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INTRODUCT ION

The total production of eggs in the United States has almost
doubled in the past twenty years. Competition has decreased the
margin of income between the cost of production and the sale price
of eggs to a point where only those poultrymen following desirable
management practices may expect satisfactory returns from their
investmenta. This margin has been small during the past year as it
has been throughout many previous periods in the history of the
poultry industry. Poultrymen have tried to overcome this problem
with efficient feeding methods, improved breeding, effective disease
control, and better management,

Among the older precepts of poultry husbandry are the facts
that the hen will produce more eggs during early spring; the quality
of eggs reaching the consumers is considered at a peak in the cooler
months of the year, with the best quality and the higheat rate of
production expected from pullet flocks during this period. Environ-
mental factors common to these seasons have been comsidered responsible
for these relationships.

Temperature, humidity, light, and air movement are some of the
controlling envirommental factors. An ideal environment embodying
optimum effect of these influences has not been conclusively deter-
mined,



OBJECT IVE

The objective of this thesis has been to study the effect of
temperature, humidity, and selected housing conditions on the laying
hen and to study the effect of temperature fluctuations on market



LITERATURE REVIEW

Yeates, gt al. (1941) studied reactions of mumerous domestic
fowls to various temperatures and humidities, and found that bedy
functions were initially disturbed when the envirommental temperatures
rose above 80°F., but relative humidities of 55 per cent, or less,
protected agaimst the effect of high temperatures, Wilson (1948)
subjected hens to temperatures above 90°F. and found that body
temperature rose, feed consumption dropped, water consumption increased,
the heart rate lowered, and the respiration was increased, (At 95°F.
water intake was double that at 70°F.).

Gutteridge, ot al. (1944) found no improvement in egg production
when temperatures were Muodtronnmofxfl. un"r.,m
there was an anmuel saving per hen of 2,85 pounds of feed when the
temperature was raised from 38°F. to 60'F.

Bruckner (1936) reported that a constant air temperature of
50°F. stsbilized winter egg production by prevemting slumps. He
decided this stabilizing had no effect on ammual production because
the winter gain was lost later. Hays (1948) presented evidence that
declining house temperatures adversely effected egg production., Hays
(1949) later stated that the low temperatures of winter seem to stimu-
late a higher incidence of winter pause, but do not consistently
increase the duration of the pause.

Wilson and Edwards (1952) observed that when hens were sub-
jected to water deprivation and thermal stress (‘10°l.',.,_ 17.) they



went out of production in 48 hours and soms birds went into a meolt,
Hutchinson and Sykes (1953) found a slight fall in the heart rate
associated with decreased egg production under severe healt stress.

Greenwood (1953) found that hens produced more eggs when kept
at constant environmental conditions of 65°F., 60 per eent relative
humidity, and 12 hours of artificial light per day, than did &
similsr group exposed to netural conditions mormally wvsed for the
flock.

Warren and Bennion (1933) and Warren (1939) found that high
temperatures tended to reduce egg eize. Bruckrer (1936) compared
production from birds in a nesr comstant temperature of 50°F, with
winter eggs from similar layers in an unheated house and found a
decrease in egg size from birds held at the constant temperaturs.
Warren, gt al. (1950) reported a similar decresse in egg size at a
constant temperature of 65°F., They alse showed that under comstamt
temperatures egg size gradually incressed throughout the first laying
year, then decreased when high summer temperatures were met.

Hutehinson (1953) found that short daily periods of extreme
heat stress, ranging in length from 107 to 214 minutes, would reduce
egg weight more than contimuous living in a warm climate. Wilson
(1949) stated that egg size and shell thickness began to decrease at
75°F, and that hens would die of heat prostration when temperatures
remained at 100°F, for more tham & hours.

Jull (1924) found that the percentage of shell increased from
December through February, decreased through May, then showed an



irregular upward trend for the balance of the year, Warren and
Schnepel (1940) and then Heywang (1946) found a ¢lose association
between thin shell and high environmental temperatures., Comrad (1939)
found that the blood ealecium lowered in about the same proportion
that the shells thinned, Warren, gt al. (1950) failed to find a
correlation between blood calcium and shell thickness,

Sturkie (1946) observed that hens with induced hypothermia
layed soft-shelled eggs if the eggs were in the reproductive tract
during the time of hypothermia, Warren and Schnepel (1940) stated
that hens and pullets subjected to high temperatures (90%F.) showed a
striking reduction in shell thickness, with high humidity tending to
accentuate the effect,

Lorenz and Almquist (1936) found the percentage of firm white
to be lowered by high external temperatures, Hunter, et al., (1936)
Modﬁhorom a lower albumen quality during the summer months,
Wilhelm and Heiman (1938) showed a downward trend in albumen quality
from October to July with an upward trend following immediately, They
also showed that this albumen quality decline was not correlated with
either temperature, rate of lay, or egg size. Ringrose and Morgan
(1939) found a poorer quality of albumen from late winter to the end
of spring.

