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 Beef’ LD steaxd uere frozen and stoted 10 days or 1i95~

i-iidays in "each .of threeAfypee_of household freezers, r(1),
'"njone-door refriqerator-freezer. r(zy. tko-door 'frg’tfree'
':refrigerator-freezer- F??), nnriqht honsehold fﬁeezer.“ !he
frozen LD steaks vere thawed by three nethoda, refrigerator

*:.tenperature (nr), 5;roon telperature = (RT). | and oven

j"tenpereture (OT. cooked directly fron the; frozen state).. .5

'”rresh LD steaks served as a control.; L‘ _-xfa ' 'v‘f”'

o rresh LD steaks and Lp: steaks frozen and stored 10 dnys
. vere sinilar Ln appg.rance and color. ;fercent total lqgses

S
for: steeks frozen and stored 10 ddys uere higher than the

”-,total losses of conyareble~fresh stqﬂis. Percent cooking fﬁ

.iflosses for both the fresh end_the frozen stenks stored 10

%

z'idays vere sililnr.; rrozén steaks stored 10 days uere T

-softer, uore tender, had less residnal connective tiasne, -

”xf'and were nore -eety buf less jnicy then conparable freeh

EEsteaks.. Initlal flavor and overall\acceptebility scores for

fboth the. fresh.steeks and frozen_etenks stored 10 deys vere

}sililar._: Percent ether egy

"aggg percent totnl -oistnre. 4:JM

| B uater holding cnpaclty, ehear ralne and TBI nnnher were not ’; )

'fsiqnificantly effected b! 10 da!s of frozen storage.df'i

'”{stored for 187 days.: Percent total 1osses, drip;




)

ﬂ<total cooking and volntile losses increased significantly

nhbetueen 10 and | ]87 days trozon storage. rrozen steaks _
”_vstored 10 days vere rated significantly higher for each of
:ﬁthef palatnbility characteriatics evalnated than conparable
:d:sanples stored 187 days.‘ rrozen steaks stored 187 days hnd

qreater ivater holding 'capncity than conparable ste&ﬁs

f

L 'fro:en for the short period of tine. ‘larner Bratzler shear '

"“wnloeq uere not significantly affected by 1ength of - frozen
N - . _._r. o . :

stotage.

. .

' steaks frozen and stored 1n r(3) vere~'snperior Jinn
-.appearance to steaks frozen and stored in either P( 1) or L
P(Z). rotnl 1osses and drip in thhv of LD steaks frozen and

',stored in r(3) and r(zt were significantly lover than the |

:-g'total losses 'and drip in thav of colpnrable steaks frozen

‘pand stored in 3(1)., Percent cooking 1osses were sinilar for g

’f_steaks £roZen and stored in each of the household freezets.~

"-"tendernes

: L
-*;Steaks frozen and stored 1n P(3) and P(Z) were softer .and

Aifhnd 1ouer shear velues than conparahle steaks frozéﬁ and
ﬁ'stored in P(1).. Hovaver, LD steaks, frozen and storedn 1n f

:esddual connective tisshe leatinehﬁ gnd

" Gach of 'the ho-e 'fxeezel.‘s were sunar *»*:1: jui,

- overall accep 'ility. Initial flavor scores-er steaks

frozen and stored in 2(3) and r(1) were sigﬂificantly higher
. ‘ y
than scores fof conparable steaks frozen and storedéin r(i).

rrozen steaks thaved prior to or dnring cooking took
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1onger (P<0.01)» to reach the 61° endpoint teaperature than

- aia conparable fresb.LD steaks. The cooking time for OTp

- steaks~ vas: ~significaat1y «longer than ‘the. cooking tiae ofw”;

b

conparable RT and RP . steaks. Percent tdtal losses for LD
steaks thaved before or dnring cooking were significantly”ﬁa
higher than the losses of freSh Lp steaks. Generally there;_:
.were 'no significant differences in the cooking 1osses of;_“

either fresh and R? steaks or fresh and nr %teaks., aovever,;

total cooking and volatile Iosses .of the oT steaks wereff'
higﬁer .than‘ siailar losses of ‘COlpatable fresh steaks.;iii
Thete vere only slight differences in. the palatahility :
fresh steaks and fro:en steaks ‘thaved prior to or duringbfw

cooking. The eating gnality of RT steaks uas slightly ?lore}1>

v'desirable than that of Rr‘and OT steaks, houever, a11 the“

o steaks 'thaved before or dnring cooking | uere judged;-”

loderately desirahle.i : = ;3ﬁl SRR

";_ pata for the coebined effects of freejdng, storage and”'

thauing indicate that the besf consn-er practice to ,use is;,

frozen 'storage in r(a) folloved by tnauing at either BT ori

RP, regardless of the length of frozen storage. Frozenh ‘

storage (10 or 187 days) in P(1) colbined vith GT thauing isi

e

the legst desirahle practice to use. .. C .

<
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. . INTRODUCTION |

Accordlng to wllllans (1966), approxilately 80! of ';11-'
réa meat. purchased in supernarrets is later frozen at hOnej
and stored until . used. - ' Differences in the. lethods _ of
freezlng bneet 'ahd‘ ih the handlinq of frozen leats in the 
) hone are attrlbuted to the facxllties 'avallable,'“kqovledge
) of using frozen -eats agd personal preference. VA enriey ofﬁj

.people uho.freezehpeat (Bald#&n et al., 1972) revealed that'
reu6$ of'toe respon&ents,nsed "home ° freezers, 341 used two-door
‘ refrlgerator-freezers, and 285 used one*door refrlgerators.

