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DITRODUCTIOI 

Th« total produotioa of eggs in the QuLtod States has alaest 

doubled In the past twenty years. Caapetition has deoreased the 

aargin of inooae between the oost of production and the sale price 

of eggs to a point where only those poultrynen following desirable 

ssaageMBt praotioee nay eoqpeet satisfaetcsry returns trooL their 

lEnres-taeats• This nargin has been snail during the past year as it 

has been throui^hout aasy prerious periods in the histoxy of the 

poultry industry. Poultrynen have tried to overoone this problwa 

with effioient feeding nethodSt isproved breeding, effective disease 

control, and better iBaaagment. 

Jhsong the older preoepts of poultry husbandry are the facts 

that the hen will produoe amre eggs during early spring} the quality 

of i^gs reaohing the ocnMraMrs is owttsidered at a peak in the oooler 

Months of the year, with the best quality and the hi^eat rate of 

production expected froa pullet flodcs dturing this period. Bnviron-

aental factors ooomon to these seasons have been oonsldered responsible 

for these relationships* 

Teaperature, humidity, light, and air snvsimit «ra some of the 

controlling environmental faetors* An ideal snvirtnsnent enhodying 

optlsna effect of theee Inflneneea lus not been eonolusively deter 

mined* 
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The objective of this tbeols bee been to stnilsr the effect of 

bMqperftturoy hoBidltyi eod selected hoaslng oondltlons en the Isylns 

hen and to stud^ the effect of teaverature fluctontioao «» aax^et 

A 

I .T I- I I.' 'jIi" !*• 



LirmXUKB REVIEi 

Taatest si si* (I9iU} fltodled reaotions of noaerotio dOMStitf 

fowls to Tarlous teaperatores and hualditles* and found tiiat body 

fbnotlons ware Initially diatarbad whan the environmental temperatures 

rose above 80^.» but relative humidities of 55 par cent, or less^ 

proteoted agalnt the effeet of high temperatures* Wilson (19<48) 

subjeoted hens to tesporatures above 90**?. and found that body 

teaporaturo roee^ food oonsumption dropped^ water eonsuaption Inereassd^ 

the heart rate lowered, sad^respiration was insreassd* (At 95^* 

water intake was double that at 70^*)* 

Qutteridge, st dl* (A9A4) found no iaproveaant in egg produotion 

when teaperatores were inereased trm a mean of 37^* to 59^7*, but 
theore was an annual saving per hen ef 2.85 pounds of feed when the 

toapexeture was xuised fren 38^* to 60^7* 
Bruokner (1936) reported that a oenstant air tapoxmtiire of 

0 

507* stabilised viator egg produotion by provwatiag slaapa^* He 

dooided this stabilising had ao effeet on aimwal produoticn baeaaso 

the winter gain was lost later* Bigrs (19Ad) presented ovidenoe that 

declining house traperatures adversely effected egg production* Rays 

(1949) later stated that the low tMperatures of winter seen to stiau-

late a hii^isr ineidease of winter paasa« but do not oeasistently 

ineroase the duration of tho pauea* 

Wilson and Bdwards (1952) obsarvad that whsB hana vrcan sub* 

Jeoted to water deprivation and thamal atreea (90*V»* i*7«} thgir 
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weat out of produotioa In 4^ houi's and sosis birds into a aolt* 

Butohlaaott and Sykes (1953) found a slight fall in tho heart rate 

assooiated with deereMsd egg prodnotion under eerere heat atreea* 

Greenwood (1953) found that hens produood acre eggs when kept 

at eonstant enrironaMintal eonditiens of 65*'p», 60 per cent relative 

huBddity, and 12 hours of artificial light per day, than did a 

similar groap ea^osed to natural oonditione uorinally used for the 

flook* 

Warren and Bennlon (1933) and Warren (1939) found that high 

teapemttires tended to reduce egg size* Bruckner (1936) ooa^red 

pxeduction fron birds in a neer oonstant taqparature of with 

winter egc^ trcm similar layers in an unheatad house and found a 

daoreass In egg size from birds held at the eonstant teaperaturs. 

larrani (1950) reported a sinilar decrease in egg size at a 

constant tenpeirAture of 65^« They also showed that under constant 

teaqseratures egg size gradually inoreasad throughoxit the first laying 

yearf then deereased when high summer temperatures were net. 

Butchlnson (1953) found that ehort daily periods of eztrone 

heat stress, ranging in length fron 107 to 214 nlnutes, would reduce 

egg weight nore than continuous living in a warm olioata. Wilson 

(1949) stated that egg size and shell thickness be^ to decrease at 

75**?. and that hone would dla of heat prostration when temperatures 

remained at 100^, for more than 8 hours. 

Jail (1924) found that tha poroontage of shell inoreasad fron 

DeoeidMr tlnroogh Febrvtazy, decrmaad through lay, then showmd an 
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Irregalar vpvud tr«i4 for the balaaoe of the yoer* Waxrea and 

Sefanq>oI (19A0) and then Bejeaag (19i^6) found a oloee aaaoolatlon 

betvoea thin shell and Miflrouwntal teaperatureo. Oecoad (1939) 

found that the blood ealoiua lovered in about the same propartion 

that the shells thinnedt Warrea, §1. (1950) failed to find a 

eorrelatioa between blood ealoiua and shell thiekness. 

Stuxkle (19i6) abeerwed that hens with indueed hgrpothenda 

Isgred softHihelled *880 la the reproduotiwe traet 

during the tiae ef hgppaibenda. Warren and Sehaepel (1940) stated 

that hens and pullets subjMted to high teaperatureo (90^«) showed a 

striking reduction in shell thidoMss^ with high huaidity tending to 

aooentuate the effeot. 

