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METHODS FOR GROWTH STIMULATION 

CONTINUING APPLICATION DATA 

0001) This application claims the benefit of U.S. Provi 
sional Application Ser. No. 60/271,897, filed Feb. 27, 2001, 
which is incorporated by reference herein. 

BACKGROUND 

0002 The poultry industry generally involves the incu 
bation, hatching and feeding of millions of birds each week 
in the United States alone. A Single hatchery can handle 
more than 500,000 chicks per week. Improvements in the 
various Stages of development of commercial poultry can 
translate into significant cost Savings and efficiencies. For 
example, improved hatching yields, shortened periods for 
feeding, and increased size of poultry produced can provide 
Substantially increased profits. 
0003. Meat production by domestic animals is inherently 
inefficient and this is mainly reflected in higher costs during 
the growth and the finishing phases of production. For 
example, commercial production of poultry in the major 
poultry-food importing countries (for example, Israel) is 
Several times more expensive than in poultry-food exporting 
countries. This is due to the fact that in any System of poultry 
meat production, feed costs form up to 70% of total costs. 
Therefore, increasing the Speed and biological efficiency of 
muscle growth would both increase the economic efficiency 
of meat production, and its improved biological efficiency 
would also be expected to produce more meat and less fat at 
any point in time during production. This alteration in the 
composition of weight gain in meat producing animals 
would enhance the nutritional value of the end product, an 
issue of increasing importance particularly in the United 
States. 

0004 Muscle growth is a function of protein accretion 
and cell proliferation. Muscle protein accretion is a function 
of protein Synthesis and degradation, and the balance 
between protein Synthesis and degradation determines the 
net gain or loss of muscle mass. Although protein accretion 
is an important aspect of muscle growth, it is limited within 
the existing cellular framework. Myogenic cell proliferation 
and differentiation during pre- and postnatal life establish 
this cellular framework and Set limits on postnatal muscle 
growth. 
0005 Muscle growth in poultry can be influenced by 
local and circulating growth factors and hormones. Methods 
known in the art can manipulate levels of these factors in 
Vivo by nutritional, genetic and environmental manipula 
tions. Alternatively, methods known in the art alter these 
factors by administering growth hormones to the poultry to 
increase muscle growth. However, Such administration 
requires regulatory approval and is not generally preferred 
by the consuming public. 

SUMMARY OF THE INVENTION 

0006 The present invention represents an advance in the 
art of increasing meat production by poultry. It is known that 
exposure of birds to certain types of light after hatching can 
influence Several characteristics of the birds. The present 
invention describes the exposure of eggs to certain wave 
lengths of light. Unexpectedly, Such exposure caused 
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increases in performance characteristics, and these charac 
teristics manifested themselves later in the life of the birds. 
Moreover, the characteristics were predominant in females, 
and generally not in males. 

0007. The present invention provides methods for expos 
ing an embryo to light. The method includes exposing an 
egg, preferably a chicken egg or a turkey egg, to a mono 
chromatic light for an intermittent photoperiod that includes 
a light period and dark period. The light period and the dark 
period may each independently be at least about 3 minutes, 
at least about 15 minutes, preferably, about 3 minutes to 
about 15 minutes. The monochromatic light may include a 
peak wavelength of at least about 500 nanometers (nm) to no 
greater than about 590 nm, preferably, at least about 550 nm 
to no greater than about 570 nm, most preferably, about 560 
nm. Preferably, the monochromatic light has an intensity of 
at least about 0.001 watts/m to no greater than about 0.2 
watts/m. 

