneration coincides with an increased ratio of thyroid hormone to 

estrogen (Leeson and Walsh, 2004). Altered brain development has been proposed to reflect 

welfare states in animals and can provide more insight into the underlaying processes involved in 

feather pecking (Hewlett et al., 2014). Schwean-Lardner et al. (2016) described a decrease in 

feather pecking among turkeys reared under 18h daylength, matching the results compiled by 

Vermette et al., 2016b with turkeys reared under a 23 h daylength. Furthermore, turkeys have 

displayed a decrease in preening behaviors during long daylengths, which may be an indicator of 

birds choosing to spend their time on other important activities, such as rest and feeding. 

However, this alteration in behavior is difficult to quantify as a positive or negative attribute 

(Vermette et al., 2016b). These prior results further signify the possibility of a behavioral 

interaction including feather pecking within treatments of the current study however, behavioral 

measurements were not taken and therefore, a direct comparison cannot be made.  

 

CONCLUSION AND APPLICATION 

Natural treatment resulted in significantly lower turkey BWG during brooding when 

compared to BLK and FRL treatments, however, compensatory gains occurred during grow-out 

allowing the natural treatment, in addition to other LED brooding treatments grown-out under 

natural conditions, (except L5K brooding) having the highest BWG overall. Although this is a 

significant finding, it is difficult to determine if this gain was purely due to daylength effects, or 

if the increased intensity associated with natural light conditions was a large factor in these gains. 
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Natural lighting had an improved body feather coverage at 9 wk compared to birds in 18h 

daylength treatments. Since there may be additional behavioral components (feather pecking) to 

take into consideration when analyzing feather coverage, feather formation and hormone 

significance must be further investigated for correlation with IR imaging.   
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TABLES 

Table 1.1. Composition and nutrient content of 4 phase diet fed to turkey hens until 14 weeks of 

age. 

Dietary Product Starter 1 Starter 2 Grower 1 Grower 2 

Soybean Meal 15.65 12.38 9.38 6.88 

Corn 12.60 16.22 19.53 22.18 

Wheat 9.07 9.07 9.07 9.07 

Poultry Meal 4.54 4.54 4.54 4.54 

Soybean Oil 1.10 0.97 0.90 0.90 

MonoCalcium Phosphate 1.06 0.94 0.71 0.71 

Limestone 0.49 0.44 0.34 0.34 

Lysine 0.19 0.18 0.15 0.15 

Methionine 0.17 0.14 0.10 0.10 

Sodium Bicarbonate 0.10 0.09 0.09 0.09 

Choline 0.09 0.09 0.09 0.09 

Vitamin Mix 0.09 0.09 0.09 0.09 

Trace Mineral Mix 0.09 0.09 0.09 0.09 

Salt 0.05 0.05 0.06 0.06 

Threonine 0.05 0.05 0.04 0.04 

SE Mix 0.02 0.02 0.02 0.02 

Total (kg) 45.36 45.35 45.21 45.36 

     

CP 27.98 25.09 22.43 20.21 

ME kcal/kg 11.70 12.00 12.30 12.60 

Crude Fat, % 5.36 5.19 5.11 5.24 

Lysine, % 1.89 1.67 1.46 1.30 

Methionine, % 0.78 0.70 0.61 0.55 

M+C, % 1.20 1.08 0.96 0.86 

Calcium, % 1.40 1.28 1.16 1.06 

Form Crumble Small Pellet Pellet Pellet 
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Table 1.2.  LED daylength effects on turkey hen performance grown to 14 wk (kg/bd) 
  Light Treatment   

 Daylength NAT 
NAT + 

18h 
12h 18h 12h 18h 

 
 

 
LED Light 

Type 
NONE 5,000K 5,000K 5,000K 

5,000K 

+ RED 

5,000K 

+ RED 
SEM 

P-

Value 

0 - 5 Week 

Performance 

Feed Intake 2.12ab 2.20a 2.06ab 2.11ab 2.03b 2.21a 0.040 0.044 

BW 1.24b 1.33a 1.30ab 1.29ab 1.23b 1.33a 0.019 0.008 

FCR 1.64a 1.59ab 1.51b 1.56ab 1.58ab 1.60ab 0.017 0.018 

5 – 9 Week 

Period 

Performance 

Feed Intake 5.36b 5.41b 5.19b 5.93a 5.60ab 5.66ab 0.016 0.002 

BW 3.12 3.05 3.22 3.18 3.23 3.30 0.083 0.091 

FCR 1.66 1.73 1.71 1.81 1.68 1.65 0.054 0.300 

9 - 14 Week 

Period 

Performance 

Feed Intake 12.50 11.97 12.53 11.66 11.72 11.60 0.325 0.062 

BW 5.35 5.02 4.99 4.88 5.12 4.70 0.231 0.146 

FCR 2.29 2.29 2.28 2.27 2.25 2.30 0.076 0.998 

5 - 14 Week 

Period 

Performance 

Feed Intake 17.82 17.52 18.10 17.39 17.07 17.50 0.310 0.373 

BW 8.55a 8.23ab 8.43ab 8.19ab 8.30ab 7.99b 0.151 0.022 

FCR 2.05 2.09 2.06 2.07 2.03 2.09 0.033 0.557 
a,bSuperscripts differing within the same row are considered significant (P < 0.05)  
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Table 1.3. 0 – 14 wk average bird performance results based on long and short daylengths 

Brooding 

Daylength 

Brooding 

LED Type 

Grow-Out 

Daylength 

Grow-Out 

LED Type 

FI  

(kg) 

BWG 

(kg) FCR 

Adjusted 

FCR 

BW 

Gain/Day 

(g) 

NAT NAT NAT NAT 17.89 9.84a 1.86 1.86 100 

18h+NAT 
NAT+ 

5,000K 
18h+NAT 

NAT+ 

5,000K 
18.00 9.35b 1.93 1.94 95 

18h 5,000K 18h 5,000K 17.14 9.34ab 1.83 1.84 95 

18h 5,000K NAT NAT 18.12 9.70ab 1.87 1.85 99 

18h 5,000K 18h+NAT 
NAT+ 

5,000K 
17.53 9.45ab 1.85 1.85 96 

12h 5,000K 12h 5,000K 17.98 9.94ab 1.81 1.76 101 

12h 5,000K NAT NAT 19.29 10.26a 1.88 1.81 105 

12h 5,000K 18h+NAT 5,000K 18.24 9.65ab 1.89 1.87 98 

18h 
5,000K+ 

RED 
18h 

5,000K+ 

RED 
16.81 9.50ab 1.77 1.76 97 

18h 
5,000K+ 

RED 
NAT NAT 19.61 10.13a 1.89 1.83 103 

18h 
5,000K+ 

RED 
18h+NAT 

NAT+ 

5,000K 
18.44 9.61ab 1.86 1.84 98 

12h 
5,000K+ 

RED 
12h 

5,000K+ 

RED 
16.59 9.75ab 1.70 1.67 99 

12h 
5,000K+ 

RED 
NAT NAT 18.76 9.93a 1.89 1.84 101 

12h 
5,000K+ 

RED 
18h+NAT 

NAT+ 

5,000K 
17.76 9.62ab 1.85 1.83 98 

   SEM 0.612 0.153 0.061 - - 

   P-Value 0.172 0.001 0.277 - - 

a,bSuperscripts differing within the same column are considered significant (P < 0.05)  
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Table 1.4. LED lighting daylength effects on eye development in turkey hens 
  Light Treatment   

