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SUMMARY

Artificial lighting is used to control growth and reproduction. Lighting protocols are defined
by the quantity (photoperiod, intensity) and the quality (wavelength) of light. Recently, with
the introduction of light emitting diode (LED) bulbs, interest has grown in investigating the
effect of spectrum lighting. Thus, the aim of this study was to examine the effect of red and
green light on growth during pullet rearing, and on possible carry-over effects during the
subsequent adult phase. Lohmann Brown-Lite chicks were raised in a 2-story free run barn
divided into 4 sections and exposed to either 60% red LED (RL) or 60% green LED (GL)
light treatments. At 19 wk, all birds were moved to an adult free-run barn with RL and GL
pullets placed on separate halves of the barn. In the adult barn, all birds were exposed to RL.
Body weight, egg production, ovarian morphology, estradiol and calcium levels, as well as
bone structure were recorded until 70 wk. Although no consistent significant difference was
observed in body weight or general reproductive parameters, RL pullets tended to sexually
mature earlier. As well, no carry-over effect was detected. Regardless of pullet treatment, egg
production remained high throughout, especially towards the end of lay. In conclusion, spectrum
lighting during the rearing of layer pullets did not impact growth or subsequent production
performance; however, exposing adult hens to RL may be beneficial to maintain high egg
production.
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DESCRIPTION OF PROBLEM

Growth rate and feed efficiency during the
pullet phase as well as reproductive status dur-
ing the laying phase are 2 of the main parameters
underlying the performance of commercial lay-
ing hens; each of these can be influenced by
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artificial lighting. Birds are capable of perceiv-
ing light through photoreceptors in the retina,
pineal gland, and hypothalamus [1, 2]. As sea-
sonal breeders, commercial layers rely on pho-
toperiodic cues to initiate sexual maturation [3]
via the activation of the hypothalamo—pituitary—
gonadal (HPG) axis as reviewed by Bédécarrats
and by Bain et al. [4, 5]. Briefly, the reproductive
axis and hence egg production are regulated by
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the hypothalamic neuropeptides, gonadotropin
inhibitory hormone (GnIH), and gonadotropin
releasing hormone (GnRH-I) [4]. During the
rearing phase, exposure to short photoperiod re-
sults in higher melatonin production which in
turn allows GnIH to maintain the reproductive
axis in an inactive state [6, 7]. At this stage, struc-
tural bone (cortical and trabecular bone tissues)
develop and grow to provide support and serve as
frame for the musculoskeletal system [§]. Once
pullets are ready for sexual maturation, increased
photoperiod stimulates the release of GnRH-I,
while reducing the expression of GnlH, and the
HPG axis is activated [3, 9-11]. The produc-
tion of GnRH-I results in increased gonadotropin
release (luteinizing hormone [LH] and follicle
stimulating hormone [FSH]) from the anterior
pituitary gland, which then stimulates the ovary
to undergo follicular maturation and steroidoge-
nesis with the synthesis of estradiol (E;) and pro-
gesterone required for preparing the hen for egg
production and to trigger ovulation, respectively
[4, 5, 12, 13]. More specifically, E; is essential
for stimulating the development of the reproduc-
tive tract and secondary sex characteristics, the
liver to produce yolk lipids, and the switch from
structural bone to medullary bone deposition of
calcium in bones, such as the femur and tibia
[4, 5, 8]. As egg formation is initiated, shell de-
position mostly occurs during the dark period, at
a time when a limited amount of feeding takes
place and limited amount of calcium is available
from the gut [5, 8]. The consequent low plasma
calcium concentration stimulates the production
of parathyroid hormone, and together with E,,
these hormones convert vitamin D into the active
form (1,25(OH),Dj3) to release calcium from the
bones by osteoclasts [8, 14, 15]. Osteoclasts can
act on both medullary and structural bones, po-
tentially putting high-producing hens at risk, es-
pecially as growth of structural bone ceases when
hens reach sexual maturity [8, 15, 16]. Main-
taining a balance between osteoblastic (bone-
forming) and osteoclastic (bone resorbing)
activity is important for bone remodeling and
integrity. However, bone resorption over the lay-
ing period can lead to progressive, widespread
loss of structural bone, resulting in fragile bones
highly susceptible to fractures, also known as os-
teoporosis. The major cause of osteoporosis in
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laying hens is due to the cessation of structural
bone formation, switching to medullary bone
formation at onset of sexual maturity, with a pro-
gressive loss of structural bone over the laying
cycle [16, 17]. Although the occurrence of frac-
tures cannot be completely prevented, it is impor-
tant to provide sufficient calcium and vitamin D
to help minimize the incidence of osteoporosis
[16].