0008. The present invention also provides a method for 
increasing a birds weight. The method includes exposing an 
egg, preferably a chicken egg or a turkey egg, to a mono 
chromatic light for a photoperiod, and hatching the egg, 
wherein the bird, preferably a hen, that hatches from the egg 
has a greater weight at about 28 days after hatching com 
pared to a bird that hatches from an egg not exposed to the 
monochromatic light. The photoperiod may be an intermit 
tent photoperiod that includes a light period and a dark 
photoperiod. The light period and the dark period may each 
independently be at least about 3 minutes, at least about 15 
minutes, preferably, about 3 minutes to about 15 minutes. 
The monochromatic light may include a peak wavelength of 
at least about 500 nm to no greater than about 590 nm, 
preferably, at least about 550 nm to no greater than about 
570 nm, most preferably, about 560 nm. Preferably, the 
monochromatic light has an intensity of at least about 0.001 
watts/m to no greater than about 0.2 watts/m. 
0009. Also provided by the present invention is a method 
for increasing muscle weight in a bird, preferably a hen. The 
method includes exposing an egg to a monochromatic light 
for a photoperiod, and hatching the egg, wherein the bird 
that hatches from the egg has greater muscle weight at about 
28 days after hatching compared to a bird that hatches from 
an egg not exposed to the monochromatic light. Preferably, 
the muscle is breast muscle. The photoperiod may be an 
intermittent photoperiod that includes a light period and a 
dark photoperiod. The light period and the dark period may 
each independently be at least about 3 minutes, at least about 
15 minutes, preferably, about 3 minutes to about 15 minutes. 
The monochromatic light may include a peak wavelength of 
at least about 500 nm to no greater than about 590 nm, 
preferably, at least about 550 nm to no greater than about 
570 nm, most preferably, about 560 nm. Preferably, the 
monochromatic light has an intensity of at least about 0.001 
watts/m to no greater than about 0.2 watts/m. 
0010. The present invention further provides a method 
for decreasing a mortality rate of a bird, preferably a hen. 
The method includes exposing an egg, preferably a chicken 
egg or a turkey egg, to a monochromatic light for a photo 
period, and hatching the egg, wherein the mortality rate of 
a bird that hatches from the egg has a lower mortality rate 
compared to a bird that hatches from an egg not exposed to 
the monochromatic light. The photoperiod may be an inter 
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mittent photoperiod that includes a light period and a dark 
photoperiod. The light period and the dark period may each 
independently be at least about 3 minutes, at least about 15 
minutes, preferably, about 3 minutes to about 15 minutes. 
The monochromatic light may include a peak wavelength of 
at least about 500 nm to no greater than about 590 nm, 
preferably, at least about 550 nm to no greater than about 
570 nm, most preferably, about 560 nm. Preferably, the 
monochromatic light has an intensity of at least about 0.001 
watts/m to no greater than about 0.2 watts/m. 

BRIEF DESCRIPTION OF THE FIGURES 

0.011 FIG. 1. Graph describing the relationship between 
photoStimulation and egg overheating in broilers. Egg temp. 
(C.), internal temperature of eggs, white light, light includ 
ing all wavelengths of the visible spectrum; green, light 
having a wavelength of about 560 nanometers (nm); blue, 
light having a wavelength of about 480 nm; intermittent 15 
min, light period of 15 minutes and dark period of 15 
minutes; Time (min), time in minutes. 
0012 FIG. 2. Hatching time of large white Nicholas 
turkey eggs incubated under green light or dark conditions. 
0013 FIG.3. Body weight of straight run flock of turkey 
poults incubated under green or dark conditions. 
0014 FIG. 4. Body weight results of turkey toms (a), and 
turkey hens (b) incubated under green light or dark condi 
tions. Bars represents mean+S.E. Values marked with dif 
ferent letters are significantly different (P<0.05). 
0.015 FIG. 5. Hatching timing of turkey poults incubated 
under green, white or dark light conditions. 
0016 FIG. 6. Body weight results of straight run flock 
incubated undergreen, white, or dark light conditions. Bars 
represent mean+S.E. Values marked with different letters are 
significantly different (P<0.05). 
0017 FIG. 7. Body weight results of male (a) and female 
(b) turkey poults incubated undergreen, white, or dark light 
conditions. Bars presents meant S.E. Values marked with 
different letters are significantly different (P<0.05). 
0018 FIG. 8. Breast muscle weight (a) and percent 
breast muscle from body weight at 79 day of age, of turkey 
poults incubated under green, white, or dark light condi 
tions. Bars present mean+S.E. Values marked with different 
letters are significantly different (P<0.05). 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

0019. The present invention provides methods for 
enhancing performance characteristics of members of the 
Class Aves. The performance characteristics include, for 
instance, increasing a birds weight, increasing a bird's 
muscle growth, Stimulating growth after hatching, and 
decreasing a bird's mortality rate. The methods typically 
involve exposing an egg to a monochromatic light for a 
photoperiod during incubation of the egg. The egg is pref 
erably a poultry egg, for instance, chicken, turkey, duck, or 
goose. Unless otherwise specified, “a,”“an,”“the,” and “at 
least one' are used interchangeably and mean one or more 
than one. 