 Daylength NAT 
NAT + 

18h 
12h 18h 12h 18h 

 
 

 LED Light Type NONE 5,000K 5,000K 5,000K 
5,000K 

+ RED 

5,000K 

+ RED 
SEM 

P-

Value 

5
 W

ee
k

s 

Eye Wt. (g) 2.87 2.97 2.81 2.68 2.88 2.87 0.025 0.127 

AP1 Distance (mm) 13.18b 14.35ab 14.13ab 13.87ab 14.47a 14.42a 0.290 0.029 

MLDV2 Distance (mm) 19.10ab 19.42a 18.50b 18.89ab 18.70b 18.82ab 0.159 0.005 

Cornea Diameter (mm) 8.14 8.01 8.31 7.77 8.00 7.94 0.167 0.363 

9
 W

e
ek

s Eye Wt. (g) 6.23 6.39 6.11 6.06 6.23 6.29 0.081 0.166 

AP Distance (mm) 18.65 18.92 18.43 18.44 19.01 18.97 0.324 0.634 

MLDV Distance (mm) 23.83 23.94 23.88 23.96 24.08 24.02 0.199 0.947 

Cornea Diameter (mm) 12.86a 12.84a 11.95b 12.32ab 12.24ab 12.23ab 0.161 0.001 
a,bSuperscripts differing within the same row are considered significant (P < 0.05) 
1Anterior – posterior distance 
2Medial–lateral dorsal–ventral averaged distance  
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Table 1.5. Triiodothyronine (T3) levels (ng/mL) in turkey hens at 5 and 9 wk of age based 

daylength lighting treatment 

T3 measured by RIA (ng/mL) 

Daylength LED Type 5 Weeks 9 Weeks 

NAT NONE 2.37ab 3.52b 

NAT + 18h 5,000K 2.26b 3.42b 

12h 5,000K 1.89b 3.30b 

18h 5,000K 2.30b 4.79a 

12h 5,000K + RED 1.93b 3.78ab 

18h 5,000K + RED 3.02a 3.96ab 

 SEM 0.181 0.230 

P-Value 0.0001 0.0011 
a,bSuperscripts differing within the same column are considered significant (P < 0.05)  
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Table 1.6. Comparison of breast and drum IR image pixel percentage of turkey hens grown 

under long and short daylengths at 9 wk (% red pixels) 

IR of Feather Coverage 

Daylength LED Type Breast  Drum  

NAT NONE 5.08b 2.04b 

NAT + 18h 5,000K 5.76a 3.01a 

12h 5,000K 5.87ab 2.73ab 

18h 5,000K 6.75a 2.82a 

12h 5,000K + RED 5.81ab 2.72a 

18h 5,000K + RED 6.25a 2.59ab 

 SEM 0.002 0.002 

P-Value < 0.0001 < 0.0001 
a,bSuperscripts differing within the same column are considered significant (P < 0.05)  
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CHAPTER 2: LED lighting intensity, feather coverage, and novelty inclusion in turkey 

hens 

 

ABSTRACT 

Lighting environment, including intensity level and spectral wavelength, are important in 

poultry production. As commercially available light emitting diodes (LED) continue to gain 

acceptance in agriculture applications, the implications of these new bulbs in poultry production 

as it relates to turkey well-being and performance are lacking. Therefore, Large White turkeys of 

the same strain were reared under 4 LED lighting regimens consisting of 5,000 Kelvin (K) LED 

or 2,700K LED in conjunction with high and low intensity levels (10 or 2 footcandles) with a 

fixed daylength of 14hL:10hD in an environmentally controlled facility for ventilation and 

lighting. Additionally, birds were reared under natural lighting and ventilation conditions with 

natural variation in light intensity and supplemental light provided by a 75W incandescent bulb 

to maintain daylength. Measurements of performance parameters were taken at 0, 5, 9 and 12 wk 

of age. Bird well-being was quantified by serum hormone levels for triiodothyronine (T3), right 

eye measurements were taken at 5 and 9 wk using a digital caliper, novelty interactions with two 

items were recorded at 7 wk, and feather coverage was accessed at 9 and 12 wk of age. Spectral 

output within the same LED Kelvin temperature bulbs was significantly altered by dimming 

bulbs to achieve intensity level. There were mixed performance results throughout this study, 

however, overall birds reared under LED lighting, regardless of LED type or intensity level, had 

consistently improved performance as measured by body weight. There was a significant 

interaction of spectrum and intensity level as measured by an elongation in the anterior-posterior 

distance in the right eye of birds reared under 5,000K LED, 2fc lighting regimen but was not 

observed at 10fc within the same bulb type or at the low intensity level, 2,700K LED treatment. 

When LED lights are used in an environmentally controlled facility, coupled with novelty 
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interactions, birds maintained and exceled in performance parameters when compared to natural 

light and ventilation conditions.      

 

Key words: turkey, LED lighting, intensity, fear response, kelvin temperature  
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INTRODUCTION 

Lighting environment, including illuminance and wavelength, may affect poultry species 

though interactions between physiological and behavioral responses (Kristensen et al., 2007). 

Light stimulates the retina, resulting in behavior changes affecting growth and development (Li 

et al., 2015) and the proportion of each wavelength emitted by different types of lighting systems 

can influence the physiology of birds (Retes et al., 2017) further indicating spectral output as an 

important factor in combination with light intensity. Spectral sensitivity is not even across the 

visual spectrum in poultry species (Huth and Archer, 2015). Birds perceive light in portions of 

the ultraviolet spectrum (Huth and Archer, 2015) and have four cone sensitive droplets residing 

at 415, 460, 510, and 580 nanometers (nm), differing from human cone sensitivity (Lewis and 

Morris, 2000) which may impact the physiological response based on types of lights used in 

commercial poultry production. In fact, monochromatic light has been reported to increase body 

weight gain in broilers and quails under green and blue lights (Retes et al., 2017; Rozenboim et 

al., 2004) and meat quality has been affected by light emitting diodes (LED) in poultry species 

with improved meat characteristics under blue, green, and yellow wavelengths in broilers (Parvin 

et al., 2014). Light intensity preference behavior has been suggested to be involved in the 

welfare of birds (Kang et al., 2020) and increased activity and aggressive behaviors have been 

recorded in chickens and turkeys reared under red lights (Manser, 1996; Lewis et al., 2007).  

The use of LED in poultry production has resulted in positive, calming response in which 

birds were less prone to feather pecking and aggression (Hunt, 2009). Fear has been associated 

with different spectral outputs impacting the fear response differently (Sultana et al., 2013). 

However, these observations have yet to be reported in turkeys. Response to novelty has been 

reported though open field testing, tonic immobility (Forkman et al., 2007), and elicited fear 



   

48 

 

response towards a stationary person in poultry species (de Haas et al., 2013). Since 

commercially reared birds are prey animals, fear of predation and predator avoidance are major 

components of the fear response, including behaviors to remain motionless, flee, or fight (Huth 

and Archer, 2015). How a bird responds to novelty can be associated with tolerance to social 

isolation, exploration level, and other coping mechanisms, such as feather pecking (de Hass et al, 

2010).  

