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ABSTRACT Variations in light:dark ratios and timing schedules of 26- and 28-hr ahemeral cycles 
were examined for their effects on shell quality and egg weight. In two experiments utilizing 2578 
White Leghorn Laying hens, 16-week long ahemeral treatments were instituted abruptly late in the 
pullet laying season and again following a forced-molt production cycle. 

Ahemeral light-dark cycles of 28-hr length resulted in significantly heavier shell and egg weights 
as compared to 26-hr ahemeral cycles or the control 24-hr cycle. Ahemeral 26-hr cycles did not 
significantly increase egg weight compared to the 24-hr controls but did increase shell weight. 
Varying total light in 28-hr cycles from 20 to 10 hr with the light given in either one continuous 
period or interrupted by two intermediate dark periods and as either 18 or 16 hr of continuous 
light in the 26-hr cycles did not result in significant differences in shell or egg weight compared to 
the other treatments of the same cycle length. Rate of lay was lower for the hens given only 10 hr 
of interrupted light in a 28-hr cycle but was not otherwise affected by light treatment. 

Dietary protein levels of 15% (as compared to 17%) and 14% (as compared to 16 and 18%) con­
sistently reduced egg weights (P<.10 or <.05) and tended to improve shell quality. 

These experiments further demonstrated the effectiveness of 26- and 28-hr ahemeral light-dark 
cycles in increasing shell weight as a method of extending the economic laying period of either 
older pullets or force-molted hens without a sacrifice in the number of eggs produced. 
(Key words: laying hens, ahemeral light cycles, egg weight, shell quality protein level, forced molt) 
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INTRODUCTION 

Ahemeral light-dark cycles longer than 24 hr 
have been shown to increase the weight of shell 
and the average weight of eggs produced by 
older hens wi thou t any detr imental effects on 
the number of eggs laid provided tha t rate of 
lay is below about 70% (Bieller and Os tmann , 
1960; Rosales et al, 1968; Foster , 1968 , 1969 ; 
F o x et al, 1 9 7 1 ; F o x and Shaffner, 1972 ; 
Morris, 1 9 7 3 ; Cooper and Barnett , 1976; 
Leeson et al, 1979 ; Yannokopou los and 
Morris, 1979 ; Nords t rom, 1982) . Increasing the 
light-dark cycle to a length longer than the 
hen ' s normal ovulatory cycle allows the egg to 
reside longer in the oviduct and shell gland. 
This results in an increased deposi t ion of bo th 
shell and egg contents (Melek et al, 1973) . 
Although there is a ne t increase in shell s trength 
under these longer light cycles, improvement is 
n o t as great as it might be if t h e increase in egg 
weight could be control led. 

The use of 28-hr light cycles is convenient in 
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tha t it results in six comple te cycles per week, 
allowing easier t ime switch adjustments and 
regular work schedules as compared to o the r 
ahemeral light schedules. It has been repor ted 
tha t the daily light per iod given laying hens can 
be in ter rupted by one or more dark periods 
wi thou t affecting egg produc t ion (van Tien-
hoven and Ostrander , 1973 , 1 9 7 6 ; Skoglund 
and Whit taker, 1980) . Because the use of 
ahemeral light cycles requires addit ional arti­
ficial lighting, the in ter rupt ion of the light 
period with in te rmi t ten t dark periods could 
reduce electrical energy required. 

Dietary prote in levels also affect egg weight 
(Scot t et al, 1976) . Feeding protein above the 
level required for o p t i m u m egg p roduc t ion 
results in increased egg weight. N o da ta are 
available on the prote in requi rement of hens on 
ahemeral light cycles. 

These trials were designed t o compare the 
overall practicabil i ty of the use of 26- and 28-hr 
ahemeral light cycles for the improvement of 
shell qual i ty with older hens. If proven prac­
tical, such ahemeral light cycles would allow a 
longer egg p roduc t ion period before forced 
molt ing and could ex tend the period of econo­
mic p roduc t ion following a forced mol t . 
Various combinat ions of light and darkness 
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were compared along with the interruption of 
the light period by periods of darkness. In 
addition, the effect of protein level on the 
performance parameters of the hens exposed to 
ahemeral light cycles was evaluated. 

MATERIALS AND METHODS 

White Leghorn hens from earlier nutritional 
experiments were utilized in two experiments. 
They were moved into a facility consisting of 
18 separate, light-controlled, fan ventilated 
rooms. Each room had four lots of 8 cages, 
each 30 X 41 cm in size. Three rooms were 
assigned to each light treatment. Two to three 
hens, depending upon the number of birds 
available, were placed in each cage. Lot size 
ranged between 16 to 20 hens at the beginning 
of each experiment and between 13 to 19 by its 
finish. After an acclimitization period of about 
3 weeks, experimental treatments were begun. 