Currently, the effect of lighting spectra on
production performance has been a topic of great
interest for both growth in broilers and egg pro-
duction in layers. Exposing broiler chicks to
shorter wavelengths, such as green (550 nm)
and blue (450 nm) light, results in the enhance-
ment of growth, through increased proliferation
of satellite cells, and subsequent increase in mus-
cle mass compared to birds exposed to longer
wavelengths [18-20]. However, broilers and lay-
ers have been genetically selected for divergent
traits and little evidence exists on the effects of
light spectrum on the growth of layer pullets.
Furthermore, exposure of broiler breeders and
layers to green light has been suggested to have
an inhibitory effect on reproductive performance
by stimulating retinal photoreceptors; however,
specific underlying mechanisms have yet to be
determined [21-23]. On the other hand, longer
wavelengths, such as red (660 nm) light, have
been reported to stimulate sexual maturation
and advance overall reproductive performance
in both layers and broiler breeders [21, 23-25].
The stimulatory effect of red light during sexual
maturation has been shown to also result in an
increased concentration of E; with an earlier ele-
vation [21, 23-25], which as mentioned above is
critical to mediate the physiological changes nec-
essary to switch from growth to egg production.

However, most studies on the impact of light
spectrum in layers focused on adult hens and
egg production, while limited research has been
conducted on the rearing of commercial layer
pullets. Thus, this study investigated whether
60% red LED (light emitting diode) light or 60%
green LED light (hereinafter RL and GL, respec-
tively) during the rearing phase has the ability to
impact pullet growth and sexual maturation, and
whether it will result in any carry-over effect on
the production performance of adult hens later
in life.
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Figure 1. Diagrams of the housing condition. (A) Represents the housing condition for the first 2 wk, where chicks
were maintained under white LED light in 2 sections on the top story. (B) At 14 of age, half of the pullets from the top
story were moved to the bottom and 60% Red and 60% Green LED light treatments commenced. (C) Represents
the transfer to the adult barn from the pullet barn at 19 wk of age. Birds reared under 60% Green LED were moved
to one section of the adult barn, and birds reared under 60% Red LED were moved to the remaining section of the
adult barn. All birds were kept under 60% Red LED from 19 to 70 wk of age.

MATERIALS AND METHODS

Experimental Birds, Housing Conditions,
and Lighting

This study was conducted at Burnbrae Farms
[26] and adhered to the guidelines outlined by
the National Farm Animal Care Council [27].
A total of 14,500 Lohmann Brown-Lite day-old
chicks [28] were housed in the top story of a

2-floor, free-run pullet barn separated into 2 light
isolated sections. During the first 2 wk, chicks
were maintained under white LED lights follow-
ing an intermittent lighting program for the first
week (4 h light and 2 h dark), and a 16 h photope-
riod from day 7 to 14. At 2 wk of age (woa), half
of the chicks were randomly moved to the bot-
tom floor (also split into 2 sections), resulting in
a quadrant layout (2 sections per story; Figure 1).
Simultaneously, experimental lights were turned
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on with one replicate on each floor illuminated
with either RL (640 to 660 nm [29]) or GL (515
to 525 nm [30]) separated by light isolating parti-
tions. RL was used to investigate whether the rate
of sexual maturation could be enhanced, whereas
GL was used to investigate any effect on pullet
growth during the rearing phase and whether it
may result in delayed sexual maturation. Pho-
toperiod was gradually decreased each week un-
til 9 h was reached at 6 woa, and this photoperiod
was maintained until 15 woa. Once flock BW av-
erage reached the 15 woa target (1.236 kg; [31]),
photoperiod was increased by 2 h per week up
to 14 h (reached at 18 woa). The housing tem-
perature was adjusted according to the Lohmann
Brown-Lite management guide [31] and set to
34°C from time of chick placement to 5 d of
age, and gradually decreased by 0.5°C daily un-
til 24°C was reached. At 19 woa, pullets were
transferred to a 1-story free-run laying barn, di-
vided into 2 sections by a wire mesh and with
nest boxes placed in the center of the barn. In
the laying barn, pullets from RL treatment were
placed in one section while pullets from GL treat-
ment were placed in the other, with all birds ex-
posed to the RL with a 14-h photoperiod regard-
less of pullet treatment. Hens were kept in the
adult barn until 70 woa, with feed and water pro-
vided ad libitum according to NRC requirements
[31-33].

Data and Sample Collection

Body weights were recorded weekly during
the rearing phase (from 8 to 18 woa) on 50
randomly selected pullets per quadrant (n = 2
sections per treatment; n = 50 birds per section).
After transfer to the adult barn, BW was recorded
weekly until 30 woa and biweekly thereafter on
50 randomly selected birds per treatment. Egg
production was recorded daily from 19 to 70 woa
for each treatment and was expressed as weekly
production rate (eggs per hen housed). Addition-
ally, the number of cracked eggs and mortality
were recorded.