0020. As used herein, “monochromatic light” refers to 
light having a Substantial portion of the emission at a peak 
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wavelength. Monochromatic light useful in the present 
invention is preferably in the visible spectrum (from about 
400 nanometers (nm) to about 700 nm). In increasing order 
of preference, monochromatic light useful in the present 
invention has a peak wavelength of at least about 500 nm, 
at least about 510 nm, at least about 520 nm, at least about 
530 nm, at least about 540 nm, at least about 550 nm, more 
preferably, at least about 555 nm. In increasing order of 
preference, monochromatic light useful in the present inven 
tion has a peak wavelength of no greater than about 590 nm, 
no greater than about 580 nm, no greater than about 570 nm, 
more preferably, no greater than about 565 nm. Most pref 
erably, monochromatic light has a peak wavelength of about 
560 nm. 

0021 Optionally and preferably, monochromatic light 
useful in the present invention further includes other wave 
lengths in a distribution or range around a peak wavelength. 
This range, referred to herein as “half band+/-,” is half 
band+/-about 15 nm, more preferably, half band+/-about 20 
nm, most preferably, half band+/-about 25 nm. 

0022. A radiation source providing monochromatic light 
can be used in the present invention. Radiation Sources 
include, for instance, monochromatic fluorescent lamps, 
monochromatic incandescent lamps, and monochromatic 
light emitting diodes (LEDs). Radiation Sources providing 
monochromatic light are well known to the art and are 
commercially available. In Some preferred aspects of the 
present invention, LEDs emitting light having a peak wave 
length of about 560 nm (half band+/-about 15 nm) are used. 
Such LEDs are commercially available from, for instance, 
Optimum Light Technology, Ltd. (Jerusalem, Israel). 
0023 The exposure of an egg to monochromatic light can 
begin immediately when incubation begins, more prefer 
ably, about 24 hours after incubation begins, most prefer 
ably, about 5 days after incubation begins. The exposure of 
an egg to monochromatic light can proceed until the end of 
incubation of the eggs, more preferably, until the eggs are 
hatched, most preferably, until the hatched birds leave the 
hatchery. In Some aspects of the present invention, eggs are 
treated with monochromatic light Substantially throughout 
incubation, until hatch. AS used herein, “Substantially 
throughout incubation” refers to a period of time including 
about 75%, preferably, about 80%, more preferably, about 
90%, of the total incubation time. Typically, incubation of 
the eggs lasts for a duration of about 21 days to about 28 
days, although one of skill in the art will readily comprehend 
that the incubation period can be influenced by a number of 
environmental factors and the Source of the egg (e.g., 
chicken, turkey, duck, or goose). The conditions for incu 
bation of an egg include, for instance, temperature, humid 
ity, and movement of the egg during the incubation period. 
Such conditions are routine to a perSon of skill in the art and 
are not considered a limiting aspect of the present invention. 