It has been well established that birds have large eyes with excellent vision, with brightly 

lit environments being beneficial for bird eyesight (Blatchford et al., 2012). This concept is 

further enforced since dim lighting conditions have increased incidence of buphthalmia, 

choroiditis, glaucoma, lens distortion (Deep et al., 2010), and long periods of darkness of dim 

light can cause decreased corneal thickness in chickens (Blatchford et al., 2009). However, due 

to a lower activity level of poultry achieved by using low light intensities, improved feed 

efficiency, reduced sudden death, and reduced carcass damage measured in chickens (Deep et 

al., 2010); there is speculation that similar results may be obtained in turkeys and these increased 

production parameters could be beneficial. Although turkeys and chickens vary greatly in their 

response to lighting programs (Schwean-Lardner et al. 2016), management practices in turkeys 

are often derived from these broiler studies. Therefore, the objective of this study was to 

determine the spectral output of LED bulbs at a low intensity level and a high intensity level on 

bird well-being. In order to quantify effects, eye measurements were taken, feather coverage was 

evaluated, and the response time to novel objects under different lighting parameters was 

recorded. 
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MATERIALS AND METHODS 

 

Bird management and housing systems 

Large White female turkeys were reared until 12 weeks of age under 5 different lighting 

treatments. Treatment groups included natural light supplemented with a 75W incandescent bulb 

(to maintain a fixed daylength) with natural flux in light intensity and reared under natural 

ventilation (NAT) (n = 24bd/pen). Remaining LED light treatments were housed in individual 

pens with both ventilation and light environmentally controlled (n = 16). In order to 

accommodate differences in light intensity levels for the LED treatments, each room was fitted 

with a dimmer switch and 5 intensity level readings measured in footcandles (fc) were averaged 

per pen to achieve either the high (10fc) intensity or low (2fc) intensity level desired in this 

study. LED light treatments included: 5,000 Kelvin (K) LED, 10fc (5KH); 5,000K LED, 2fc 

(5KL); 2,700K LED, 10fc (2KH); and 2,700K LED, 2fc (2KL) (n = 58bd/pen). All treatments 

were maintained at a 14hL:10hD daylength maintained with time clocks fitted in each pen. The 

LED spectroradiometer (UPRtek MK350S Premium, purchased from Gamma Scientific, San 

Diego, United States) was used to determine spectral wavelength output between 380nm and 

780nm in addition to measured intensity levels. The natural curtain-sided facility was located 

directly next to the environmental controlled facility and both exposed to the same overhead 

sunlight patterns throughout the day. However, the environmentally controlled building was 

fitted with light traps to prevent any external light sources but has been mentioned for reference 

to any variation in heat index located throughout the house due to time of day effect. Brooding 

stocking density mimicked industry standards and was fixed by placing a divider in each pen to 

accommodate a 0.11m2/bd stocking density for the LED treatments and 0.12m2/bd for the NAT 
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treatments until 5 wk of age. At 5 wk, the divider was removed, and grow-out stocking density 

was increased to 0.23m2/bd for all treatments. 

 

Performance measurements 

A corn, wheat, and soybean meal-based diet formulated for turkeys and milled by the 

North Carolina State University Feed Mill (Raleigh, NC) and was fed on a lb. per bird basis in 

four phases (Table 2.1). Spectral output was assessed by averaging spectrum outputs by 

treatment (4 replicates per light treatment) and quantifying each individual nanometer 

wavelength between 380 and 780nm. Bird weights at placement were recorded by pen and 

additional performance data was collected at 5, 9, and 12 wk of age. Right eye samples were 

taken for eye weight (EW), cornea diameter (CD), averaged medial-lateral dorsal-ventral 

diameter (MLDV), and anterior-posterior diameter (APD) using a digital caliper (±0.01mm) at 5 

and 9 wk (n = 2). Blood serum was collected from the brachial vein (n = 2) at 5 and 9 wk to be 

analyzed using a commercially available radioactive immunoassay kit for triiodothyronine (T3) 

(MP Biomedical, Solon, OH, 06B2542-CF) hormone for each treatment. Feather coverage was 

assessed using the method previously completed (Bartz 2020; chapter 1) by allowing birds to 

freely hang by the shanks on a stationary shackle. A total of 2 birds per pen were weighed and 

analyzed for feather coverage in which infrared images were obtained of the breast tissue to be 

quantified in imageJ software using the area measurement tool. Area measurements were taken 

at locations on the breast appearing red in color and analyzed as areas of low feather coverage. 

Once the area was measured, it was then divided by the total number of pixels in the image and 

multiplied by 100 to obtain a pixel percentage for feather coverage.  
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General Behavior and Novelty 

The introduction of open field testing involves added social isolation which may also 

elicit a fear response (Forkman et al., 2007). Therefore, response to novelty in the current study 

involved placing previously unknown items into pens, a procedure modified from de Haas 

(2013). Fear of a new object and novelty behavioral measurements were conducted for 1 hour, 

between 8am – 10am at 7 wk of age using two different objects: one selected for visual cues with 

no nutritional benefits, and the other for nutritional benefits but not visually stimulating (lacked 

novel coloration). The visual object (VO) was an orange plastic playground safety cone (16.5cm 

tall by 12.7cm wide at the base; Dollar Tree, 2pc. SKU 242398), with four colored (green, 

yellow, blue, red) (5.1cm L x 5.1cm W x 2.5cm H) hollow plastic Lego boxes (Dollar Tree, 4pc. 

SKU 269635) bolted to each corner of the safety cone. When struck or pecked, these colored 

boxes would emit a sound that can be captured by the video recording, allowing for proper 

measurements for time to interaction. Video recordings (GoPro Hero 7 Black) were completed in 

each room using a randomized treatment filming schedule. Each treatment was represented on 

each day of filming and randomly assigned throughout the building. Filming was conducted over 

4 days (Tue – Fri). The nutritional novelty object (NO) (Big & J, “The Cube”, BB2C2580; 

11.3kg, 21.59cm L x 21.59cm W x 22.86cm H) and the VO (modified safety cone) were 

randomly placed in one of the replicates each day, with each item placed between a different 

feeder and drinker. In each replicate, the items were placed in the same location and the VO was 

always oriented the same way. Enough space was allotted between any walls or other items in 

the pen for at least a one bird width around each object. Video footage was recorded a half hour 

before placement of the novelty and captured the first half hour of novelty which was a limitation 

due to the battery life of the camera. After one hour, the novelty was removed from the pen and 
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the difference in weight for the nutritional block was recorded. Solomon Coder Software was 

used to quantify video footage including the latency to approach each item by defining an 

circular area around each item within the software (1bd width around each item), the amount of 

time to first peck of each object, and number of successful perches on the NO. 

 

Statistical Analysis 

Data were analyzed using JMP13 as a one-way ANOVA and LSmeans were separated 

using Tukeys HSD procedure at a significance of P ≤ 0.05. In addition, performance 

measurements were evaluated by student-t test at a significance level of P ≤ 0.05 for type of LED 

used (5,000K and 2,700K) and intensity level (2fc and 10fc) fitted separately for each parameter. 

