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INTRODUCTION

Freeze-drying has been generally regarded as the
mildest method known for drying meats, but even this pro-
cess has caused undesirable changes in meat quality., The
texture of rehyarated [feeze~dried megt has been fouhd to
be tougher and drier than untreated meats., In addition,
the meat may have a "woody" texture, Apparently something
has occurred during the freeze-dry process that reduced
the water-holding capacity of the meat, Thlis has been
reflected in the meat's inability to become fully rehy-
drated.

Sodium hexametaphosphate (SHMP) has been used suc-
cessfully to increase the water-holding capacity of meat
and fowl, No study has been conducted to ascertain if
SHMP might have a similar effect on freeze-dried chicken
meat., The present study was undertaken to determine the
effect of SHEMP on the palatablility of freeze-dried chicken

meat,



ATVIEd O} LITERATULD
Introduction of I'reeze-Drying

The establishment of specific conditions of temper-
ature and pressure in high vacuum, whereby the physical
state of a food substrete ecould be malntained at a ol tical
point flior successful dehydratihon with greatly improved
rehydration potentialities, was developed by Desrosier
(1963) and called freeze-drying. The term freeze-drying
has been used in a very loose sense, If accurately @efined,
Greaves (1961) has indicated it must be the drying by sub-
Iimation from'a totdlly solid matérial. Undex \gertaln
conditions water may exist as a liquid, solid, and/or vapor.
The intersection of the three phase boundaries has beech
called the triple point., At 0.01° C, and with a pressure of
L,7 mn of mercury, water is in such a condition., The
freeze-drying process has been designed to have water mole-
cules pass from a solid phase to the wvapor phase without
passing through the liquid phase. 'The process has consisted
ol removing nolsture Tréf a ‘frefefi''food witheuwt thawlng. It
has been done in a room, cabinet or chamber where heat has
been applied to the food as low pressures have removed the
water vapor. The foéd is Kept f#oBen ddFinig - -the emEire

process (Desrosier 1963),



freeze-drylng, . 2lsegltnerin, as Lyophildizatl on, - WWas intro-
duced in early 1926 by Carr, as a methnod of treating glands
for pharmaceutical purposes and was developed during the
gecenid iorld Jar g tlilEEer 5 Sleow and expetsive preocese and
applied only to labilte maaterials of hlzh . ialue .such ,as
pharnmaceutical blcod plasma and later penicillin (Birk 1964),

Luyet (1961) described freeze-drylng as a three stage
proecess, The flrsf gteee, Freoafihgy resulied e serara-
tien of water fremi thel tiisisue in the form ofilice aryusiEails..
During the second Stagé ice crystals, were Cansefl. Lo SRl
lime thus removing the water which had already separated
from .the tissue, ' The third stage mas eharscberizcd |y

evaporation of resiaual water.
Effect of Freeze Drying od Meat Juall £y

Freeze-drying of foods has been commercially estab- -
lished and bids to become o signifieant means for proeogss
ing foods within the next decade (leid and Joslyn 1967).
Handy et al. (1958) pointed out that the drying texture and
the decrease of meat hydration & one of the principal preb-
lems 1n the fleld of lyophilization of meat. Brockman
(1962) also found freeze-drying of foods frequently results
in rehydrated products which are characterized as Adry,
spongy, and tough with decreased aseeptability., Connel

(1957) stated that rehydrated meat was often tougher and



drier than the original meat, and in addition, had a char-
acteristic "woody" texture. These texture characteristics
were usually ascribed to decreased ability of the meat pro-
teln to take up moisture during rehydration.

A great deal of research 1s presently being conduc ted
on freeze-dehydration, However, the only major commercial
application of freeze-dried chicken has been in the manu-
Tacture of dehydrated soups, The flg¥or of freeze~drigd
chicken used 1n dehydrated soups has been very satisfactory
but the tenderness of the rehydrated meat has often been
affected adversely, Seltzer (1961) found that the freeze-
drylng of a meat product such as chicken required unusual
care or the product would be tough and stringy with poor
shelf 1life, Only very tender chicken meat of excellent
quality deserved the high cost of freeze-drying. He also
pointed out that any method of drying, including freeze-
drying, tended to toughen chicken meat. Harper and Tappel
(1960) believed the freeze-drying can produce chicken of
reasonably good rehydration characteristic that can be
cooked by ordinary methods and yleld a ready-to-eat product
of good color and flavor, However, it has a dry texture and

is tough.