0024. The egg is illuminated for a photoperiod which can 
be continuous or, preferably, intermittent. AS used herein, a 
“continuous’ photoperiod is exposure of the egg to light 
without a dark period. A dark period or dark condition is a 
period of exposure of the egg to Substantially no light. AS 
used herein, an “intermittent” photoperiod includes a light 
period and a dark period. The light period and the dark 
period may each independently be, in increasing order of 
preference, at least about 3 minutes, at least about 10 
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minutes, at least about 15 minutes, at least about 20 minutes, 
most preferably, at least about 25 minutes. Thus, during 
incubation of an egg eXposed to an intermittent photoperiod, 
the Source of the monochromatic light will repeatedly cycle 
on and off during incubation. Optionally, more than one 
monochromatic light may be used during the light period, 
i.e., two or more monochromatic lights may be used at the 
Same time during the light period. Alternatively, more than 
one monochromatic light may be used, but each monochro 
matic light used Separately. For instance, an egg may be 
exposed repeatedly to a cycle of a first monochromatic light 
followed by a dark period, then a Second monochromatic 
light followed by a dark period. 
0.025 Optionally and preferably, the intensity of the 
monochromatic light illuminating the egg is controlled. 
Intensity may be measured within the egg, or, preferably, 
measured near or on the Surface of the eggshell. Methods for 
measuring intensity are routine to a perSon of skill in the art. 
When measured near or on the Surface of the egg, the lower 
range of intensity of the light illuminating the egg is typi 
cally at least about 0.01 watts/m, more preferably, at least 
about 0.08 watts/mi. The higher range of intensity of the 
light measured near or on the Surface of the eggshell is 
typically no greater than about 0.2 watts/m, more prefer 
ably, no greater than about 0.14 watts/m. Most preferably, 
the intensity of the light measured near or on the Surface the 
eggshell is about 0.1 watts/mi. When measured within the 
egg, the lower range of intensity of the light illuminating the 
egg is typically at least about 0.001 watts/m, more prefer 
ably, at least about 0.01 watts/m. The higher range of 
intensity of the light measured within the egg is typically no 
greater than about 0.1 watts/m, more preferably, no greater 
than about 0.05 watts/m. The intensity of the light applied 
to the eggs may be adjusted by, for instance, altering the 
number of lights present in an incubator. The temperature of 
the incubator can be adjusted to maintain the desired tem 
perature ranges in accommodation of the thermal inputs 
represented by the lights. 
0.026 Preferably, exposure of an egg to a monochromatic 
light does not cause the hatch time of the egg to Substantially 
increase or Substantially decrease when compared to the 
hatch time of an egg incubated under the same conditions 
but not exposed to a monochromatic light (e.g., incubated in 
substantially no light). “Hatch time” refers to the period of 
time that elapses between the beginning of incubation of an 
egg and the time the bird is completely free of the egg. The 
hatch time of an egg that is not exposed to a monochromatic 
light may be determined by incubating a plurality of eggs 
under routine incubation conditions and determining the 
hatch time for each egg. The period of incubation that 
includes the largest number of hatched eggs is the hatch time 
for the Specific incubation conditions used. For instance, as 
shown in FIG. 2, the hatch time for the eggs incubated under 
dark conditions or green light (560 nm) conditions was 
about 26 days and 20 hours. Preferably, the hatch time of 
eggs exposed to a monochromatic light is within about 6 
hours, more preferably, within about 3 hours, most prefer 
ably, within about 2 hours of the hatch time of eggs 
incubated under the same conditions but not exposed to the 
monochromatic light. 
0.027 Increases in internal egg temperature affect poultry 
hatching times. For example, it is known that increases in 
internal egg temperature of 0.3 F. to 0.4 F. can accelerate 
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hatching of the poultry by 6 to 8 hours (see, for instance, 
Romanoff, Avian Embryo. Structural and functional devel 
opment. MacMillan, N.Y (1960)). The radiation source 
preferably provides monochromatic light in a manner that 
does not overheat the contents of the egg. Several charac 
teristics of the light can be controlled to avoid overheating 
of the egg contents. For example, the combination of the 
conditions of wavelength, intensity, and duration of expo 
Sure to the light may contribute to beating of the egg 
contents. The intermittent exposure of an egg typically 
decreases the heating of the egg contents when compared to 
continuous exposure. FIG. 1 describes the relationship of 
wavelength of applied light and duration of exposure to the 
internal temperature of eggs. The internal temperature of the 
eggs was measured using a thermocouple inserted into an 
egg during exposure. AS shown in this Figure, application of 
white light including all wavelengths of the visible Spectrum 
to poultry eggs resulted in the highest internal temperature 
of the egg after approximately 20 minutes of light applica 
tion, and this increased temperature was maintained 
throughout the measurement period. In contrast, exposure 
with monochromatic green (wavelength of about 560 nm) or 
monochromatic blue light (wavelength of about 480 nm) 
provided an internal egg temperature increase that was leSS 
than the white light. Finally, as shown in FIG. 1, application 
of monochromatic green light in an intermittent pattern 
provided the lowest internal egg temperature increase 
throughout the measurement period. The intermittent light 
application shown in the Figure included a photoperiod of 
15-minute periods of light application, followed by 
15-minute periods of incubation in the dark. 
0028. In another aspect, the present invention provides a 
method for increasing a birds weight, preferably, a female 
bird. The method includes exposing an egg to a monochro 
matic light for a photoperiod, and hatching the egg. The 
birds weight is determined and compared to the weight of 
a bird incubated under the same conditions but not exposed 
to the monochromatic light during incubation. The weight of 
the birds is determined at least about 28 days after hatch, 
more preferably, at least about 59 days after hatch, most 
preferably, at least about 79 days after hatch. Preferably, the 
weight of a bird exposed to the monochromatic light is about 
5 percent, more preferably, about 10 percent, greater than the 
weight of a bird not exposed to the monochromatic light. 
0029. The present invention also includes a method for 
increasing muscle weight in a bird, preferably, a female bird. 
The method includes exposing an egg to a monochromatic 
light for a photoperiod, and hatching the egg. The weight of 
one or more muscles of the bird, preferably, the breast 
muscle, is determined and compared to the weight of the 
same muscle(s) of a bird incubated under the same condi 
tions but not exposed to the monochromatic light during 
incubation. The weight of the muscle(s) is determined at 
least about 28 days after hatch, more preferably, at least 
about 59 days after hatch, most preferably, at least about 79 
days after hatch. Preferably, the weight of a breast muscle of 
a bird exposed to the monochromatic light is about 5 
percent, more preferably, about 10 percent, greater than the 
weight of a breast muscle of a bird not exposed to the 
monochromatic light. 
0030. Another aspect of the invention includes a method 
for decreasing the mortality rate of a bird. The method 
includes exposing eggs to a monochromatic light for a 
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photoperiod, and hatching the eggs. After the birds that 
hatch are allowed to grow for at least about 28 days, more 
preferably, at least about 59 days, most preferably, at least 
about 79 days, the number of birds that have died is 
determined, and compared to the number of birds that have 
died that hatched from eggs not exposed to monochromatic 
light. Preferably, the mortality rate of a bird hatching from 
an egg exposed to the monochromatic light is about 3 
percent less, more preferably, about 6 percent less, than a 
bird hatching from an egg not exposed to the monochro 
matic light. 
0031. The present invention is illustrated by the follow 
ing examples. It is to be understood that the particular 
examples, materials, amounts, and procedures are to be 
interpreted broadly in accordance with the Scope and Spirit 
of the invention as set forth herein. 