Jeffrey (1941), in a study with hens starting to lay at
different seasons, reported the albumen index to be a function of age
rather than a consequence of season. Miller and Bearse (1937) stated
that low quality albumen was associated with low production, This



eould explain why some workers have found low quality in tha spring
months,

Long and Godfrey (1952) stated there was indication that the
receptivity of the females was lower during cold weather tham during
warmer weather,

Pox (1951), working with hens denied access to water, found
that the heavy breeds were more toleranmt to heat tham 1light breeds.
Nalbandov and Card (1944), Denton (1947), Taylor (1947), and several
other workers sgreed that there was no effect of temperature, humidity,
nor light upon the ineidence of blood spots,

Heywang (1946) observed that growth and gross efficiency of
feed utiliged is increased when feed is available only in the cooler
part of the day.

Brody (1948) found that domestic fowls produced over twice as
much thyroxine in the Missouri winter as in the summer, and, as might
be expected frem the widespread metabolic effects of thyroxine, there
was a relationship between thyroxine production and egg production.
Barrott and Pringle (1941) showed that the minimum metabolism in the
hen occurred at en external temperature of 78°F. and the meximum
netabolism at 61°F.

Mueller, gt gl. (1951) found by controlling the light and the
temperature that hens layed more eggs, became heavier, and had a lower
mortality than did hens maintained under matural atmospheric conditions.

Whetham (1933) reported that increases in the lemgth of daylight
acted on the pituitary gland and thereby stimulated egg production.
Barrott, et al, (1951) presented conclusive evidence that the
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production per hen could be increased between 10 and 19 per cent by the
use of ultra violet radiation.

Byerly and Moore (1941) found that a 14 hour day lengthened the
sige of the clutches by assuring a lighted period of sufficient length
to maintain pituitary and ovarian activity shortly after ovulation.

Ragab and Assem (1953) showed length of daylight a positive factor in

egg laying. They also found that high temperatures have a greater effect.
Hays (1948), however, stated that lemgth of day had little effect on egg
production, Heywang (1945) also indicated that artificial light did not
eppreciably affect feed consumption, egg production, or live weight of
the pullets.

Riley and Byerly (1943) found that increased light periods were
capable of stimulating reproductive activity in hens which had not finished
molting without affecting the progress of the molt, Carver (1941) found
that there was no advantage to increasing the foot candles above 2 foot
candles when frosted Mazda lights were used to provide a 13 hour day for
laying hens,



PROCEDURE

Mature Single Comb White Leghorn pullets raised under similaey
conditions were used throughout this experiment., Water and an all-mash
ration, considered adequate in all known required mutrients, were
availsble to all hens ad libitum.

Records were kept on body weight, egg production, egg size, shell
thickness, interior quality, mortality and cause of death, hen replace-
ment, feed comsumed, nmumber of dirty eggs, and the appearance of the
hens, Temperature and humidity were recorded in each room daily.

On September 1, 1954, a comparison was initiated between henms
meintained in individual cages and hens maintained in complete confine-
ment under conventional floor management,

The 255 floor managed pullets were confined to a 24' x 48' laying
house, The caged birds were placed in a 24' x 48" house divided into
two rooms, each of which was equipped to care for 108 pullets.

One lot of caged hens was designated as the controls with no
attempt made to modify room temperature of the house other than through
adjustment of the doors and windows, Heating tape was arranged in the
water trough to prevent freezing of water during inclement weather.

The second lot of caged Leghorns was designated es the experi-
mental lot, Extremes in temperature were to be modified in the house
through application of heat during the winter months and through the
use of water sprayed on the roof and/or on the surrounding yard area.

No attempt was made to modify the house temperature of the floor
manpaged hens except through adjustment of doors and windows, Heating



tape prevented freezing of the drinking water_. The comparison between
these 3 groups was recorded for 303 days,

On February 18, 1955, 48 Single Comb White Leghorn hens, selected
for vigor, health, and production were placed in individual laying
cages in two air cond!;timd rooms maintained at a temperature of 65°F,
+ 5°F, Individual production and egg-weight records were kept on

these birds for 33 days, at which time all birds were paired according

~ to production and egg weight. One member of each pair was placed in

each of two groups, a total of 24 pullets per group., Group I. was then
subjected to a constant temperature of 75°F. * 5°F,, referred to as a
moderate temperature, while Group II., was exposed to & room temperature
of 85°F, * 5°F., referred to as a high temperature, The females were
maintained under these conditions for 84 days, at which time they were
replaced by a second lot,

A duplicate experiment in the air conditioned rooms was begun on
June 15, 1955, and was comtimued for 32 days. |

Albumen quality of market eggs was determined by subjecting the
oggs to various degrees of to‘qurntm for different periocds of time in
three replications., The eggs for this experiment were gathered hourly
from S8ingle Comb White Leghorn pullets, Temperature studies were begun
immediately to minimize the effect of conditioms other than the
experimental environments studied,

The broken out interior egg quality was measured by an egg
quality slide rule distributed by the Kaw Company of Trenton, New Jersey,
and the shell thickness was measured in the area of the air cell with
a micrometer.