Effect of pH and Water-Holding Capacity on Meat Quality

Hamm and Deatherage (1960) pointed out that quick
freezing of raw muscle tissue did not decrease the hydra-
tion of muscle nor cause protein denaturation. They
studied the denaturation of meat by means of determining
the water-holding capacity, the buffer capacity at differ-
ent pH values, and the measurement of the quantity of dyes
bound by the acidic and basic groups of muscle proteins,
Connell (1961) believed freeze-dried raw meat and fish
were, after reconstitution and cooking, distinctly tougher
and less julcy than untreated cooked controls, The tough-
ness developing during freeze-drying appeared to be assoc-
lated with a loss of the water-holding capacity of the
muscle, The water-holding capacity, according to Connell
(1961), meant the ability of the muscle protein to hold
watér fipmly in-the form of a gel;

Hamm (1960) found the decrease of meat hydration was
caused by drying and occurred only in the pH range from
bh,5 to 6,5, The maximum decrease of the water-holding
capacity was at approximately pH 5.0. At pH 6,0-6.5 anq
pH 4,5 meats had the same ability to rehydrate as fresh
meat, These results indicated that in the isoelectric
range of dried meat less charged protein groups were avail-
able for binding water than in the fresh nmuscle, The de-

crease of negative protein charges results at pH value 1.P.



e pointed out that guick-freezing of muscle did not
decrease the hydration of muscle nor cause protein denatur-
ablidn, W¥ck-freézidgi@aused a Very small bLué slgfiifligant
increase of the water-holding capacity of meat. Hamn (19460)
postulated that..this was probably a mechanical loosening of
tissue strucdturé due .forsthe . formation of atinyslce wlpsidl s
inside the cells., The “dooesening” of preteln struetunle
produced by quielt-freezing caused a snall dnercase ,6f “fimee
Protein chargesa avallable for binding water., Thus, the in-
fluence of freeze-drying on the water-holdimg capachihOf
neat:was not due to the freezing process but to ‘theMprccess
of dehydration.

Bendall (1946) found that meat with a high pH had a
higher water-holding capaclty when heated than meat heated
at 1ts normal pH. Therefore, the network of new cross
inkages formed by heat denaturation could not completely
overcome an increase of hydration caused by the lowering or
rising of the pi of raw meat. Hamm (1959) found a relation-
ship exlisted between water-holding and swélliwng eapaciy of
meat. The cause of both was the interaction between meat
protein and water.,

Grau (1953) found that the water-holding capacity
of meat was very low at the normal pH of meat whieéh he
S@ver-as being about 5.5. He stated #hat “the ksdelsctrne
peint of meat was about 5.0 and at' the normal pitley HES

gharge of muscle protein was at a minimum, ) Hesfoul fhet



by the addition.of. a.basejithe wabersheldlisng capacdity in-
creased., s reverse effect was caused by the addition of
acid, Swift et al, (3959) also found that increasing pli
Increased water retention.

Suden et al, (1964) pointed out that rehydration of
the freeze~dried: fillebs was mnot influeneced. by cither pil
of the hydrating solutipnm or. i, of the megit:  Fat;eeonbent
had little,effect, on- rehydration,.: .An inerease. in, pi. was
noted during the dehygdration.process.

Killer et al. (1968) indicated that the water-holding
capaciity was.,lower at pd 5.5 than at higher. pH valwes. The
nean value for water-holding capacity was the greatest for
the.samples. having, the highest pd. .There was as decrease
in the water-holding capacity; as the fat level of +Fhe Beat
was increased due to the increase in the moisture to pro-
tein ratio,

Hamm (1959) stated that grinding increased the meat
water-holdling capacity-by increasing. the number of polar
groups avallable for binding with the water molecule and
water was bound better when added after the meat was ground.
Swift.et al. (1959),feund that, the pelative ablility of
muscle to hold added moisture was predictable on the basis
of the original propartions of mgisfure.and,proteins These
warkers found that water rectentiguglasyianversely . related,to
protein content and the ratio.of smolsture to protein was

directly related to Water retenlilol.—=dliisliness and



tenderness varliedimoreciwith® thechanfeiMini moisture content

than in fat content,
Chenical Froperties of Sodium Hexametaphosphate

Clark (1966) stated that sodium hexametaphosphate, also
called sodium polymetaphosphate, has a chemical formula
lagl'gCy1g or Naé(POB)é and a molecular weight of 612, It
has been derived from Graham's salt (NaPOB)n and obtained
when any form of sodium metaphosphate has been melted and
then allovwed to solidify. It has been known folr many years
that the polypheSphates are slirong complexing sgemts,
Hedern theory of pelyelectrolybtes, ae supported by experis
nmental studies on a number of such substances, indicated
that all polyelectrolybtes ten@ied To bind tThelr seournter gions
firmly. This aection has been'éited (Clark 1966) %o be
working in the case of the polyphosrhates, and in addition,
there also appeared to be a specific complexing activity
which could be attributed to one or two individual ICj
groups. In general, it has beemn fourldl that the chalin phos-
rhates (especially the longer-chain materials) formed con-
plexes with a wide variety of cHBLONS.