EXAMPLES 

0032) Materials and Methods 
0.033 Animals: Fertile eggs from large white Nicholas 
turkeys were obtained from Willmar Poultry Corporation 
(Willmar, Minn.). Eggs were selected by weight between 
85-90 grams and placed a in commercial incubator as 
suggested by the manufacturer (Model 17H, Robbins Incu 
bator Co., Denver, Colo.). Eggs were candled at 15 days of 
incubation and the fertility rate was recorded. At 25 days of 
incubation eggs were transferred to hatching trays. Upon 
hatching poults were recorded for hatching time, weighted, 
wing banded, and transferred to brooding rooms previously 
heated to 32 C. Birds were grown according to primary 
breederS recommendations. Feed and water were provided 
ad libitum. 

0034) Experiment one: 182 turkey eggs were used. Eggs 
were weighted, numbered and divided into two light treat 
ment groups (n=91). The first group was photoStimulated 
with green light provided by 5 LED lamps (peak wavelength 
560 nanometers (nm), half band 15 nm) located above the 
eggs. Light intensity was 0.1 watts/m at eggshell level, and 
was given intermittently, 3 minutes on and 3 minutes off. 
The Second group was incubated under dark conditions and 
Served as control. Body weights were recorded at 0, 2, 6, 13, 
20, 28, 35, and 59 days of age. At the end of the experiment 
birds were killed and sexed. 