RESULTS AND DISCUSSION

Comparison of Individually Caged Hens and Floor Managed Hons

The comparison between individually caged hens and conventional
floor managed hens indicated a slightly higher per cenmt egg production
in the cages than on the floor (Figure 1), The mean per cent egg
production for the entire ten-month period was 61,7 per cent for the
cage managed and 59.6 per cent for the floor managed hems, This pro-
duction was undoubtedly influenced by the system of replacing hens in
cages. The severe production drop during December was attributed to a
power failure within the lighting system during the first ten days of
the month, Many of the hens went into a molt, A drop in production
by the floor managed hens during February was due spparently to the cold
weather the latter part of Jamuary after which many of these hens went
into a molt,

This slight advantage in egg production, however, was offset
(Figure 1) by the feed required to produce one dozen eggs. The mean
pounds of feed per dozen eggs for the ten-month period was 6,1 pounds
for the cage managed hems and 4.8 pounds for the floor managed hens,
The greater quantity of feed per dozen eggs in cages was due to the
larger amount of feed "consumed" per hundred hens as shown at the
bottom of Figure 1, This difference in feed per hundred hens may have
reflected some difference in comsumption but the apparent wastage in
the cage house was much greater than in the floor managed system,

The per cent of culls (Table I.) was slightly greater with the
caged hens than with the hens maintained on the floor, The per cent of



FIGURE I. MONTHLY PRODUCTION AND FEED UTILIZATION OF
INDIVIDUALLY CAGED HENS AND FLOOR MANAGED

HENS.
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mortality (Table I,) among the caged hens was more than double that of

the floor managed hens, This higher per cent mortality was associated
with e condition which outwardly resembled rickets or osteomalacia and
veferred to as "cage fatigue"., Upon autopsy several of these hems
ghowed brittle and broken bones.

There was a 42,6 per cent replacement in the cage house while no
hens were replaced in the floor system of management, An estimate of
the cost of these replacements was computed at §1.88 each, This assumed
that a pullet consumed 24 pounds of feed valued at 4.5 cents per pound,
and that the feed represented 60 per cent of the cost of raising the
pullets above a chick cost of 35 cents, The value of the culled hens
mtaundiobo”«uhucbut&«nhm”uthqw
4.12 pounds, Subtracting this amount from the cost of replacement left
$1.99 as the cost of replacing each culled hem,

The per cent of dirty eggs gathered from each system was checked
(Table II.). A higher per cent of dirty eggs was produced under the
caged system than from the floor system, Nost of the 49.1 per eemt of
Mwmmﬂdmmnnqp'ﬂhnnpumwm
dusty wire as the eggs rolled over it, These were harder to clean
than the 29.9 per cent of dirty eggs from the floor managed hems.

Part of the difference in per cent of dirty eggs may have been
an affect of temperature and humidity at bird level as shown in Figure 2.
The ten-month average ambient humidity for the caged hens was 55.9
per cent and the average for the floor managed hens was 52,9 per cent.
The average ambient temperature for the same mﬁdm&d‘huﬂ
58,6°F. respectively. '



TABLE II

PERCENT DIRTY EGGS FROM INDIVIDUALLY CAGED
HENS AND FLOOR MANAGED HENS

April 19
April 26
lay 10
Ney 14
June 2
June 9
June 11
June 15

35.29
36,8,
28,86
26,31
31,00
30,97
30,90
29.56
29.00
28.57
20.53

29.9



FIGURE 2. MONTHLY AMBIENT TEMPERATURE AND HUMIDITY
OF INDIVIDUALLY CAGED HENS AND FLOOR MANAGED
HENS. :
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Effoct of Temperature Extremes, Controlled and Uncontrolled
The comparison between individually caged herms with ambient

temperature extremes, uncontrolled and controlled as elosely as
possible between 40°F, and 90°F,, indicated with doubtful significance
a slightly higher per cent egg production from the undontrolled room
over the temperature controlled room (Figure 3), The ten-month
average varied less than one per cemt, The feed per hundved hems and
the feed per dozen eggs showed little difference between the two
groups (Figure 3), Observations showed that temperatures remained
above 90°F, for only a relatively short period each dey, whils the time
below 40°F, was often from 8 to 12 hours and occasionally for a full
24 hours, Mqu,tmntuuhthmmmlumhnn
frequent in the uncontrolled room of the cage house, These data indi-
cate the adjustment hens can make to temperature extremes and contime
to produce at a desirable rate,

Ihtupontmmmm-mm,udwmhnm‘,
with the warmer months and cooler months showing nearer the same
temperatures in the controlled group than in the uncontrolled group.