Eggs were gathered daily and those con­
sidered marketable were recorded. Egg pro­
duction was calculated on a hen-day basis of 24' 
hr per day for consistency. One day each week 
eggs were group weighed and the weekly mean 
egg weights were averaged per 28-day period. 
For 2 days near the end of each 28-day period, 
eggs were group weighed, broken out, and 
washed to remove albumen. The shells, with 
adhered membranes, were dried overnight at 
100 C and then cooled and weighed. Shell 
weight per unit area (SWUSA) was then cal­
culated as milligrams per square centimeter 
using the formula of Carter (1975), 3.9782 X 
the egg weight (g) '7 0 5 6 , to calculate egg surface 
area. Feed consumed was determined for each 
lot of hens for each 28-day period and used to 
calculate the feed required per egg. 

Experiment 1. A total of 1296 Hubbard 
Leghorn hens were moved at 62 weeks of age 
and randomly distributed into 70 lots and 
assigned to six light treatments (Table 1). 
Treatment double-molt was designed to re­
semble the double-molt production method 
quite common in this area and was included for 
an overall comparison of production efficiency. 
The other treatments included two 16-week 
ahemeral light cycle periods and a 24-hr cycle 
control group. A molt and a normal 24-hr light 
cycle production period followed the initial 
ahemeral period and preceded the second 
ahemeral period. The hens were molted by 
imposition of a light cycle of 8L:16D for 4 
weeks and the withholding of all feed for 
7 days until production had ceased and mean 
body weights had declined about 25%. Limited 
amounts of ground corn were fed for 3 weeks. 
They were then fed the appropriate laying 
ration and exposed to 16L:8D to regain egg 
production. Control treatment 16L:8D was 
given a 24-hr light cycle throughout and com­
pared to the ahemeral cycles. Ahemeral treat­
ments 18L:8D and 20L:8D used the same 
length of dark period (8 hr per cycle) as the 
control treatment 16L:8D while treatments 
16L:10D and 16L:12D used the same length of 
light period (16 hr per cycle) as the control 
treatment 16L:8D. Due to the limited number 
of hens available, treatments 18L:8D and 
20L:8D were assigned only 11 lots of hens 
whereas 12 lots were assigned to the other 
treatments. 

Two of the four lots in each room were fed a 
15% protein laying ration and the other two 
lots were fed a 17% ration (Table 2) throughout 
the experiment. Data were analyzed by analysis 

TABLE 1. Design of light treatments (Experiment 1) 

Treatment 67-82 

Weeks of age 

83-90 91-106 107-122 

16L:8D 
18L:8D 
16L:10D 
20L:8D 
16L:12D 

Double 
molted 

16L:8D 
18L:8D 
16L:10D 
20L:8D 
16L:12D 

67-74 

molt-8L:16D 

molt-8L:16D 
molt-8L:16D 
molt-8L:16D 
molt-8L:16D 
molt-8L:16D 

16L:8D 
16L:8D 
16L:8D 
16L:8D 
16L:8D 

16L:8D 
18L:8D 
16L:10D 
20L:8D 
16L:12D 

Weeks of age 

75-94 95-102 103-122 

16L:8D molt-8L:16D 16L:8D 
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TABLE 2. Composition of experimental rations 

Ingredient 
Corn 
Wheat millrun 
Soybean meal (48.5%) 
Meat and bone meal 
Dehydrated alfalfa (17%) 
Limestone 
Salt 
DL-Methionine 
Premix1 

Calculated analyses: 
Crude protein (%) 
Calcium (%) 
Available phosphorus 
Metabolizable energy 

(kcal/kg) 

Experiment ] 

15 

69.95 
5.5 
7.75 
5.7 
3.0 
7.5 

.25 

.10 

.25 
100.0 

15.0 
3.5 

.34 

2845 

I 

17 

67.7 
2 

13.5 
5.7 
3.0 
7.5 

.25 

.10 

.25 
100.0 

17.0 
3.5 

.34 

2845 

Rations fed 

14 

73.85 
2.5 
8.0 
5.5 
2.0 
7.55 

.25 

.10 

.25 
100.0 

14.25 
3.4 

.33 

2875 

Experiment 2 

16 

68.85 
2.5 

13.0 
5.5 
2.0 
7.55 

.25 

.10 

.25 
100.0 

16.0 
3.4 

.34 

2825 

18 

63.85 
2.5 

18.0 
5.5 
2.0 
7.55 

.25 

.10 

.25 
100.0 

17.95 
3.4 

.34 

2775 

1 Premix supplies (per kg diet): 7900 1U vitamin A, 2000 ICU vitamin D 3 , 2.25 IU vitamin E, 2.3 mg mena­
dione sodium bisulfite complex, 5 mg riboflavin, 7.5 mg calcium d-pantothenate, 29 mg niacin, 280 mg choline 
chloride, .01 mg vitamin B12 , 125 mg butylated hydroxytoluene, 60 mg manganese (oxide), 27 mg zinc (oxide), 
20 mg iron (carbonate), 2 mg copper (oxide), 1.2 mg iodine (iodate), and .2 mg cobalt (carbonate). 