Loreaa and AlMjuist (1936) found the pereentage of fira wbite 

to be lowered bgr high external teaperatures. Banter« et aX« (1936) 

stated there wee a lower albuaeB quality during the iiusiar asaths* 

Wilhela and Heiana (1936) showed a downward trend in altumen quality 

from Ootober to July with an upward trend following inoiediately, Thgr 

also showed that this albuaea quality decline was mt oorrelated with 

either temperature, rate of lay, or egg sise* Ringrose and Mftrgaa 

(1939) found a poorer quality of albumen froa late winter to tSm end 

of spring, 

Jeffrey (1941), in a study «lth hens starting to lay at 

different seasons, reported the albumen index to be a function of age 

rather than a oonsequenoe of seasoa. Miller and Bearso (1937) stated 

that low quality albumen was assoeiated with low preduetion. This 
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ooold «:gplain vtagr noziceTS have found loir qualltgr IB tha spring 

b0b1)mi« 

Long and Godf>«j(1952) stated there ym indication that the 

raeeptlvity of the fwaalae «wi lover during sold veatli^ thsB during 

eaxner veather* 

Faac (1951)» voxklng with hens denied aeoess to vater> found 

that the heavy breeds ware mom tolerant to heat than Ught breeds* 

Balbandor and Card (1944), Denten (1947), Tagrlor (1947), and several 

other troikers agreed that there eas no effeot of tenperaturs, humidity, 

nor li^ upon the inoidenee of blood opots* 

Eeyvang (1946) ebserred that growth and gross effioienoy of 

feed utilised is Inereased vhen feed is available only in the eooler 

part of the day, 

Bredy (1948) found that deaestlo fowls prodaeed ever tvlee as 

ansdi thyroadne in the HLssoitrl winter as in the suaner, and, as night 

be sqpeeted fron the widespread aatabolie affaota of tlyroocina, there 

waa a relationship batween thyroadna prodneticn and meg produitioe, 

Barrett and Prlngle (1941) showed that the nlnimai aetabolisa In the 

hen oeourred at an aKtemal teqperatura of 78^* and tfaa naxlwtai 

aatabolian at 61^, 

■BwUar, (1951) fsand ty eentroUing the li^ and the 

taeparature that hana liyad nore aggi, bamna hmwier, and had a leear 

■artallty than did hana mintained nndar natural atnosphcrlo eoeditiona* 

Mtathan (1933) reportod that ineraasea in the length of daylight 

aeted on tha pituitary gland and thereby stinulated egg produetion. 

Barrett, at al. (1951) preeantad eoaelnsiwe evldflnea that tha 



 

produetloB p«r h«B oould b* Inoreassd between 10 and 19 per eent tgr the 

use of ultra wlolet radiation* 

Bywlj and Hoore (19A1) found that a U hour dagr lengthened the 

alae of the clutches by assuring a lifted period of sufficient length 

to naintain pituitary and owarian activity shortly after ovulation* 

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

egg laying* They also found that high teaperatures have a greater effect* 

Hays (194H), however, stated that length of day had little effect on egg 

production* Heywang (1945) also indieated that artificial light did net 

appreciably affect feed eonsusption, egg production, or live wei^^t of 

the pullets* 

Riley and Hyerly (1943) found that increased li^t periods were 

oapable of stianilating reproductive activity in hens idiidi had not finished 

nolting without affecting the progress of the molt* Carver (1941) found 

that there was no advantage to increasing the foot sandles above 2 foot 

oandles when frosted Hasda li^ts were used to provide a 13 hour day for 

laying hens* 

. t 



fROCEDURB 

Ifeture Single Conb White Leghorn pulletn raioed under einilar 

oonditions were used throughout this exjteriaent* Water and an all<»rash 

ration^ oonsidered adeq^ta in all known required iutrlenla» were 

anrailahle to all hens ltbitaa|. 

Beterds were ka{rfc on 1»odf weight* egg produotlon* egg eiae* shell 

thiokness* interior quality* aortality and oauee of death* hen replace-> 

oent* feed oonsuoed* number of dirty eggs* and the appearanoe of the 

hens* TeBq>erature and humidi'^ir were recorded in eai^ room daily* 

On Septeater 1* 195i* a eaai>ariean was Initiated batseen heas 

naiiitained in indiwidnal eagee and hens ■aintained in eaaq>leto confine-> 

■mt under conrentioaal floor maaageaeat. 

The 255 floor managed pullets were oonfined to a 24' z 4S* laying 

house. The eaged birds were plaoed in a 24* z 43' house divided into 

two rooms* eaoh of which was eqoipped to oare for 103 puUeta. 

One lot of oaged hens tos designated as the oontrols «ith no 

atteog^ made to modify roma teiqperatttre of the house ether than through 

adjuetaent of tho deoans and windows. Heating tape wmo arranged in the 

water trough to prereat froeaing of water during InelmMnt weather. 

The second let of oaged Leghome was desigmted ae the ezperi-

mental lot. Extromos in temperature were to bo modified in the house 

throu^ aiq}llcation of heat during the winter nonths and through the 

use of water aprayed on the roof and/or on the surrounding yurd area. 

Mo atteaqpt was made to modify the housu teui>eratur<i of the floor 

managod hens «coi|>t through adjustmrat of dooors and wlndast. Heating 
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tap« prevented freeslng of the drinking water* The comparison between 

these 3 groups was reoordtod for 303 dsTS* 

Cki Fetaroazy 1955« 43 Single Coab IQilte Le^orn henSf selected 

for vlgori healthy and production were placed in individual laying 

eagM la two air conditioned rooos anintainad at a tenperatura of 65*'f* 

± 5
0
f4 Sadividual production and egg-weif^t records were kept on 

these birds for 33 days, at whidi tins all birds were paired according 

to production and egg weight* One neaber of each pair was plaaad in 

ea«b of two grenpSy a total of 24 pallets per group* Group I* was than 

subjected to a constant teaperature of 75^F*1 5^«y referred to as a 

noderate tenperatixrey idiile Groiq) II* was exposed to a roon te^}eratura 

of * 5^.y referred to as a hi^ tamperatnrs* The feaales were 

aaintained under these conditions for 84 daysy at which tine they were 

replaced by a second lot* 

A duplicate e:q>eriaent in the air conditioned rooas was begun on 

June 15» 1955* and was continued for 32 days. 