During flock health care checks, BW records,
blood samples, and carcasses of 10 individuals
per treatment (n = 5 pullets per quadrant during
the rearing phase) were recovered from Burn-
brae Farms at 7, 11, 18, 25, 41 and 69 woa.
From the carcasses, the left ovary and right
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femur were collected for further analysis, and
relative weights of liver and ovary (without F1
to F6) were calculated. Ovary samples (without
F1 to F6; hierarchal follicles) were soaked in
70% ethanol [34] overnight to visualize follicles
in order to count and categorize based on size.

Hormone Extraction and Enzyme
Immunoassay

Plasma was recovered from each blood sam-
ple [35], and samples were extracted with
ethanol to increase E, retention and reduce non-
specific interference of the components within
the sample following the protocol of Baxter et al.
[23, 36]. E, concentrations in extracted plasma
samples were then determined using a commer-
cial enzyme immunoassay kit according to the
manufacturer’s instructions [37]. Additionally,
calcium concentration in the remaining plasma
samples was analyzed at the Animal Health
Laboratory of the University of Guelph using
immunochemistry [38].

Bone Quantitative Computed Tomography

Prior to analysis, the right femur from each
bird at 18, 25, 41, and 69 woa was fixed in 10%
phosphate buffered formalin [39] for 2 wk fol-
lowing the protocol modified from Silversides
et al. [40] and Ariyamuni [41]. Bone quality was
determined by quantitative computed tomogra-
phy (QCT) according to the protocol developed
at the University of Alberta and previously de-
scribed by Korver et al. [42, 43]. The bone min-
eral density and cross-sectional area of the total,
cortical, and trabecular space (containing both
trabecular and medullary bone; [44]) were de-
termined at the mid-point of each femur. Bone
mineral content was calculated as the amount of
bone mineral contained within a | mm-thick lon-
gitudinal section of the femur at the scan location
[44].

Statistical Analysis

Pairwise comparisons of BW, organ weight,
bone mineralization parameter, as well as plasma
E, and calcium concentration means were
analyzed using the LSMEANS statement of
the MIXED procedure of SAS [45], where
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significance was considered when P < 0.05.
Tukey’s post hoc test was used to compare treat-
ment means. Fixed effects included age, treat-
ment, story-level (during rearing period), and an
interaction between age and treatment, while the
assigned section of the barn was the random ef-
fect. Furthermore, Pearson product-moment cor-
relation coefficients were determined for BW,
ovary weight, liver weight, E, concentration, tra-
becular and cortical density, as well as area and
mineral contents. Egg data collected through-
out this study could not be statistically analyzed
due to egg production of each treatment corre-
sponded to the average from the entire section of
the barn and are reported as means only.

RESULTS AND DISCUSSION
Effect of Spectrum Lighting on Body Weight

Body weight was used as an indicator of
growth for the purposes of this trial. During the
rearing phase, BW was dependent on age (P <
0.001) and story level (P < 0.001). As shown in
Figure 2A, pullets from the bottom story were
significantly heavier than pullets from the top
story at 14 (1.34 kg &+ 0.01 vs. 1.29 kg 4 0.01)
and 18 woa (1.58 kg + 0.01 vs. 1.51 kg £ 0.01).
Further review showed that temperature in the
top story was on average 2°C warmer than the
bottom at both 14 and 18 woa. Birds typically
react to higher ambient temperature by reducing
their feed intake, thereby decreasing heat pro-
duction which in turn results in decreased BW
gain [46]. Although feed consumption was not
recorded in this trial, a temperature effect could
explain the differences observed. A significant
interaction between age and treatment on BW
(P < 0.001) was observed; however, individual
significant difference was observed only at 18
woa between light treatments, when pullets ex-
posed to RL (1.57 kg & 0.01) were heavier than
GL (1.52 kg 4 0.01) (Figure 2B). Interestingly,
the significant difference observed at 18 woa
was at the time of transfer to the adult barn, and
this may be attributed to an earlier sexual mat-
uration of pullets reared under RL as the egg
production at 19 and 20 woa of birds exposed
to RL was observed to be 5 and 15% greater
than birds exposed to GL, respectively. During
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sexual maturation, the development of the repro-
ductive tract and ovary are associated with an
increase in BW [47]. This can be supported by
the positive correlation of both liver and ovary
weight with BW at 18 woa (liver: r = 0.719;
P < 0.001, ovary: r = 0.647; P = 0.002), indi-
cating a possible effect of sexual maturation on
BW. In retrospect, collection of oviducts from
carcasses may have helped identify this earlier
maturation as the weight of the oviduct is corre-
lated with the development of the reproductive
tract [47]. Overall, the lack of effect on early
growth does not agree with results from studies
performed on broilers in which green monochro-
matic lights significantly increased BW [18, 19].
However, our study agrees with a previous report
showing no effect of spectrum lighting on layer
pullet growth [48].