0.035 Experiment two: 273 turkey eggs were used. Eggs 
were weighted, numbered and divided into 3 light treatment 
groups (n=91). The first group was photoStimulated with 
green light provided by 7 LED lamps (peak wavelength 560 
nm, halfband 15 nm) located above the eggs. Light intensity 
was 0.14 watts/m at eggshell level, and was given inter 
mittently; 15 minutes on and 15 minutes off. The second 
group was photoStimulated with white light provided by one 
mini-incandescent lamp located above the eggs. Light inten 
sity was 0.14 watts/m at eggshell level, and was provided 
as in group 1. The third group was incubated under dark 
conditions and Served as control. Body weights were 
recorded at 0, 7, 14, 28, 42, 56, and 79 days of age. At the 
end of the experiment birds were killed, sexed and breast 
muscles (Pectoralis major and minor) were carefully 
removed from the Sternum bone, cleaned from adhesive 
tissue and weighted. 
0036) Data was analyzed by two-way analysis of variance 
(SAS, User's Guide: Version 7, 1987, SAS Institute, Cary, 
N.C.). 
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0037 Results 
0038 Experiment one: Table 1 Summarizes hatching 
results. There were no significant differences between 
groups in both fertility and hatchability. Hatching time was 
similar between the treated groups (FIG. 2). 

TABLE 1. 

Fertility and hatchability of large white turkey eggs incubated 
under green light or dark conditions. 

Treatment Fertility Hatchability 

Green light 91 97.1% 93.4% 
Dark 91 96.9% 92.3% 

n, number of animals. 
Fertility, percentage of eggs containing an embryo. 
Hatchability, number of birds hatching from each group by the end of the 
hatching period. 

0039 Body weight of straight run flock (males and 
females together) is presented in FIG. 3. There was an 
increase, although not significant, in body weight of birds 
incubated under green compared to the dark treated control. 
0040 Analyzing the results by sex, revealed a significant 
increase in body weight in females Starting at 28 days of age, 
remaining Significant until the end of the experiment at 59 
days of age (FIG. 4b). Body weight of males were similar 
in both light treatments (FIG. 4a). 
0041 Mortality rate was 9.5% for the green light incu 
bated treated group, and 13% for the dark treated control 
grOup. 

0042 Experiment 2. Table 2 Summarizes hatching 
results. There were no significant differences between 
groups in both fertility and hatchability. Early hatch was 
detected in eggs incubated under white light. However, both 
green and dark incubated eggs had a similar peak of hatching 
at 27 days and 9 hours (FIG. 5). 

TABLE 2 

Fertility and hatchability of large white turkey eggs incubated 
under green light or dark conditions. 

Treatment Fertility Hatchability 

Green light 91 95.1% 93.4% 
Dark 91 96.0% 92.3% 
White 91 95.5% 90.1% 

0043. Significant increase in body weight of birds incu 
bated under green light was detected after 28 age of age 
remaining till the end of the experiment at 79 days of age 
(FIG. 6). However, when body weight was analyzed by sex, 
different results were obtained (FIG. 7). No significant 
differences were found in body weight of males incubated 
under different light conditions. However, females incubated 
under green light were significantly heavier than all other 
treated groups from 28 days of age until termination of the 
experiment at 79 days of age. 

0044) There was a significant depression in breast muscle 
weight in toms incubated under dark conditions, however, 
when presented as percentage of body weight, the differ 
ences remain without significance (FIG. 8a, b). 
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0.045 Significant increase in breast muscle weight was 
detected in female turkeys incubated under green light, 
compared to white and dark incubation treatment groups. In 
addition, a significant increase in the percentage of breast 
muscles was detected in the green light incubated turkey 
hens. 

0046) Mortality rate was 7.4%, 13.8%, and 15.8% for the 
green dark and white light incubated treatment groups 
respectively. 