Albumen quality of aarket eggs was deteralned by subjecting the 

eggs to various degrees of teq»aratTire for different periods of tins in 

three replication« The eggs for this aaiperlment were gattiered hourly 

from Single Coab White Lsi^orn pullets* Tenperature studies were begun 

inasdiately to ainlaize the effect of conditions other lhan 'Uie 

experimental environments studied* 

The broken out interior ogg quality was aeasured by sa s^ 

quality slide rule distributed by the Kaw Goapany of l^entcmy Sew Jersey* 

and the shell thiokness aas asasured in the area of the air cell vlUi 

a nieroaetar* 
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BSSULSS AMD DISCIBSIOM 

sL fiusA filfii ud £Lssc Ifttttfld asBi ^ 

The ooiparieoii between indlTldually oaged hens and oocnrentional 

floor oanaged hene indioated a all^htly higgler pea* ooatt eigg produetltm 

in the Mgee than on the floor (Figure 1)« The aoaa per oest egg 

prodnotion for the entire teiMentb period waa 61«7 per ont for the 

<M|^ aaaaged and S9«6 per eeat for the floor aanaged hmne* Thla pr»-

ductioB eae undoubtedly influenoed by the eyatee of replaoing hmie in 

oagee* The aevere produotion drop during Deoenber waa attributed to a 

power failure withiB the lighting eyetea daring tlM first ten d^r* ̂  

the Bonth, Maay of the hene went into a aolt* A drop in produotion 

by the floor aanaged hens during February wee due apparently to tho oold 

nearer lattor part of Aumaxy after wkLoh aaxy of thoeo hone eont 

into a a^t. 

Thie slight advantago in ogg prodttotion» howerer» was offbet 

(Figure 1) by tho food roquired to produeo mm 4»wm oggs. Tho asaa 

pesnds of food por dosoa oggs for the ton-aonth period was 6,1 pounds 

for the sags asnsgod hens and psunds for the flssr aanaged bens. 

The greatmr quantity of food per doa«Ei eggs in eegee was due to tho 

largor saonat of food "oonsumod" por hundred hens as shown at the 

botten of Figuro 1, This differonoo in food por hundred hens my hare 

reflected sone differenoe in eoasusption but the apparent wastage in 

the oage toase was anoh greater than in the floor mmagod sorstoa. 

Tho por eont of ouUs (Table Z.) was slightly groator with the 

eaged hns than with tha hens aaintalied mi the floor. The per eont of 
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FIGURE I. MONTHLY PRODUCTION AND FEED UTILIZATION OF 
INDIVIDUALLY CAGED HENS AND FLOOR MANAGED 

HENS. 
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■ortalitgr (Table Z«) aaong the oaged heaa vee nore than 4fluble thai of 
the floor aaiiaged hone* This higher per eeat aortalitj aasoolated 

vith a eoaditloa vhioh eutwardlar reaeabled rieketa or osteooalaola and 

referred to as "oage fatigue". TJjpea antepajr earreral oi those hens 

ehoeed lirittle and broken bones. 

There uas a 42.6 per seat rrpUeaeeni in the eage house ehile no 

hem uere replaoed in the floor systan of aanagsMnt* An astiaeie of 
the cost of thane replaeonants nas eosputed at I1.68 sash. This assunoA^ 
that a pullet eoesened 24 ponnds of food ralued at 4*5 eents pw pound# 

and that the feed represented 60 per oent of the oast of raising the 

pullets abere a ohi(de sost of yi oents. The ralue of the euUed hens 

was found to be 49 eents eaoh act 12 seats par peund as thagr areragad 

4.12 pounds. Subtraoting this aaount fren the oast of. r^laoeasnt left 

11.39 as the east of replaoing eaoh sailed hen. 

per eent of dirty eggs gathered froa eaeh systeai vas eheoked 

(Tdbls n.). 4 higher per eent of dirty eggs nas prodnsed under the 

oaged systen than froa the flew ^tea. lost erf the 49.1 per eent of 
dirty eggs froa the oaged systea nera agga with stripes aade by the 

dusty wire as the e|KSe rolled over it. These were harder to elean 

than the 29*9 per eent of dirty eggs froa the floor nonagod hens* 

fart of the differwnaa in per eent of dirty eggs my have been 

an affeet of te^>eratiare and humidity at bird level as shown in Figure 2. 

The ten-month average adbieat hnmldi^ for the eaged hens was 55.9 

per eent and the average for the floor managed haas was 52«9 par sent. 
The average aabient teaperature for the seme period was 6l.s'V. snd 
58.6®F. respsctivsly. 



TABLB n 

BBOsm onen bogs mm siditidijalix gadsbd 
was AND FLOOR MAMOSD HSNB 

Date 9firn jimrirt fIwar 

Martb S9 55.08 51.52 

llaroh n 5A.38 55.29 

April 2 52.00 36.84 

iprU 7 48.07 28.86 

April 19 45.45 26,31 

April 26 50.87 jtl«00 

May ID 50.72 30.97 

Mtv U 49.31 30.90 

Jtae 2 57.57 29.56 

Ame9 45.16 29.00 

IteM U 39.19 28.97 

Jtam 15 40.67 20.53 

49.1 29.9 

r 



 

FIGURE 2. MONTHLY AMBIENT TEMPERATURE AND HUMIDITY 

OF INDIVIDUALLY CAGED HENS AND FLOOR MANAGED 
HENS. 
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flC XWPWHtWf SsSoaOBft* fiWrtifftXlffa asA. gneontroimA 

Tha eenpariaon b«t«»«c Ixtetlvldually eagad ham vitik amblasl 

taqparatura axtvanaaf tmoontroUad and controlled as closely as 

l^slbla bataaan 10^, and 90^,, Indicated with dflttbtful significanca 

a slightly lii|dM»r per cant a^ production fron tha undontroUed ro«i 

mm tha tanperattira ocntrollad roon (Figure 3)« Tha ten-nonth 

areraga rariad lass than mo par cant. Tha Toad par faandfad haw and 

tha feed par dosan eggs shercd Uttla dlffarcBsa bataaan tha two 

grocps figure 3)« Gbsarratlons showed that te^paraturcs regained 

above 90^. for only a relatively short period each day# while tha tina 
below was cftan ft-oe 8 to 12 hours and occasionally for a fOU 

24 hours^ During January, topQiaraturas in tha aiddla and low 20's were 

frequent in tha uneontroUad rooa of tha cage house* These data indi 

cate tha adlustaant hens can eaka to taeparature extremes and continue 

to prodeoe at a desirable rate. 