Following sexual maturity and throughout the
laying period, BW was dependent on age (P <
0.001). Although an interaction between age and
treatment (P < 0.001) was observed, this may
have arose from 2 significant difference in BW
gain observed at 36 woa (GL 2.08 kg & 0.03 vs.
RL 1.90 kg + 0.02) and 56 woa (GL 1.84 kg +
0.02vs.RL 1.98 kg £ 0.02) as shown in Figure 3.
One explanation for these differences may be
due to random selection of individuals at each
age (no repeated measures), causing variation
in the data set rather than BW gain affected by
pullet rearing treatment. Nonetheless, no carry-
over trend on BW was found between the RL and
GL pullet rearing treatments.

Effect of Spectrum Lighting on Reproductive
Performance

Egg Production and Egg Quality Due to
the experimental design and only one replicate
per pullet treatment during the laying phase, we
were unable to conduct statistical analysis on
egg data collected throughout the experiment.
Regardless, egg production was calculated on
a hen-housed weekly basis for each treatment
(Figure 4). Following transfer into the adult barn,
hens from the RL treatment appeared to enter
lay sooner than hens from GL, with produc-
tion of 10.7% vs. 5.0% at 19 woa and 48.7%
compared to 33.3% at 20 woa, for the RL and
GL treatments, respectively (Figure 4A). Lewis
et al. [48] reported that although rearing layer
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Figure 2. Effect of light spectrum treatment and the story level on body weight (mean + SEM) during the rearing
phase (8 to 18 wk of age). (A) Represents the effect of story level on body weight. (B) Represents the effect of
60% Red or 60% Green LED light on body weight. P-values for different sources of variation were as follows: age,
P < 0.001; story level, P < 0.001; treatment, P = 0.574; age x treatment, P = 0.007; #°Data points lacking the

common superscript differ significantly (P < 0.05).

pullets under green lamps delayed maturation
by 1 d compared to pullet reared under incan-
descent lights, no other differences in produc-
tion parameters were observed. Nonetheless, it
has been shown that red light advances matura-
tion compared to green light in both layers and
broiler breeders [21, 23]. However, most studies
that have reported enhanced sexual maturation
and subsequent reproductive performance under
red light investigated the impact of lighting treat-
ment from photostimulation rather than from the
start of the rearing period [21, 23-25].

In the current study, a peak production of
92% was reached at approximately 22 woa for
both treatments, with no further noticeable dif-
ferences in production. By the end of the produc-
tion cycle, hens originating from the RL rearing
treatment laid approximately 3 more eggs per
hen compared to birds from GL on a hen-housed
basis (Table 1). Since all hens were maintained
under the same RL in the adult barn, any impact
of spectrum lighting during the pullet stage ap-
peared to be on sexual maturation with minimal
if any carry-over to the adult stage. This is in line
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Figure 3. Effect of light treatment (60% Red or 60% Green LED light) during pullet rearing on body weight throughout
the adult phase from 19 to 70 wk of age (mean + SEM). P-values for different sources of variation were as follows:
age, P < 0.001; treatment, P = 0.555; age x treatment, P < 0.001. #®Data points lacking the common superscript

differ significantly (P < 0.05).

with Lewis et al. [48] and Harrison et al. [49],
who reported that no significant differences in
egg production were observed between rearing
light treatments (blue, green, red, or white lights)
when all birds were switched to the same white
incandescent light at photostimulation. Nonethe-
less, egg production maintained above 87% be-
yond 70 woa for both RL and GL treatments,
which appeared to have a higher egg produc-
tion rate and better laying persistency compared
to published data for this strain (Table 2) [50,
51]. However, since in the adult barn all hens
were subjected to the RL, no control treatment
was implemented and statistical comparisons to
other light source cannot be performed. Thus,
although we speculate the high production ob-
served under our experimental conditions was
in part due to the RL, we cannot rule out any
additional environmental factor.

The cumulative number of cracked eggs col-
lected throughout the trial is shown in Figure 5.
From 19 to 70 woa, the cumulative number of
cracks was higher in birds raised under GL com-
pared to RL, totaling 8.9 and 7.8 cracked eggs per
1,000 hens, respectively. This difference between
treatment was primarily observed at 33 woa in

birds exposed to GL, with weekly totals increas-
ing from 0.15 eggs to 0.45 eggs per 1,000 hens,
whereas birds exposed to RL did not display this
same increase.