 

Animal Care 

This study was conducted using the associated procedures approved by the Institution 

Animal Care and Use Committee at North Carolina State University under the guidelines set 

forth by Ag guide 3rd Edition (2010). All husbandry and euthanasia procedures were 

implemented by trained individuals with full consideration for the welfare of the animal.  

 

RESULTS AND DISCUSSION 

LED spectroradiometer spectral output results by light treatment are summarized in 

Figure 2.1. Noted differences occurred at the cone sensitive droplet areas for birds, with 

significant differences in spectral output for the 5,000K LED near the 580nm wavelength and at 

thee: 415nm, 460nm, and 510nm wavelengths for the 2,700K LED when comparing 10fc and 2fc 

intensity levels within the same Kelvin temperature bulbs (data not shown). There were 
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significant differences between 2,700K LED 2fc and 10fc treatments for all wavelengths 

measured between 380 and 780nm except: 482nm, 506nm, and 549-650nm wavelengths. 

Whereas there were fewer differences between 5,000K LED 2fc and 10fc treatments with 

differences recorded at: 440-453nm, 457-459nm, 526-528nm, 539-540nm, 549-569nm, 572-

578nm, and 589nm. These results further validate that light intensity is related closely to light 

spectrum which was previously reported by Huth and Archer (2015). 

Improved feed efficiency and a reduction in both sudden death and carcass damage 

associated with activity and aggression in birds have been reported when the birds were reared 

under low light intensity conditions (Deep et al., 2010). Performance results for the current study 

are summarized in Table 2.2. Birds brooded under NAT lighting had a significant increase in FI 

at 5 wk (P < 0.0001) resulting in a poorer FCR (P < 0.0001) when compared to all LED 

treatments. Although these results are statistically significant, it was also noted that large 

amounts of feed were wasted during the brooding phase due to high humidity and feeders being 

placed on the ground for ease of access to young birds in all treatment groups. Unfortunately, 

this wastage was no recorded until several days later, which indicated that there was an average 

0.5kg of mixture of feed–fecal material was being removed from feeders regularly. Without 

having a proper way to separate this mixture of feed from feces, it is difficult to report how much 

feed was eaten by birds during this phase or removed during feeder cleaning. Once feeders were 

raised, this feed wastage issue was no longer a problem. However, it should be taken into 

consideration during the interpretation of the 5 wk results. At 9 wk, birds residing in the 2KH 

treatment were significantly heavier than the NAT birds (P = 0.023) and at 12 wk, FCR was 

improved in all LED treatments, regardless of bulb type or intensity level when compared to the 

NAT treatment (P = 0.001). From 5 – 9 wk, BWG was significantly higher in the 5KL, 2KL, and 
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2KH treatments when compared to the NAT treatment (P = 0.0004). From 9 – 12 wk, 5KH birds 

had a higher BWG compared to NAT birds (P = 0.046) and from 5 – 12 wk, all birds reared 

under LED, regardless of bulb type or intensity level, were heavier than NAT birds (P = 0.005). 

It has been previously reported that broiler chickens reared under green and blue light increased 

growth (Rozenboim et al., 2004), and red light enhances egg production in chickens, indicating 

that monochromatic light is beneficial in chicken production settings (Olanrewaju et al., 2015). 

In addition, Lewis et al. (2007) measured the effects of light wavelengths: blue (450nm) and red 

(650nm) on turkeys grown to 16 wk toms and 18 wk hens were significantly altered. Birds that 

were reared under red light had faster growth rates in brightly lit environments with sexual 

maturity beginning earlier in both sexes, inducing faster growth. In the current study, LED 

Kelvin temperature and high/low fc intensity level were compared by student-t tests on turkey 

hen performance parameters (summarized in Table 2.3). There were no differences between 

LED bulb type or intensity level on performance at 5, 9 or 12 wk. Lewis et al. (2007) also noted 

that the use of red wavelengths in the period before sexual maturity suppressed growth. 

However, there were no further effects of type of LED bulb used, including bulbs that emit large 

amounts of red spectrum or intensity level for that matter on growth of birds in the current study. 

Furthermore, it was noted that turkeys generally prefer environments with short wavelengths 

(containing blue spectrum) agreeing with results obtained from Prayitno et al. (1997) in broilers 

and there were no differences in behavioral stress in adult turkeys exposed to blue, green, red, or 

white light sources. In the current study, there were no differences in Kelvin temperature 

associated with LED lights regardless of intensity level and overall birds reared under LED 

treatments showed significant improvements compared to NAT conditions.  
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Besides vision, light has a primary function on the synchronization of rhythmic activities 

and induces hormone production (Grimes and Siopes, 1999). The effect of light intensity on the 

synchrony of resting behavior has been reported by Alvino et al. (2009) and sleep deprivation in 

birds can have a negative impact on welfare (Schwean-Lardner et al., 2016). Eye measurements 

from the current study are summarized in Table 2.4. At 5 wk, there were no differences in eye 

weight, anterior-posterior distance (APD), average medial-lateral dorsal-ventral distance, or 

cornea diameter regardless of light regimen (P = 0.628, 0.306, 0.174, and 0.660, respectfully). 

However, at 9 wk, there was a significant interaction in spectrum by intensity level in which 

birds exposed to low light intensity with a 5,000 kelvin LED (5KL) having a significantly longer 

APD compared to birds reared under the same bulb at 10fc (5KH) (P = 0.049). Furthermore, this 

elongation was not observed in the low intensity 2,700K LED (2KL) treatment, indicating the 

importance of combining spectrum and intensity level. Eyes grow in a rhythmic fashion with 

higher growth during periods of light and reduced growth during darkness (Deep et al., 2010). 

Under low intensity lighting, negative impacts in turkeys have been measured in eye 

development and health as decreased blood flow to the eye and an elongation in the APD, 

causing myopia (Vermette et al., 2016). These results match the current study in which the APD 

was elongated at 9 wk of age under dim conditions. However, this elongation was only observed 

under the 5,000K LED treatment further indicating a spectral interaction as well on eye 

development.   

Lein and Siopes (1993) measured a high correlation between timing of annual cycle, 

thyroid hormones with feather regeneration and it has been previously reported by Denbow et al. 

(1990) that type of light significantly affects the degree to which turkeys peck and pull feathers. 

Broilers have showed decreased feather-pecking behavior when reared under warm-white 
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compact fluorescent bulbs with increased foraging behavior in dim rather than bright light 

intensities (Kristensen et al., 2007). Furthermore, birds have been shown to be less prone to 

feather pecking and aggressive acts with positive, calming responses recorded in LED lighting 

regimens (Hunt, 2009). In the current study there was no difference in feather coverage by 

treatment at 9 and 12 wk, regardless of bulb type or intensity level (Table 2.5) and there were no 

differences in T3 hormone levels at 5 or 9 wk of age, regardless of bulb type or intensity level 

(Table 2.6). Changes in light intensity, daylength, or red-light spectrum has been associated with 

stimulation of the hypothalamic extra retinal photoreceptors and stimulate the reproductive axis 

by controlling the secretion of gonadotrophin releasing hormone (GnRH), the hormone 

responsible for stimulating the release of luteinizing hormone and follicle stimulating hormone 

(Liu et al., 2018). In addition, photoperiodic induction to release gonadotropins in Japanese quail 

has been mimicked by dosing with thyroid hormones (Follett and Nicholls, 1988); however, in 

the current study there were no differences in feather coverage or T3 hormone based on intensity 

level or bulb type used.  