Tha temperatura axtramw were larelod elf, as shown la Figure 4, 

with the waanmr nenths and cooler moDtbs showing nearer the same 

temperatures in tha oentrollad group than in the tmcentrolled gmq>. 

It was found that tha roof tenparatuze reacdiad as high as 133^. 

before noon. This aould ba rednoad 33®F. In 5 nlnutas ty oprayii* the 
roof, but tho tasporettvo at han laval dropped only from 92%.to 90%. 

After 20 ainutaa of spreying, the roof eoolad to 89%* and the tem>era«i> 

ture at han level was still 90%. However, this did incarease the 
huaidity slightly and the hens m>peared to be more contented than the 

birds in the unsprihkled room. 



 

r 

FIGURE 3. MONTHLY PRODUCTION AND FEED UTILIZATION 
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OF INDIVIDUALLY CAGED HENS WITH AMBIENT 

TEMPERATURE EXTREMES CONTROLLED 
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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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All room had doan and windova flpan to provida awarilaum vaati* 

latiM^ Wan or hot air fron autaida aorad through all room aad 

wiidmVtedljr Inflaanoad tha aoall drap in taaparatun ofaaervad during 

tha hot aunar dayic 

Tahla X« ahova A6«2 par oant replaoomita aacdi in the taoqparatura 

ocBitrollad and uncontrolled rooaa* Tha Boxtalitgr was 11*1 per eant la 

the eeotrollad and 13«9 par eant in the uneentroUed voea^ theratj 

iiwraasing ̂ a ooat in the unoontroUed group* Ubalted dote failed to 

indicate tha Influenaa azarted by taaperatura on nocrtality as death 

fron heat pro8trati<» ana net anoountarad* 

jgdtWtfW ifid fiidh AbMSHIl Tenperaturea sf Laving 

The rasulta of the duplicate axperiaente cooparing the effect 

of a Boderate tMperatura of 75^* Z. (Group I,) and a hi(t^ teapera-

ture of 85^* Z (Group II«) upon the lagring hon are ahean in 

Tahlea III* •> Tha per cent of egg production aae elightly highaf> 

at the Bodorato taaperaturo in both axpeidJMUxti (Table III. and ▼.), 

The Bean egg production vaa 52*5 per c«at for Group X« and 49*8 per 

aent for Group II. 

Tha per oent of dirty egga uae higher in Group X An each of the 

duplicate experinenta averaging 20.5 per eant for Graup I* and 18.3 

|Mr ooat tor Greup XX. This ineraaae in dirty eggs at the nodarate 

taqparatura nay hare been due to the 15 to 2G p«r mhI faiglUBr hpiddity 

indicated in Tahlee XIX* and T* 

Egg aisa (Tablea XT* end 71*} uae not consistently different in 

either group throughout the duplioato eKporiaeatef but avoragod 26.0 



TABU m 

IRniBSR OP BENS, PER CERT EQa PRODTKJTIOll, tm 
PER GBRT at DIRFl 1&G3 IN IKNffiRATE AND HIDB 
ANBIERr TEBPERITDRES IK THE FIRST EZFERUBNT 

"*"5**? 
fa. «6. Sis 

{irr. * SV.) HUh TwTOTOture leArl A-1 
... SiS 

IV<4y<?UWI fgg Pgfldafltioii Rgga 

1 24 60.70 ♦ 24 58,92

2 24 50.00 24 48.21

3 24 44.70 • 21 45,58

4 24 57,73 20 68,57

5 24 70,83 20 62.14 •
6 24 72.58 25.24 m 12.85 aa.u 

7 24 67.83 20.50 18 65.73 15.25 

8 24 60.08 22.00 18 57.13 20.62 

9 24 50.69 16.26 18 30.15 22.29 

10 24 37.50 22.a 18 31.47 19.32 

n 24 26,78 21.43 18 45.23 20.62 

12 23 39.74 17,18 18 49.07 22.64 

Hmub 23.92 53.26 20,72 19.75 51.25 19.84 

V; 
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TABI2 17 

BOG WElGar, mSRIOR BOG QOALm, ABB SHELL 
THDCKHESS IN MOSBRATB AND HISH AMBZm 
TEUf^ATURES IN THE FIRST SZmiliBlir 

iodepat« Tiii^ratTire (75^.^^+ 8^ToaiMrature (85®F.l5'T.) 
Mm Itfm BaBt(3ilar UtM 

sggn. loierior Shall thlokzwaa Bge fl*V«* I^iterior SheUl^iterior S 
ea«/dos« Qaalli^ inehaa i^doa. Quali'^ thideneaa 

Data 

liB7 29 25.50 2.58 .0122 ja(.32 2.91 .0134 

tbr* 29 25.A5 2.73 .0134 26.U 2.33 .0132 

Apr. 2 25.37 2.13 .0131 25.80 1.40 .0126 

Apr.7 25.50 2.17 .0135 25.90 2.30 .0122 

ihmr*19 24.15 2.15 .0133 25.77 2.23 .0116 

24 26.00 2.00 . .0129 26.15 2.11 .0321 

l«r 30 25,27 2.40 .0125 25.92 2.:^ •0110 

Iby U 25.69 2.38 .0128 25.60 2.00 .0113 

3m^ 2 24.61 1.77 .0128 23.82 2.18 .oiu 

Jtaa. 9 24.25 1.50 25.60 1.80 .0111 

Ito. 30 26.60 2.00 .0123 26U4 2.U •0116 

Jftei. n 26.43 2.20 •0125 2^16 ZM .Qm 

laaii 25.57 2.17 •0128 25,68 2.13 .0120 

"P 

'. 4. 
■if -
f ' 
> ; V V 

- r ' 
-nkm ■ - -



TABD5 T 

NDHBER Gf HB16, PER CSHT SGG PRODUCTION, AND 
PER CENT OF DIRTT BQGS IN MODERATE AND HDH! 
AMBIENT TEMPERATURES IN THE SECOND EZFERIieNf 