of variance. The effect of room was not sig­
nificant, and the room squares were pooled 
with those of the replicates to estimate the 
error mean squares for evaluation of the main 
effects and for calculation of significant dif­
ferences by Duncan's multiple range test (Steel 
andTorrie, 1960). 

Experiment 2. A total of 1282 hens of four 
commercial strains (H & N Petite 1, H & N 
Petite 2, H & N p.g.-l, and Babcock) were 
moved at 75 weeks of age, and the six ex­
perimental treatments (Table 3) were begun at 
78 weeks of age. One lot of each strain were 

assigned to each room. Two treatments were 
28-hr ahemeral cycles with the light given in 
one continuous period whereas three treat­
ments had the daily light period interrupted by 
dark periods. Light duration was 20, 16, 14, 12, 
and 10 hr per light/dark cycle of 28 hr for these 
treatments and 16 hr per 24-hr cycle for 
control treatment 16L:8D. The light period of 
the hens given 14, 12, and 10 hr was inter­
rupted by two extra dark periods of 3, 4, or 5 
hr, respectively. 

Light treatments were continued for four 
28-day periods until the hens were 93 weeks of 

TABLE 3. Design of light treatments (Experiment 2) 

Weeks of age 

Treatment 

20L:8D 
16L:12D 
14L:14D 
12L:16D 
10L:18D 
16L:8D 

78-93 

20L:8D 
16L:12D 
4L:8D:5L:3D:5L:3D 
4L:8D:4L:4D:4L:4D 
4L:8D:3L:5D:3L:5D 
16L:8D 

94-99 

molt-8L:16D 
molt-8L:16D 
molt-8L: 16D 
molt-8L:16D 
molt-8L: 16D 
molt-8L:16D 

100-113 

16L:8D 
16L:8D 
16L:8D 
16L:8D 
16L:8D 
16L:8D 

114-129 

20L:8D 
16L:12D 
4L:8D:5L:3D:5L:3D 
4L:8D:4L:4D:4L:4D 
4L:8D:3L:5D:3L:5D 
16L:8D 
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age. The hens were then force-molted by the 
same treatment as in Experiment 1 and brought 
back into production. At 114 weeks of age, 
they were exposed to the same ahemeral light 
cycles as used earlier for another four 28-day 
periods until the hens were 129 weeks of age 
and the experiment terminated. 

The three laying rations (Table 2) were 
assigned so that two rations were fed the hens 
in each room, but so that an equal number of 
lots of each strain and each light treatment 
received each ration. 

Data were evaluated by analysis of variance 
using mean squares of the 3-way interactions 
(light x strain X feed) as the initial estimate for 
error mean square. Because none of the mean 
squares for the primary interactions were signifi­
cant, the mean squares of all interactions were 
pooled and used as the error mean square for 
the evaluation of the main effects and for 
calculation of significant differences by Dun­
can's multiple range test (Steel and Torrie, 
1960). 

RESULTS 

Results for Experiment 1 are tabulated in 
Tables 4 and 5. There were no significant 
differences in rate of lay, although the hens 
exposed to ahemeral treatments 16L:10D and 
16L:12D, with the lowest dark: light ratios, 
were numerically superior to the hens on the 
other treatments. There were no significant 
differences in feed efficiency over the course 
of the experiment. 

All 28-hr ahemeral treatments resulted in 
significantly greater egg weights, shell weights, 
and SWUSA's during the ahemeral treatment 
periods as compared to the 24-hr cycle con­
trols. Shell weights and SWUSA's from the hens 
exposed to the 26-hr cycles tended to fall in 
between those exposed to 24- or 28-hr cycles. 

Overall rate of lay (Table 4) was nonsig-
nificantly higher for the single-molt treatments 
than for the double-molt treatment. Feed 
required per egg was almost identical for the 
various light treatments and for the two protein 
levels. 