Relative Organ Weights and Ovarian Fol-
licles No differences in relative liver or ovary
weights were observed between treatments
(Table 3). However, organ weights were depen-
dent on age (P < 0.001), where after trans-
fer to the adult barn, relative liver weights sig-
nificantly increased throughout the production
period up to 69 woa. As hens sexually mature,
elevated levels of E, stimulate hepatocyte
lipoprotein production in the liver from generic
very low-density lipoprotein (VLDL) to yolk tar-
geted VLDL (VLDLy) production [52]. Thus,
an increase in liver size as hens age is likely
the result of a continuous stimulation to syn-
thesize egg yolk components [53-55]. Further-
more, as hens age, egg size and weight typi-
cally increase resulting from an increase in yolk
yield compared to eggs produced from younger
flocks [56—58]. While the liver continuously pro-
duces lipoproteins, production will drop through
the end of the laying period, causing a longer
interval between ovulations. This results in a
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Figure 4. Effect of light treatment during pullet rearing on egg production. (A) Represents the comparison of 60%
Red or 60% Green LED on egg production rate from 19 to 25 wk of age. (B) Represents the egg production of 60%
Red or 60% Green LED from 19 to 70 wk of age.

Table 1. Effect of 60% Red and 60% Green LED Light (P < 0.001), especially following sexual matu-

Treatments During Pullet Rearing on Cumulative Egg : : _
Production at 20, 25, 45. 60, and 70 wk of Age. ration, although no difference was observed be

tween treatments. Interestingly, the largest sig-

Age (number of?gigastrs:rn;en housed) nificant increase was observed between 41 and
69 woa, well past the peak of lay. This increase
(weeks) Red Green Differences

in relative ovary weight was associated with a
20 42 2.7 L5 significant increase (P < 0.001) in the number

4212 1233 122'3 é g of small follicles (1 to 4 mm), with the greatest
60 263.0 260.9 21 number occurring at 69 woa (Table 4). Addition-

70 3272 3241 31 ally, the number of medium (5 to 8§ mm) follicles
was significantly greater in hens at 25, 41, and 69
woa, compared to those at 18 woa (P < 0.001).
Similarly, the number of large (=9 mm) follicles
were greatest in birds at 25 and 69 woa, with
those at 41 woa displaying a significantly lower

longer accumulation of egg yolk lipoprotein
deposition, increasing egg size [49, 56, 57].
As expected, the relative ovary weight with-
out hierarchal follicles increased as birds aged
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Table 2. Comparison of Egg Production Rate Between Birds Reared Under 60% Red, 60% Green LED
Light and Lohmann Brown From the Management Guideline and Published Data.

Egg production rate (%)

Treatment 20 to 30 woa 31 to 45 woa 46 to 50 woa 22 to 58 woa
60% Red 87.8 93.9 924 92.7
60% Green 86.8 92.9 92.3 92.6
Lohmann Brown-Lite Target 76.7 93.0 90.4 90.2
Singh et al. [48] 92.3 88.4 76.4
Bozkurt et al. [49] 81.0
woa, weeks of age.
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Figure 5. Effect of light treatment (60% Red or 60% Green LED light) during pullet rearing on cumulative number
of cracked eggs collected from 19 to 70 wk of age per 1,000 hens housed.

subset, and 18 woa containing the lowest num-
ber of follicles within this group out of all ages
(P < 0.001). Regardless, no difference was ob-
served between hens from GL and RL. In avian
species, FSH is known to trigger growth and mat-
uration of pre-hierarchical follicles, especially
small white follicles, and stimulate proliferation
and differentiation of granulosa cells [59, 60]. It
has been reported that growth of pre-hierarchal
follicles (<8 mm) continues until ovulation, thus
increasing ovarian weight observed in the current
study is speculated to be due to an increasing
number of follicles, as well as growth and mat-
uration of pre-hierarchical follicles over time.
Furthermore, it can be suggested that laying per-

sistency, referred to here as egg production main-
tained above 87% at 70 woa for birds exposed
to RL and GL vs. 80% for Lohmann Brown-Lite
[28], was supported by the maintained ovarian
activity observed at 69 woa, indicated via ovarian
weight and follicular development at this time.
Estradiol No significant difference was ob-
served in plasma levels of E; between birds ex-
posed to RL and GL (P = 0.076; Figure 6). Un-
fortunately, plasma samples collected at 18 woa
were lost before E; levels could be quantified.
This age corresponded to sexual maturation and
thus, the elevation in E, typically seen during
that time [61] could not be captured. However,
regardless of pullet treatment, E, concentration
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Table 3. Effect of Age, Light Treatment (60% Red or 60% Green LED Light) During Pullet Rearing, and Age and
Light Treatment Interaction on Relative Liver and Ovary Weight (Mean + SEM).

