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INTRODUCTI ON

~ Poultry that is kﬁﬁt far a gari@& of time in frozen
H'ataragu may‘éﬁvalap a ﬁﬁarna&#riatia ﬁry @wwaﬁrwiikb texture.
| ﬁhis texzura, as 1néiaataarhy pazaﬁabizity acaraa,,ii saan»
'ﬁiataé with a 1aek of 5aiainmss" The role ar water in

ahsagins from th& frta to the baané atate or viaa #avaa was

bali&v&ﬂ to affar 1n¥astig&t&vo yaasibilitisa 1a ralatian to
palatsbzlity changes.

The mnehadn for éaearmining bauaé &ater &ra numerous,
,‘bﬂt the nature of peultry’muaﬁla placed a linitatian on the
vmathaﬁs that eould ba usaﬁ, 1t amamaé necessary to choose
one least likely te effect ﬁhﬁngﬁt in the protein itaalr, A
| mstha& whieh waalﬁ marely indicate a trend was consldered
eatistaatary in this study ainae at best the work could only
be of an exploratory naturs. |

There has been some argument on the subject of bound
vhtar. Sowe t&r&era have denled i%a~e£iatana¢, wheress
others hav&ispsat years working on the theory that it does
exist. Bull (11,p.239) in s summary note states that bound
wataé may éjr mayr not cﬁﬁtrﬁmta groeatly t’a’ the understanding
~ of physlology and pathalﬁgy; bat iﬁyia extremely important
| for the understanding of prateinkraaatiann*

The measurement of bound water and free water ia poultry
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Protein Structure and Waterbinding

It is known that proteins are made up of amino acids
Joined together by the carboxyl group of one aeid to the
amino group on the alpha carbon of & second aeid. This Pro~
duces a long peptide QWﬁmw containing several hundred amino
acid residues. |

It 1s also known that the amino scid side chains (the R
groups) differ in their affinity for water. The water-loving
groups are called wwmmaﬂwawwa- and the water-hating groups
are called hydrophobic.

tne of the important characterlistics of mnwwamwn is
thelr dependence w%az;«ww,mmwmaabw of water. In most cases
they take up large quentities. Jordan Lloyd »wwv suggests
that water may either cling to the polar groups and be called
wweoawww bound" or it 5hw;wa linked by hydrogen bonds with
the oxygen and ﬁmwﬂ@&aﬁ,&&@ﬁa of the carbonyl, hydroxyl,
imino, and amino groups of the structure.

ﬁwaxaﬂaw,wwaﬂnmaﬁ bonding cen occur in the protein
ﬁgawwaawaw water can be added. »&a#ﬁaﬂ {1) has summarized the
possibilities of waterbinding by the hydrogen bond in the

protein molecule as follows:
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l. The bound water of constitution, which would include
the linkege of water to such groups as: the hydroxyl, the
carbonyl, the carboxyl, the imino, the amine, the amide, the
ionised carboxyl, and the ionized smino groups.

2. The water taken up by salt-like linkages between
the end groups s;t acldic and basic side chains. This theory
is reenforced by the fact that the dlistance between the main
chains in the ﬁxmuﬁm of the side chalns increeses with
water content. This distence reaches a maximum of 104°%.

Lloyd and Phillips {32) state that oxygen and nitrogen
etoms in the polar groups mxit@ more readily with water than
does hyémgaﬁ. Both oxygen and nitrogen have more electrons
to donate to an scceptor atom.than do the other atoms present.

3« In backbone linkages one backbone chain may be joined
to anothey by means of hydrogen bonds between the NH and CO
groups. These Jjoinings are responsible for the aggregation
of polypeptide grids sometimes called crystallites. These
linkages are direct and do not alliow the enitrance of the
water molecule. As Astbury states 1t (11,p.875), "The
spacing is remarkably constant (about 43A%) from one protein
to snother and is uninfluenced by water content.” Therefore
the formation of polypeptide aggregates could not be
expected to add water to the protein substance.

4. The intra-molecular transformation of keratin that
takes place on stretehbing (X te G keratin) may invelve the
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 bonds. However, no statement 1s made

~ rupture of hydroger
_regarding the association of water with these bonds.

| @kn’aiiat£¢n af iydrogen-ion &énéantrnﬁian'

‘tﬁ‘ﬁatﬁrbinﬁigs

Water may be bound to the protein molecule by means of

' gharged groups (smino and carboxyl) which occur on the side
chaing and which have been lonized. Lloyd and Phillips (32)
state that the power of the samino and carboxyl groups to hold
water molecules 1s different when charged than in the un-
oharged state, As has been mentioned (1), the binding of
~water to these charged groups is by hydrogen bonding. This
waterbinding power consequently changes with any shift in pH.
Lloyd and Phillips (32) found three maxime of hydration for
gelatin. They were in the acid end alksll range of pH and

also at absolute neutral. These workers sttributed some of
the scld and alkali swelling to the formation of charged
centeres., A4t absolute neutral the swelling was caused by
water coordinating with uncharged polar groups.

Bull {11, p.533) explains that when the pH of a gelatin
gel 1is éh&tﬁtﬁ from the isocelestriec point, & Donnan equilib-
rium 1s established betwsen the interior of the gel and the
acid or base on the outside of the gel. This leads to
electrolyte accumulaetion by the gel, with an increase in
gsmotic pressure inside, and water flows into the gel. This
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continues until the total swelling pressure is egual to the

elastic strength of the gel.

Effect of Temperature on Waterbinding

Tomperature affects the swelling of gelatin. Jordan
Lloyd and Pleass (33) found that at pH 5.0 in the absence of
salts, swelling ineresses slowly with rising temperature from
0° to 15° or 18°, after which, with further rise there was a
decresse of swelling. They alsé‘aetaé that the aweiliug'af
gelatin in the presence of acld or alkall increases as sn

exponentiasl function of the temperature.

The Effeet of Salts on Waterbinding

Salts are an important influence in protein hydration.
Lloyd and Pleass (33) bave shown that 0.1 ¥ NeCl decreases
the swelling of gelatin over the ﬁatira pH range in the pres-
ence of .01 M HCl and .01 M NaOH. They alsc observed that at
granter‘ﬂﬁusan$¥ntian salt induces a swelling whieh is in
logaritimic ratio to its concentration. When gelatin is in
solution as slectrically charged particles, the effect of
adding sodium chloride is mainly electrostatic. At the 1s0-
electric point gelatin gels swell mere in the presence of
salts than in water because with adsorption of the salt ions
there is a resulting greater hydration of the gelatin.



The

Eydration of Muscle F?ateina

Lloyd and Phillips (32) give a partial analysis of
U mnsﬁla yrataiﬁa, as:

glutamia acid 1&«43%

aspartic acid 3.214
lysine 8.0 ¢
arginine 6.5 %

They classify glutamic acid and aspartic acid in the group of
amino acid side chains showing some affinity for water,
whereas 31:15& £§§ srginine show proncunced affinity for water.
Lloyd and Phillips (32) also state that muscle proteins may
‘be eaxpected to show maxima of hydration bescause of charged
centers in both slkaline and acid ranges and should show a
minimum at the iscelestric point.

The hydration of prﬁtein, according to lLloyd and
'Phillips (32), depends on the length of the aide chains and
the groups in the aiéa ahaxﬁs. Tha alasaif&eatianVaf the
side chniaa aanoréing tﬁ thsir affinity fmr thar ia givan.
&1;»,}@3# 2ength in x“,ig giv;na

Eil group 8lightly
Glyeins 1.240 Tyrosine
Alanine = 2.BA% Tryptophane
Valine © B.TA° Hiatidine
iso leucine 5.0A° Aspargine
Hor leucine 5.0A¢ - Glutamiec acid 5.14°
Phenyl-alanine 6.3A° B-hydroxy glutamic acid 3.8a°
Cystine 2.54° Proline 44° (about)

Pronounced

»aﬁx@ay preline 440
Berine 3.540
Lysine 8.8A0
B-hydroxy lysine
B-hydroxy valine




" The Amino Acid Composition
. of Animal Tisaue Proteina

There are &elatiﬁulj tew aampr@hunﬁi:e'atnéieuyvr the
“amino aeié g@mp@ﬁ&tien of tiaa&g pwm&eiaa; aaaah, Eunkx and
' Robinson (4) found that the amino seid composition of the ten
" muscle m@atz {bncf, vaal, lamb, 9ark, ahiak&n, turtle, cod-
fish, aalm@ﬁ, frog legs, and shrimy) did not differ widely.
The amino aclds yrasan& in muasele in d&aa&nﬁing aréuw nt
| yrﬂp@rti@aslity wore lysina, serine, arginina, threonine,

' phenylalanine, tyra:i&a,,a@%h&amiﬂ#, histidine, and systine.

The Proteins of Muscle

The proteins of mmscle are of two types: the strustural
protéins and the intracellular or protoplasmic proteins.
Smith (50)(49)(48) classifies the intracelliunlar proteins as:
(1§‘ugmgin¢ (2) myogen, (3) globulin X, snd (4) myoalbumin.
 8Szent-CGygorgyl (54) changed Smith's clsssification so that
myosin inecluded two fractions, one called myosin and the other
called sctin. The complex was termed "actomyocsin.®

A mumber of intracellular proteins of various origins
are often classed together as globuline. Smith (48) states
that these proteins are gracipitataﬁ_by reducing tkgksnlt
soncentration of their environment. They also raadily

undergo denaturation and are peculiarly sensitive to neutral
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salts. Thelr state of aggrag&tiaﬁ is affected by quite
small changes in salt concentration.

Von Muralt and Edsall {38) showed that myosin solution
had a high viscosity snd & strong double rsfr#atima of flow.
| The intérgraaatiag placed upon thess two ﬁx@arimtntﬁl
grﬂyswtiea is that tha*lﬁﬁiviéa&l 9&?3%@1@» af'mwﬁain m##t
be &0M£¥haz<§1ﬁagﬁtﬁé in skﬁ@ﬂ‘ | '

| aaenﬁwtygergyx i&&} gi?es the fallauing prop&rtiaa of
ms@:la,:,xt 1&\3 hqdrgphi;ia colloid, soluble 1n‘wn#ar with
its lscelectric point at pH 5.3. It has s fairly high but
" normal viscosity, which indicates that its perticles are
slightly elongated. ,%zantwaggayggi also notes that these
particles have a strong tendency toward assoclation as
expressed by the splendid double refraction of flow in
a@a&aﬁs solutions. ?hin double refraction of flow resdily
dlsappears as the pH is raised or salt is added in higher
concentration. | o

Myosin (54) bas 8 striking and unique property. Though
a hydrophllie ecolloid, it iajyr&aiyitateﬁ by very small con-
centrations of nsutral salts. For example, 0.025 M KC1
suffices for the guantitative precipitation of myosin. If
the EKCl aangantraﬁiag is raised to 0.1 M, the precipitate
dissolves with a strong double refraction of flow. This
double refraction of flow disappears if the KCl concentration
is raised above 0.3 M. This action of KC1 is not specific



and 18 duplicated by Nall or other neutral salts. These
reactions, ocourring because of the uneqgual adsorption of
ions, are common to all proteins.