Itmfmmttmmttmtmmmdum”nfr.
before noon, This eould be reduced 33°F. in 5 mimibes by spraying the
roof, but the temperature at hen level drepped only frem 92°F. to 90°F.
After 20 minutes of spraying, the roof cooled to 89°F, ani the tempera-
ture at hen level was still 90°F, MHowever, this did increase the
hmuwommhmmhmmmduhmmmntm
bil'dlinthompri&ledm



FIGURE 3.
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FIGURE 4. MONTHLY AMBIENT TEMPERATURE AND HUMIDITY
OF INDIVIDUALLY CAGED HENS WITH AMBIENT
TEMPERATURE EXTREMES CONTROLLED AND

UNCONTROLLED.
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A1l rooms had doors and windows open to provide maximmm venti-
lation, Warm or hot air from outside moved through all rooms and
undoubtedly influenced the small drop in temperature observed during
the hot summer days,

Table I. shows 46.2 per cent replacements each in the temperature
controlled and uncontrolled rooms. The mortality was 11,1 per eent in
the controlled and 13.9 per cent in the uncentrolled room, thereby
increasing the cost in the uncontrolled group. ILimited data failed to
indicate the influence exerted by temperature on mortality as death
from heat prostration was not encountered.

Comperison of Moderate and High Ambient Temperatures of Laving Heps
The results of the duplicate experiments comparing the effect

of a moderate tempersture of 75°F. * 5°F. (Group I.) and a high tempers~
ture of 85°F, * 5%, (Group II.) upon the laying hem are shown in
Tebles III, « VI. The per cent of egg production was slightly higher
at the moderate temperature in both experiments (Table III. and V.).
The mean egg production was 52,5 per cent for Group I, and 49.8 per
cent for Group II,

The per cent of dirty eggs was higher in Group I in each of the
duplicate experiments sveraging 20,5 per cent for Group I, and 18,3
per cent for Group II, This increase in dirty eggs at the moderate
temperature may have been due to the 15 to 20 per cent higher humidity
indicated in Tebles III, and V,

Egg size (Tables IV, and VI,) was not consistently differenmt in
either group throughout the duplicate experimenmts, but averaged 26,0



TABLE III

NUMBER OF HENS, PER CENT EGG PRODUCTION, AND
PER CENT OF DIRTY EGGS IN MODERATE AND HIGH
AMBIENT TEMPERATURES IN THE FIRST EXPERIMENT

« No, Hens

1 24 €0.70 A % 58,92 -

2 2% 50,00 - 4 sa -

3 24 4470 . A 45.58 -

4 2 57.73 - 20 . .

5 2 70.83 - 2 "

6 2, 72.58 25.24 2 52,85 18,14

7 2 671.83 20,50 18 6.3 15.25

8 2% €0.08 22,00 1B 53 20,62

9 2 50,69 16,26 B 2as 22,29
10 24 37,50 22,41 1B R4 19.32
n 24 26,78 21,43 1B 485.2 20,62
12 23 9.7 17.18 18 49.07 2.6
Mean 23,92 53.26 20.72 19.75  51.28 19.84




TABLE IV

BEGG WEIGHT, INTERIOR BGG QUALITY, AND SHELL
THICKNESS IN MODERATE AND HIGH AMBIENT
TEMPERATURES IN THE FIRST EXPERIMENT

Bgg Wb, Interior Shell thickness
oz./doz. Quality inches
U.8.D.A, ,

Date ‘
May 29 25,50 2,58 L0122 25,32 2,91 013
Mar, 29 25.45 2,73 0134 26,11 2,33 0132
Apr. 2 25,37 2,13 0131 25,80 140 L0126
Apr, 7 25.50 2.17 40135 25,50 2,10 0122
Apr, 19 26,15 2,15 . 0N . B. 2,23 016
Apr, 26 26,00 2,00 . J0128 26,18 2,15 .02
May 10 25,27 2.40 0128 | 2892 2,25 0110
May 14 25,69 2,38 o1 0 M6 2,00 0113
Jun, 2 24,61 1.77 0128 23,82 2,18 014
Jun, 9 24,25  1.50 0126 25,60 .80 0n
Jun, 10 26.60 2,00 0123 26.44 2,11 .0n6
Jun, 11 26,43 2,20 0125 26,16 2,08 .02
Mean 25,57 2,17 0128 25,68 2,13  .0120



TABIE V

NUMBER OF HENS, PER CENT EGG PRODUCTION, AND
PER CENT OF DIRTY EGGS IN MODERATE AND HIGH
AMBIENT TEMPERATURES IN THE SECOND EXPERIMENT

loderate Temperature (750F. : 50F,) High Temperature (8557 * 5°F.)