'"''''Ttod€mrurTeapOT?tIwrT)^5'ri5'5'TT"S2S"TOT|p^^ 
Man ftaldlty 63.Q3E ItgflD 

No. Hens % E^ % Dirty No. Hene % Bgg % Dirty 
laui Uom ?w4bbUw , gia „ 

X 24 51.19 23.25 24 45.63 20.77 

2 24 54.17 13.00 24 40.47 17.64 

3 24 50.63 20.27 24 43.81 13.a 

i 24 S7.n 20.61 24 57.U 15.62 

f 24 44.97 24.32 24 90.00 , 16.43 

■Mw 24 51.65 20.29 24 48.45 16.77 

V 

JUtAii - fl'iff 1^1 1 



TABIE TI 

IGQ WSIGBT, mrSRICffi EDG QUALITI, AMD SHBUL THICKMESS HI 
IK^RATE AND HIGH MMBlXm TBMPERATURB IN SECOND EXlCRIlOr 

Mean ftimidltar 63.03i 
s«g wt. Interior Shell thiek- Sgg Ihterlor Shell thiok-
oa,/dos« Qualitj ness in 08./d0S. ()aality bms in 

fiftta inehaa 

Jun. 16 3.90 .0116 26.40 3.70 ,0U8 

Jun, 22 26.40 3.00 .0129 25.20 2.50 .0115 

Jttn. 24 25.55 2.82 .0129 25.44 2.77 •0113 

J\in« 28 25.66 2.89 .0125 23.80 2.42 .0117 

JiOy I 26.33 2.30 •0120 24.87 2.00 •0109 

SiiHj6 2.50 .0115 25.20 2.33 •OUl 

Jtily 8 26.33 2.66 •0118 24.U .01202.44 

Hms 26,39 2.90 •0122 25.00 2.59 •0115 
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oajBom per dosen in Groop X* and 25.3 per doien in Group IX. 

TaUlM XT. and TI. altoo that the hrekon eat Inferior egf 9inlitgr 

vae «B3qr sXi^tXy hi(^r in those eg^i prodnoed at the mderate tenpera* 

tore thronghout the duplleate experiaest. The neeun Seores for 

the di4>llcate eciperiaents were QrocQ» X.» 2.54 and Grocq» IX.« 2.36. 

The ahelle were slightly thioker in 6roiq> X. in eadb of the 

eotperinenle (Tehlee IT. and TI.) averaging in thickness .0125 inohes 

in Grot^} X. and .011^ inediee in Grovqp XX. 

io eosBlstent differences were apparoit in the feed per dosen 

eggs between the two grwqw. The feed per dosen eggs in Group X. was 

7.09 pounds and 8.74 pounds for the first eaperinent and the dtplicats 

eaqperlaent respeotivelj. In Greop II, the feed per dosen ̂ [gs was 

6.57 ponnds end 5*76 peonds for the first «md eeoond eaperianod. 

Qrotqp XX. In the firet eaperinent had a hlghw rate of aortality 

^han did Qrosp X. There wee no nortalitgr in the eeoond eaperiaent. 

Ihxrlng the adJuetiMnt period prior to the fimt experiment at 65V.♦

S'V. ihB hone in one group were without water for 72 hems and had te 

be replaoed. After 3d hours, egg production had dropped fron 70 per 

•ect te 6 per oent^ end at the end of the 72 hour period^ e nertalitj 

of 25 per cent was suffered. All but one of the fsnainii« hens went 

into a aolt. fhase elMervatione unequiroeally show the esaontiality 

«f a eonetant sigqply of drinking water for the laying han. 

Sffaat Tannaratwra jm|HffillUBd Tiiae gp Interior fjgg 

Sgga hold at a toaipmmtura of 4d^. naintained an interior 

<ienli^ of Grade AA for six daye end Grade A for ninoteeo d^fs# flggs 
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held at a t«operature of 75^« vera Grade AA at tha and of tha flrat 

de^i Grade A froB the aeoond to the sixth dacr and Qrada B fron tha 

eighth to the nlnetaaath dsgr (Table TH,), The eggs maintained Grade A 

quality vote than three timea as long at aa they did at 75 

Table Till, ehoes the broken out iatorior quality of aggi av^ 

Jeeted to fluctuations in taaporatura for yarieua perlodhi of tlaa 

elailar to the oonditiona which eggs undergo while being held cm tha 

farm and in raatlng throu^ present day naxdcet ehannelB« fiw period 

of tine of ̂ 9 7f or 24 haute at a taiqperature of or 100*V« waa 
to aljulata Vm tenparature oonditiona ogga adght enoonxater froa tha 

tiaa they are layad until they are plaaed in a cooler under different 

■amgeoant eonditioss* The aeoond period of tine of 4B or 96 haura 
refxreaenta the tina spent in fara aoelers (46^* ) or cellars (75^«)« 
A one hear period of tine «m then allowed at Buhf* or 100^« te aina-
late tha taaporatura ehangea to which eggs night be subjected «m the 

way to the wholesaler. The wholesaler alght hara aa rooa aa low 

•a 46^. or aa air eonditioned rooa of 75^# and hold ^ agga fwwa 72 
to 168 houra as is representad in tha naxt period of tino in Table TZZX* 

Another hour at 85^* or 100^. was then allowed te simulata tha 
tasiperature oonditiens aa anEO travel fTon the sholesaler to the 

retailer* The laat period of tine r^xreaents tha tasparatura oonditiona 

under which tha retailer holds eggs* This adght raigce firaa 72 to 168 

hcuxo in a refrigeratod roos st 46*^^ «r Splayed in an air oonditionad 
store at about 75^« 

The iqnga held at 46^F. were Grade A and the eggs held at 75^. 



 

.It..>*V 

TlfilS VIZ 

mmm m mrnim egg wiam m egos 
cosTmroDsn ta 46^. abb 75*r. 

«K» ftiM .t 

B,S,Da. tr.sj}.A, B.8.B.A. B.S.BtA 
DavB SoOTii OlMlitV SofiTO 

31 2.8 AA 3.0 AA 

2 2.8 AA A.A A 

5 2.6 AA 4*4 A 

A 2.A AA 4.4 A 

5 3.0 AA 6.0 A 

« 3.0 AA 3.2 , * 
• 3.2 7.8 i ^ 

9 A.2 A 6.4 B 

11 3.2 A 6.4 B 

12 A.0 A 7.0 B 

18 4.6 A 7.6 B 

» 7.6 i 

// - "u . 