Lighting type and color has the potential to alter bird behavior by increasing activity, 

which may impact leg health (Blatchford et al., 2009) and there has been a positive correlation 

between light intensity and activity levels in broilers reared under incandescent lights (Blatchford 

et al., 2012). Latency to approach novelty items and interaction with novelty items from the 

current study are summarized in Table 2.7. There were no differences the latency to approach 

objects or interact with objects indicating no apparent difference in fear responses or vision 

impairments between treatment groups. Although there was no direct correlation or comparison 

with the previous study (Bartz 2020; chapter 1), it is important to note that feather coverage 

measured by IR imaging was improved in this study overall by 4% when compared to these 
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results. Although this alteration could be due to natural variation between flocks, LED Kelvin 

temperature or daylength, the addition of novel items in each pen may have redirected aggressive 

feather pecking acts towards interacting with the novel items. However, since this improvement 

in feather coverage was not discovered until after video footage was collected at 7 wk and 

assessed at the end of the trial, it can only be suggested as s possible reason for improved feather 

coverage and would need to investigate the video footage further. Since the analysis of the 

novelty behavior measurements indicated no significant differences between lighting treatments 

to approach, peck, or perch on objects, the introduction of the novelty may have caused an 

altered behavioral response, yet this potential effect must be validated. It was noted that birds 

approached the visual object faster than the nutritional object and although this is a statistically 

significant finding, it may not be biologically significant since there are several confounding 

factors such as color, size, and the shape of the objects. Therefore, a further investigation in the 

novelty interaction results to determine if there is a link to feather coverage based on altering 

coping mechanisms and diverting attention away from feather pecking must be completed. 

 

CONCLUSION AND APPLICATION 

Dimming LED lights significantly altered the spectral output within the same Kelvin 

temperature light bulb. There were significant differences in the violet, blue, and green 

wavelengths for the 2,700K LED lights and differences in the yellow-orange wavelength for the 

5,000K LED lights which are significant since these are the photosensitive areas sensitive in 

poultry. There were mixed performance results throughout this trial with no difference in FCR 

during production periods (excluding brooding phase/feed wastage); however, BWG was 

consistently lower in the NAT treatment and was trending lower (P = 0.097) for the cumulative 
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12 wk performance. Overall, there were no differences in performance between LED treatments, 

regardless of Kelvin temperature or intensity level and were improved compared to NAT 

treatment. However, there was a significant interaction between intensity level and bulb color 

temperature as measured by the elongation of the eye under low intensity, 5,000 kelvin LED 

lights at 9 wk. At this time feather coverage must be further investigated to determine the reason 

for improved feather coverage. There were no differences in the amount of time for birds to 

approach novel items between lighting treatments. However, it was noted that birds approached 

the visual item faster than the nutritional item.    
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TABLES AND FIGURES 

Table 2.1. Composition and nutrient content of 4 phase diet fed to turkey hens until 12 weeks of 

age. 

Dietary Product Starter 1 Starter 2 Grower 1 Grower 2 

Soybean Meal 15.65 12.38 9.38 6.88 

Corn 12.60 16.22 19.53 22.18 

Wheat 9.07 9.07 9.07 9.07 

Poultry Meal 4.54 4.54 4.54 4.54 

Soybean Oil 1.10 0.97 0.90 0.90 

MonoCalcium Phosphate 1.06 0.94 0.71 0.71 

Limestone 0.49 0.44 0.34 0.34 

Lysine 0.19 0.18 0.15 0.15 

Methionine 0.17 0.14 0.10 0.10 

Sodium Bicarbonate 0.10 0.09 0.09 0.09 

Choline 0.09 0.09 0.09 0.09 

Vitamin Mix 0.09 0.09 0.09 0.09 

Trace Mineral Mix 0.09 0.09 0.09 0.09 

Salt 0.05 0.05 0.06 0.06 

Threonine 0.05 0.05 0.04 0.04 

SE Mix 0.02 0.02 0.02 0.02 

Total (kg) 45.36 45.35 45.21 45.36 

     

CP 27.98 25.09 22.43 20.21 

ME kcal/kg 11.70 12.00 12.30 12.60 

Crude Fat, % 5.36 5.19 5.11 5.24 

Lysine, % 1.89 1.67 1.46 1.30 

Methionine, % 0.78 0.70 0.61 0.55 

M+C, % 1.20 1.08 0.96 0.86 

Calcium, % 1.40 1.28 1.16 1.06 

Form Crumble Small Pellet Pellet Pellet 
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Figure 2.1. Spectral emittance after altering to 2fc and 10fc in lighting-controlled facility 
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Table 2.2.  LED intensity effects on turkey hen performance grown to 12 wk (kg/bd) 
  Light Treatment   

 Intensity NAT 2 fc 10fc 2fc 10fc   

 
LED Light 

Type 
NONE 5,000K 5,000K 2,700K 2,700K SEM P-Value 

0 – 5 Week 

Performance 

Feed Intake 2.64a 2.01b 2.03b 2.04b 2.06b 0.057 <0.0001 

BW 1.20 1.20 1.24 1.21 1.23 0.047 0.962 

FCR 2.11a 1.61b 1.62b 1.62b 1.61b 0.046 <0.0001 

5 – 9 Week 

Period 

Performance 

Feed Intake 4.86 5.25 5.24 5.19 5.21 0.119 0.126 

BW 2.64b 3.03a 2.82ab 2.89a 3.01a 0.053 0.0004 

FCR 1.74 1.72 1.78 1.74 1.68 0.031 0.339 

0 – 9 Week 

Period 

Performance 

Feed Intake 7.96 7.39 7.40 7.33 7.40 0.213 0.157 

BW 3.95b 4.21ab 4.14ab 4.16ab 4.30a 0.072 0.023 

FCR 1.87a 1.69b 1.71b 1.70b 1.66b 0.022 <0.0001 

9 – 12 Week 

Period 

Performance 

Feed Intake 6.50 6.77 6.75 6.71 6.64 0.147 0.624 

BW 2.63b 2.79ab 2.99a 2.87ab 2.78ab 0.077 0.046 

FCR 2.09 2.16 2.07 2.14 2.18 0.107 0.341 

5 – 12 Week 

Period 

Performance 

Feed Intake 11.93 12.37 12.26 12.15 12.10 0.233 0.691 

BW 5.46b 5.93a 5.98a 5.89a 5.92a 0.100 0.005 

FCR 1.92 1.93 1.94 1.94 1.94 0.024 0.981 

0 - 12 Week 

Period 

Performance 

Feed Intake 15.31 14.66 14.52 14.53 14.39 0.333 0.252 

BW 7.00 7.29 7.36 7.29 7.29 0.103 0.097 

FCR 1.96a 1.87b 1.87b 1.88b 1.88b 0.015 0.001 
a,bSuperscripts differing within the same row are considered significant (P < 0.05)  
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Table 2.3. Performance summary based on LED Kelvin temperature and intensity levels in 