0047 Discussion 
0.048. The results of the present study show that embry 
onic exposure to green light Stimulates post hatch growth in 
turkeys. Photostimulation of birds by monochromatic green 
light after hatch was found to enhance body weight in 
Broilers (Wabeck and Skoglund, Poultry Science, 53, 2055 
2059 (1974)). Quails (Phogat et al., Poultry. Science, 20, 
126-128 (1985)) raised under blue or green fluorescent 
lamps gained significantly more weight than those reared 
under red or white fluorescent lamps, whereas feed conver 
Sion and mortality were not affected. Rozenboim et al. 
(Poultry Science, 78, 135-138 (1999)) had found that green 
light Stimulate growth primarily at early age, while blue light 
enhances growth at a later age. 
0049 Coleman and McDaniel studied the role of artificial 
light Stimulation during embryonic development and found 
that in ovo photoStimulation caused acceleration in embryo 
development and early hatch (Coleman and MacDaniel, 
Poultry Science, 78, 135-138 (1975); Poultry Science, 54, 
1415-1421 (1975); and Poultry Science, 55, 2483-2485 
(1976). Advanced hatching was found in embryos photo 
Stimulated with white light, which appeared to be due to an 
increase in egg temperature (for details see Romanoff, Avian 
Embryo. Structural and functional development. MacMillan, 
New York (1960)). In a preliminary setup we found that 
photoStimulation of egg for 30 minutes with various wave 
lengths at an intensity of 0.1 W/m caused an elevation in 
yolk temperature by 0.3 F., resulting in an early hatch of 
broiler chicks and turkey poults. The use intermittent light 
ing described herein eliminated the early hatch associated 
with the increase in egg temperature. In the Second experi 
ment, although illuminated intermittently, an early hatch was 
detected in the white light treated birds, Suggesting over 
heating of eggs due to better penetration of the long wave 
length used by the mini-incandescent lamps. Fairchild and 
Christensen (Poultry Science, 79, 1627-31 (2000)) had 
shown that photoStimulation of turkey eggs with incandes 
cent lamps caused early hatch with no effect on hatchability, 
embryonic Survival, liver or heart growth, and glycogen 
content. In this study, increased early post hatch mortality 
was detected in the white light photoStimulated group Sug 
gesting that the embryonic overheating effect has a carry 
over impact on Survival of the poults. 
0050. The results in both experiments revealed the great 
est body weight increase in female turkeys treated with 
green light. The mechanism(s) underlying this phenomenon 
remained to be determined. Green light may enhance growth 
at early age by enhancing proliferation of skeletal muscle 
satellite cells (Halevy et al., Comp. Biochem. Physiol. A Mol. 
Integr: Physiol., 120, 317-23 (1998)). Satellite cells are 
highly correlated with muscle growth and development 
(Halevy et al., Gen. Comp. Endocrinol, 101, 43-52 (1996)), 
and can be manipulated via different growth factors or green 
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light stimulation (Halevy et al, Comp. Biochem. Physiol. A 
Mol. Integr. Physiol., 120,317-23 (1998)). Tissue synthesis 
of insulin-like growth factor-I (IGF-I) is differently regu 
lated within a given tissue and Stage of incubation during 
embryogenesis in the turkey (McMurtry and Brocht, Poultry 
Science, 76, 894-900 (1997)), and the broiler embryos 
(Kocamis et al., 2000). In addition, sexual dimorphism in 
growth, associated to growth hormone Stimulation, was 
previously found in rats. Female rats responded to growth 
hormone Stimulation in a better growth rate then male rats 
(Rol de Lama et al., Neuroendocrinol, 68,210-219 (1998)). 
0051. The present results suggest that female turkeys are 
better receptive to in ovo photoStimulation by green light as 
compared to male turkeys. In conclusion, the results of 
present Study shows growth may be enhanced by manipu 
lation of light Spectra and can be used to increase production 
to the benefit of the poultry grower. 
0052 The complete disclosure of all patents, patent 
applications, and publications, and electronically available 
material (including, for instance, nucleotide Sequence Sub 
missions in, e.g., GenBank and RefSeq, and amino acid 
sequence submissions in, e.g., SwissProt, PIR, PRF, PDB, 
and translations from annotated coding regions in GenBank 
and RefSeq) cited herein are incorporated by reference. The 
foregoing detailed description and examples have been 
given for clarity of understanding only. No unnecessary 
limitations are to be understood therefrom. The invention is 
not limited to the exact details shown and described, for 
variations obvious to one skilled in the art will be included 
within the invention defined by the claims. 
0053 All headings are for the convenience of the reader 
and should not be used to limit the meaning of the text that 
follows the heading, unless So Specified. 