——WSMy u.%
Production _ Eggs. Production  Eges

Vs,
1 24 51.19 23,25 2 4583 0.7
2 24 5417 13,00 TR W . B X "
3 2 50,68 20,27 N s8 . B
4 24 57.7% 20,61 2 S 15.62
5 24, 4497 24,32 2 5000 16,43
Mean 2% 51.65 20,29 2 4845 16T




TABLE VI

EGG WEIGHT, INTERIOR HGG QUALITY, AND SHELL THICKNESS IN
MODERATE AND HIGH AMBIENT TEMPERATURE IN SECOND EXPERIMENT

Moderate Temperature 175”1‘.’. 5°F.) High Temperature 18;5. ‘;;-;
_Meap Humidity 63,03% wu.ég___
Egg Wt. Interior Shell thick- Egg wt, Interior Shell thick-

0z,/dos., Quality mness in 02./doz. Quality mess in
U,S,D.A, inel )

Jun, 36 26,21 390 L0116 2%.40 30  .ous
Jun, 22 26,40 3.00 .01 25,20 2,50 015
Jun, 24, 25,55 @ 2.82  ,0129 .44 27 L0L3
Jun, 28 25,66 2,89  .0125 23,80 242 007
July 1 26,33 2.50 +0120 2487 2,00 0109
July 6 27,20 2.5  .0115 25.20 233 .o
July 8 26,33 266 .ons 201 244 L0120
Mean 26,39  2.90 0122 25,00 2,%  .0n3
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ounces per dozen in Group I, and 25,3 ounces per dozem in CGroup II.

Tables IV, and VI, show that the broken out interior egg quality
was only slightly higher in these eggs produced at the moderate tempera-
ture throughout the duplicate experiment, The mean U.8.D.A, Scores for
the duplicate experiments were Group I., 2,54 and Group II., 2,36.

The shells were slightly thicker in Group I, in each of the
experiments (Tables IV, and VI,) averaging in thickness ,0125 inches
in Group I, and ,0118 inches in Growp II.

Ne comnsistent differences were apparent in the feed per dozen
eggs between the two groups, The feed per dozen eggs in Group I, was
7.09 pounds and 8,74 pounds for the first experiment and the duplicate
experiment respectively, In Group II. the feed per dozen eggs was
6,57 pounds and 5.76 pounds for the first and second experiment,

Group II. in the first experiment had a higher rate of mortality
than did Group I. There was no mortality in the second experiment,
During the adjustument period prior to the first experiment st 65°F. +
5°F. the hens in one group were without water for 72 hours and hed to
be replaced. After 36 hours, egg production had drepped from 70 per
cent to 6 per cent, and at the end of the 72 hour period, e mortality
of 25 per cent was suffered. All but one of the remaining hens went
into a molt. These observations unequivocally show the essentiality
of a constant supply of drinking water for the laying hen,

Effect of Temperature and Holding Iime on Intevior Egg Quality

Eggs held at a temperature of 46°F. maintained an interior

quality of Grade AA for six days and Grade A for nineteen days. Eggs
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held at a temperature of 75°F, were Grade AA et the end of the first

dsy, Grade A from the second to the sixth day and Grede B firom the
eighth to the nineteenth day (Teble VII,), The eggs maintained Grade A
quality more than three times es long at 46°F, as they aid et 75'Y,

Table VIII, shovs the broken out interior quality of eggs sub-
jected to fluctuations in temperature for various periods of time
similar to the conditions which eggs undergo while being held om the
farm and im passing through present day merket chammels, The period
of time of 3, 7, or 24 hours at & temperature of 85%F, or 100%F, wes
to simulate the temperature conditions eggs might encounter from the
time they are layed until they are placed in a cooler under different
management conditions, The second period of time of 48 or 96 hours
vepresents the time spemt in farm coolers (46%F.) or cellaws (75°F.).
A one hour period of time was then allowed at 85°F, or 200°F, to simu-
late the temperature changes to which eggs might be subjected on the
way to the wholesaler, The wholesaler might have an egg room as low “
ubﬁ.wumouuuomdmdn‘t.mmdﬂnwnn?z
0 168 houre as is represented in the next period of time in Table VIII,
Another hour at 85°F, or 100°F, was then allowed to simulate the
temperature conditions as eggs travel from the wholesaler to the
rotailer, The last perioed of time represents the temperature conditions
under which the retailer holds eggs, This might renge from 72 to 168
hours in a refrigerated room at 46F, or displayed in an air conditioned
store st about 75°F,

The eggs held at 46°F. were Grade A and the oges held at 75°F.