-A-: : 

>r 1.^-^ 



 

 

TABtE VIII 

BfTSCI CP FlfiGTViTUn TEKPSRATUHB A»i BOWBC TIMI OK BROEBI QOf 
IHTBRICR BOG QOALm 

Dayil trm iMglmiag Total Bours.at RaplloatioB* 
V* u^nmiu* *a 03 m• UBauLxiirf < 1? 

0 0 hrt. 3 fan. 2.4 3.4 5.0 3.60 4 
2 4R hrs* 4 fan. 3.0 3.4 2.8 3.04 4 
5 i 120 hzv. 5 fan. 4.2 4.2 4.3 4.40 4 
B 192 brs. 5 fan. 7.0 3.2 3.0 4.40 4 

Bajre frea beginning Total Hotora at Replioatloi^ 0.S.D.4. 
ofatnerinant 75T. 1 2 3 Keep Quality 

0 0 hre, 3 fan. 2.4 3.4 5.0 3.60 4 
2 hre. 4 fan. 7.2 4.3 5*4 5.73 4 

5 120 fam, 5 fan. 5.6 5.2 6.3 5.37 4 
a 192 hm. 3 fan. 7.6 5.4 7.0 6.67 B 

Dsqtb froa beginning Total Rours^t R^lloatltm* R^.D.4. 
of SxDerlaeat <46^* 100^. 1 2 3 Moan Quall^ 

0 0 hrs. 3 fan. 3.4 3.4 2.6 3.13 4 

2 43 fare. 4 fan. 3.4 2.3 3.0 3.07 4 

5 120 fan. 5 fan. 3.3 4.6 3.6 4.00 4 
3 192 fan. 5 fan. 4*0 4*0 4.4 4.13 4 

DaOfV froa beginning Total Hours at RopiLicatiao» H«S(DaA* 

4 
2 43 fan. 4 fan. 4.6 4.2 3.3 4.30 4 

5 120 fan. 5 am. 6.2 4.3 6.0 5.67 A 
3 192 fan. 5 fan. 6.3 7.4 6.6 6.93 B 

0 0 fan. 3 fan* 3.4 3.4 2.6 3.13 

*Saoh figure is the aean 9^3.D,!. Sooere of $ KCfli* 

(Contlnoml seaet pbfb) 

i.;.. J'L V^-.,~vA'.=».zJa^ 

https://Bours.at


 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

TABLE Vm (Goatiaied) 

SFTBCT or PXfiGTUirm TEIPIIUTBRS AKD HOIBIR} TIMB OiBOKBI ODX 
mTERICR BOG QBALITI 

H.S.D.A. SCCHS 
Beys froa beglnnliig T^l Honrs Replication# H.3*D*A. 
of Bxpertaant A6^. 85f. 1 2 3 Mean Quality 

0 0 his. 7 hrs. AA2.4 2.4 2.8 2.53 
2 A8 hrs* 8 hrs* 4.0 3.4 3.0 3.47 A 
5 120 hrs. 9 hrs. 3.4 3.6 3.8 3.60 A 
8 192 hrs. 9 hrs. 5.0 3.8 5.0 4.60 1 

H.3.D.A. SCORE 
DajTB trm begliiBiiiE Total Hours at Replieation# H.S.D.A. 
of Bxperlnent 75^« 85T. 1 2 3 ■sail QuaHty 

0 0 hrs. 7 hrs. 2.4 2.4 2.8 2.53 AA 
2 48 hrs. 8 hrs. 3.8 4.4 4*4 4.30 A 
5 120 hrs. 9 hrs. 5.8 6.0 6.8 6,20 B 
8 192 hrs. 9 hrs. 7.2 6.8 6.6 6.87 B 

H.S.D-A. SCORE 
Bagra froo bogiimiag Total Hours at Replication# H.S.D.A.

of BXDorioast 46®P. 100®P. 1 2 3 Mean Quality 

0 0 hrs. 7 hrs. 4.6 3.8 3.6 4.00 A 
2 48 hrs. 8 hrs. 4.8 3.0 3.2 3.67 A 
5 120 hrs. 9 his. 4.0 4.6 4.0 4.20 A 
8 192 hrs. 9 hrs. 4*4 4.0 4.8 4.40 A 

ItaTB froB begiimliig Total Hours at Replication# tr.S.D.A. 
of Sxporiaent 75*V. 100*^. 1 2 3 Hsaa (hiality 

0 0 hrs. 7 hrs. 4.6 3.8 3.6 4.00 A 
2 48 hrs* 8 tars. 5.6 3.6 3.8 4.33 A 
5 120 hrs. 9 hrs. 5.6 5.4 5.6 5.53 A 
8 192 hrs. 9 hrs. 6.4 5.8 6.2 B6.13 

<^bkoh fiEiire iM tlM Mas B.8 J)*A. Soore of 5 eggo. 

(Oontlxuedi naocfe pago) 
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TABI2 ?nZ (Cootinmd) 

mm CP pLDCTUATim vsKmumm and hoiaiic tub gr brokbii qdt 
niTERICR KG QGALITT 

D.S.D.A. SCCBB 
Itagn frcm bAgimlng Total Boors at Rsplloatlon* ir.S,D.A, 

Moan Qaallt]|^ 

1 0 hrs« 24 faro. 4.6 2.4 3.8 3.60 A 
3 A8 hra. 25 faro. 4.6 3.2 5.2 4.33 A 
6 X20 hrs. 26 fars. 4.2 3*6 3.4 3.73 A 
9 X92 brs. 26 fars. 2.4 4.0 3.6 3.33 A 

tl.S.l3.A. SCMB 
Dayn froi bogicning ToteX Hoinra^t RoplicatioB^* B.S.D.A 

of SzDoriaoBt 75^. 85°f. 1 2 3 Umhw Qnalitgr 

X 0 fats. 24 fars. 4.6 2.4 3.8 3.60 A 
3 A8 fats. 25 fars. 5.4 5.0 3.6 5.87 A 
6 X:k^ hrs. 26 hrs. 6.0 5.2 5.4 5.53 A 
9 192 fats. 26 fars. 6.2 6.0 6.4 6.20 B 

m 
Days from boglming TotaX Honrs at RspXicatlono B.S.D.A. 