1. A method for exposing an embryo to light, the method 
comprising eXposing an egg to a monochromatic light for an 
intermittent photoperiod comprising a light period and dark 
period. 

2. The method of claim 1 wherein each light period and 
each dark period are each independently at least about 3 
minutes. 

3. The method of claim 1 wherein each light period and 
each dark period are each independently at least about 15 
minutes. 

4. The method of claim 1 wherein each light period 
comprises a period of about 3 to about 15 minutes, and 
wherein each dark period comprises a period of about 3 to 
about 15 minutes. 

5. The method of claim 1 wherein the monochromatic 
light comprises a peak wavelength of at least about 500 
nanometers (nm) to no greater than about 590 nm. 

6-11. (canceled) 
12. A method for increasing a birds weight, the method 

comprising: 

exposing an egg to a monochromatic light for a photo 
period; and 

hatching the egg, wherein the bird that hatches from the 
egg has a greater weight at about 28 days after hatching 
compared to a bird that hatches from an egg not 
exposed to the monochromatic light. 
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13. The method of claim 12 wherein the photoperiod is an 
intermittent photoperiod comprising a light period and a 
dark photoperiod. 

14. The method of claim 13 wherein each light period and 
each dark period are each independently at least about 3 
minutes. 

15. The method of claim 13 wherein each light period and 
each dark period are each independently at least about 15 
minutes. 

16. The method of claim 13 wherein each light period 
comprises a period of about 3 to about 15 minutes, and 
wherein each dark period comprises a period of about 3 to 
about 15 minutes. 

17. The method of claim 12 wherein the monochromatic 
light comprises a peak wavelength of at least about 500 mm 
to no greater than about 590 nm. 

18-24. (canceled) 
25. A method for increasing muscle weight in a bird, the 

method comprising: 
exposing an egg to a monochromatic light for a photo 

period; and 
hatching the egg, wherein the bird that hatches from the 

egg has greater muscle weight at about 28 days after 
hatching compared to a bird that hatches from an egg 
not exposed to the monochromatic light. 

26. The method of claim 25 wherein the photoperiod is an 
intermittent photoperiod comprising a light period and a 
dark photoperiod 

27. The method of claim 26 wherein each light period and 
each dark period are each independently at least about 3 
minutes. 

28. The method of claim 26 wherein each light period and 
each dark period are each independently at least about 15 
minutes. 
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29. The method of claim 26 wherein each light period 
comprises a period of about 3 to about 15 minutes, and 
wherein each dark period comprises a period of about 3 to 
about 15 minutes. 

30. The method of claim 25 wherein the monochromatic 
light comprises a peak wavelength of at least about 500 nm 
to no greater than about 590 nm. 

31.-38. (canceled) 
39. A method for decreasing a mortality rate of a bird, the 

method comprising: 

exposing an egg to a monochromatic light for a photo 
period; and 

hatching the egg, wherein the mortality rate of a bird that 
hatches from the egg has a lower mortality rate com 
pared to a bird that hatches from an egg not exposed to 
the monochromatic light. 

40. The method of claim 39 wherein the photoperiod is an 
intermittent photoperiod comprising a light period and a 
dark photoperiod. 

41. The method of claim 40 wherein each light period and 
each dark period are each independently at least about 3 
minutes. 

42. The method of claim 40 wherein each light period and 
each dark period are each independently at least about 15 
minutes. 

43. The method of claim 40 wherein each light period 
comprises a period of about 3 to about 15 minutes, and 
wherein each dark period comprises a period of about 3 to 
about 15 minutes. 

44-51. (canceled) 