Actin {54) 1s a hydrophilic collold with its pI at pH
4.7. It is capable of existing in globular as well as in

fivrous form. Theses forms can be transformed reversibly into

each other, The globular-fibrous transformation depend
' the presence of ions.
Actomyosin (54) is very hydrophilic and swells in the
absence of salts exceedingly. Swelling is prevented by
0.001 ¥ EC1 or other neulral salts. If the salt 1s edded to
the swollen gel, 1t becomes turbid and shrinks. If salts are
added to a salt-free sctomyosin suspension, 1t precipitates.
Collagen is a fibrous protein found in tendons, muscles,
and many parts of the body. Iloyd, Marviott and Pleass (31)
in their work with collagen note that water is found bound in
association with ¥~ or O-containing groups. It also exists
in the free state. The swelling of collagen resembles the
swelling of gelatin slthough the degres 1s less. It is
minimal in the neutral zone, maximum iﬁ ac¢id, and has one oy
more poorly defined maxima in alksline solution. The swelling
is repressed in the presence of salts. Balis cause a thicken-

ing and loss of ares.



Protein Densturation and Dehydration

Nourath, Greenstein, Putmen and Erickson (39) surmarise
:’%hat rtﬁﬁgﬁitiag af_ﬁitf#éena&s in shape &hﬂw&etar&atias has
” lﬁékta ﬁirt&rantz&tiga;bétwaan corpuscular and fibrous
kyeraiana Q@ykfnmmarkgraay comprises spheriosl aﬁﬁymnéarut«ly
| a@inam&tria molecules, &ﬁnt&aa the latter group includes
- molecules of rod-shaped and fibrous eaafigarutiana Under the
influence of wmm kinds of denaturing agents, globular
‘pratalnn may be ﬁaav&rtﬁa xntﬁ the fibrous atata, whereas
A‘fihrauﬁ ﬁvnﬁaiaa, such as mynsin and tobacoo mosaic virua,
B assume a more nearly spherical sonfiguration. |
: In an 1nvsatigatiaa en denaturation of proteins in ox
, mu¢e3n jutee Finn (18) studied the effects of dehydration.
‘Hwha removal of water up to ?& per cent is acoompanied by a
change to tha aolid side nf ﬁh& ariginnl pﬁ and further con-
eantraﬁiﬁn 1saﬁs to a sh&fﬁ to the alkaline side. Finn {15)
found tbat frﬁn pH ? te pH 6 éanaﬁur&tian 13 2t a aaustant
low level a£ nha&t 1 per cent. tn the acid ﬁiéﬁ of pH 6 de-
naturation 1nﬁrwnana raguiarly until at pH é,a, 40 per cent
af‘thu aaagai&hi& n&kr@gan is yr&eipiﬁat&ﬁ* |
. The effect of %&mgtratura upon hyéregun~ian ﬁcacaatran
| tion was slso ﬁ%ﬁﬁi&ﬁ by Finn ilﬁ}; Aa the ts&parakura was
lowered the pH tneraaaaé in the ordey of 0.02 unitx per
degree centigrade. Ina mnaala Juice of pH 51& at 1896*, the

_ hydrogen~jen concentration was about pE 5.9 at ~3%C. and pH



€.0 at ~10°C. When freesing began, concentration of the
aqueous phase toock place, producing a further change in pH.

The role of salt concentration in the denaturation which
occurs during freezing and atorage was also investigated by
Fionn (15). Mixtures of potassium and phosphate ions were
used, and at pH 6 the denaturation occurring at molar concen-
‘trations from 0.4 to 1.0 was in the order of 1 per cent of
the total ceagulable nitrogen. At higher concentrations
there was & gradual increase. At pH 5.2 the dmturﬂim was
much greater and came to & meximum at about 0.8 mols,.

Moran (36) found the maximum denaturation of muscle
proteins ocourring st -2% to -3°C. vecmuse of the combined
effect of the altered pH and salt concentration in the liquid
phase of the partly frozen muscle.

Neurath et al. (39) state that when myosin is exposed to
high temperature, 1ts great susceptibility to super
contraction has been sseribed to the presence of fewer and
probably more reactive oross linkages.

Heurath et al. (39} conclude in their review that de-
naturation of globular proteins results in a structure aimi-
lar to that revesled by keratin whenm it "guper contrscts,”
i.8., & bundle of disoriented polypeptide chains. They
further add that this configuration has been reached in
these two instances from opposite ends.

¥irsky (37) hes said that the coagulation of myosin in
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- muscle bﬁnra & certaln r&a&mblénas to coagulation of myosin
caused by dehydration. | ; | R

- Chick and Hartin (13) state that heat comgulation 1s a
reaction with a high temperature coefficient, the reaction
veloeity of which v&rﬁaﬁ considerably with different proteins
‘ 336 aaﬁﬁrﬂigg to %hggaaiﬁiby and saline content afrthy

The Composition of Chicken Breast Muscle

aeaﬂrdiag to Harshaw tﬁﬁ) the aaﬁ@asiti@n of the breant

" mascle of mnla ahiak&as ia;

protein 23.5%
fat 1.129
ash 1.11%
‘ watey o 74#5 ;

enges in Poultry

Hanson (21) in & study on New York-dressed brollers
found that the development of rigor varied widely in indi-
vidual birds and al&afinAﬂ1££§§ant muscles in the same bird.
Another interesting observation was that the time for onset
and passing of rigor veries in different muscles of the same
‘broiler carcass.

Smith (47) observed that an animel which struggles vio-
lently both before snd after stunning goes into rigor sooner
then a quiet animel. It seems that considerabls lsctic acid



JO 8XeqQiJ eul ﬁ.«ﬁﬁh SeTONOWA PR *D,8°L9~ 3¥ Jejudnere
49338 8anog g UIGIIA UeZOJJ epaATq TIV *8I0qlJ erssam euyz Jo
oousavedde TwROTS0T038TY Y3 DPe3Oelle Burzeex) sJoJeq w&wd
Jo ewty puw BurmeedJ Jo egsx oug Uoq $suy Lpnge opdoosorom
Jo sueem Lq pumoJ (9Q) uTjeny pUS om0 ‘uosuUH ‘3IEMel
| *oangezedumes
puw *Furleyoud ‘Iexeex] JO UOTSBOIIIpIRN £g pejvelle exw
Sutfap o3 Fuiao sefueyg)y *anooo omlew Lew L3jprovex se Yous
sefuwyo TEOTWeYs 3nq ‘sjoupexd waaaku Ul uoljwIoTIeJep JO
SWI0) UONMOO 380W 93 JO CMY 4% ‘uoijsooiesp Ag pesned ‘uang

Jd0Z604] pUY WOOTQ JO S80T 38Uq nc sjured (gg) Ieemes

oFex03g Fuiang puw
Surzeesy Futang Lagrnod umezoxd ul sofuwyn

*pedoTesep

pIoB 07308 JO junowe oyj 03 pogwres L1esoIs ST ITe]

Hd eyy Arsnotaqy “xejyIuwrs Je4Je SaNOY O JEATF eﬁ uy

._mv.nw 03 Q4E WoaJ Burrrel o8 sangeasdmey eujl eTTyas pedoreaep

pio® 073081 jues axad ¢°0 3843 3987 U3 pe3To puw nﬁ.,_,m,uﬁ

913091 Jo 3ued xod 0*T 03 40 swmioy a08tx ogur Suressed puw
PSTTTA UeyM THWIUE Joeq [EWIOU eU3 3wyl pejuss () Joxsg

, *80T3sussOUR Zepun POTTIN

sTsuuwe Jo seursa HA eyj wils polwdmoo ew sensely ey3z Jo

senywA Hd uj esweaoep prded ® savq Yjwep exojeq 3suf earjom

Lxea srwmiuy *SujTLIA 01 aojxd L£374139% ouyy £q pedoreasp 8%

-~ 3T -



*8pITq epBIF-2ouITY
Q43 U0 JSJUOT pOUTVYIes ¥BA WOOTH ﬂaﬁuwmﬂ‘nﬂu 94943 oUeDIA®
omos swm oaeyl *wedexoewd Jo wamhu YT aﬁw uf pelos m&aﬂmam«
Jo aomahw qgeﬁkap Jo amahaau 83 perpnye au«a ﬂﬁmv xﬁau
rgangjededung 8IY3 38 sSYeem
mn o3 0z Woxy uy ﬁﬂkﬁﬁ%u& UOTRI0OTIG6D SNOTIES q@aﬁacng
40U SBR IPUTT cmv 3T anq ‘m,m@m;ww ,maw;ﬁat 38 eF81038 BHeOM
08 wﬁ.m.na.@ vaaﬁaw»m S8R WOOTQ ey3 Jo maﬁ»gﬁwhmﬁuﬁ .w.mv&.«.m
ghaata e&xwh gw naﬁn fTUIIOTUN JUSLSIEOI~I038R DOTESS ¥ UGTA
@wﬂﬂa amaxaﬁm ® Ul *HooIq nwkwuw&m 03 uaa» acuaﬂ@wsﬁﬂ g3y
vﬁu,n@ﬁgawawaﬁap nua *amwawaemawﬁ Jo um&&ne aﬂn uo Atutew
spusdep @wsﬂaau,mnaayw WooTq JO ®80T o3 ‘93938 UeZOIJ eus
up peo3s sy Lzjrnod pesseip woua 3eyl puno ($T) A00D
wmaaa¢aﬁ Jo uolgwIngwuep
Wo® pUw B}VJ JO UOTIWPIXO Maﬂ?ﬁ& ﬁ«# U0I3ed0Eeep pe3wle
-osse (g) efespata pus (,4G) LOTESEIT *EETOTITOS J0UIPe] oU3
punoxe Fuidaew jyood 63TUM O3 SEPUIOUT FIYL UING J0Z6el]
poTTes sjode ULy o139llel08avyd sesnpoad payy oyy JO evwiang
o3 JeAD UOTIBLOTESD Usssun FBUZ S03838 (LQ) JLeTBBeL]
ceanysxedme; Furzeedl eyl Jo sseipawiea Burzest] saogeq
vanoy T PTOY SPITq LUe U] J0U 0,8°LI- 39 UGEOIJ SXeTTOIY
uy 4000 03 pUNOS EuA BUTEESX IBTTIAATI-BIFUT ON *830q7J
93 UIUITA SOTOROBA PV "D9°SP~ 3B J03USNETe Je3Je eanoy 3
UTHITA USZOXT SPXTQ OUI JO JTBY 3Jnoqv. ~Jurroesy IeTITIALI
~BIJUT UT POWIOJ PBY YOTUR STW38AI0 0T JO €38 oy3 Ueeq ARy