turkey hens fitted as Student-Ts 
 LED Color 

Temperature 5,000K  2,700K  SEM P-Value 

5 Weeks 

Feed Intake 2.02 2.05 0.038 0.544 

BWG 1.22 1.22 0.031 0.934 

FCR 1.59 1.62 0.034 0.614 

9 Weeks 

Feed Intake 7.39 7.37 0.080 0.803 

BWG 4.17 4.23 0.052 0.440 

FCR 1.70 1.68 0.016 0.451 

12 Weeks 

Feed Intake 14.59 14.46 0.132 0.503 

BWG 7.32 7.29 0.062 0.705 

FCR 1.87 1.88 0.009 0.458 

 Intensity Level 2fc 10fc SEM P-Value 

5 Weeks 

FI 2.03 2.04 0.039 0.771 

BWG 1.20 1.23 0.031 0.521 

FCR 1.62 1.59 0.034 0.614 

9 Weeks 

FI 7.36 7.40 0.080 0.721 

BWG 4.18 4.22 0.053 0.613 

FCR 1.69 1.68 0.016 0.669 

12 Weeks 

FI 14.59 14.46 0.132 0.478 

BWG 7.29 7.32 0.062 0.705 

FCR 1.88 1.87 0.009 0.713 
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Table 2.4. LED lighting intensity effects on eye development in turkey hens at 14h daylength 
  Light Treatment  

 Intensity NAT 2fc 10fc 2fc 10fc   

 LED Light Type NONE 5,000K 5,000K 2,700K 2,700K SEM P-Value 

5
 W

ee
k

s 

Eye Wt. (g) 3.13 3.21 3.17 3.10 3.17 0.048 0.628 

AP1 Distance (mm) 13.80 13.50 13.38 13.03 13.34 0.264 0.306 

MLDV2 Distance (mm) 18.12 18.82 18.52 18.22 18.41 0.216 0.174 

Cornea Diameter (mm) 8.64 8.65 8.57 8.56 8.44 0.107 0.660 

9
 W

ee
k

s Eye Wt. (g) 4.99 5.02 4.89 5.00 4.97 0.095 0.888 

AP Distance (mm) 16.94ab 17.24a 16.65b 16.74b 17.01ab 0.137 0.049 

MLDV Distance (mm) 21.78 21.87 21.70 21.80 22.10 0.126 0.268 

Cornea Diameter (mm) 10.48 10.60 10.59 10.57 10.58 0.084 0.779 
a,bSuperscripts differing within the same row are considered significant (P < 0.05) 
1Anterior – posterior distance 
2Medial–lateral dorsal–ventral averaged distance  
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Table 2.5. LED light intensity treatment effects on triiodothyronine (T3) hormone levels 

(ng/mL)  
Intensity LED Light Type 5 wk 9 wk 

NAT NONE 1.27 2.35 

2 fc 5,000K 1.60 2.00 

10 fc 5,000K 1.56 2.42 

2 fc 2,700K 2.31 2.21 

10 fc 2,700K 1.14 2.38 

 SEM 0.306 0.218 

 P-Value 0.091 0.668 
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Table 2.6. LED light intensity treatment effects on breast feather coverage (% red pixels)  
Intensity LED Light Type 9 wk 12 wk 

NAT NONE 1.99 3.08 

2 fc 5,000K 1.81 3.09 

10 fc 5,000K 1.64 3.15 

2 fc 2,700K 1.68 3.57 

10 fc 2,700K 2.02 3.00 

 SEM 0.195 0.239 

 P-Value 0.556 0.503 
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Table 2.7. LED light treatment effects on time to interact with novel items (sec) at 7 wk 
LED 

Type 

Intensity Approach 

Nutrition 

Peck 

Nutrition 

Perch 

Nutrition 

Approach 

Visual 

Peck 

Visual 

NONE NAT 496 1091 1193 73 869 

5,000K 2 fc 193 1026 1194 0.5 617 

5,000K 10 fc 296 1041 1072 5 344 

2,700K 2 fc 310 805 600 6 926 

2,700K 10 fc 352 990 1018 14 683 

 SEM 185 401 402 44 311 

 P-Value 0.796 0.988 0.831 0.671 0.704 
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CHAPTER 3: The identification of the agouti-related peptide in the hypothalamus of four 

strains of the domestic turkey 

 

ABSTRACT 

The regulation of feed intake is a complex process that involves multiple physiological 

systems which can vary depending on genetic composition. Targeted selection for economically 

favorable production traits, such as increased growth, coincide with significant changes in feed 

intake and energy balance. The arcuate nucleus (ARC), residing in the hypothalamus of the 

brain, is critical for appetite regulation which includes orexigenic agouti-related peptide (AgRP) 

neurons. While known for energy homeostasis regulation in both mammals and some avian 

species, the role of AgRP involvement in feed intake of the domestic turkey (Meleagris 

gallopavo) has not been examined. Therefore, the objective of this study was to quantify AgRP 

expression in the hypothalamus of four different genetic strains of commercially available, large, 

white meat-type turkeys. Hypothalamic tissue containing the arcuate nucleus was collected and 

prepared for immunohistochemical analysis of AgRP neurons (perikarya and fibers). AgRP 

neurons were positively identified in all four genetic strains. Bird feed intake, by pen, was 

positively correlated with AgRP neuronal density (R2= 0.9033) and by strain of bird based on 

country of origin. These results indicate that expression of AgRP has similar affects in birds to 

those measured in mammals.  

 

Key words: turkey, Agouti-related Protein, neuropeptide, hypothalamus  
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INTRODUCTION 

Altered brain development has been proposed as a potential “biomarker” for welfare 

states in animals (Hewlett et al., 2014). It has been theorized that the two major components in 

the regulation of feed intake are short–term control of feeding and long–term regulation of 

energy balance by the central nervous system (Richards, 2003). Intensive selection for 

economically important production traits, such as growth rate and meat production, have been 

accompanied by significant changes in feed intake and energy balance (Richards, 2003).  

The arcuate nucleus (ARC) of the hypothalamus is a key center of appetite regulation as 

it contains classic energy homeostatic cells such as the orexigenic agouti-related peptide (AgRP) 

neurons and the anorexigenic proopiomelanocortin (POMC) neurons (Ueno and Nakazato, 

2016). As the endogenous antagonist of α–MSH (a product of POMC neurons) at melanocortin 3 

and 4 receptors (MC3R/MC4R) (Mirabella et al., 2004), AgRP is known to potently stimulate 

feed intake when given centrally (Burnett et al., 2016).  Furthermore, select photoactivation of 

AgRP neurons stimulate food intake in mice (Burnett et al., 2016).  Neuropeptide-Y (NPY) 

stimulates feed intake and has been demonstrated to be co-expressed with AgRP in mammals 

(Dunn et al., 2013; Mirabella et al., 2004) with the combination of these two neuropeptides 

being closely associated with nutritional status as it relates to food restriction and re-feeding 

(Dunn et al., 2013).  

AgRP has been identified as a neuropeptide with physiological implications for the 

regulation of food intake, body weight, and energy homeostasis in both mammals and avian 

species (Mirabella et al., 2004). The mammalian MC4R pathway is suggested as the only 

melanocortin receptor subtype implicated in feeding behavior or body weight regulation that is 

also present in the chick brain as the homologue cM4R (Strader et al., 2003; Takeuchi et al., 
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2000).  While AgRP expression has been observed in the hypothalamic regions in the ring dove 

(Mirabella et al., 2004; Strader et al., 2003) and in ducks (Mirabella et al., 2004), no peer 

reviewed research has been reported on the AgRP expression in domestic turkeys. Therefore, to 

determine if there were differences in AgRP expression between genetic strains of turkeys used 

for meat production, the objective of this study was to obtain hypothalamic tissue from four 

different strains of turkeys with a hypothesis that there will be a positive correlation AgRP 

immunoreactivity with feed intake.    