Liver Ovary®
Weight Percentage? Weight Percentage?
Age  Treatment (2) SEM (%) SEM (2) SEM (%) SEM
Age! 7 22.5¢ 0.4 3.35° 0.05 0.3¢ 0.01 0.05¢ 0.002
11 23.6° 0.8 2.22¢ 0.06 0.4¢ 0.02 0.04¢ 0.002
18 20.1¢ 0.7 1.334 0.03 0.9¢ 0.09 0.06° 0.005
25 39.5° 1.1 2.13¢ 0.05 7.1° 0.42 0.39° 0.023
41 38.7° 0.7 2.10° 0.03 6.8° 0.33 0.37° 0.017
69 47.22 1.4 2.53b 0.06 11.12 0.41 0.60* 0.023
Treatment Red 32.0 1.4 2.27 0.08 4.6 0.57 0.26 0.03
Green 31.9 1.5 2.28 0.08 44 0.56 0.24 0.03
Age 7 Red 23.0 0.6 3.33 0.07 0.3 0.02 0.04 0.003
X Green 22.1 0.5 3.37 0.09 0.3 0.02 0.05 0.004
Treatment 11 Red 23.8 1.0 2.26 0.06 0.4 0.05 0.04 0.004
Green 234 1.3 2.20 0.10 0.4 0.03 0.04 0.003
18 Red 20.6 1.3 1.33 0.05 1.1 0.15 0.07 0.008
Green 19.5 0.7 1.33 0.04 0.7 0.07 0.05 0.005
25 Red 39.2 1.7 2.08 0.07 7.4 0.63 0.40 0.036
Green 39.7 1.4 2.17 0.07 6.9 0.57 0.38 0.031
41 Red 38.0 0.8 2.12 0.03 6.6 0.42 0.37 0.021
Green 39.3 1.2 2.08 0.06 7.0 0.53 0.37 0.029
69 Red 47.1 2.0 2.53 0.10 11.5 0.53 0.62 0.027
Green 473 1.9 2.53 0.07 10.8 0.65 0.58 0.037
Source of variation P-value
Age <0.001 <0.001 <0.001 <0.001
Treatment 0.928 0.927 0.404 0.389
Age x treatment 0.950 0.914 0.790 0.933

! Age, in weeks.

2Percentage = organ weight/body weight x 100%.

30vary weight recorded without pre-ovulatory follicles (F1 to F6).

abed] SMEANS within a column and treatment group lacking a common superscript differ significantly (P < 0.05).

increased (P < 0.001) once birds entered produc-  follicular pool under RL in the adult barn. Ad-
tion (25 woa) and remained elevated throughout  ditionally, injecting FSH to older hens that had
the reproductive cycle. It has been reported that  ceased egg production increased serum E, con-
as hens reach the end of lay, the ovary and oviduct ~ centrations, which in turn was associated with an
regress, along with decreased liver weight and E, increased number of small and large yellow fol-
concentrations [54, 62]. Conversely, our results licles [63]. However, it is worth noting that inten-
showed a continuous increase in ovary weight, sive selection of layers for extended persistency
liver weight, and small follicle numbers until ~ has resulted in laying cycles lasting past 100 woa
69 woa. Stimulating laying hens with red light [5], most likely changing the follicular dynamics
has been shown to result in elevated E, con- and associated hormonal profiles. For example,
centration [23, 54], produced primarily from the we recently showed that commercial laying hens
small white follicles [5]. As E; concentration  with sustained laying persistency displayed an-

was maintained in the current study, we hypoth- other rise in E, at 52 woa after the initial peak
esize that continuous recruitment of small folli- at sexual maturation [64]. Furthermore, as dis-
cles resulted in continuous synthesis of E,, al- cussed previously, the use of long wavelengths

lowing the hens to maintain a high level of egg such as red light on hens has been reported
production until 70 woa compared to published  to increase E, concentration after photostimu-
performance for this strain [50, 51]. This is pos- lation, which was associated with earlier age
sibly supported by the observed increase in this  at first egg, higher sustained peak production,
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Table 4. Effect of Age, Light Treatment (60% Red or 60% Green LED Light) During Pullet Rearing, and Age and

Light Treatment Interaction on Number of Small (1-4 mm), Medium (5-8 mm), and Large (=9 mm) Follicles

(Mean + SEM).