07 POJSPIRUCO SAem SETONOBA eEel] *seTosSnm YITYy puw 3eweaq




Jwew Bujzeexy 3¥q3 pUNOJ ($3) SUIUSH DUT USEPBN ‘LOUTH
*gmi3 e¥saoqe
UiI4 S9SBOIOUT UOTIBOOTEOD awmw L{Tpsex poojsdepun oq Ued
3T nﬁaﬁaﬂww uly +*383 jJo ﬁaﬂﬁﬁﬁw&a pus L31prousa Surfuwduoose
yate sawef eeayy Ul peldp L1peq Ldea sgem sorOSNW jE¥elq
oy} pus ‘syjucw O UT DPOTIP JVUASHOE m¢n,n%¢ww 18 peIoqe
SpIta JO WiXs ox3 3wyl punoy eug *Lxyrnod uo e8wao3s pToo
Jo 3oezje Fujlip eyi peqiaosep (1¥) uwogBujuued ‘LO6T uI
*g8wroge Furinp jeem uezoaj-¥ornb Jo
o381 uoljeIodvae oYy Usyy JeuBTy ses Jwew USZOIJ-MOTE JO 93Bd
uotjesodess ey 3843 punoJ (L) ueun{otH pue jedd ‘Lpeag
‘hheawawa«»aamﬁ eaon {jucmoxed eyqujeBes pus Jeded ,, saeyoing,)
saeddean aeyyo csusydoried Joouad-eanjsiom ¥ Fuisn
£q  uanq~exo3s, Fupjuesssd uy seesons ejordwmod gegwoipul ()
gsooTuIng ‘ofedo3s wezoay xo sfeupid quer Furddeam wI
o tDTousx ewooeq
£tmors puw uweflwe dn owsy 41% syz o3 pesodxe Buleq B3V
oY *4moT Arevnojaexd eawy Leug HOTUR Jeoges oyl (e3vipiyed)
dn exuy Aryess jgou mw pus pelngwusp Wooeq suiejoxd eyl
*genssl] U3 Jo g4no Butlap oyuj yste Arsnceuwjiiumls Indoo Arge
~qoad swede poejEOOTESD SU3 yjeveulspun LAyejzwipoumti enswiy oU3
Jo sutejoad pue sjel oyg uip skSuwyd ﬁﬁﬁﬂkﬁa.,*mnaﬁﬁam.w&ﬁaau,
| ~pIo9 JO UOTIWOOTSSD uUsassun oyy Ag pesnwe B UANG I8BIOIJ
4WY3 PIBS eq ued 41 ‘rwdeusd ul, +(99) Xersseal £L£q wuealrd

8T Uang J0ZeeJJ] JO Sesnwd U0 UOTIBMIOIUT Jo AJwumng ¥

i@aﬂf



slowly results in more drip loss during defrosting thnn does
rapld freezing of meat. Freezing at 18°F. resulted in the
formation of large interfibrillar ice &r&as which pushed the
fivers tsgwhw into groups. At this temperature no intra.
£ibrillar ice crystals and ice areas were observed. The size
of lce orystals and 1ce areas between fibers deoreased as the
freezing temperatures were lowered. At O°F. some fiber-wall
damage and intra-fibrillar freezing were cbserved. Beginmning
at ~109F, enough ice was frozen within the fiber that the
fiver itself was ruptured. At =~114°F. nearly every fiber ias
ruptured snd was split longitudinally sometimes into several
| sections.

Salr and Cook {44) gave pH values for chickens stored
at 0°C. as follows:

Changes in pH of &higkag Muscle ﬂﬂriag Storage
, & .

Time after sisughter "PE of whole muscle --

in hours normal bird
0.5 7«0
1.5 6.5
4.0 7 ) 6.2
6.0 ‘ 5.6
24.0 5«5

Proteolytic enzymes may be responsible for the change of
proteins to amino acids. Baker (2) suggests that when the pH
rises sgein to 8.2 the meal has become deteriorated.
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 Palatability Chenges During Storage

Stewart et al. (53) explain that pslatabllity changes of
frozen poultry involve two factors, flavor and julciness of
the meat.  The laek of juleiness i1s associated with a
fdryness” in texture of frozen and stored poultry meat. This
dryness is most wﬁaa»ﬂw¢¢n in the breast muscles, and is more
noticeabls in some birds than in others.

- Lowe (28) has atated that thers ls a tendency for the
museles of some frogen birds to becoms powdery, dry, and very
tender during storage. 8he bellieves that this chasnge might
" be due to ensyme action.

. Bound Water Analysis of Protein

waﬁﬁa water present in biologiocal materials 1s defined
in «m@u of the experimental teechmnique by which 1t 1s
measured. Gortner (18) has outlined thirteen different’
techniques that might be used in bound water analysis.

Bound water may be defined as that water which remsins
unfrogen at some specified «aﬁ%&nﬁﬁﬁﬁﬁ,wawawwaumé;aaaw wm
-20°, Several technliques are besed upon wwﬁa definition.

1. The calorimetric method was developed by Bubner (43)
and also by Theones {558). Essentially »w is based upon the
amount of water remsining unfrozen at temperatures below

«209C., and it wgaawﬁwu the amount of heat absorbed by &
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system as the temperature is raised from -20°C. to 1°C. If
allowance is mede for the speeific heats and for the fact
that each gram of ice absorbs 80 celories of heat as 1t melts,
the amount of water frozen at ~£0°C., can be calculated. This
amount 1s then subtracted from the total water to give the
bound water.

2. The dilatometer method consists of measuring the
expansion of & system upon lowering the tempsrature through
the freezing point. Jones and Cortner {(20) used this wmethod
in studying the free and bound water of gelatin gel.
| Kistler (26) and Blanchard (6) heve oriticiged the above
techniques on the grounds that water hes a tamﬂan&x to super-
cool to ~20°C. or lower without freesing. Such superccoled
wster would be calculated as bound water.

Bound water bas slsc been defined as the amount of water
in a system which 1a not available to act as a saivant.
Several techniques involve this definition.

l. The ewyw:aa@iafmaﬁhaﬁ'ﬁnu used & great deal by
Gortner (19). The freezing point of the system containing
the hydrophilic substance is determined., A certein amount of
& solute, such as glucose, is added, and the freezing point
iz redetermined., The total amount of water present and the
fact that & molar solution of glucose has s freezing point
1.86° below that of water being known, the concentration of

the glucose can be calculated. The coneentration based upon
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the total emount of water present is known. The difference
between the mctusl and caloulated concentrstion of glucose
glves the amount of water which was bound to the hydro-
ﬁhiiis colloid and not svallable as & solvent.

2. The vapor pressure lowering of water has been used as
an indicatlon of the amount of bound water in & hydrophille
colloid. Hill (23) used 1t in dstermining the state of water
in muscle end blood. The method developed by Hill 1s very
delicate and is based ugan a measurement of the temperature
change axgariaag&é when water evaporates, the rate of evap~-
oration being proportional to the vapor pressure.

| A simple direct method for measuring the vapor pressure
of water im hydrophilie substences has been described by
Briggs (8). The apparatus used is called an isotenoscope.
The vaepor pressure is measured in centimeters of mercury by
means of a mercury manometer. Briggs measured the vapor
- pressure of water assoclatsed with moist samples of ceasein,
agar, fibrin, and cellulose.

In & second paper Briggs (9) discusses some of the
theoretical aspects of vound water. In order to defins bound
water 1t is necessary to specify the activity below which
water ls s&id to be baunﬁ. The activity of water is 0.828
at -20°C. If the temperature of a colloidal system is
Jowered to -20°C. and allowed to remain until equiiibrium has

been reached, all the water whose activily is unity down teo
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0.822 will freeze and will be cslculated as free water. The
remalning water with an activity of 0.822 and lower does not
‘freeze and 1s calculated as bound water. Of further interest
is the fect that Briggs (9) also emphasizes the important
roles played by electrolytes associated with the collold.

Vapor Pressure Isotherms

Makower and Myers {35} used the vapor pressure method to
ﬁat&rmi&a moisture content of dehydrated vegetsbles. ﬁutﬁr»
minations could be made in two hours on dehydrated foods that
were at-molsture equilidbrium. Messurements were limited to
the vapor 9raxa§ra,af water at room temperature and to a
maximum molsture content of 15 per cent in c¢arrots or 8 per
cent for eggs.

The dehydration of hydrophyllic materials by means of an
isotenoscope is obviously an adscorption process in reverase,
i.s., desorption. A plot of molsture content against rela-
tive vapor pressure at constant temperature results in a
yapor pressure lsotherm.

PFreundlich (17) proposed an empirical isotherm to
describe the relation between the ameunt of sclute adsorbed
end its congsentrations. He Qragaan& a simple egquation for
the isotherm. Ilangmuir {(27) also was eble to éﬁ?i#a
adsorption equation. He equated thm rate of evagarutian of

a ga# from & solid surface to the rate of condensation,
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carbonyl groups not coupled with imido groups by means of
hyéragm bonds.
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Preparation of Roasters for Storage

lele 3&# Hempshire roasters, 60 in number, were killed
 and used for the experiment. Two birds were prepared each day
untxi all had been put into frogen atayuge.

To k11l the chickenms, the necks were stretched and

‘vbrakan*‘ The birds were hung by both legs immediately and

' allawué,tb flutter untll quiet. They were then scalded by
dipping in hot water (57.7°C., 136°F.) for 30 seconds. The
feathers were pulled off by hand and the heads and legs
removed. The birds were eviscerated and washed inside a#ﬂ
éa%aiﬁa w:th cold ruﬁning tap waﬂar.' ?k&y were next wrapped
in waxed paper end kept in a refrigerator at 1.6°C. (35°F.)
for 24 hours. Then the two birds were removed from the
raf?&g&r&tar, washed again, and a small sample rﬁmovoé from
the anterlor part of the breast muscle without rupturing the
skin. This wag accomplished by pushing back the skin at the
neck. Each bird was wrapped in a&liay&ana paper and the
wrapping sealed with Scoteh cellulose tape.

The roasters were labeled sccording to series and
storage temperature and placed in a sharp freezing unit held
at -34.4%C. to -37.29C. (~30°F. to -35°F.), where they were
left for 24 hours.
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Anatomy.
(After Kaupp)

(A)' Keel of Breast bone.

(8 Hypocledwm (protrusion
“ of furculum)

:“(G) Jommg of furculum to
' main. skeletal ‘structure.

»(D) "Wing joint"
humerus

~ Upper joint of

Posterior.

Samples for
Vapor Pessure Analysis.

(1) Before storage.
(2) After storage.

(3) After storage, gsin Series
C where two samples were removed
after frozen storage.

(4) Cooked sampie .

(5) Portion used for palatability
scores, ‘

(6) Portion used for shear for
press fluid tests,

Pectoralis Major.
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of the pectoralis major and are shown as (1), (2), and (3)
in figure 1. The cooked semple {4) was taken on the right
side. Samples (1) and (4) were taken sbout 5 cm. anterior
to the hypocledium protrusion of the furculum (B). All of
these samples were about 1 em. in thickness.