 

MATERIALS AND METHODS 

Bird Management Practices 

Typical large, white meat-type commercially available turkeys (Meleagris gallopavo) 

consisting of two United States (US) and two European (ES) based strains (US1, US2, ES1, and 

ES2) were used in this study. Birds were housed in a curtain-sided facility with exposure to 

natural light and ventilation. A total of 4 strains of turkeys, separated by strain and consisting of 

mixed sex in each pen, were reared until 5 weeks of age when tissue collection and gender 

identification occurred. Birds were weighed by pen at placement at 0d, and individually each 

week from 2 weeks until 5 weeks of age when tissue collection occurred. Hatchability was 

measured as healthy birds reared until 5 wk. Birds were fed a typical commercial turkey soybean 

meal, corn, and wheat-based diet milled by the North Carolina State University Feed Mill 

(Raleigh, NC) with allocations calculated on a per bird basis in four phases. Bird feed intake was 

measured by pen of birds and calculated per bird. This study was conducted using the associated 

procedures approved by the Institution Animal Care and Use Committee at North Carolina State 

University under the guidelines set forth by Ag guide 3rd Edition (2010). All husbandry and 
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euthanasia procedures were implemented by trained individuals with full consideration for the 

welfare of the animal. 

 

Hypothalamus Tissue Collection 

Hypothalamus tissue collection was modified from Mirabella et al. (2004) and Dunn et 

al. (2013). Birds were euthanized by cervical dislocation followed by rapid decapitation at 5 

weeks of age with no prior infusion of fixatives. The entire cranium was placed on a laboratory 

tray and dissection with surgical supplies was performed to remove the entire brain by following 

the fusion sites between the skull plates. A small spatula was used to dislodge the tissue keeping 

the optic chiasma intact within 5 minutes after death to prevent degradation of tissue. Tissue 

samples were collected from 6 birds per pen. Tissue was rinsed with 0.1M PBS, if necessary, to 

remove any debris collected during dissection and then placed in 4% paraformaldehyde (PFA) 

containing sodium azide at 4°C. The 4% PFA solution was removed at 24h and replaced with 

fresh 4% PFA for an additional 24h. At 48h, the 4% PFA was removed and replaced with a 20% 

sucrose solution for long term storage at 4°C until tissue could be sectioned. Tissue was cut from 

the caudal to rostral on the coronal plane, using a freezing stage microtome at 30µm and each 

section was separated into three vials in succession containing cryopreserve for long term section 

storage at -20°C.    

 

Immunohistochemistry 3,3’-diaminobenzidine tetrahydrochloride (DAB) Procedures 

Immunohistochemistry for the detection of AgRP protein was completed over three days 

on with equal representation of each treatment (1 female turkey per strain, four mid-ARC tissue 

sections per strain). On d 1, tissue sections identified using a stereotaxic coordinate atlas of the 



   

74 

 

chicken brain (Puelles et al., 2007, ISBN: 978-0125666510) from one female turkey per genetic 

treatment were washed separately, in 0.1M PB overnight at 4°C. On d 2, sections were washed 4 

X 5 min at RT in 0.1M PBS then placed in 1%. H2O2 for 10 min. Tissue was washed 4 X 5 min 

in 0.1M PBS then incubated for 1h in 0.1M PBS containing 0.4% Triton-X 100 and 4% normal 

goat serum (PBS+) at RT. Sections were incubated overnight at RT in PBS+ with an AgRP 

rabbit polyclonal primary antibody (1:5,000 concentration; H003-53, Phoenix Pharmaceuticals, 

Belmont, CA, USA) that had been previously validated in ducks (Mirabella et al., 2004). On d 3, 

sections were rinsed 4 X 5 min in 0.1 PBS then incubated for 1h RT in PBS+ with a biotinylated 

goat anti-rabbit IgG (1:500 dilution, Vector Laboratories Burlingame, CA). Tissue was washed 4 

X 5 min in 0.1 PBS then incubated in Vectastain ABC-elite (Vector Laboratories, Burlingame, 

CA) at RT. Sections were rinsed 4 X 5 min in 0.1 PBS then incubated in DAB solution (10mg 

DAB tablet, Sigma-Aldrich; reconstituted in 50mL 0.1M PB + 20µL of 30% H2O2) for 7 min at 

RT. Sections were rinsed 4 X 5 min in 0.1 PB before mounting on Superfrost/Plus microscope 

slides (Fisher Scientific, Pittsburgh, PA), dehydrated using a series of increasing alcohol baths 

for 5 min each (50% reagent alcohol, 70% reagent alcohol, 95% reagent alcohol, 100% reagent 

alcohol, 100% reagent alcohol) followed by 2 X 5 min Citrisolv rinses. Sections were 

coverslipped using DPX Mounting Medium (Electron Microscopy Sciences, Hatfield, PA). To 

test the specificity of the AgRP antibody, in a separate experiment and following the same 

procedure listed herein, a commercially purchased AgRP peptide (Phoenix Pharmaceutical, 

10mg concentration, (83-132) amide human) was incubated overnight at 4°C on d 1 and then 

followed the same procedure outlined for d 2 and 3.  
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Data analysis of immunohistochemistry 

For single antigen staining, cell bodies and neuronal fibers, identified by areas containing 

brown cytoplasmic staining, were photographed at the same objective level using a Laxco SeBa 

2 microscope camera system and then further processed using the threshold function within 

imageJ (Figure 3.1). Pixel percentages were calculated for areas containing cytoplasmic staining 

and average over the 4 sections per genetic strain. The use of imageJ was necessary since AgRP 

had a large amount of neuronal fibers versus neurons. Correlation coefficients were completed 

using Microsoft Excel for neuron pixel percentage and feed intake comparison.  

 

RESULTS AND DISCUSSION 

Management practices in turkey production based on geographic location and genetic 

strain availability have the potential to significantly alter bird performance, including feed 

related measurements. Welfare status of animals has been associated with altered brain 

development which has been proposed as a potential “biomarker” (Hewlett et al., 2014). 

Hatchability between the different strains was observed with more birds at the end of the trial 

(ES1 = 31, US1 = 20, US2 = 19, and ES2 13, respectfully). Positive control and AgRP cell body 

and neuronal fiber staining within the mid-ACR of the turkey brain are represented in Figure 

3.2. The preabsorption of the AgRP peptide to the tissue indicated the specificity of the AgRP 

antibody staining by no cell body or neuronal fiber staining. Furthermore, AgRP antibody 

staining was successful in all tissue sections tested with single antigen staining with cell bodies 

and neuronal fibers identified as areas containing brown cytoplasmic staining.   