Follicle count (n)

Small Medium Large?
Age Treatment (1-4 mm) SEM (5-8 mm) SEM (>9 mm) SEM
Age! 18 24.04 4.6 2.6" 04 0.2¢ 0.1
25 314.6¢ 10.6 10.4% 0.7 1.6* 0.2
41 860.0° 60.4 10.6* 0.9 0.8° 0.1
69 1031.8* 50.6 10.6* 0.6 1.32 0.1
Treatment Red 566.7 71.0 8.9 0.7 1.0 0.1
Green 548.5 70.4 8.2 0.7 0.9 0.1
Age 18 Red 23.9 6.9 3.0 0.5 0.4 0.2
X Green 24.1 6.4 2.3 0.6 0 0
Treatment 25 Red 330.2 154 10.4 1.1 1.5 0.3
Green 298.9 13.6 10.3 1.1 1.6 0.2
41 Red 918.5 81.7 10.8 1.4 0.8 0.1
Green 801.5 89.4 10.3 1.1 0.7 0.2
69 Red 994.2 86.7 11.2 1.0 1.4 0.2
Green 1069.3 54.4 10.0 0.6 1.1 0.1
Source of variation P-value
Age <0.001 <0.001 <0.001
Treatment 0.650 0.349 0.164
Age x treatment 0.404 0.950 0.501

! Age, in weeks.
2Hierarchal follicles (F1 to F6) not included.

abed] SMEANS within a column and treatment group lacking a common superscript differ significantly (P < 0.05).

and cumulative egg number [21, 23-25]. Thus,
we hypothesize that in our current study, per-
sistent egg production with sustained ovary and
liver weight, follicle number, and E, concentra-
tion in both RL and GL rearing treatment was
possibly supported by the combination of ge-
netic selection and exposure to RL throughout
the adult phase. However, as discussed earlier,
no true controlled treatment was available in the
current study to compare the effect of RL on
the production performance in the adult barn.
Thus, at this stage, exposing hens under RL in
the adult barn is one possible cause for the high
production level observed. Furthermore, the in-
teraction between genetic selection and the light
spectrum effect has yet to be demonstrated and
further investigation is required.

Bone Characteristics There was no effect of
pullet lighting treatment on bone density, cross-
sectional area, or mineral content of the femur
total content, trabecular space, and cortical tis-
sues (Table 5). However, each bone characteristic
was dependent on age (P < 0.05), except for total
bone cross-sectional area. Bone density and min-

eral content were highest at 69 woa compared
to all other ages. Furthermore, these parameters
were also significantly higher at 41 woa com-
pared to 18 woa, regardless of light treatment.
An increase in mineral content as hens aged was
previously reported, although bones became brit-
tle due to changes in collagen matrix rather than
bone loss [16, 65, 66]. As hens age, the amount
of medullary bone increases, even as structural
bone decreases [42, 67]. However, a significant
decrease in cortical bone cross-sectional area
and mineral content was not observed in our
study. Other studies have also shown that the
total mineral content of the femur, measured as
femur ash, is highest at the initiation of lay and
lowest at the end [68]. Meanwhile, trabecular
space bone density and mineral content signifi-
cantly increased with age (P < 0.05), likely as a
result of increased medullary bone tissue, there-
fore contributing to the greatest density observed
at 69 woa. However, the trabecular space cross-
sectional area was greatest at 18 woa. Changes in
the trabecular space bone measures are reflective
of the increase in medullary bone and decrease
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Figure 6. Effect of light treatment (60% Red or 60% Green LED light) during pullet rearing on estradiol (E>)
concentration (mean + SEM). P-values for different sources of variation were as follows: age, P < 0.001; treatment,
P = 0.076; age x treatment, P = 0.661. @PData points lacking the common superscript differ significantly between

ages (P < 0.05).

in trabecular bone with age [42]. Therefore, the
increase in trabecular space bone mineral con-
tent with age is likely due primarily to the in-
creased medullary bone reserves masking losses
in trabecular bone with age in the laying hen.
Our results are in line with other studies [67,
69]. The positive correlations shown in Table 6
between the trabecular density and mineral con-
tent and ovary weight, liver weight, as well as
E, concentration, suggest that the sampled hens
were in production at the time of euthanasia, with
the medullary bone content increasing through-
out the cycle to maintain egg production [42, 67].
Furthermore, cortical bone density at 18 woa was
significantly greater than at 25 woa (P < 0.001),
and both cortical area and mineral content were
greatest at 69 woa (P < 0.05). The deposition of
cortical bone ceases when E, concentration rises,
during the period of reproductive activation and
sexual maturation, in favor of medullary bone
reserves for eggshell formation [5, 8, 17]. This
translates into increased cross-sectional area of
bone in the trabecular space. Additionally, the
hydroxylation ability of the liver and kidney
to convert dietary vitamin Dj into its active
form progressively deteriorates as hens get older,
and hence production of 1,25(OH), D3 decreases