All of the samples except those for 8 months' storage in
series C wers removed from underneath the skin by pushing
back the skin where the neck had been removed. After removal
of the sample the skin wss pulled over the cut surface to
prevent desiccation.

In series C (6«, 9-month) ssmples had to be sawed from
the frozen bird for the 6-month storage test. A portion of
the skin was therefore removed.

All of the samples were placed in small sample bottles
end R. V. P. tests started at once after removal of the
saemple from the bird.

The locations of other samples mentioned in this study
are also shown in figure 1. These include those used for
palatability scores and those aaaﬁ‘ia determining press fluid.

Preparation for Cooking

Two roasters were removed from the frozen storage locker
each day. One had been stored at -12.2°C. {109F.), and the
other at -23.3%°C. (=10°F.). They were allowed to thaw par-
tially at room temperature for approximetely three hours.



Then they were plasced in the refrigerator at 1.6°C. {35%F.)
“for 20 hours, after which time o sample from the breast
muscle of each roastér was removed for R. V. P. testas.

~ After removel of the R. V. P. sample the roasters were
rewrapped in cellophane and kept in the refrigerator for
another 4 hours. ﬁhn‘ra&atariywera then plaeed in another
refrigerator at 4.0°C. (39.2°F.) for san additionsl 16 hours,
| éttar ah;¢h t1ms thay were removed fqr cooking.

A fresh aéatrai roaster was killed in the manner
éc;ar&h&ﬂ for the iaaskaru that had been killed for froszen
storage. The control was kept approximately 24 hours in the
,?efrigarakaviat 4%, {39*8°F*}, |

Cooking of Hoasters

The two rossters that hed been kept in frozen storage

i, and the appeerance of the carcass

were unwrapped, welg
noted. 4Alsoc the control roaster was prepared for cooking.

Doneness of the cooked roaster was determined by means
of & thermometer inserted in the right thigh.

BEsch of the three roasters was placed breast down on a
rack in en ovaleshaped baking pan (11x8xl1} inches). Each
‘roaster was baked in s separate gas oven at 150°C. (302°F.).
The temperature of the oven and the temperature of the
ré&ateé were recorded every 15 minutes. ¥When the internal

temperature of the thigh muscle reached 85°C. (185°F.), the
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(see fig. 1.) Each sample (1.75-2 gm.) was wdighgé, wrapped
in absorbent cléthg aub:&eteé to 250 pounds' pressure for
five minutes, nad r@iﬁigheﬁ. The difference ﬁstiaea the two
weights, divié&ﬁ by the original weight, gave tﬁnlger cent

press fluld.

Preparation of Samples for Vapor Pressure Analysis

The male ynrts of atanéagﬁwtspar {1&/5&) pyrex jeints
were cl@aad at one ana anﬁ used as tubes to hold the samples
during ﬁesi&ea%ien in ths vaper pressure apparataa. The
tubes were numbsxtd, ela&naﬁ in aistillaﬁ watar; cleaned in
gaaazinn, snﬂ then welghed on an snalytical baslance to
0.0002 gram. :

| Small cubical particles from 1/2 to 3/4 cm. on e side
war§ cut-on waxed paper fram,tha samples that had previously
been removed from the roaster. About three partialaa were
pushed down into & tube, and ényiieata tubes containing sample
particles were prepared rram‘aaeh roaster. ﬂnnéling of the
tubes was done by means of a clean cloth.

The tube and contents were weighed and recorded. The
tubes were then inserted over halfway into a water bath kept
at a constant temperature of 27.5°. (81.59F.). They were
sllowed to remain there until the semples had reached tempera-
ture equilibrium, & time period of at least 10 minutes. Then

the first veapor presa&ra’raaéing was made.



-~ 31 -

Vapor Preasure Apparatus

An isotencssope type of apparatus shown in figure 2 was
‘used for messuring the vepor pressures. It consisted chiefly
of pyrex glass. MHercury was used in the manometer., The dif-
fersnce Iin mercury levels in this menometer gave the vapor
pressure in millimeters. In figure 2, part I consisted of
heavy-walled rubber tubing. Part C was the female part of
& standard~-taper (14/35) pyrex joint. Into this part of the
joint (part C) the previously mentioned éagiaﬁ&tiag tubes
were inserted. Part D served ss a molsture trap.

A Cenco~Hyvac veacuum pump was attached at H {fig.;ﬁ)g

A meroury trap was inserted in the line between H and the
vacuum pump.

The eccompanying water bath was kept at constant tempera-
ture by means of a thermostat, two heating blades, & cone-type
stirrer, and tap water running through & coiled copper tube.
These control deviees kept the tempersture of the bath at
27.59C. $0.4°C. A signal light was wired in series with the
thermoatat to call attention to any possible extreme fluctua-
tion of bath temperature. A thermometer gradusted te 0.1

degree centigrade was used in the bath.
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Reading of Vapor Pressure

Using figure 2 as & guide, a desicecating tube, A, con-
taining the sample, was greased at the top with Lubriseal
‘{a grease used for high-vacuum sealing). The tube was then
inserted into C (female pyrex jainﬁ}. Valve G was closed
and v#lve ¥ allowed to remain open. These valves were slso
greased with Imbriseal. The vacuum pump was turned on, and
the entire system was allowed to be evacuated for 1 minute.
At the end of a minute a dry ice-alcohol bath was placed
around the trap D, and allowed to remain for 1 minute. This
procedure caused a freezing of the moisture coming from the
sample In the desiccating tube A.

At the end of the l-minute molisture~trapping period
valve F was closed, and the dry lece-alecohol bath was removed.
The trap was allowed to warm up slightly and then & warme-
water bath was placed sround it. From the time that valve P
was closed until the two mercury levels werse read, 4 minutes
e¢lapsed. This might be considered the egquilibration period,
at the end of whiech the vapor pressure was read. Vﬁpar
pressure readings wers made within a 8-per cent experimental
8rTYor.

After the vapor pressure was read on a sample, the
Lubriseal was removed from the ﬁutaiéa by ﬁhe use of gasoline

and the tube was wiped dry with a clean cloth. The tube and
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contents wers weighed on an analytical bslanee to 0.0002 gram
and the welght recorded. This procedure was followed with
ny& exception that the initial vaper pressure reading made on
a sample followed the welghing process instead of preceding
it as in all other cases.

in order _wa obtain a correction factor the Yapoy prese
| sure reading of water was taken each day. Several drops of
distilled water were lowered intec one of the desiccating
tubes. The same evacuation process and equilibration time
were used as for & sample of rosster breast musole.

After the initial vaepor pressure recording, the four
samples being studled were inserted into 2 unit containing
four female pyrex joints end atteched to the vacuum pump.
Then this unit was lowered into the water bath and the entire
system evacusted for sbout 30 minutes., At the end of this
time a vapor pressure reading was taken and recorded, and a
woighing was made and recorded.

The procedure for evacuation was repested and another
resding made from 20 to 30 minutes later. The corresponding
weight was obtained. Finally, the sample tubes were inserted
into the female joint unit and sllowed to evacuate over night
st 27.59C. (81.59F.). The next morning they were always
evacuated from O to 0.5 mm. vapor pressure at 27.5°C.

Four vapor pressure readings and corresponding weights

ware obtained on each sample. Duplicate samples gave a total -

of sight readings per roaster for each condition of storage.
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Wgwgﬂgwww» g@@% ment

| 4#@@& wwaumﬁma wa@wwsaﬂa ﬁ&&& ﬁwawﬂam wwaﬁ mana on &
waaaua&wﬁaaﬁn group aﬂ broilers waww ww ﬂa@naﬁ wwa&#m& for
different uwaaﬁma wﬁawa&ﬁnaa@a* aww 4&@&% @wammﬁaa uwﬁmnau
meﬁa as a ww&wwawntﬁw wa wwa mmﬁ& awnaﬁaawa in this waﬁaw‘
_,\iaaa done under uuanwmw Qﬁ@aawﬁawaww aaﬁaw¢»anae The vapor
,‘ﬁwmawmaa 1sotherms vw&wwaﬁ;wqﬁﬂ 8 randem grouping of 12 birds
indicated the typs of curve that could be expected as & re-
sult of aawa% pressure awﬁmwww; ﬂywkwmewwomz for these data
1s shown in figure 3. 1t awa apparent that the isotherm was
a typlcal msmwamﬁm sorption curve. Dsts from a single one of
these birds 1s shown in figure 4. | -

Caleunlations on Data

From the data collected it was possible to cslculate the
original sample welght, the amount of moisture lost under
" vacwum, and the welght of the dry sample at 27.5%C. (81.5°F.).
The a&mnﬁ« of molsture lost during desiccatlion was considersd
to be the per cent water in the sample. The grams of water
dlvided by the grams of dry sample was calculated,

The 4&%@%‘wwwuamﬁ@ readings were converted to relative
vapor pressure readings (R. V. P.)., This was done by dividing
the millimeters of mercury reading for the roaster sample by

the vapor pressure reading In millimeters of mercury for water
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Covariance analysis as outlined by %nadaeér (51) was used to
compare the data.

- It was adeguate to apply the simple adaorption equation
developed by Freundlich (17) in order to anslysze the data.

His equation is
{1) | ‘g’kcé

Equation (1) may be converted tc the logarithmic form:
{2) iag.w s log k 4 1 log C

Values in this azy#t&mant‘earrhaganﬁing to the terms of

equation (2) were:s

log k = 1n&erea§t on y»axis

%y = th@ alaga aﬁ th& ragraaaian linc

log ¢ = log Re V. Pa

_ x~axis values z log R. V. P.
grams Ho0

y-axis values = log grams ary Semple

The data for the vapor pressure isotherme were converted
to logarithms and found to be in the third quadrant. Only
the data of the vapor pressure iaathgrms included in the
range of 40 R. V. ?. ﬁo lﬁﬂ K. Vﬁ P. were plotted, and 100
R. V. P. was excluded. Any values for grems Hy0/grams dry
sample exceseding 1.0 were not used. The ordinates of the
mesn point and the slopes were obtained and the regression
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RESULTS

Vapor Pressure Iaotherms

A plot of grams water/grams dry ssmple against R. V. P.
gave & typlcal S-shaped isotherm, as shown in flgure 8. This
isotherm represents deta from 10 different dirds stored st
-12.2%C. (10°F.), duplicates being made for each bird. Im
the upper 50 per cent of the R. V. P. range, these dats show
& high variation between Lirds and occaslionally between
samples. A typical plot of grams water/grams dry sample
ageinst R. V. P. for & group of 10 roasters is also shown in
figure 6. Since the plotted isotherms for all groups of 10
roasters were very similsr in character, the plot of only one
group is offered here. Date used for plotting other 1s0-
therme appear in tables 120 in the appendix.