TABIE VII

BROKEN OUT INTERIOR EGG QUALITY OF EGGS HEID
CONTINUOUSIY AT + AND 75°P,

Daye
1 AA AL
2 AA A
3 AA A
4 2.4 AA hed A
5 3.0 AA 6.0 J
6 3.0 AA 3.2 A
8 3.2 A 7.8 B
9 42 A 6.4 B
n 3.2 A 6.4 B
12 440 A 7.0 B
18 46 A 7.6 B
19 bed A 7.6 B




TABLE VIII

EFFECT OF FLUCTUATING TEMPERATURE AND HOLDING TIME ON BROKEN OUT
INTERIOR BEGG QUALITY

Days from begimning T Hours_at Replication® U.S.D.A.
_xmmv_&’i 85°r, 1 .2 3 |Jeen Quality
3hre., 2.4 34 50 360 A
4hrs, 3.0 3.4 2.8 3.04 A
S5hre. 442 4e2 4B 440 A
S5hre, 7.0 3.2 30 440 A
Days from begimning Tgtal Hours at Replication® U.S.D.A.
m75¥. 85%. 1 2 3 Wean Quality
3 hl‘.. 20‘ 30 500 3-@ ‘
Lhrs, 7.2 4.6 5.4 5.73 A
5hrs, 5.6 5.2 6.8 5.87 A
5hre. 7.6 5.4 7.0 6,67 B
Experinent 2000, 1 2 3 lMean Quality
3hrs. 3.4 34 2.6 313 A
‘ m; M 2.8 30° 30“ A
5hrs. 3.8 4.6 3.6 4.00 A
5hre. 4.0 4.0 4k 413 A

Hours at

00, 1 2 3 lican Quality
3hrs, 3 3.4 2.6 3.13 A
Ahrs., 4.6 4.2 3.8 4e30 A
5 hrs, 6.2 L.8 6,0 5,67 A
5me, 6.8 7.4 6,6 6.93 B

#¥Eash figure is the mean V,S.D.A. lemdf”.

(Contimed next pege)
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TABLE VIII (Contimued)

EFFECT OF FLUCTUATING TEMPERATURE AND HOLDING TIME ON BROKEN OUT
INTERICR BGG QUALITY

S

Days from begimning T Hours_at Replication* U.S.D.A.
of Buporiment _ 46F, 85, 1 2 3 Mean Quality

) Ohrs. 7hrs. 2.4 2.4 2.8 2.53 AA

2 48 hra, 8 hrs. 4.0 3.4 3.0 3.23 A

5 120hrs. 9 hrs, 3.4 3.6 3.8 3, A

i 192hrs,. 9 hrs. 5.0 3.8 5.0 4.4 A
Days from beginming Total Hours at chl!.entieul U.S.D.A.
of ng » 2 ___} w mg

0 Ohrs., 7hrs. 2.4 2.4 2.8 2,53 AA

2 48 hrs, 8 hvs, 3.8 4.4 u‘. 420 A

5 120 hrs, 9 hrs. 5.8 6,0 6, 6,20 B

8 192hrs, 9 hrs, 7.2 6.8 6.6 6,87 B
Days from beginning Total Hours at Replication® U.S.D.A.
of Bxperdment _ 46°%F, 100°%F, 1 2 3 Mean Quality

0 Ohrs. 7hre. 4.6 3.8 3.6 4.00 A

2 Bhrs, 8hrs, 4.8 3.0 32 367 A

5 120 hrs, 9 hrs, 4.0 4.6 40 4.2 A

8 192 hes, 9 hrs. 4ed 40 48 440 A

—U.5.D.1, SOORE

Dq! from beginning Total Hours at Replication* US.D.A.
of Experiment  75%.,  100%, 1 2 3 WMean Quality

0 Ohrs, 7hrs., 4.6 3.8 3.6 4.00 A

2 48 hrs, 8hrs:. 5.6 3.6 3.8 4.33 A

5 120 hyee 9 m. 5.6 5.4 5.6 5.53 A

8 192 hre.. 9 rs. 6.4 5.8 6,2 6,13 B

#Bach figure is the mean U.S.D.A. Score of 5 eygs.
(Contimed next page)



TABLE VIII (Contimued)

EFFECT OF FLUCTUATING TEMPERATURE AND HOLDING TIME ON BROKEN OUT
INTERICR EGG QUALITY

bm frem begivning T Hours at Replication* U.S.D.A,
of Bxportaent - 467, 3%, 1. 3 3 Nean guitiy
1 Ohrs, 2, hrs. 4.6 2.4 3.8 3.6 4
3 48 hra, 25 hrs, 4.6 3.2 5.2 433 A
6 120 hys, 26 hrs. 4.2 3.6 3. 3.73 A
9 192 hra. 26 hrs., 2.4 4.0 3. 3.33 A
733;3 ;“r 1 2 3 MNean Quality
1 Ohrs, 24 hrs. 4.6 2.4 3.8 3.0 A
3 48 hrs, 25 hre, 5.4 5.0 3.6 5,87 A
é 120 hrs, 26 hrs., 6.0 5.2 5.4 5.53 A
9 192 hrs. 26 hrs. 6.2 6.0 6.4 . B
Days from begiming Total Hours ct Replication® U.S.D.A,
—-of Experiment o 200, 1 2 3 |Ileen Quality
i Ohrs, 24 hrs. 5.0 3.4 4.2 4.2 A
3 A8 hras, 25 hrs, 4.2 6,2 4.0 4.0 A
é 120 hrs, 26 ln-u b 40 46 4,33 A
Days begimning ‘l.‘ lm,;t 1 2 2. ﬁ!
3 48 hrs, 25 hn 5.4 5.8 4.8 5433 A
é 120 hes, 26 hrs, 5.2 6.4 5.4 5.67 A
9 192 hrs, 26 hrs, 5.4 6.4 6.4 6,06 B