In studying the lonizatlon pEhavier of some polymeta-
phosphates, Betra (1965) found the degree of ionization of
sonc sodium polyphosphate used in the food industry was de-
termined with sodium ion electrodes: The degree of disso-

ciation of the polyphesphates was ilnwersely proportional to



the nunber of P atoms 1n the chaln or the ring of the poly-
phosvhates,

Effect of Sodium Hexametaphosphate

on the Water-dolding Capacity of lieat

liorse (1955) studied the effect of phosphates on meat.
He pointed out that by changing the pH the phosphates in-
creased water-holding capacity and appeared to improve emul-
sification of fats. Adwantages of the use of polyphosphate
include less cook-out of juice, less "shrink" or "“purge".

In carefully controlled experiments this was as high as an
additional 55 retained juice, liorse also cited the improved
ham color, fat-pocket elimination, and the higher moisture.
Hall (1955) stated that by the use of molecularly dehy-
drated phosphates undesirable changes in color of cured meat
was inhibited, Brissey (1955) found that the addition of a
mildly alkaline salt would increase the pH of the meat and
reduce the "shribk”, “purpe", or "cooked oub” of smoked or
canned hams and other cooked and cured meats,

Grau (1955) pointed out that the water retention of
meat was dependent upon pid and mineral content. He stated
that at a high pH meat has good water retention and that
this retentioh dropped with & loWePing of the pH and was at
1ts lowest at pii 5.5. He stated further that many salts,
such as sodium chloride, vhosphates, citrates, and lactates,

produced a “swelling" or "imbibition" in meats,
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Dopner (1955) observed that hexametaphosphates did not
permit sausage neats yddiretain an overYoad'af ddded swaber,
However, when the water was increased, more water was lost
during cooking.

Bendall (1958) observed marked differences in the vol-
ume of ground nmeat treated with a polyphosphate solution as
compared with the volume of ground meat treated wlthipelys=
phosphate plus sodimm chleoride.  He :suggesbed dtha € tladse
volume differences.caguld be £xpladned rknrsberms 'of Shlte dif-=
férence In lonice istrength of the two rsoluwbtions: sines they
both had the same pH, Fhosphate was regarded as having a
specific swellingreffect on lean meat, The chief stirueturs
al protein actin and myosin united after the animal's death
to form rigild and ilnextensible filaments of actomyosin,
Actonmyosin could be -split into 1ts ' component pritein,
actin and mnyosin, by treatment with polyphesphate.  Only
pyrophosphate and tripolyphosphates showed a specific
effect, resulting in a water-binding effect greater than
was obtained by salt alone,

Hellendoorn (1962) claimed that one of the main func-
tions of the phosphate salts should be their promotion of
the water-binding property of neat. From his experiments
with cation exchangers Hanm (1955) concluded that calciunm
caused the meat to form bridges between the protein fibers

and this played an important part in meat hydration.



5+

Displacenent of bound.caldclium by sodiumm, by means, of ion
exchange or by precipitation, -would give srlse to: greater
hydration. Grau et al. (1953) pointed out that in the same
way the promoting effect on swelling by polyphosphates could
W exndained,

Hellendoorn (1962) concluded that the water-binding
Wwas enhanced by the addlition of the phosphates on the alka-
line side of pH 7 but ds. depbessed oh She aciidysidé | o) Pl 7.
The addition of phosphate salts has increased in both cases
the ionic strength, ile confirmeq the conclusions efiEKletter
(1961) that the polyphosphates resulted in a diminution of
the swelling of meat. when celd, but, augnented swelling af ter
heating. Hellendoorn further stated that instead of the
positive effect expected, a marked depressing effect on the
Wwater-binding was observed with a higher concentration of
the salt. The cause of this depression was not.elear. He
concluded that the elimination of the calcium from the meat
has nothing to do with water-binding capacity. Inklaar
(1967) demonstrated by dialysis and extraction centrifugation
procedures, with and without the addition of phosphates,
that phosphates do not complex with the calcium-bound to.
neat proteins. Inklaar's results indicated that about 60,5
of the calcium and 205 of the magnesium naturally present
in meat were firmly bound to the meat protelns and uere not

avallable to react with added.phosphates.