When the average vapor pressure isotherms for the same
geries for different lengths of storage time were compared,
results such as shown in figure 7 were typical. These vapor
gragauva isotherms are for the roasters of series A, stored
9 months at -12.29C. The deta curves faﬁ the vapor pressure
studies of the ssme 10 birds, before storage, after 9 months'
stér&g&, and after ﬁaakiﬁg.aruyﬁhgwn* It may be observed
that the R. V. P. varies at the same moiasture level in the
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6 months at ~-12.2°C. (10°F.) and -23.3°C. (~10°F.) 1is given
in figure 1l. As shown in table 28 in the appendix, the
specific y-intercepts of the regression linme for ~12.29C. are:

vefore storage ~0.526
after € months' atarxgs w(O.416
after cooking =06 160

For the storage temperature -23.3°C. the intercepts are:

before atorage «~0.541
after 6 months' ataragy -0, 627
after cooking «0. 189

The log-log plot of data for the ¢ series is shown in
figure 12, and the fellowing regression line y-intercepts
resulted. For the 10 birds stored at -12.2°C, the intercepts
are (appendix teble 288):

before storage «( 4 503
after & months' storage -0+ 2856
- after © months’ st&ragﬁ =0+ 145
- -after cookling 3,008
For the 10 birds stored at -23.39C. the intercepts are:
bsfore storage T =0.478
 after € montha! nkarag« «0. 3686
“after 9 months' storage ~0.200
after oooking «0.060

&4 general summary of all regression line intercepts on
the y-sxis {(log grems natanfgvnms'&ry semple) is given in
figure 13. The length of the line shows the distance of the

y-intercept from the origin. This value ls negative.
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Per Cent Holsture lLoss

Average molisture percentages for groups of 10 roasters
are shown in table I. The overall average water content
| befors gtawnge for breast mnaaiq of male roasters was 74.4
- per cent. HNolisture lost in storage was almost negligible.
The exact per cent water content and per cent water lost
during frozen storage for all roasters is given in the appen~
dix {(tables 21-26). The average molsture lost because of
cooking of the roasters stored 9 months was 4.1 per cent.
The average molsture lost because of cooking of the roasters

stored € months was also 4.1 per cent.

Julciness Beores

The aversge Jjulciness scores for each group of 10
yoasters in the three series, A, B, and C, are shown below,
and an indlcation of the storage temperature and the storsage
time is included. It will be recalled that the score for
julciness was from O to 10, 10 being the highest score.

Average
, 088 SCOre
Series & - 9 months at -12.2%. (10°F7.) Bes
9 months at -23.3°C. (-10°F.) 6.8
Series B - 6 months st ~12.89C. 7.0
6 months at ~23.3%. 7.0
Serles C - 9 months at -12.2°C. 6.6
2 months at ~235.3%C. 6.8

The juiciness scores for individusl birds appear in table 27
in the appendix,



Table I

The per éa&t water in roaster breast muscle before frozen storage, after frozen

storage, and in the cooked atwgla for different atorage timaa and éift&rmn%
atoragt t&m@ﬁratara:, ~

Storage *ﬁ‘araga before 6 months' storeage ¢ monthe' storage oocoked cooking
time  bemp. storage storage loss storage loss  sample  loss

e e e A e e
9 10 74,0  ~= e 73,8 0.1  68.5  -b.4
9 . ~10 5.6 == -e TR 0.2 8.8 -4.5

6-9 10 Téod T35 “0.0  73.5 “0.0 70,6 =30
-9 . -10 74,0 7B.1  «0.8 75,8 “0.3  70.4  ~3.4
6 10 75.0 78,7 0.3 = - 70,8 8.9
6 «10 74.8 74,7 «0.1 - . 70.4 ~4.3

mggﬁ

Ave, 7444 ~{.6




The wapor pressure determinations for per cent water
content in 30 cooked samples stored at -12.2%C. (10°F.) are
plotted as a function of Juleiness In figure l4. 8Similarly
the data for the 30 cooked samples stored st -23.3°C. (<10°F.)
are shown in figure 15. From statlistical analysis the corre-
lation between the two tests on the same birds, i.e., #ha
per cent water in the cooked samples {vapor pressure method),
and the julciness is represented by r. The equation for the
regression line ls glven and the regression line is drawn in.

Prom the study of a scattergraph no correlation was
evident bvetween vapor pressure determinations of water in
cooked samples and press fluid percentages. The data for
press fluid are shown in tahle 27 in the appendix.
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The same set of deta a&s shown in figure 7 is shown as
part of figare 9 (-12.2°C.). The y~intercept of the regres-
sion line before storage is aawmmwww «0.505. For the semples
tested after storage it is -0.260. The cooked samples indi-
cated an wmﬁﬁwmwww of ;uy@ﬁwﬁ The nmwwonwvnw intercept
approached the origin, the greater the smount of bound water

- considered present in a gram of dry sample.

The Quantity of Bound Water in Relation
| to Storage Time and Cooking

. Before storage, the roaster breast muscle samples in
thils experiment contained the least bound water. One excep-
wwaw,wo this was noted In the cass of the B series (figure 11,
~25.89C.), in which the wwwau had been stored € months. No
explanetion is awmmn&a_maw this varlation from the general
trend. SR . o

/‘_wwa,mmuwﬁsw.aeammu with the w%nawaawwwaﬁam‘cﬂmnﬁwwaw.
was that stored breast muscle lndiceted more waterbinding.

The roasters stored 9 months showed more waterbinding than
those stored & months. This was appsrent from a study of the
y-intercepts of figures 10, 11, and 12. R

; wquamaw&a;waawwa muscle always had the greatest amount
of bound water per grem dry sample. Thls is again shown in
figures 10, 11, snd 12. Roasters cooked after 6 montha'
storage had less bound water than those cooked after 9 months!
storage.



A summary of the relation of storage time to waterbind-

ing is shown graphically in figure 13.

The Quantity of Bound Water in Relation
to Temperature of Frozen Storsge

In all series of réﬁnt&r&, those stored at the lower
‘tng@sratura, ~23.3°C. («10°F.), showed less water binding in
the raw stored breast muscle than those stored at ~12.29C.
(10°F.). This is evident from & study of the data shown in
figures 10, 11, and 12, A shift from bound to fraa water
seemed to take place in the raw breast muscle of the birds
stored 6 months at -23.3°C.

In the cooked saemples, changes in waterbinding caused by
differences in storage %aﬁp&ratuya‘{»la*zasg and «-23.3%C.)
are not evident. In fact, the quantity of bound water in
cooked breast muscle stored at the two different temperatures
appears to be approximately the same when the same 1aﬁgth of

storage time is considered,

Moisture Lost During Frozen Storage

The vapor pressure method of analysis for per cent ﬁatcr
content in raw unstored samples of breast muscle of male
roasters proved falrly consistent. The average total water
content was found to b# 74.4 per cent. This compared favor-

ably with the 74.6 per cent water content found by Hershaw (22),
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During frozen storage the water loss was less than 1 per
éant in all cases. p?hﬁ A series roasters, stored 9 months
at -12.2°C. (10°F.), lost only 0.1 per cent moisture from
the breast muscle. Wrapping of the birds in cellophane no
doubt prevented notliceable desiccation.

Ko obviocus correlation between per cent free water loss
and time of frozen storage or temperature of frozen storage

is apparent.

ﬁciatara Lost During Cooking

@hﬂ aatual amanﬁt of water Zast by tha &raaat mascle
dmring aaaking avaragaﬁ 4.1 per cent for bzrﬁa ntafaﬁ 9
months and also for hixﬁn atarn& ] m@nths, ?hgra was no
apgurent correlation of cooking 1aaa with 1angth of frozenm

storage time aﬂé staraga tamg@rat&rem The eaaking loss sa
&atimnta& in the manner described in thia wark partainmd to
fr&a uatar 1@3% in cooking and ﬁié aet include such losses

as lianid fat anﬁ vala%ila maﬁ&riﬁlag

Juileiness Socores

The extramaly low correlationa (0.199 and 0.143) be-
tween per cent water 1& £&& cocked samples and juleciness
scores may indlcate that the julciness factor of palata~

billity involvea more tﬁgn the free water content of the
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Denaturation of Protein

Aceording to the results in this study, the nearer the
y-intercept approsches the origin in figures 10, 11, and 12
the greater the asmount of bound water in the breast muscle.

“Phe most highly denatured muscles involved were those that

were cooked. Since the y-intercepts of the cooked muscle
samples were near the origin, the cooked muscle apparently
contained the most bound water. The uncooked muscle after
storage probably was denatured to some extent. The graphic
data, figures 10, 11, and 12, show that in most instances

this muscle contains more bound water than the raw unstored

" muscle. Time of storage, storage temperature, the presence

of salts, and the very process of dehydration may have been
interacting factors in causing denaturatlion of uncocked
samples. The added effect of cooking would, of course,

increaze the degree of denaturatlon.

Huacle Protein Structure and Waterbinding

Neurath st al. (39) suggest that muscle proteln may
change from & fibrous to a more nearly spherical configurs-

 %ion upon densaturation. If this more spherical cenfiguration

includes & rolling up of the polypeptide chain, then more
water might be expected to be taken up by salt linksges and

by bydrogen bonding.
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As dehydration progresses, the salts in the mascle Juices
become more concentrated. The presence of salt has been shown
to depress the hydration of someé proteins.

The pH value of muscle 1s not constant after the death
of the snimal and during storage. Incresse of lactlic acid
after death causes a lowered pH, and this lectic acid in-
crease is variable from animel to animel, After the minimum
pH has been reached with further changes in the muscle, ths PH
increases. According to Flaon (16) dehydration and frozen
storage could effeect & change im pH. 4 shift in pH to either
side of the iso-electric polnt might cause waterbinding.

As water freeges out of the nusels in the frozen storage
process, the remaining unfrozen solution must have a greater
salt concentration. This changing salt concentration eould

alse affect the process of waterbinding.

Effect of Room Temperature
upon Vapor Pressure Readings

The vepor pressure readings of water at 27.5°C. (81.5°F.)
were aeffected by the temperature of the room. The correction
for day-to-day variation of room temperature was taken into
account by sctually measuring the vapor pressure of some
dlstilled water held in the constant temperature bath at
27.5%°C, This vaper pressure variation is a@#&n in figure 4.
According to Edser {15) the vapor pressure reading obtained
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It seemed that no matter how long the egquilibration
period, there wae always some tendency for vapor pressure
readings of the cooked samples to fluctuate. This was seldom
the case with the uncooked samples. wﬁawﬁwwwAawaaﬁamw changes
maa;wwuﬁwasw changes induced by the cooking caused part of
this fluctuation. o

The aaanuwwﬁaﬁiww ¢&‘@aﬁwwwwmwm satisfectory vapor
presgsure equilibrium should be considered in further work on
this problem. The circumstances of this experiment indicate
a trend in resulte which could be considered fairly reliable.
For more acourate messurements of bound water in quantitative
smounts the problem of equilibration should be further
studied. 1t might be mﬁmmenwﬁ% that particle surface ares

" also be considered. In addition, more sccurate vapor pressure

readings could be made 1f a liguild of lower specific gravity
than mercury were used in the mancometer of the vapor pressure

mww#%ﬂwﬁnﬁ

The Adsorption of Water Vapor by Proteins

The adsorption of water by proteins has been discussed
by Bull {12). He theorizes that protein molescules in the.

solid state are linked to form coherent planes, the exposed

wmﬂﬂamww of which are hydrophille. Bull also adds that water
is adsorbed between these planea. Pauling {40) has sald that
the amino scld residusa of proteins provide much of the
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The purpose of this problem was to explore the nature

of water content changes of poultry held in frozen storage

'ané to stﬁéy the ralatiamahig of these ehaagas to julciness

BLOTB8 .