The laying hen performance data during the 
two ahemeral cycle periods for the hens in 
Experiment 2 are summarized in Table 6. There 
were significant differences due to the strain of 
hen in each parameter measured. There were no 
significant interactions between any com­
bination of strain, feed, and light. All ahemeral 
light cycles consistently resulted in heavier shell 

weights, egg weights, and SWUSA's than the 
24-hr light cycle during the ahemeral treatment 
periods. Feed per egg tended to be less for the 
ahemeral cycles than for the 24 hr cycle with 
treatment 12L: 16D being significantly less than 
control treatment 16L:8D during the first 
cycle. Rate of lay varied among the light 
treatments. It was significantly higher for 
treatments 20L:8D, 16L:12D, and 12L:16Das 
compared to treatment 10L:18D during the 
first cycle. 

Protein level and egg weight in both trials 
were positively associated, although the effects 
were significant (P<.05) only during the 
nonahemeral period in Experiment 1 and for 
ration 14 as compared to rations 16 and 18 
diets during the second ahemeral period in 
Experiment 2. During the other periods of both 
experiments, the effects were significant 
at the 10% probability level. The lighter egg 
weight coupled with an essentially identical 
shell weight resulted in a significantly higher 
SWUSA for hens fed the ration 14 during the 
second ahemeral period of Experiment 2. 

DISCUSSION 

Consistent with the reports cited earlier, 
exposure to ahemeral light cycles of 26 and 28 
hr in the later stages of the production cycles 
increases shell weight without reducing egg 

TABLE 4. Overall rate of lay and feed efficiency 
for hens exposed to 26- and 28-hr ahemeral light 

treatment (Experiment !>' 

Rate of lay 
(hen day)2 

Treatment Mean Feed/egg 

(%) (g) 
16L:8D 
18L:8D 
16L:10D 
20L:8D 
16L:12D 
Double molted 
Mean 
Ration 15 
Ration 17 

55.6 
56.3 
57.6 
55.9 
56.8 
53.0 
55.9 
55.4 
56.5 

198 
200 
198 
198 
199 
199 
199 
199 
199 

1 No significant differences in overall means. 
The first 5 treatments were molted between 83 and 
90 weeks of age. The last treatment was molted 
between 67 and 74 weeks, and again between 95 and 
102 weeks. 

2 Rate of lay during ahemeral periods calculated 
on the basis of 24-hr periods. 
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numbers . The increase in shell weight was 
greater with 28 hr light cycles than with 26 hr 
cycles, which is in agreement with Morris 
(1973) who repor ted increasing shell thick­
ness (and, hence, shell weight) for increased 
cycle lengths to 30 hr. However, the increase in 
egg weight t ha t occurs with cycles 27 hr and 
longer ( F o x et al, 1 9 7 1 ; Morris, 1 9 7 3 ; Yan-
nakopoulos and Morris, 1979; Nords t rom, 
1982) bu t no t with older hens exposed to 26 hr 
cycles (Fox et al, 1 9 7 1 ; F o x and Shaffner, 
1972 ; Cooper and Barnett , 1976; Nords­
t rom, 1982) limits the improvement in shell 
quali ty. Nevertheless, the effective economical 
p roduc t ion period of the laying hen can be 
ex tended ei ther before a mol t or after a mol t 
by the imposit ion of either 26- or 28-hr ahe-
meral light cycles. Labor scheduling and the 
current ly available 7-day t ime clocks favor the 
6-day week resulting from the use of 28-hr 
cycles. If the approximate 2 g increase in egg 
size resulting from exposure to the 28-hr cycle 
is object ionable, use of a 26-hr cycle is a viable 
alternative. 

The lighted period of the ahemeral cycle can 
be in ter rupted by dark periods so tha t the 
to ta l light allowed the hen could be reduced to 
no more than 12 hr per 28-hr cycle wi thou t 
det r imental effects. This is consistent with the 
reports previously cited with in ter rupted light 
per iods in 24-hr light cycles. However, reducing 
light further to 10 hr per cycle, with a con­
comi tan t increase in darkness to 18 hr, resulted 
in decreased produc t ion . 

There were considerable differences be tween 
the genetic strains in the various p roduc t ion 
parameters measured. All strains were affected 
equally by the various light t rea tments . 

The lowest protein level fed in each ex­
per iment reduced egg weight bu t had negligible 
effect on shell weights. Again, these results 
parallel the effect of prote in levels with hens on 
24-hr light cycles (Scot t et al, 1976) . This 
resulted in an improved shell quali ty from hens 
fed the lowest prote in level. For the best shell 
quality with aged hens, it is advisable t o feed 
the lowest prote in level consistent with good 
nut r i t ion . 

There is a high degree of flexibility, there­
fore, in the application of ahemeral light cycles 
for the improvement of shell qual i ty of older 
laying hens. Cycle length, l ight :dark rat ios, 
in ter rupted light periods, and the protein level 
of the rat ion fed are variables tha t should be 
considered for their effects, costs, and con­

venience when a decision is made to use ahe­
meral light cycles. 
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