Popp and Huhlbrecht (1958) took the view that poly-
phosphates did not increase the water absorption capaclity
of meat, but on the contrary; they mePely" restored The
water absorption abilltypostessced bereore ' slanghte of" the
animal, Xlotter (1961): supported’ thls Belief . KlotEi{1951)
stated that the high pH value of alkaline polyphosphate
changed the proteln conflguratidn and-1ed’' v a bintivwe" oF
the potassium and sodium ions by proteins, Sherman (1961)
found the addition of sodium chloride, tetrasodium pyro-
phosphate or alkaline polyphosphate improved fluid reten-
tion of meat, -The phosphates were particulerly effeetifre,
but this was not attributed to their ablilTity ‘te ceomiplex
calcium and magnesium ions., Fluid retention was related
to anion absorption of the phosphate solutions. Fluid re-
tention at 0°C showed a significant statistical correla-
tion (P> 0.05) with pH of the aged solution-meat mixture,
The pH also influenced the degree of solubility of acto-
myosin. The ionic strength of the solutions employed was
important only in so far ‘as 1t controls ‘the rate'of ¥en
absorption by the meat. The greater the ionic strength the
greater the absorption of lons., In all tests Sherman ocon-
ducted, irrespective of the addltive Ubsed,“water elientivi
increased linearly with the increase of anion and cations
absorbed., Folyphosphate produced greater water retention
per unit concentration of anions or cations absorbed than

did sodium chloride or magnesium chloride,
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Domner (1955) found that cooked phosphate-treated
sausaze shoued less shrink than untreated sausage due to
retention of juices during boiling. Reiner (1955) empha-
slzed the effect of phosphates on muscle swelling and water-
binding. Strelling was produced by phosphates and cltrates
due to binding magnesium and calcium from the meat thus
enabling the meat to increase water absorption. He decided
that the "phosphate effect"” was due to pil-increasing and
salting actions especially at a higher pil, Fat emulsifica-
tion and viscosity were considered of minor inmportance.

liorse (1955) clained that the pd adjustment of intact
neat to 7.0-7.4 enabled meat fibers or proteins to hold
thelir normal water content, although certain phosphates
have a narked effect on viscosity of proteins in Agueols
solution. Even fThougsh certain phosphavte salts, especlially
trisodiun phosphate, were good enulsifiers, there was doubt
that the effect on fat was the principal benefit to be de-
rived., In addition to the increase in water-holding capac-
1ty brought about by pH change with the use of phosphate,
there was some effect upon the surface characteristics of
meat. The citrates and phosphates showing the best results

in comninuted meats Were also good nmetal-sequestering agents.

249054 3OUTH DAKOTA STATE UNIVERSITY LIBRARY
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Application of Sodiunm Hexametaphosphate

Kamstra and 3affle (1959) reported on the effects of a
prerigor infusion, of godipm hexawetaphasphate on tenderness
and,certain chenical chapagteristics of gegat,. . Thess.re-
sults indicated highly significant differences (F> 0.01l) in
tenderness of hams infused ygith SHMP wversus hams infused
with water only. The pli and color were lmproved by adding
acid to the SHHP. infusion. -The glyeoszen level gf tressted
hams was higher than the control hams after 72 hours.

Carpenter et al, (1961) reported on cow rounds infused
with 10, 15, .and 207 solutiens, of SHINP.awd a 15% selution
Pind verious lEvals af lactic acid. Tenderness, as report-
ed by taste panel, and shear-press values were improved by
pre-rigor infusion of all solutions and no one level im-
proved tenderness more than any other level.

Rust (1963) injected 2-inch steaks with a 0.03 Ii solu-
tion of sodium hexametaphosphate equivalent to 0, 5, 10, and
157 of the weight of the steaks; the 103 quantity of SHLE
enhanced flavor and increased juiciness and tenderness,

iller and Harrison (1965) marinated steaks in 0,03 i
sodium hexametaphosphate solution for 1, 2, or 6 hours and
reported that marination was of little value in improving
the eating quality of the steaks.,