Vapor pressure gnaiyaoa for bound water and hatgl water

content were made on the pectoralis major breast muscles of

60 roassters. These analyses were made first om the fresh raw
:maaaia, 1&tar afﬁ&r'traxaa storage, &né finally aefter cooking.

The r@&at&rﬁ wera ﬁiviﬁaé for fraﬁ@n storage into serles

A, s, and C, each seriles eantaining 20 birds. Each serles

was then subdivided insa two groups, one group of 10 birds

:baing stored at -12.2°C. (10°F.) and the other 10 stored at
nﬁa,ﬁﬁe“ tﬂiﬁﬁﬁ.}. 8&#&33 A was stored for 9 months, series B

far & mﬁatha, and series C for 9 months. However, series C

ﬁiffarﬁé fraa aariag A in‘%ha$ samples for vapor pressure

analyses were removed from the roasters at the end of 6

months' storage as well ss at the end of the 9 monthe period.

?ha vapor yrﬁaaurﬂ mﬁkhaé éf analysis succeasfully
indicated waterbinding in chicken bresst musecle during storage
and also furthér'wﬁtaraiaﬁiag as a result of cooking. The
longer storage time (9 months) and the higher storage
temperature (-12.29C.) apparently caused the greater degree
of waterbinding.
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Table 1

Rs V. Ps: The number of raaster, the number of sample, the

moisture content {grams g?ﬁ grams dry sample), and the

relab&vo VApOr pressure samples from the bresat muscle
FREEZING for roasters of series A, frozen and stored

9 months at =12.2°C. (109F.).

" Relative Veper
~ Pressure {R. V. P.)

1.00
«80
+85
-
.99
+48

1.00
+52
»85
-61
«87
«43
« 36
«97
«B56
«94
80
+96
+80

1.00
-89

1.00
«83

1.00
«50

bt d

ﬁéastar ' Samgia | -
no. Z&Qsp

18l

o

1556

168

ie2

ieé

g2

196

A

1.00

79
1.00

200

204

208

W B D O 0 O W O D O N N N M B
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o ?a}ala 2
R. V. P.: The number of maatar, the number of sample, the
moisture content (grams HyO/grams dry sample}, and relative
vapor pmnam of sempleg from the breast muscle AFTER 9

BONTHS' FROZEN STORAGE fgr roasters of series A, frozen and
stored 9 months at =12.2 c. {:w%‘}. -

A ot o 3mp1# e arm e ot e ot ok A Y 103 e }.: e 2 e 2 1}.».; . ,.,., : . s
my. 1O Pressure {(R. V. P.)

151 1

158

162

166
, «86
lg2
.89
+83
‘#35
« 33
88
37
-89
-85
+89
486
«B9
«48

.78
70

’ ‘ﬁl

196
200
204

208

LI T I I A T I TR A R
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Re Vo Put The number of rmaﬁo#, the number of sample, the
-moisture content (grems Ep0/grams dry sample), end relative
vapor pressure of samples from the bresst musele AFTER
COOKING ;ew roasters of awf.aa A, fmm and stored © months
at “‘iﬁ»g @* €3‘$a?a§.

Hnaggggr‘mﬂﬁﬁamglgiu'wﬂ-fﬁrﬁmawﬁééww kwuf”mgalatiw* ¥a§ﬁruﬁw

no. . no. Emmy dry sampls Pressure (R. V. P.)

151 1 <695 .98
2 «518 +86

, +144 «55
166 1 916 <85
*%’?3 » vﬁ

2 880 @8‘1

158 X - +803 *?ﬁ
~568 84

2 1.000 75

: ; o415 «71
162 1 <780 <83
: <348 +86
2 =906 «82

L ; «4585 ’ «75
166 1 480 +86
> , « 164 +55

; 2 <6565 +83

- ‘ 242 . ’?ﬁ
182 1 495 77
#1981 ,53

: +145 * &3
196 1 i g?ﬁ
«173 aﬁ?

+139 ot

g « B89 »76

' »141 « 45
204 i +468 79
‘ +164 +»5B

£ +479 76

5 + 166 +B8
208 1 .705 .81
2268 74

2 « 356 <74

127 .56




Table 4

Re Ve Pui The number of roaster, the number of aample, the
moisture content (grams Ho(/grams dry sample), and relative
vapor pressure of smma from the breast muscle BEFORE
FREEZING for » at&m series A, frozen and stored 9
months at ~23.3%C. (~1097.).

Terster  Semple . GTems B0 melstive vaper

_ne,  mo.  Grams ary smapla Fraauam (R. V. P.J

150 1 233 «93
- .042 .19
2 «368 .96
+089 .65
41ﬁ0 +81
2 +818 1.00
; *23.1 «80
159 1 . , 82
, ,@as +35
2 «483% .95
. ~083 +46
183 1 «481 + 96
»118 +5b
2 +747 «96
| .124 «51
167 1 .282 .96
.061 .26
2 «456 +36
| «109 .62
193 1 1.06 1,00
+216 .71
2 1.16 1;@0'
197 1 897 1.00
. «1%75 «88
2 «880 1.00
: +»130 <42
201 i 1.015 o
<144 .55

2 1.81
- 238 .59
205 1 - -
2 - e
209 1 ~80B lﬁﬁ@
o 080 71




B« ’3’; ?tf

moisture content (gre
vapor pressure of samples from the breast muscle AFI

«85*

fm;a 5

The n&whay of raaatar, the number of sample, the

HpO/grams dry semple), ané_relsgive

HONTHS' FROZEN STORAGE for rossters @r geries A, frﬂaﬁa and
ata?a& 9 months &t msa.aﬂa‘ {~10°F ,

| Raﬁé&ar

_w “ 1*W”m

G?amn 3ﬁa
Preasure (R. V. P.}

ﬁalatgfa Vapor

no. no. Grams. dry ssumple
150 1 .23 »86
: - +107 «40
' 2 - -158 +66
o «074 21
154 1 . +408 -8l
| #1420 +55
] g . M& :&”
B 8B «40
159 1 -« 367 «85
o o »082 »43
, 2 «429 « 96
B - .081 «47
163 1 - «427 -89
o181 +65
, e - «536 «96
L 132 +59
167 i - .972 »93
f #3179 +78
| 2 <407 89
- - +065 «35
198 b «360 .88
: «078 ~41
o 2 - +248 -84
- »D85 - 73
197 1 -« 878 «85
~ i 112 « 57
2 - «323 - 98
«073 «33
2031 1 «450 B9
: »148 «57
2 +» 556 81
«095 -45
205 1 468 - 79
2 +497 ,?3
+»156 .80
209 1 +199 .72
078 3%
2 «331 «78
«158 .51
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Table 7

Es V. Pe: The number of rosster, the number of saemple, the
moisture oontent {grams HpO/grams dry semple), and relative
vapoy pressure of samples from the bresst muscle BEFORE
FREEZING for roasters of series B, frozen and stored & months
at ~&3~£°G* {1@’?o};

“Roaster M&a “ Grams B0 ‘Relative Vepor

no« no. Grams dry sample Pressure (R. V. P.)
152 i -2281 97
055 37
2 .5l4 97
LO72 +48
156 1 .218 .86
. 058 -62
2 .660 w—
» 148 58
180 1 286 1.00
«060 32
2 + 360 1.00
006 47
le4d 1 277 +87
070 «34
2 5684 1.00
+056 ‘ 32
1é8 1 . 568 1.00
+151 .55
2 .628 1.00
079 47
170 1 +970 «97
«248 «81
2 «463 »91
«113 «61
174 1 1.51 . 1.00
288 «64
2 1.32 1.00
«440 71
i78 1 «T70B 1.00
»146 .58
2 1.026 1.00
«£856 «68
leg i «435 93
078 « 37
2 798 96
Qliﬁ 141
188 1 1.01 +99
«14% .50
2 .12 1.00

".188 .63
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Table 8

R. V. Pat The number of raaakez*, the number of sampls, the
moisture content (grams HpO/grams dry ssmple), and relative
- vapor pressure of samples from the bresst muscle AFTER &

MONTHS' STORAGE for romsters of seiles §, frozen m& stored
6 mmm at um&%,.. {mﬂy,;* |

ﬁmgkpr m}; —_ Grams HpO " Helative ?ﬁp@

noe. ne. §m 53': amap'i” Pressure (R. V. P.)
152 b ] o a&a 1.00
R _ U «152 76
; 2 1S 1.00
’ " «176 : +84
158 1 L6938 1.00
DR ‘#3111 52

2 U« 480 1.00

S = C #08%7 | +28
160 1 T <483 «98
A " #1828 : »&3
e L1156 ! .46
164 1 «470 1.00
o R & 4 % §
2 © 159 78

188 1 T« 64T 893
s U «188 : 70

2 T 470 «+93

) ' m}\‘@g s&ﬁ

o o ﬁ%ﬁ : nﬁl
2 " «140 <70

’ +0B1 «23
174 1 222 «85
LT T <084 +43
2 #5883 88

) ' axm «81
178 1 <177 « 77
: : 88 . >

. 084 -4l

ls2 1 «RBO 1.00
: . +065 «DO
2 «183 TS

: ~0B51 +18

1886 b § 873 78
+ 108 +41

2 = 1 D5 aﬁl
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Re Vs ?»a The number of m&%m the number of sample, the
moisture content (grams HoO/grems dry sample), and wlatiw
Vapor pressure of sm@&% from the breast muscle APT
COOKIRG for maﬁsra Mﬂ@ﬂ B, frogen and stored 8

months at ~12.29¢. (109

“Rosster  Sample _ Orems g0 _ Relative Vaper

Al 10w W éi"x MFE;. mem (3«; vt ya}

‘ 031‘3 +18
T 5&? - +89
+253 «86
) cﬁw » '?3
535 .93
247 « 89
535 .96
aﬁ’?@ & 7
«960 -93
P -8, iw
C « 320 ,?&
- «BUB 78
«285 - %
«380 w?ﬁ
598 1.00
«B245 74
»160 »56
~545 +8B5
«199 «49
467 .89
; «49
2O , «35
«R49 +85
.660 .96
« 300 76
- 598 ~96
214 «87

156
160

164

:m_a%
170
74
178

is2

T T R T TR T R S R R TR T
3
S
o
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~ Table 10