#Bach figure is the mean U.S.D.A, Score of 5 eggs.
(Continued next page)



TABIE VIII (Contimued)

EFFECT OF FLUCTUATING TEMPERATURE AND HOLDING TIME ON BROKEN OUT
INTERIOR EGG QUALITY

Days from beginning Total Hours_at Replication® U.S.D.A.
46%, 85T, 1 2 3 |JNean Quality

0 0 hrs, Shrs., 2.4 3.4 50 3.6 A

4 96 hrs, 4 hre. 4.2 3.2 4.0 3.80 A

11 264 hrs, 5hrs, 3.4 3.6 4.6 3.86 &

18 432 hrs, 5hrs. 4.0 3.8 3,8 3.86 A
Days from begimning Total Hours at mﬂ&é U.S.D.A.
of Experiment _ 75%.  85°F, 1 2 3 lMean Quality

0 0 hrs. 3hrs. 2.4 3.4 5.0 3.60 &

‘ % hl'l. ‘ hl‘l. ’02 ’lo 503 50)-3 ‘

1n 264 hrs, 5hrs, 7.2 6.0 5.4 6.2 B

18 432 hrs, 5hrs, 8.2 6,8 10,0 8,33 B
Days from begluming ‘tgrul Hours st  Replication® U.S.D.A.
of Experiment _ 46°F.  100°F, 1 2 3 |lean Quality

0 0 hrs. 3hrs, 3.4 34 2.6 313 A

4 96 hrs, Ahre., 3.2 4.8 4.2 4O7 A

1n 264 hrs. Shre. 4.0 5.2 4.0 440 A

18 432 hrs. 5 hrs. 4.6 4.0 3.8 4.13 A
Days from begimning Total Hours at Rlpnuﬁu* U.S.D.A,
of Experiment 75°F. . E 3 3  Mean Quality

0 0 hrs. 3hrs. 3.4 3.4 2.6 3.27 A

4 96 hrs. 4hrs, 5.8 5.0 5.2 5,33 A

n m hr'q 5 h!‘l. 6.‘ 6.2 500 5087 ‘

18 432 hrs, 5 hrs, 8.0' 6.6 9.4 8.33 B

#Bach figure is the mean U.S.D.A, Score of 5 eggs.
(Contimed next page)



TABIE VIII (Contimued)

EFFECT OF FLUCTUATING TEMPERATURE AND HOLDING TIME ON BROKEN OUT
INTERIOR EGG QUALITY

~U.S.D.A, SCORE
Days from begimning Total Hours at Replication® US DA,
of Experiment  46°F,  85°F, 1 2 3 Mean Quality

0 0 hrs. The. 2.4 24 2.8 2.53 AA

4 96 hrs, 8hrs. 3.8 3.0 4.0 3.6 A

1 264 hrs, 9 hrss. 4.0 3, 4.8 4,07 A

18 432 hrs, 9 hrss 4.0 3, 3.8 3.2 A
Days from begimning Total Hours at Mnutﬁ U.S.D.A,
—of Experiment 'rﬁ‘ 85%%, 1 2 3  |JMean Quality

0 0 hrs, Thre, 2.4 2.4 2.8 2.5 AA

4 96 hrs. Bhrs, 4.8 5.4 5.6 5.27 A

1 264 hrs. 9hrs, T.2 6,6 5.4 6.40 B

18 432 hrs. 9hrs. 8.2 9.6 8.2 8. B

—bsSeD.A, SCORE
from beginning Total Hours at Replication® U.S.D.A, |

0 0 hrs. 7hrs., 4.6 3.8 3.6 4.00 A

4 96 hrs. 8hrs. 3.6 32 3.0 3.27 A

1n 264 hrs. 9hrs. 5.0 3.2 44 4.20 A

18 432 hrs, 9 hre. 4.8 4.0 4.2 4e33 A
Days from begimming ;8;“1 Hours at mnnﬂ U.SD.A.
of Experiment 757, 100%, 1 2 3  lMesn Quality

0 Ohrsa. 7hrs.. 4.6 3.8 3.6 4.00 A

4 96 hrsa, 8 hrs. 7.0 5.2 5.4 5.87 A

11 264 hrs. 9 hrs, 5.0 5.6 5.4 5.33 A

1‘ ‘32 m. 9 hl‘l. 7.6 800 8.8 8"-3 '

#Bach figure is the mean U.S.D.A. Score of 5 eggs.
(Contimued next page)



TABLE VIII (Contimued)