Spencer (1962) chilled chicken fryer carcasses for six

hours in ice water contalning 10 oz, of polyphosphate per
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gallon of water., The rate of .microbial spollage was  found
to be less for the polyphosphate  treated.ehiskens when deter-
mined by plate count, ultra violet, fluorescence, and off-
odors, Shelf-l1life was JAncreased Wy  1=2 ,days & Loliphos-
phate treated meat resulted in greater tenderness and juicl-
ness but there were no significant differences in flavor
and shear-press measurements,

lMay et al, (1962) chilled eviscerated chicken carcasses
in 0, 4, 8, and 10 ounces of Kena phosphate mixture per
gallon of slush ice solutions for 6 hours. They found that
water uptake of the carcasses during chilling was signifi-
cantly greater for low-level (4 oz./gal.) phosphate solu-
tion than for any other treatment, Water uptake of car-
casses in high-level (10 oz./sal.) phosphate solution was
significantly lower than that in the other treatment. Dur-
ing cutting up of carcasses all phosphate-treated groups .
lost significantly more welght than the controls and phos-
phate treatment significantly reduced welght loss of cut up
carcasses during storage. Treatment did not significantly
influence flavor of white or dark meat but treated groups
had higher mean flavor scores., In both cases, the high-,
level (10 oz./zal.) phosphate treated groups gave signifi-
cantly Jjulcier and more tender white meat than other groups.

Klose et al, (1963) found that the water absorption
during chilling of the chicken carcasses was appreciably

less for the polyphosphate-treated carcasses than for the
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controls but moisture retention in the cooked meat was 2 to
5% greater., Polyphosphate reduced the drip and caused a
color change in the chilled carcasses but not in the cooked
meat., It produced a small but statistically significant
reduction in shear-force value of the cooked meat for
chicken fryers, Differences in taste might have been assoc-

lated with a slight saltiness imparted by the polyphosphates,
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BXTERIMENTAL PROCEDURT

Thirty-six chicken breasts, purchased at a local nar-
ket, were used for this investigation, The investigation
consisted of tuwo separate studies, The breasts were coded
and assigsned to study and treatment within study using a

table of random diglts,

Study I

Treatnept and Freparation., Four breasts were used

for each cooking period and a cooking period required 3
days to complete, Each breast received a different treat-
ment., -

The breasts assigned to Treatment 1 were marinated
for 12 hours at a temperature of 4° C, The marination sol-
ution was a 257 sodium hexametaphosphate (SHIMF) solution
which was prepared fresh for each cookXing period,

Breasts assigned to Treatment 2 were not marinated in
any solution prior to further preparation,

Breasts assigned to Treatment 3 and 4 received no mari-
nation in SHINP at any time,

On the second day of each cooking period the breasté
recelving Treatment 1, 2, gnd 3 were eooited and freeze-
dried, Treatment 1 breasts were removed from the SHIF solu-
tion, placed on a wire rack and allowed .to: drain for 2 min-

utes, All samples were then cooked in individual pans in
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actively boiling water until the interior of the breast
muscles reached a temperature of 88° C, Individusl therao-
couples mere used for this neasurement.  The Bpeaste HeRs
renoved from the pans, placed on wire racks and allotted to
reach ambient temperature, XZach breast 1tas then boned,
skiimed and cut into 13 mm cubes,

The samples were then freeze=dried im.a Vikkthe ARRzcs
dryer for 18 hours using a vacuum of 90 microns, a shelf
temperature of -40° C, a condenser temperature of -45° ¢,
and a stinulated heat energy at temperature of 150 & S
built in thermocouple system was used to determinewbcape na-
tures of the sanmples,

At the completion of the freeze-dry process the sam-
ples were packed into individual polyvinyl bags and stored
at 4° c until subjective and objective evaluations were
conduc ted,

On the third day (evaluation day) of each cooking
period breasts were cooked and cubed using the same proce-
dure that was used for Treatment 2 and 3.

All freeze-dried samples required rehydrations.,
Treatinent 1 and 3 sanples were rehydrated for 10 minutes in
later iwwhich had been brought to the bolling point and then
renoved from the heat, Treatment 2 samples were rehydrated
in 500 nl of a 2,5 SHLEF solution, his solution was brought
to the boiling point, the cubes added and removed fron the

heat. The sanples were .rehydrated for 10 minutess  Folloir-
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ing rehydration all: samples were draimned andprepered. for
evaluation,

Avaluation, The samples were subjectively evaluated

by a tralned panel. eohsisiing.uofy slx dipdigiiduale.. .- The sem-—
ples were scored for appearance, aroma, flavor, tenderness
and julciness using a 7-point hedonic scale (Apprendizx,

Form 1). The samples were coded and randonized in order to
eliminate blas,

Objective measuremnents included shear-press as
measured by a L. E, E, Kramer Shear-Press instrument, pi
determinations made on slurries (10 gram sample and 100 nl
of distilled water), and moisture by evaporation,

Statistical Design and Analysis of Data. A randomized

complete bloclt design was used for this study. Each cook-
ing period comprised a block and the study consisted of 6
blocks, or replications. Data from each measurement were
2nalyzed by means of the analysis of variance, Duncan's