Based on the research, it appears that mammals and avian species have evolved with 

similar regulatory mechanisms, neural pathways, and neuroanatomical sites (Richards, 2003); 
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however, there has been some evidence that feeding behaviors, and associated neuropeptides in 

that support feeding, may have not been conserved between the species during evolution of avian 

and mammalian species (Dunn et al., 2013). Feed costs contributes to two-thirds of the cost of 

poultry production and neuropeptides associated with the regulation of feeding have been 

quantified from the hypothalamus of poultry which have been shown to influence feeding 

behavior (Zeng et al., 2016). Immunohistochemistry for the identification of AgRP neurons 

within the ARC of the turkey hypothalamus was successful (Figure 3.2) and feed intake was 

positively correlated with AgRP neuronal density (R2= 0.9033) and varied by strain (Figure 3.3). 

It has been observed that residual feed intake is positively correlated with feed intake and FCR in 

ducks, with birds consuming less feed having better FCR (Zeng et al., 2016) which matches 

these results obtained in turkeys.  

 

CONCLUSION AND APPLICATIONS 

Turkey hypothalamic tissue was responsive to commercially available AgRP antibodies. 

Neuronal density for AgRP within the ARC of one bird per strain was correlated with feed intake 

and was affected by strain of bird which may indicate a genetic variation in the ability to regulate 

feed intake, but further examination of additional tissue will be necessary to make significant 

conclusions.     
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FIGURES 

Figure 3.1 imageJ color threshold software example for AgRP neuron fiber quantification 

 
Red locations were considered areas containing AgRP fiber staining and were measured using 

the area tool within imageJ.   
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Figure 3.2 Identification of the AgRP neurons and neuron fibers in turkey hypothalamic tissue 

(mid-ARC) at 5 wk 

           
a) Positive control: AgRP cell bodies (indicated with arrows) and fiber projections were 

identified in the ARC of the AgRP neurons and fibers were identified in the ARC of the 

hypothalamus 

b) Specificity control: ARC of the hypothalamus preabsorption with Rb x AgRP (Phoenix 

Pharmaceutical, 10mg concentration, (83-132) amide human)  
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Figure 3.3 Correlation of feed intake and AgRP by genetic strain of turkeys grown to 5wk 

 
US1 and US2 referring to the United States 1 and 2 strains of turkeys 

ES1 and ES2 referring to the European strains 1 and 2 of turkeys  
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CHAPTER 4: Future Directions  

 

Objective One: LED lighting effects on the orexigenic AgRP mechanism 

The rationale for the idea behind this body of work was that previous literature reports 

indicate that lighting, in association with its parameters, can influence hormone cascades which 

alters bird physiology. Feeding mechanisms are important to understand in animal production 

settings and developing a mechanism of these neuropeptides may optimize feeding that could be 

exploited in poultry production to reduce feed costs. If an accurately identified relationship with 

feeding mechanisms in turkeys is discovered, there is potential to directly influence the cost of 

production of birds, improving sustainable food production. Preliminary results obtained herein 

indicate a positive correlation between feed intake and neuropeptide expression in turkeys. 

Therefore, as a future direction, the ability to expose the link with feed intake and lighting 

parameters would be imperative in determining type of lighting to use in production. Future 

research into understanding how feeding mechanisms are influenced by neuropeptide 

development and regulation is needed allowing one to better inform poultry producers on types 

of management practices that directly affect feeding, such as on-off feeding regiments and how it 

impacts offspring. Turkey hen hypothalamic tissue obtained in this body of work will undergo 

immunohistochemistry procedures outlined within to analyze for AgRP neuropeptide 

quantification and objectively measured with the use of the threshold function in imageJ to 

further understand the effects of daylength, intensity, and/or spectral output from LED effects on 

brain satiety proteins.  

 

Objective Two: LED lighting effects in turkey toms with spectral choice 

Emerging research regarding bird preference to different types of light based on time of 

day and type of behavior completed have been studied in several poultry species, however, this 
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work is lacking in turkeys. In this proposed project, a choice-light program will be implemented 

in commercial toms allowing them access to 4 different light compartments: 5,000K LED; 

2,700K LED; Far-red LED; and 75W Incandescent bulbs fixed at 8 footcandles (fc) intensity. 

Birds will be allowed to access any of the four rooms though 0.2 fc (dim) hallway connecting the 

four rooms. Each room will accommodate two feeders and two drinkers with no feed or water 

offered in the hallway. In addition, a subset of birds will be reared under natural light conditions 

to serve as a traditional light/ventilation control group. Performance would be measured and 

FCR would be calculated. Welfare assessment will be conducted in a subset of birds at 12 and 19 

wk for feather scores (FLIR camera based objective scoring), footpad dermatitis, skin/muscle 

lesions and peck wounds. Behavioral measurements and quantification will be completed by 

obtaining video footage and comparing displays of behavior to an ethogram. Video will be 

recorded in each pen for two consecutive days at 12 and 19 wk and 10 minutes of continuous 

video in the morning, afternoon, and evening will be analyzed for flock behavior. Frequency of 

eating, drinking, walking, resting, preening, dustbathing, and aggressive pecking behaviors will 

be quantified. Blood samples would be taken (n=2/pen) for hormones: triiodothyronine, 

melatonin, arginine vasotocin and testosterone. Tibia and femur samples will be collected for 

ash/mineral content and bone biomechanical properties. Fat-free ash content will be measured 

using ether extraction method whereas a 3-point bending set up will be used to measure the 

fracture resistance using maximum load and displacement until failure. Bones will be oriented in 

mediolateral plane in the bending fixture and a load cell with uniform acceleration will be 

applied at the mid-diaphysis. Geometrical properties of tibia and femur such as length, width, 

cortical thickness, cortical diameter will be measured as well. 
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SUMMARY 

Poultry production involves the integration of management practices to maintain bird 

welfare and performance. Lighting regimens can include sunlight, incandescent bulbs, compact 

fluorescent bulbs, and more recently, LED lights. Positive attributes of LED bulbs include long 

life, low cost, and specificity to production type. These parameters have been studied in 

commercial chickens; however, LED lighting has not been well established in commercial turkey 

production. Therefore, two LED lighting trials were performed using a combination of LED 

bulbs and natural light conditions. Based on the results obtain herein, it was concluded that 

lighting parameters (daylength, intensity, and chromaticity) are all important when choosing a 

LED lighting regimen in turkeys as significant effects on bird performance, health, and feather 

coverage were recorded. Eye development was significantly affected by far-red LED spectrum in 

which birds had an increased anterior-posterior distance compared to birds reared in the natural 

treatment. Increased feather coverage was measured in birds reared under natural conditions 

when compared to birds reared under all long daylength (18h) treatment groups in study one, 

however, there were no differences in feather coverage in the second study. Furthermore, feather 

coverage did not correlate directly with thyroid hormone, triiodothyronine (T3) ng/mL 

concentration levels, indicating the possibility of an additional behavior mechanism which was 

not measured in these studies.  

Management practices in turkey production based on genetic lines may potentially alter 

feed intake and feed cost constitutes up to two-thirds of the production cost. Based on the 

research obtained herein, turkeys have evolved similar feeding mechanisms as mammalian 

species as measured by a positive correlation between feed intake and AgRP neuron staining. 

Furthermore, neuronal staining was affects by bird strain indicating the involvement of genetic 
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selection in feeding mechanisms. As more information becomes readily available on LED 

lighting mechanisms and feeding mechanisms are mapped further, the integration of these two 

main ideas may be key to understanding underlying bird behaviors, such as aggression, and 

optimize the sustainability of turkey production.  