Be Vo Put The number of roaster, the number of sample, the

- moisture content (grams Ho0/grams dry sample), and relative

vagw pressure of samples from the breast muscles BEFORE
EEZING for r 53““”;@”; gsx‘in B, frozen and stored 6

hﬁ at =23,

“Roaster  Ssmple " Relative Vapor

no. no. Grams ary mp&& Pressure (R. V. P,)
163 1 «317 1.00
~O77 «59
2 +842 1,00
) +285 «95
187 1 « 240 .78
‘ : 2083 26
2 <450 1.00
«110 «51
18l 1 - 581 1.00
i%& * 3@
165 1 +256 «81
+066 «44
2 « D87 1.00
083 «58
169 i +813 96
«1356 +B88
2 «28%7 »81
038 « 356
171 i « 588 «91
~ 098 +42
2 617 .98
176 1 858 +» 95
2 1.38 1,00
. _ 084 =35
ive 1 995 1,00
+280 «8)
2 1.00 1.00
«1838 -81
183 1 <685 87
+14%7 +«48
2 998 <97
181 52
187 1 +813 1.00
«R204 <50
2 <715 1.00
+126 .50
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Table 12

Re Vo Pet The number of roaster, the number of sample, the
moisture content (grams HoO/grems dry ssmple), and relntiw
vapor pressure of semples from the bresat muscle AFTER
COUKING for roasters of series B, frozen and stored &
months &t -23.8°C. (~109.).

no. Do - Grams dry semple ?raaaum (ﬁ. v. Po)

153 +610 1;99
..%’I’E} «68
B 1.00
+68
« 96
+ 66
YL
+B6
«98
<77
« 93
<77
W77
+86
+85
B85
76
.12
+B4
«80
88
« 75
«B2
+7L
.74
47
«89
«B6
«81
57
.89
49
52
72
«96
.82
-84
+98
«59

T

167
161
165
169
i71
175
179
188

187

WM M0 W M 0 W M N B N BP0




- 91 -

Table 13

He Vo Pot The number of roaster, the number of sample, the
moisture content {grams HpO/grams dry sample), and relstive
v&mx ymum of nwiu from the breast musels BEFORE

FREEZING for rmst&m af series C, frozen and stored ¢
months at «12.2°C. (10% F.)}, but & sample removed at end of
6 months' storage for an R. V. P. test.

o Vapor
Pressure (R. V., P.)

1.00
«T4
+68
=97
-84
97
*6‘?

1.00

Roaster
nos N0«

e 1

176

180

184

190

194

198

202

2086

wwww‘ﬁwww&wﬂwwwwwmww
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Table 14

Re V. Po: The number of roaster, the number of sample, the
molisture sontent (grams HoO/grams dry sample), and relative
vapor pﬁsmm of ;mgloa from the breast muscle AFTER 6

HONTHS' PR STORA ger Wﬁ#%&ﬂ of series C, frosen and
stored 9 months at *}.2.2 . (10°F.

,Eg;’§§¥HWWMé¥;§i;MWww,wug. wi§§MMTMMT_Whgii;%i;;w§é§§;mwm

no. no. Grams ﬁwy nmpk Pressure (R. V. P.)
172 i .@as'? « 92
. ' «209 69
2 « B30 .81
+104 «B3
178 1 410 82
«115 49
2 +880 «77
igo b § a%& « 98
%ﬁﬁ’? , 0%3
2 «354 «78
- «10B +46
184 1l «437 «92
2 « 166 T2
0568 28
188 1 - 378 B4
£ +1564 <88
080 «R6
180 1l «448 93
2 5256 .93
194 1 »440 «85
=130 .80
2 « 352 «T5
+O80 4 -
188 b O 407 -89
: » 145 - «80
2 -~ 564 86
202 1 «B3b -84
+501 73
2 +518 ‘ .89
» 103 «57
206 1 525 92
192 +86
-2 «BO% -84

184 .66
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Table 15

R« V. P.t The number of roaster, the number of sample, the
moisture econtent (grams HpO/grams dry sample}, and relative
vapor pressure of semples from the bresst muscle APFTER §
WONTHS' FROZEN STORAGE for rauaﬁarﬁ of series C, frozen and
stored © months at -12.2°C, (10°F.}, but a sample was re-
mmaﬁ at the end ﬁf 6 mmtm* atarag& for an R. V. P. test.

Rﬁlﬁﬁi?&?ﬂ?ﬁr T

N, ne, Pressure (R. V. P.)
172 1 -85
| 08¢ .46
8 4311 «83
. . . ”* *r:,m P *5
176 1 .542 | .89
«186 + 57
2 750 .86
ia m R M
180 b 475 .95
2 +470 .93
o 104 .53
18¢ 1 -546 -88
' p}.% - 56
| 2 .635 .96
168 i «854 .@6
578 . 76
2 «480 .84
. . ! " 1&& - %
190 i +854 .98
' » 53? » ?6
8 536 98
3718 .84
194 1 274 «70
071 43
2 174 68
. . 059 .25
198 1 +588 79
: »118 «49
2 L5882 «75

.129 49

i . 728 : <98
297 +«81
2 +5186 «85
| .138 .64
208 1 +B88 +78
: ] 15@ * 51
2 «385 «90

.0B& .69
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Table 16

Re Ve Pez The number of roaster, the number of sample, the
moisturs content (grems HoO/grams dry sample), and relative
vapor pressure of samples from the breast muscle APTER
COOEIHG for ﬁw&g of series C, frosen and stored §
months at ~12.2°C. {10°97.), but s sample was removed at the
end of 8 montha? ﬁ@@gwﬂ for an R, V. P. tost.

"Rosster  Sample Grams B20  Relative Vapor
N Nl v Xy 8 4.0 Pressure (K. V. P.}

172 1 1,00
282 .65
-925 «92
+409 «T8
.963 »8%7
«434 78
+870 «91
826 69
=396 «83
+145 , 48
660 79
237 .58
556 1.00
.218 .61
58128 +85
.191 R
479 76
- ﬂr@m - - "a
» @g . g

178

ies

190

i94

202

206

R I T TN - I O T




Table 17

Re Vo Pez The number of roaster, the number of sampls, the
moisture content (grams HgO/grams dry ssmple), and mz.at:iw
vapor preasure of samples from the breast muscle BE
FREEZING for roasters of series 0, frogzen and stored i

mtha at -23,3°C. (~109F.), but s sample was removed at the
end of 6 aamm* atw for an R. v., fh. test.

ﬁaaatw Sample t:irm HoO Rﬁam % ?a;mr

Ro. Do« ﬁms ary uaspla ?N”m (R. v, 3?* }
173 1 w795 97
| 137 .51
2 > : laﬁ 1.00
177 i Z‘uﬁ{} ‘ : 1,00
2 1.50 + 97
181 1 .725 1,00
+180 61
2 «880 1,00
«,14& +B0
1886 1 1.38 s
- «8b
2 1.60 »938
+8E8 69
189 1 «853 1.00
) il&? #56
2 1.106 1,00
Ql% :#5‘3
191 1 1.06 1,00
»170 .68
2 985 1.00
-156 78
’.WB 1 le i4 N lym
2 l.14 1,00
+» 146 »87
199 1 « 085 1.00
, » 173 955?
g; 1w% * 1.00
+315 « 75
205 1 1,37 .06
+098 «51
2 «713 1.00
+ 096 «49
207 1 1,36 1.00
»140 »T71
2 890 1.00

200 .88
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BRs Ve Per The number of mamr, the number of semple, the
nolsture content (grams HpO/grems dry semple), and relative
vapor ymuam of mm& from the bresast muscle AFTER €
HONTHS®' FROZEN STORAGE for rossters of series ¢, frogen and

swm; 9 mmm at “gﬁga%, {mm%*). ’

——————————
o,  no. t?m arfx mle  Pressure (R. V. P.)

175 441 | .80
- «164 «81
. : .80
.24 .57
- 099 42
.17 . .82
- 1285 «38
447 .96
S «187 «83
.274 , 79
447 : B4

- «179 -8%7

w
109
s
s

- 199

207

U R N BT IR T U S VR S R
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Table 19

Re V. Pst The number of roaster, the number of sample, the
moisture content {grams HoO/grams dry sample), and relative
vapor pressure of samples from the breast muscle AFTER 9
MONTHES' FROZEN STORAGE for roasters of series G, frogzen and
stored 9 months at ~23.39C. (~109F.), but a sample was
removed at the end of 6 months' storage for an R. V. P. test.

Roaster  Sample __ Ovems HgQ  Relative Vapor

no. no.,  Grems dry sampie  Pressure (R. V. P.)

«1056 +» 38
«470 .89
712 .97
202 » 71
.590 .89
194 87

Ei19 : 88
.56

177

181

S

186

lse

191

196

199

207

N W N o N R N O 0O N W o N e P




Table 20

Re % P,: The number of roaster, the number of zwpm, the

molsture content {grm HpO/grams dry semple), and relative
vapor pressure of smlw from the breast muscle APFTER
COOKIRG for roasters of series €, frozen and stored %
months at -23.390. {-10°F.), but & sample was removed at the
end of & amm* ﬁ%mm faae an Ra v* if*« t“s..

Rmatar mu “Grams %ﬂ " ﬁelatiw %pw

nos no.  Crams dry sample Pressure (R. V. P.)
173 i o #6800 1.00
R 0183 . .69
. .61
177 i .80
2 W74 1.00
L <298 .88
18l i - +284 .88
185 1 - 676 .80
- L «208 . 856
189- 1 . .488 .65
" . ﬁl% ' *ﬁﬁ.
| 2 .485 | 72
177 ' .55
191 1 811 .88
: <178 , .82
g ’ »3 *‘78
v ! »135 ‘ ;6&
M ' il‘? ’ 061
3 ‘ 15@ . :.39 )
132 ’ B3
199 1 «53B ' - .81
a1$§ o .56
2 - 542 .82
«176 - +82
203 1 «479 ‘ »78
«151 , 58
2 +311 , .78
.098 .48
207 1 .555 70
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Table 21

Moisture Content: The number of the roaster, the sample
number, the per cent water content before storage, the per
cent water after 9 months' frozen storage, the per cent
water content after cooking of roasstera in series A, stored
9 months at -12.2°C. (10°F.).

- : - R R et e 53 g .,« e, i ot et e o et e T ‘ . v i »»
Roaster Semple % B0 aftes 9 % be0
no. no. LTRSS moning g
‘skarzga | storage cooking

151 1 74.1 73.5 70.7
2 72.8 V3.9 T71.6

1556 1 74,1 ) 756 T70.2
2 74.8 73.6 70.8

158 1 T4.5 74.1 70,0
2 74.6 T4.1 69.8

162 1 75.7 74.3 68.0
: 2 5.4 74.6 68.0
166 1 Téd.1 74.0 69.8
2 T4+4 T3.8 69.%

log 1 73.9 T4.1 68.9
2 4.0 73.8 70.0

106 1 73.1 7350 87 .3
2 - 73.0 66.8

200 1 76.1 76.0 70.8
2 76.0 7640 70.0

204  § 71.4 75.8 70.4
2 71.0 73.6 69.8

208 ) § TE 8 73.6 69.1
2 T332 - 69.1

Heans T4.0 73.9 68.5
*per cent water = _ __Grams HpO x 100.