Multiple Range Test and Dunnett's Test were used to estab-

lish significant differences among means,
Study II

Treatment and Preparation., This second study consisted

of three cooking periods or blocks, Treatments 5, 6, and 7
were separately marirated in 6,25, 12,50, and 18,755 SHNP
solutions, respectively; using the method descrited for

Treatment 1, Treatment 3 was identical to Treatment 4,



20

mvaluation, Identical evaluation measurements and

methods were used for this part of the investigation as for
the previously described part,

Statistical Desizn and Analysis of Data. A randon-

ized complete block design was used for this study, also,
Bach cooking period comprised a block and the study con-

sigted of 3. blocks oy replicgtions, ' Bata frem éech

measurement were analyzed as were the data of Study 1.
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RESULTS AND DISCUSSIOIf

Results were analyzed by analysis of varlance and sig-
nificance of differences among means established by Duncan's
Mudtiple Range -Tesdiend-Dunhettis~Pesti— The analysis-of
variance of organoleptic scores and measurement snd evaluva-
tion of treatment means by Duncan's liultiple Test have been
glvernin Tables I an@ II, Means tested by Durinett's Test
have been given in Tables III and IV. Changes, i1 Weight of
sanples for the various treatments attributable to cooking,
freeze-drying, and rehydration have been expressed as per-
cent change from raw samples., These are shown in Tables
III anmd IV,

Tenderness

SHMP treatment did not significantly influence tender-
ness of the breasts but samples treated with 12.50% and 18,
75% SHI'P solution marination and 2/ SHIF rehydration re-
celved ldentical mean tenderness scores and were slightly
more tender than the plain freeze-dried samples. Mean
tenderness scores for 12,505 SHI'P treatment indicated that
the' ERéeated 'sanples” were sinilar- i tentgernese te the fresh
cooked control., This was in agreement with other studies.
Rust (1963) reported that steaks injected with SHiP were
significantly more tender than untreated steaks, but there

were no significant differences in tenderness among steaks




28

Table I. Analysis of Variance for Freeze-Dried Chicken
Breasts Treated With Sodium Hexametaphosphate,

Source of Degree of Sum of Mean F-value Fkean
variation freedonm squares sguares
Cooking loss 7 299,339 42,762 15.16° " 26,87
Moisture content 2 200,301 28,614 2,26  g6,42
after rehydration
pH of raw meat 7 0,070k 0,150 | ADMONICL 6 da0
Shear press 7 165.548 23,649  6.37° " 10,87
#%
pH after cooking 7 0.294 0,042 0. 273 6.41
H*3%
Appearances 7 17.868, 2.551 _i§6.950 4,93
Aroma ? 8,208 1.172  5.99"" hwe
Flavor 7 26,17 * 3,739 @586 . i3
Tenderness 7 3.452 0.493 1.94Nb & 07
Juiciness 7 8.699 1,242 10.40** L,48

5§Sigﬁ1fican€ at the 0,01 level of probabBllivy
IS Not significantly different




23

Table IT. Duncan's Fultiple Range Test”

Treatment Flain Presh MMarinated Rehydrated
freeze-dried cooked

Cooking loss % 29.81% ~—agi2ip UPR guP 30.13%
Shear Press L8, opa 8,46° - 1a,488P ' . amw st
pH after cooking  6.32% 6.30% 6..592 6.402
Appearance L5 1. 4,060 Y., 9™
Aroma 14—.76ab by, g 4.00b u.uéab
Flavor 4,10 5158 3.26 i3
Juiciness L, 248 5.43P 3,922 4,362
T S B B W =, S o Po .

k3

Like subscripts within a row are not significégtly dififerent,
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Table III, Anzalysis of Variance for the Fercent
Iltloisture Loss, I'ercent of Rehydration, and pi
after Rehydration of Freeze-Dried Chicken Breasts,

= = = e —— e ————
Souree of Degree of— Sum.of liean '=value liean
variction frecdon sguares _squares
Freeze-dry 5 344, 58L 68.916 65.516** 2, 32
loss (p)
3
Fercent 5 915,426 183,085 62,334 63.44
rehydration

from sanple

pi after 5 0.25L 0.509 19.339" " 6,61
rehydration

e Significant at the 0701 level of probaglfi%y



Table~diV s Dunnetitis sliesit

Treatment Freeze-dry Fercent of rehydra- pH after
loss (%) tion from the dried rehydra-
Sample tlion
Flain freeze- TOn 5y Sk, 1l 6.43
dried
¢
253 SHMP- 70.39 57.14 6.65
marinated
6.25% SHHKP- 78,22" 87. 99" 6.7
marinated
* 3%
12,505 SHIiP- 78.74 69.78 6.67
marinated
18.75% SHNF- 77 o 67,18 6,57
marinated