of Sbcporinent IjDO*^* X 2 3 QnaUty 

1 0 fars. 24 fars. 5.0 3.4 4.2 4.20 A 
3 48 fars. 25 fars. 4.2 6.2 4.0 4.80 A 
6 120 hrs. 26 hrs. 4.4 4.0 4.6 4.33 A 
9 X92 fars. 26 fars. 5.2 3.4 5.2 4.60 A 

U.S.U.A. SCUHE 

ttKjtt frcm bogiimlz^ TotaX Roum^t R^Xicatioo* B.S.I).A. 
of SzDorlMnt 75^. IDO^. X 2 3 Mean Quality 

X 0 fars. 24 hrs. 5.0 3.4 4.2 4.20 A 
3 48 fars. 25 fars. 5.4 5.8 4.8 5.33 A 
6 120 hrs. 26 fars. 5.2 6.4 5.4 5.67 A 
9 X92 fars. 26 fars. 5*4 6.4 6.4 6.06 B 

iQaah flgiira is tha Bsaan tJ.S*D«A« Soore of 5 

(Oontlnood nozt pago) 



 

 

TABLB TIIZ (ContlsMd) 

STFECT OF FLOCTUATIIC TSKPmTlJHB AMD HOIDIMQ TUB GS BROmi OOT 
UTERIGR BCtQ qDALZTI 

lf.S.fi.A. Sfl«S 
Dag« froB beglimiag Total Rours^t Boplloation* D.S.D.A, 
«f ExDorlaeBt A6®f. RSTF, 1 2 3 Moan Quality 

1 

0 0 hra. 3 hra. 2.A 3.A 5.0 3.60 A 

A 96 hra. A hra. A.2 3.2 A.0 3.80 A 
U 26a hra. 5 hra. 3.A 3.6 A.6 3.86 A 
18 A32 hra. 5 hra. A.O 3.8 3.8 3.86 A 

Daars from beginalng Total Houra at RapUeatian* D.S.D.A. 
of Kiporlwmt 85*^. 1 2 3 Moan Quality 

1 

0 0 hra. 3 hra. 2.A 3.A 5.0 3.60 A 

A 96 hra. A hra. 5.2 5.0 5.2 5.13 A 
U 2^ hra. 5 hra. 7.2 6.0 5.A 6.20 B 
18 A32 hra. 5 hra. 8.2 6,8 10,0 8.33 B 

tr.S.D.A. SfidWB 

Days froB bogiimlae T^l Hours^t Ropllcatlcm* D.S.D.A. 
of Ib^oriBont A6 lOO^* 1 2 3 Mean Quality 

• 0 0 hra. 3 hra, 3.A 3.A 2.6 3.13 A 

A 96 hra. A hra. 3.2 A.8 A.2 A.07 A 
11 26a hra. 5 hra. A.O 5.2 A.0 A.40 A 
18 A32 hra. 5 hra. A.6 A.O 3.8 A.13 A 

D.S.D.A^ SCCRE 
Days froB bogimlng Total Boius at R^lieation* D.S.D.A. 
of Sxporlaaut 75^. 100^« 1 2 3 Maaii Quality 

0 0 hra. 3 hra. 3.A 3.A 2.6 3.27 A 

A 96 hra. A hra. 5.8 5.0 5.2 5.33 A 
11 26a hra. 5 hra. 6.A 6.2 5.0 5.87 A 
18 A32 hra. 5 hra. 8.0 6.6 9.A 8.33 B 

■oaa D.3.D.A. Seore of 5 • 

(OoBtisnad BSCit pagt) 



 
 

 
 

 
 

 
 

TABI2 VIII (Co&tlaaad) 

mSCT or mCTUATDB TEHFERATURE AND HOLDINQ TIME (Ml BROKEN GOT 
INTIRKB SQO (SJALITX 

frea begiimlng Total Boure at Rqplieatloi^ U.S.D,A. 
ttf &Q»eriaaBt 1 2 3 Manyi Quality 

0 0 hrs. 7 hrs* 2.4 2.53 AA2.4 2.8 
A 96 hn. 8 hrs* 3.8 3.0 4.0 3.60 A 
11 264 hrs* 9 hrs* 4.0 3.4 4.8 4.07 A 
16 432 hrs. 9 hrs. 4.0 3.6 3,8 3.80 A 

SfidKfi 
Days froB beglnniiig Total Hours at Replieation* U.3.D.A* 
of EsoseriMBt 75®V. 85®f. 1 2 3 Mean Quality 

0 0 hrs. 7 hrs. 2.4 2.4 2.8 2.53 AA 
4 96 fare. 8 hrs. 4.8 5.4 5.6 5.27 A 
11 264 hrs. 9 hrs. 7.2 6.6 5.4 6.40 B 
18 432 hrs. 9 hrs. 8.2 9.6 8.2 8.70 B 

Days trm begisniog Total Hours at Replioation^ B.S.D.A. 
Experiment 46^. 1009r. 1 2 3 Mean Quality 

0 0 hrs. 7 hrs. 4.6 3.8 3.6 4.00 A 
4 96 hrs. 8 hrs. 3.6 3.2 3.0 3.27 A 
11 2^ hrs. 9 hrs. 5.0 3.2 4.4 4.20 A 
18 432 hrs. 9 hrs. 4.8 4.0 4.2 4.33 A 

Aiys froa begiaalzig Total Hours at Replioatlon* U.SJ).A. 
of BxDeriaent 75^. lOO*^* 1 2 3 Quality 

0 0 hrs. 7 hrs. 4.6 3.8 3.6 4.00 A 
4 96 hrs. 8 hrs. 7.0 5.2 5.4 5.87 A 
11 264 hrs* hrs. 5.6 5.4 A9 5.0 5.33 
18 432 hrs. 9 hrs. 7.6 8.0 8.8 8.13 B 

*Eaeh figure is the U«S,D«A* Seers of 5 sggs* 

(Contittued aeact page) 