[70]. Thus, older hens are capable of produc-
ing sufficient amount of 1,25(OH),D; to main-
tain egg production and shell quality, but not
for tibia strength and weight, leading to endo-
cortical thinning, bone fragility, and susceptibil-
ity to fracture [16, 69, 70]. According to Burn-
brae Farms’ standard management program, all
hens were supplemented with additional calcium
in the diet at the later stages of lay (65 woa)
[33] to support eggshell quality and bird health,
which could have minimized the loss of bone
mineral.

Calcium No treatment effect nor interaction
between age and treatment was observed. More
specifically, calcium concentration at 69 woa
was higher than 11 and 41 woa (P < 0.001;
Figure 7). Periods of eggshell formation can be
detected through elevated plasma calcium lev-
els, as this mineral is transported through the
blood [71]. As expected, plasma calcium at 11
woa was relatively low, since pullets had not yet
initiated the laying cycle. However, the declined
levels observed at 41 woa, which while incon-
sistent with previous studies, corresponded with
the slight elevation in the number of cracked eggs
around 40 woa, potentially explaining the decline
in shell quality at this time. E, is responsible
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Table 6. Correlation Coefficients Between Organ Weight, Estradiol Concentration, and Bone Parameters of
Lohmann Brown-Lite Hens.

Trabecular ~ Trabecular  Trabecular Cortical

space! space mineral Cortical Cortical mineral

Liver  Estradiol density area content density area density
Ovary weight*  0.822 —0.02 0.70 —0.25 0.66 —0.18 0.29 0.29
<0.001° 0.91 <0.001 0.03 <0.001 0.12 0.01 0.01
Liver weight® 0.01 0.69 —0.13 0.67 —0.22 0.20 0.18
0.97 <0.001 0.23 <0.001 0.05 0.07 0.11
Estradiol 0.25 0.004 0.27 —0.03 0.20 0.18
0.05 0.97 0.04 0.80 0.07 0.11

'Included all bone contained within the cortical shell, and included both trabecular and medullary bone.
2Pearson product-moment correlation coefficients.

3Probability (P-value).

“4Relative to body weight, organ weight/body weight x 100%.
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Figure 7. Effect of light treatment (60% Red or 60% Green LED light) during pullet rearing on calcium concentration
(mean + SEM). P-values for different sources of variation were as follows: age, P < 0.001; treatment, P = 0.482;
age x treatment, P = 0.496. #°Data points lacking the common superscript differ significantly between ages
(P < 0.05).

Calcium Concentration (mmol/L)

25 41 69
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for stimulating medullary bone formation and
vitamin D3 activity, increasing blood calcium
levels for eggshell formation [5, 8, 16, 17]. Main-
tained elevations of E, may have supported lay-
ing persistency in this flock; however, recom-
mended calcium and vitamin D supplementation
according to management guidelines may not
have been provided early enough to fully support
production performance, indicated by the rise in
number of cracked eggs and decrease in plasma
calcium around 40 woa. Furthermore, mortal-
ity (Figure 8) appeared to rise around 60 woa.
While we were unable to provide a definitive

answer, we speculate that if the cause of mor-
tality was associated with increased production
performance, identifying the timing of E, ele-
vation may help determine better management
practices. Providing the appropriate amount of
calcium and vitamin D supplementation to fur-
ther support egg production, egg quality and bird
health will help optimize the production perfor-
mance. Additionally, the rise in calcium level at
69 woa was in line with the additional calcium
and vitamin D supplementation provided accord-
ing to the Burnbrae Farms’ nutritional program
[33].
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Figure 8. Effect of light treatment (60% Red or 60% Green LED light) during pullet rearing on mortality rate during

the adult phase from 19 to 70 wk of age.

CONCLUSIONS AND
APPLICATIONS

1. Spectrum lighting during the rearing pe-
riod did not affect growth in layer pullets;
however, rearing pullets under RL possibly
accelerated sexual maturation as observed
from higher egg production rate and heavier
BW at initiation of lay.

2. No carry-over effect of LED light treatments
was observed from rearing to the active lay-
ing stage on the production performance of
hens.

3. The higher than expected production per-
formance observed during the mid-lay cycle
may require an advancement in the timing
of calcium and vitamin D supplementation
to synchronize calcium with E, profiles and
reduce the occurrence of cracked eggs and
possible calcium deficiency.
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