Total sample weight (grams)
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Table 22

¥oisture Content: The number of the roaster, the sample
number, the per cent water conltent before storsge, the per
cent water content after ¢ montha' frozen storage, the per
cent water content after cocking of roasters in series A,
stored 9 months at «23.3%. (~10°F.).

Roaster Sample ﬁ%&; after 9 %EM?
nos nos ag;iam months* 6;@;;?
e . atorage i

7441 78.5 714

T855 ?3*3 70 » 8

T4.7 74.%7 71eB
T4.4 ’ 74.0 T8e3

744 74.6 70.5
4.3 75,7 70,0

724 73.6 9.4
TB+3 72.6 68,8

T47 T4.7 68.4
T4.3 T4.6 67.8

, 73,5 67.0
7440 4.4 - 85,8

73.1 12,8 8.3
73.4 75,2 67.2

73. 7 ?aaﬁ 69 . .3
73.7 T2.8 89,3

T0.7 T5.2 68,2
75.0 T0+4 66.8

T2+5 T2+6 684,56
72.2 2.4 67.6

Means 73.6 73.4 68,9

 *por cent water = ; é?mf - ' ~ x 100,
Total semple weight (grams)

150
154
159
163
167
195
197
201
205

2089

P B B DM NE B DR DN B 0
&
-
°
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"?aiﬂ;a{ 23

Molsture Content: The number of the rosster, the ssmple
number, the per cent water content bvefore storege, the per
~eent water content after 6 months' froszen storage, the per
~¢ent water content after cooking of roasters in serles B,

‘- g

stored & months st -12.2°C. (10%7.)

. 168
160
- 1e4
168
170

174
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Table 24

Moisture Content: The number of the roaster, the sample
number, the per cent water content before storage, the per
cent water content after € months' frozen storage, the per
cent water content after awking of roasters in nsmu B, ’
stored & months at -23.8°C. (-10°.).

, e ey -
Roaster Sample % Hpo* after 6 5 Ho0'
nos . Do. before months ! after
storage atorage cooking
183 1 754 74.0 72.2
g - 75.8 74,2 1B
157 1 74,7 73.8 . 68,8
2 74.4 73.9  69.3
161 1 7445 75.1 70.6
3 o ?5%6 71u8‘
165 1 4.4 74.9 70.2
2 4.4 75.0 64.1
169 1 76.9 75,4 69.8
2 73.% 75.0 70.3
i 1 76.2 76.2 71.9
2 75.8 7545 73.0
175 1 4.7 V4.4 70.68
2 74.8 74.1 71.1
179 1 75.8 75.9 T1.3
2 75.2 75.6 70.7
183 1 75.6 76.0 70.9
2 75.8 75.7 71.2
187 1 74.6 74.8 89.3
2 7543 . 74.6 69.9
Heans 74.8 4.7 70.4
&% o ' ,
Por cent uur Grams Ege x 100.

Total sample welght i )
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Table 26

Moisture Content: The number of the roaster, the ssmple
' number, the per cent water content before storage, the per
..cent water content after 6 months' frozen storage, the per
~eent water content after @ months' frozen storage, the per
gent water content after eaak&n§? of rosaters in series C,
stored 9 months at -12.2°C. (10°F.), with & sample removed
for & molsture test sfter 6 montha' frozen storsge.

 wmmewammMmM%fi¢Wi,Hmi,Hfffm_mifmh iféggs& d“‘";i_Mm_ e

“Roaster BSample g&?ﬁiﬁ - after 6 vg£t§§<9 §r§%§*

no. no. storage monthat months cooking
o , ~_ storage  storage

?ﬁwg 74 *3 ‘?ﬁ - 5 ?1 wg

76,5 T8 . T3.4 = TRB

74.6 754 5.5 69.3
T4.9. L TBGB : : 8.0 , 70.8

73.6  T4.2  T3.0  70.8

75.2 = T4.4  7T5.2 76.2

¥5.1 V4.5 V4.8 = 69.5
&?4«'4# C ?én? ?@wﬁ 53&5

759 72.9 73.5 0.8
%wa ; %*? ‘ ?ﬁng 39*2
74.2 72.2 2.8 0.0
4.6 2.6 74,0 = 6B.5

73.5 71.9 72.0  70.5
TB.4 72.1 : 725 -

— - Tle4 672 88.0

74,2 V5.6 4.2 0.8

Means 74,4 73,5 73.5 70.86
‘ ; Grems BS

Total sample welght (grems

e
176
180
184
1;'333
190

5 100
198
202

208

T L L I YU TWINR " YW T Y

*Par cent water =
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Table £6

%aiatur& aantanz& The number of the raaut&r, the sample
number, the per cent water content before storage, the per
~sent water content after 6 months' frogen storage, the per
cent water content after 9 months' frozen storage, the per
cent water content after Gﬁﬂk&!ﬁ: of roasters in series €,
stored @ months at -83.39. (-10°F.), with a sample removed
for & moisture test after 6 mantha* frozen storsge.

Roaster sawyza $ Hgo* a£t§§,3 'aftﬁ%ﬁﬁ 5 Eaﬁ“
nos no. ‘before montha? monthe! after
storage  storage storage cooking

74,8 86.5 7Y 69.0

Ti.8 T FB.6 - 89.Y

749 4.2 74.6 T
4.2  T4.6 757 68.8
74,8 5.5 74.2 70.8
74,9 T4.T  T4.2  TB.O
75,0 T4.8 5.0 T Eed
75.0 7640 5.8 1.0
74,3 7B 4.3 Tl
75.8  72.8 - 88,
75.7 73.6 74,5 7T0.4

7345 713 BT 68.3
72.0  72.6 74,2 69.1

T4.3 71.% 3.5  68.8
: 75&9 ?&.ﬁ ‘ ?5;@ ' ﬁgm“

5.7 72.6 .7 M.
73.8  71.3 7842 - 70.8
4.5 UB.0 0 TB.2 70.6
| 74,1 0 7B.0 4.3  70.8
Means ) 74.0  75.1 3.8 70.4
| Grams B,0 |
Total sample weight (grams) x 190,

b
177
181
188
-
191
198

1989

T T mw~ngwijw wwV»w~&w_T
-
:
=]

207

® ; ‘
Por cent woter =



- 108 =

Table ﬁ‘!

n:mmmz; Soores and Press &*mms The wm of roasster,
the temperature of storsge, the th of time in froszen
storage, the per cent of press fluid, and the palastability
scores r% Juiciness on 60 roasters held in frosen storage
at «12.8%C. (10°F.) and at -23,39. («10°7.) for perlods of
& and 9 months, shadt is, series A, B, end C. Ealf the birds
ggwgsum uvxu wars stored ol ~m*@%¢, the other m.r st
- - Ga

&., wm*ms - % ma%xw a‘kmﬁ 9 mmm B.VuP. tosts suade
before storage, after rrmw storage, and on

cooked sexples.

B series - BO rossters stored € monthe. iiﬂhi% tests muede
before storage, aller frozen siorage, and on
cooked semples.

C series - 30 roasters stored ¥ months. R.V.P. teste mmu
before storage, after €& months?’ frozen sto
after ¥ months' frogen storeage, sand on coo

umm“

Series - i Averege jJjulel-

and ﬁ% m Fress ness acores
‘rosster oo time fluid {Possible

no« il V score = 10)
’ L7 B0, { S V
4 series ; ‘
- 181 wl2.8 9 H0ud Ged
. 188 » ~ 50.9 BeB

158 . 45.3 68

iee 45.% T8

isg 683 T

196 48.8 -

200 Bl.0 6.3

204 81.1 5.0

208 49.4 6.8

m *85*5 ’ “ “‘?t? . 5@&3

169 48.4 7.0

168 48.8 7.8

167 49.3 70

183 44.9 €.8

197 49.8 6.8

203 46.0 6.5

2085 48.3 7.0

209 | 48.7 8.3

{continned)
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?&b&o 2’2‘ {aemtixmaﬁ}

; ‘ Store ?mm ;
and - FREET : - Press muwm
roaster 289 _ storage flutd {Possible

- . time ___seore = 10)
~ G, ‘, ’m.. AN SR e
B series ‘ : ‘

152 =148 : 'ﬁ’ = 52.0 - 8B40 '
156 o . : 47.2 7.0
160 574 8.0
1“ . : 43»3 5.0
168 ~ - BB.6 ?a@
170 . 47.8 6.8
174 50.5 8.3
iva : L ‘ : 48.9 . 83
182 | Bl.d 6.0
166 48.8 Te7

153 "‘5‘35;3 8' 54*5 : i ?’G
187 : 44.7 ‘ 6.8
181 ‘ ' 47.8 7.8
165 ' : 54.6 6.7
169 | 52.9 6.8
171 7 51.9 7.0
176 49.3 6.3
179 , _ 55.9 7.8
83 ' 50.0 - 71
- 187 . . 49.6 T3

172 »12.2 2 - 49.5 8.0
176 5@&3 545 ,
188 43..4 6.8
1% ) “gnﬁ ﬁ«a
194 B5l.6 70
198 . 47.7 7.0
2082 44.6 8.5
208 50.6 5.8

3 2B« g9 49.7 6.8
im 45,0 6.3
181 48.2 5.8
18s ‘ 55.6 7.8
189 52.4 7.0
191 51.4 Tad
}-ﬁﬁ M .G 7 Ma
199 50.5 6.0
207 S 50.9 8.3
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Table 28

Covariance Analysis Swmary: Data from €0 roasters kept in
frozen storage at -12.29C. (109F.) and -23.39C. (-10°F.)

for periods of 6 and 9 months. Table shows the series, the
temperature of storsge, the storage time, the asbscissa and
ordinate of the caloulated mean, the slope of the regression
line, and the resultant intervept on the y-axis. Explanation
of series A, B, and C appears with table 27. (C after time
of storage indicales s cooked sample.)

Series age storage
oC no.
0 «1B7 797 1.9016 -+ 5056

9 +149 uf é 3*5? o5 -, 260

0 L1537  .680  1.8515 -.440
g P | g *6&% 2»%9& -u%ﬁﬁ
90 L1453 424 £.9417 -.000

B -12.8 0 +217 .8860 1.50% -+ 526

8¢ «118 .426 2.168 -+ 160
B -23.3 o L2385 .910 1,644 ~. 541

g6 ¢ <188 .44 2.404 -+ 189
+218 -ﬁ?ﬁg 1.204 o NI
- iﬁt - 29 ga“l --,255
) .149 .560  2.741 <145
9 ﬁ 91?1 k‘&l gaﬁﬁ& "1095

¢ «25.3 o 218 .680 <2669 - 4768
- 1&3 - w 3 t1?§5 - 555
' =144  .552 2.478) -+ 200
- <168 . B41 3.0160 -+ 080
Algebralc symbols: | |

y = log {grams HpO/grams dry sample)

b = slope of regrsasion line

vf : 1 - =
#lops intercept

-

¢ ~12.2

VRO
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