“SignitTicantly aifféremt frem comtred
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injected with 0.03 I solution of 3EiiP equivalent to 5, 10,
and 155 6f the wéiglrbiof theér sbesloswlnRidy letdly, ' (1963)
stated that phosphates in the chlll water for poultry in-
creased tenderness of white meat, but no difference was

found bztween treated and untreated dark meat.
Shear-Press

HMean scores for shear-press wWere similar to panel emal-
uation scores for tenderness. However, the results from
the SHIiF-marination indicated some variation between the
swo methods of evalugtion. There were dlscrepanciés in
some cases when samples were judged tough by the taste
panel and the shear-press values indicated them to be ten-
der, and vice versa. (Figure 1) In most cases there was
little discrepancy between taste-panel scores and shear-
press values. Thls was ln agreement with many workers who
dealt with non-freeze-dried chicken including Wise and Stal-
pman (1959), Shannon et al. (1957), Cameron and Ryan (1955),
and Dodge (1959). uells et al. (1962), however, found
that these two methods of tenderness evaluation agreed on
non-freeze-dried breast muscle but disagreed on freeze-
dried breast muscle,

liay et al, (1963) reported that a low level of poly-
phosphate (4 oz./gal.) in the chilled water for freshly
killed eviscerated poultry significantly increased water

uptake, whereas a high level (10 oz./gal.) significantly
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depressed it. However, they also reported inereased julc-
iness ratings in direct proportion teo phosphate levelss In
this study the SHIP treatments seemed to depress the juic-
iness in all cases, the 253 SHliF-marination tended to affect
the julciness adversely. The 254 and 18,757 treatments did
net differ significantlysfrom ene emother but they did differ

significantly from the 6,255 treatment,
Percent of Rehydration

The phosphate-treated samples, except those that had
the 25% SHMP-marination, had a significantly higher percent
of rehydration from the plain freeze=dried sanples and con-
talned a higher total molsture after rehydration than thése
unmarinated freeze-dried breast samples, The order of the
percent of rehydration for- the dried samples, from high to
low, are: 12,503 SHIiP-marination, 6.257% SHiiP-marination,
18,757% SiiiP-marination, 2j% SHIP-rehydration, and 2535 SHNFP-
marination., lay et 21, (1962) found water uptake of car-
casses during ehilling was: sigrificantlyigréster  for Jdeow-
lewe]l phosphate treatment- than, for any etherr-treatments
Phosphate treatment significantly reduced welght loss ef
cut up carcasses during storage. Xlose et al., (1963) also
pointed out water absorption during chilling was appre-
ciably less for the polyphosphate-treated carcasses than

for the control but moisture retention in the cooked neat
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was 2 to 54 greater,

The SHliP-marinoted samples, except those 2535 SHIIP-
marination, had a significantly higher moisture loss than
those of the untreated freeze-dried samples after the
freeze-dry process, but there uwere no significant differ-

ences among the SHlhP-treated samples,
Cooking Loss

SHIIP treatments significantly reduced the cooking
loss compared to the untreated freeze-dried samples., Kkorse
(1955) pointed out that the advantages of the use of poly-

Phosphate included less cook-out of molisture,
pH Value

The medium and high-level treatment samples both had
higher pd value than the control samples (¥> 0,01), as
shovmn in Table V., The low-level treatment samples had a
higher mean pHi than the control but the difference was not
significant., There were no significant differences among
the pHi values of fresh raw samples. The pi values after
cooking were not significantly different among the cooked
samples. Although the phosphate-treated samples had a
slightly higher mean pi valve, pi values after rehydration
were not significantly different. The 6.257 level SiiiF-

narination sanples had significantly higher pH value than



30

O \O\0\O\ON\O

dehydrated

dried

NOoO NINOWN
IS NAYSESEAYN

O \O\0O\O\O\O

liarinated Cooked Freeze-

O O WO\
HNOAHNO

\O\D N\WO\O\O

"resh

— O N0

Sumary of pd Chaenges During Various Trecatmentes

o,

Treatuent

Table V,
Flaimn
freeze-
dried
I'resh
cooked
control

NN oo
MO 0N\ NN\0

O N\ O NN

2% SHIF-
rehydrated

O OWNO OWN
O -\ O \O\ON\O

0 \O0O\O\O\O\O

254 SHIP-
narinated

6,60
51,50
€.60

O O\
N

\O\O\O

6.25
6.20
6.30

6,20
6,20
6.30

VB 258
SHIiF -
marinated

O;-;