EFFECT OF FLUCTUATING TEMPERATURE AND HOLDING TIME ON BROKEN OUT
INTERIOR BGG QUALITY

-

| ~U:S.D. A, SCORE

Days from beginning Total Hours at Replication* U.S.D.A.
of Experiment  46°F,  85°F, 1 2 3 |lean Quality

1 Ohrs. 24 hrs. 4.6 2.4 3.8 3.60 A

5 96 hrs, 25 hre. 3.2 3.6 4,2 3.67 A

12 264 hrs. 26 hrs. 4.0 3.4 46  4.00 A

19 432 hrs, 26 hrs. 4idh Ak 46 447 A
Days from begimning Total Hours at Replication® U.S.D.A.
of Experiment 'gsr 85°F, 1 2 3 Mean Quality

1 Ohrs., 2,hrs. 4.6 2.4 3.8 3.60 A

5 96 hrs. 25 hrs. 5.2 4.8 6.2 5.40 A

12 264 hrs, 26hrs. 7.4 5.0 5.6 6,00 A

19 432 hrs, 26 hrs, 8.8 10,0 6,4 8,40 B

_U.S.D.A, SCORE

Days from begimning 13:.1 Hours at Replication® U.S.D.A.
—.of Experiment 00%, 1 2 3 Mean Quality

1 Ohrs. 24 hrs. 5.0 3.4 4e2 4420 A

5 96 hrs, 25 hrs. 3.0 4.8 5.6 4.47 A

12 264 hra. 26 hrs. 4.0 4.6 4.0 4.20 A

19 432 hrs, 26 hrs. 4.2 5.0 A2 LA7 A
from begiming Total Hours at Replication® U.S.D.A.

"".‘;w 75°%F.  100%., 1 2 3 Mean Quality

0 hrs, 2, hrse 5.0 3ed 42 420
96 hrs. 25 hrs. 4.8 4.6 8.0 5.8
264 hrs. 26 hrs, 5.6 5.8 5.8 5.73
432 hrs, 26 hrs. 8.8 6.4 8.8 8.00

e e e e e e ]
#EBach figure is the mean U.S.D.A. Score of 5 eggs.

Elwwr
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were Grade B at the end of the 8 to 19 day periods in all groups.
Whether the eggs were originally held at 3, 7, or 24 hours had little
influence on the interiar egg quality at the end of this experiment.
This indicates that further studies should be undertaken cencerning
the relationship between frequency of gathering, egg quality, and
tamperature,

mnu«mm.m.am-wxmurfm:am-mr
mwwmmmmmnnwd‘j,?,na&m.
No significant difference was found to exist in interior quality when
eggs were held at 85°F,, or 100°F, during the original holding time nor
during transfer, but a significant difference did exist, al the 5 per
cent level, between holding temperatures of 46°F. and 75%F,



A ten-month study regarding the influence of enviromment om the
performance of the laying hem inveolved 661 Single Comb White Leghorn
pullets. A total of 1962 eggs were broken out to study the relatiomship
between interior quality and selected holding temperatures.

Including 92 replacements, 308 pullets were mainteined in
individual laying cages, and 255 were housed under conventional floor
management methods. Apparent differences inm per cent production between
caged and floor managed hens, although slightly favorable to the cage
system, were insignificant, This scant advantage was largely due to
the high percentage of replacements in the cages.

The feed required to produce a dogzen eggs was slightly more for
individually caged hens than for conventional floor managed hens. The
feed required per hundred hems wes much greater for caged hens than for
floor managed hens, because of the greater wastage in the cages,

The per cent of dirty eggs was higher from the cage system than
for the floor system of management,

The per cent mortality of the caged hens was greater than for
the floor managed hens., This was due largely to the high incidence of
"eage fatigue".

Small differences were apparent in per cent egg production, feed
consumed, or feed consumed per dozen eggs when the minimm and maximum
room temperature to which caged hens were exposed was held between 40°F.
nnd90qr. and when temperatures were uncontrolled.

Broken out interior quality was measured in 402 eggs produced by



108 pullets used to determine the effect of moderate temperature (75°F,
+ 5%.) end high temperature (85%. # 5%.) on the performence of the
laying hem. ,

The per cent of dirty egge and the interior egg quality were
higher at moderate temperature with a relatively high humidity than at
e high temperature with a relatively low humidity.

Shells produced at the moderate temperature were thicker than
those produced at high tewmperature.

Mortality was induced in hens even maintained at a temperature
of 65°F, + 5°F. when the hens were deprived of water for 72 hours.

In studying the effect of temperature fluctuations and holding
tine on interior egg quality, 1560 eggs were broken out,

Eggs held at 46°F. maintained Grade A quality three times as
long as eggs held at 75°F. |
: No significant difference was found in the interior egg quality
at the end of the & to 19 dey holding periods when freshly layed eggs
were initially held for either 3, 7, or 24 hours at 85%. or 100°F.

A significent difference existed in interior egg quelity of eggs
held at 46°F, and those held at 75°F. for & to 19 days.
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