 

TABLB VIII (Contlmed) 

IFFBCT (V FUJCTtTiriliQ TSMPERATIIRS AMD HOLDIM} TUB OH EROKSR GOT 
IMTKRIOR IQQ QOALITI 

Oagra trom beginning Total Hours at Replication* TT»S(DvA* 
<a axpszinenb 0J r ♦ 4. < ^ ■Biini 

, „ 

1 0 bra* 24 hra. 4.6 2.4 3*3 3.60 A 
5 96 hrs. 25 hra. 3.2 3.6 4*2 3.67 A 
12 26^ hrs. 26 hra. 4*0 3.4 4*6 4.00 A 
19 A32 hra. 26 hra. 4.4 4.4 4.6 4.47 A 

Days frcm beginning Total Heurs^t Replication* H.S.D.A 
of Experiment 75®F. 35 *• 1 2 3 Mean Quality 

1 0 hn. 24 bra. 4.6 2.4 3.9 3.60 A 
5 96 hra. 25 bra. 5.2 4.3 6.2 5.40 A 

12 264 hrs. 26 hn. 7.4 5.0 5.6 6.00 A 
19 432 hra. 26 hra. 8.3 10,0 6,4 8,40 B 

Says from beginning Totel Hooxn at R^lication^ H.S.D.A. 
of Experiment HXnt^ 1 2 3 Quality 

1 0 hra. 24 bra. 5.0 3.4 4.2 4.20 A 
5 96 hzs. 25 bra. 3.0 4.6 5.6 4.47 A 

12 264 hra. 26 hra. 4.0 4.6 4.0 4.20 A 
19 432 hra. 26 hra. 4.2 5.0 4*2 4.47 A 

D.S.D.A. SGdlE 
Days froB beginning Total Hours at Replioatloo* H .S .D* A)

of Experiment 75^* lOO^, 1 2 3 Mean QuaHty 

1 0 hra. 24 hra. 5.0 3.4 4.2 4.20 A 
5 96 hra. 25 hra. 4.3 4.6 8.0 5.80 A 

12 264 bra. 26 hxa. 5.6 5.3 5.3 5.73 A 
19 432 hxa. 26 hra. 8.8 6.4 8.3 8.00 B 

*Eaieh figure ia tbo ilean H.SJD.A. Score of 5 ogga . 
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wore (hffitde B at the aaod of tha 8 to 19 dajr periods in all gmpi* 

Whether the eggs were originally held at 3^ 7, or 24 hoon had little 

influffioee on the ixitaxior egg quality at the end af this eQcperiaeut. 

This indicates ttiat further studies be undertaken oonoerxiiBg 

the relationship between frequencQr of gathering^ egg q[ualitisrf and 

tenperature* 

Analysis of warlame showed no eignifioaat differeosa in interior 

egg quality betwem the original holding periods of 3» 7« or 24 hours* 

llo aigalfieaai dlfferenoe was found to exist la interior quality when 

eggs were held at or 100 F* during the origiaaX tiae aov 

during transfer, but a significant differenee did saclat, at the 5 per 

eent level, between holding tesperaturea of 4^^* '***1 75®F* 

/■ 

: - ■ All - - • ■ - MrAi..* ■. ... I r . • liiri l 
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A tenHKSith study ngardlng ths Influsttss of enrlrsnwot on tht 

pavfoxMUMs of ths Xaylng hsa Imrolved 661 Siqglo Coab Whlto listftoni 

pullets* A total of 1962 sggs wkts fersksn out to study ttm ralatlsBship 

twteeott interior <inality end selected holdiog teaiMirftturQS* 

Including 92 replaosaentSf 308 pullets vere »a±ntained in 

individual laying cages, and 255 were housed under oooventlonal floor 

aanageaent sethods* Apparent differeaees ia petr e«at production betveen 

eaged and fleer aeaeged henSf although slightly fsrorabla to the oage 

ignsteaf ears insignifieaat* This seaat advaatage eas largely dua to 

the high peroentage of rflplaoeaante in tbo eagee* 

The foed required to produoo a dosea Bgsfl naa slightly acre for 

individually eagod hens than for oniventional fleer asaaged hens* The 

foed required per faaadred heae eas aaofa greatsr for eaged heos than for 

floor managed hensf beoauso of the greater eestage In the eages* 

The per cent of dirty egge eas higher froa the oage systea than 

for the floor systea of asnogensot* 

The per oent aortalitir of the oeged hwos eas greater thsa for 

the floor managed hens* This ess dus largely to^high iTWldtTm of 

"oage fatlgae*** 

Snail differeasee eere appareat ia per oeat egg produotioB« feed 

oonauaed* or feed oooeiiaed per ̂ aea agge ehea tha erinljaia and 

room teaperature to ehieh eaged hens were exposed eas hald beteaen 

and 90%* and iriien teaperatures eere unoontrolled* 

Broken out interior quality was aeesezed ia A02 eggs predueed by 
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1iiD0 pullets used to determine the effect of moderate tMopecmture (75(^.« 

i, 5^*) and high tenperature (85^,•^5^*) on Uis perfomarkoe of the 
Isying hen. 

The per eent of dirty egfli azid the interior egg quality «era 

hi|^^ at imxierate temperature with a relatively high humidity tham at 

a high temperature with a relatively Xov hiaiddity« 

Shells produced at the moderate temperature were thicker than 

those produced at bifih temperature* 

Mortality vas indiaoed in bene even maintained at a temperature 

of ^ 5^* when the hena were deprived of water for 72 hours* 

In studying the effeot of teeqwrature fluct»iatlons end holding 

iiibte on Interior egg quality^ 15^ eggs were farohmn out* 

Eggs held at 4/8*^* aadntained grade A quality three tiaea as 
'.iV.long as eggs held at 75^* 

M6 signifioast differenee was found in the interior agg quality 

at tha end of tha 8 to 19 day holding perloda idien freshly layed 

were initially held for either 3$ 7§ w 2A hours at 85^* tar IDO^* 

A signifleant dlfferenes existsd in interior egg quelity af aggs 

bald it <46^* and thosa held at 75V« for 8 to 19 days* 
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