-d

L
SHIP-~
marinated

12

no o
= NN

\O\O\O

nmwn o
aNM

\O\O\O

o No
AN

\O\O\O

6 w55
SAID-
narinated

G A5
6.25
£ 30

Ee o
€. 10
6,1%

control

resh
cooked



31

any others, Several workers, iamm (1959), Swift et al.
(1960), and Sherman (1962) have expressed the opinion that
one of the functions of polyphosphate is to increase water-
holding capaclty-of .meat and,that part.ef bhe effeet is
attributable to change in pH, Hamm (1959) stated that
polyphosphates increased hydration only at pl values greater

than 5.5 and that the effect increased with ircreasing pH.
Appearance

Appearance evaluation showed a statistically signifi-
cant difference hetween the SHINF-marination treatment sam-
ples and the untreated samples, The SiiliP-marination seemed
to have a deleterious effect on appearance, Fresh cooked
control and plain freeze-dried samples had a significantly
more acceptable appearance than SHIF-treated samples, The
25% SHiiF-marination affected the appearance adversely. The
12.504 and 18,753 treatment samples did not differ signifi-
cantly from one another, but they did differ Significantly

from the 6,255 treatment samples,
Aroma and ©™lavor

Aronz and flavor scores were similar to appearance
scores, +resh cooked samples and plain freeze-dried sam-
Ples were significantly superior for aroma and flavor to

SHIP-treated samples which were not significantly differecnt
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fron one another. However, the 255 3HIP-narination sonple
recelved the lowest arouma and flavor, S8@rE; 1t had-a salty
bitter flavor and after taste. The 18.75> marination san-
ple also seemned to have a DiSter Caste .and was slightly

salty.
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SULLIADY AITD CORNCLUSIOIN

A randonized conplefe bloel: dESkEw SEME Zhhe thirty=
six chicken breasts was enployed to evaluate the effects
of marination in 6.253, 12.505, 18.757%, and 255 levels of
sodium hexanetarhosphate solution prior to freeze-drying.
There were nine blocks of four breasts eaels, Thede Tiiie
blocks were divided into twe parts, The Tirst pesrt coen-
slsted of six blocks., Two breasts of each block were mari-
nated by different metheds. The first was marinsted with
2575 SHIIP solution prior to cooking, the second was rehy-
drated with 2,5 SFIP solution during rehydration, The re-
maining tilo breasts were not treated with sodium hexaneta-
phosphate, the first only freeze-dried, and the other was
cooked fresh for each bloek, The second part consisted of
three blocks. Three breasts were separately marinated by
6.254%, 12,505, and 18,75% SHHP solutioms. The control
sanples were cooked fresh, as described above, for each
bloelk.

Tenderness wWas not significantly affected by SHlIP-mar-
ination as measured by panel evaluasion ssores or by L. E, H.
Kraner Shear-FPress, lLiarination resulted in significanf
change in Julciness or pi. The JulCiness wps socumeyhat de-
pressed by phostvhate treatment. A Slgnificent dJdiffercace
in color was noted between the SHi.r-treated and untreated

sanples, The phosphate-treated samples had significantly
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inferior color to untreated samples.. Flavor and aroria
scores were similar to appearance seores, Fresh cooked
sanples and plain freeze-dried samples were preferred for
aroma and flavor over the SHliP=-treated samples,

The phosphate treated group, except those 2575 level
SHliP-marination, had a significantly higher vercent of
rehydration than the  freeze=dried samples, -and conftalmed a
higher molsture content after relydratficoh then the plaia
freeze-dried .Sanples |

There were no significant differences among treatment
for percent of molsture after freeze-drying. Freeze-dried
loss of SHIF-marinated samples was 3 to 5% greater than
that of the plain freeze-dried samples,

The data suggested that marinating chicken breasts in
different concentrations of sodium hexametaphosphate solu-
tion overnight gave variable results and was of little
value in inproving the eating quality of the freeze-dried
chicken but did tend to affect appearance, aroma, and

flavor adversely.
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AFPPEWDIX

Fform T

ilame Date

Chicken cubes should be creany in color, have a con-
pact and non-stringy appearance, The aroma should be
pleasant and mild. The flavor should be mild and pleasant
and the texture firm and slightly chewy. The cubes should

be moist and not watery, dry or powdery to the tongue.

Key: 7 EXcellent 3 Peow
6 Very good 2 Very poor
5 Good 1l Unacceptable
L TFair

Samples

Code:

Appearance

Arona

Flavor

Tenderness

Julciness

Comnents:
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