’gThe -Aeffects of current hone freezlng lethods on “the

palatablllty of beef have not ?een studled extensively.-llln."'

addltlon, the effects of the 'frostfree" refrlgerator—;:"

.

freezer, Currently pdpular vith consulers, on the' guallty:

_ characterxst;cs 'fof heef : requlre _ 3nvestxgat10n.'r}Thef+'

"'frostfree' rqfrigerator—freezer differs fron other current.‘fv

X

};ha-e. freezers ‘in that the 1nterna1 telperature of. the}
S

freezlng Sectzon rlses above 0° dnrxng the defrost cycler

The survey of Benson and Ivey (1961) revealed that oneff

. day was';the';-eéxan, length of fresh neat storage tzle fori:Fj;

beef~roasts andiSteaks, vhxle the ledlan length of frozen;“f

Lstorage for s;nzlar leat cuts vas tuo weeks.» iexdenhaler ef*‘:

A

al., (1969) 'reported that lengths of hone storage t1-e fpr

frozen meat varled fron one week or less to ﬁSit .lonths or .

°



nore. - Research is . needed to evaluate the effects ‘of short
and long freezer storage tines, currently utilized hy

-consuners,ern_ the palatability of leat held under typical

" home conditions.

g Heidenhaler et ala, (1969) reported that 67% of the
’ espOndents 'fvho i froze . leat usually thaved the leat
r-co-pletely before cooking it,_vhile only 5% generally cooked .
':the leat from the frozen state. -Results of a consuler\
'snryey onducted. by Benson and Ivey (1961) indicated that
féSS of"the: responding honelakers defrosted frozen meat
c,before cooking it.‘ of the honelakers vho defrosted meat,
- 80% thaved it at roon tenperature,_uhile 19% defrosted bthe:‘

/

'neat n_ the 4refr1gerator. Nulerous research reports have

'g;discussed the effects of thaving on' the palatability " of

t'_beef. HoueVer. inforlation availabler in the literature

JV‘co-paring the gnality of frozen leat defrosted hy consumer
'technigues and fresh neat is lilited.ﬂ Research is needed to

*Q-eValuate the effects‘ of consuner’ freezing, storage,and_

A,

';phthauing practices on the eating guality of leat.

.9

uuch 'of the published inforlation concerning ,the

ﬁﬁ:;effects of- freezing: storage,g.o " thawing |ethods on the

.J”:?palatablllt] of beef has:been obtained from: stndies vith ‘

‘fsteers._ Bouever,~ incre351ng consnler de-and for gualityf

“'flean leat and rising prodnction and larketing costs of beef

‘ghave fstinnlated interest in the production of beef from .



:'dbulfew The effects of consuler handling practiceé on“~tne'
'éulatabllltr .of leat fron ~bulls requxre investigation._
T_Therefore; it‘lis llportant' frol the Standpoint of the
:consuner; *rhe producer and theA processor to study the.
‘lrelative éffects of current hone freezinq, storage and

; thavzng letnods on -the palatabxlity of meat fro- bulls. |

This study uas deSLgued to deterllne the bffect of three'

' ?f.hone freezing nethods and the effect of three co-nonly used

thawlng technignes, on selected ‘characteristics of . beef;
'longlssiius dorsi (Lﬁ) steaks, vhlch vere obtalned fron
Tbulls, and frozen and stored nnder typical hone conditionc
for 10'~and 187 days. rresh LD 'steaks were used as a

'
l

control.



._'the tenderness, textnre and jniciness of neat. ' A

LITERATURE REVIEW o \

_Pactors Related to the Preezing of Muscle Tissue ‘\ ,

-Before\the effects‘of freezing, stornge”nnd thnving,are
| discussed, it nay be beneficial to consider the strnctnre of
a nornal fiber fron volnntary lnscle and hov it is affected "l
'by freezing. i Observations' nadei by Hiner et al., (19u5) .\\
concerning the histological charncteristics of beef shoved
that nor-al‘fibers tend—to be round or oval in cross/section
_ bnt variable in dialeter and 1ength. Bach fiber i; nade up i
of contractile nnscle snbstance enclosed in a tight sheath,‘_
the sarcolenla. A nunber of these fibers held together by

interstitial connective tissne, (endonysinn) nake np | a

' bnndle. and in turn,'a nnnber of bundles nake up a nnscle.»

A nnscle conSists of npproxinately 75! vater,‘depending
on its fatness (Paul, 1972, p. 353).' A large proportion of
- this ‘vater is held within the nuscle fiber. Changes in the E
hanount of water present and in the extent to - uhich it is /

/-

bound by the nnscle conponents are considered to inflnence,
Ny

/'/~ i
Hhen vater within the lnscle freeies,-'it tends‘;to‘

crystallize as pnre uater (Hiner et al., 19“5). 5The nnnher

-’and size of . the crystals forled depend on the rate of

N



.. . o oo »

nucleation and the ratd” of crystal qrowth, vhich nrew

v

tenperature dependent (Herynan, 1956). Crystal nucleationf

is the aggregation of . a group of nolecuies into a tiny‘f'

ordered particle' (Pennela and Powrie, 196a* p;f 2au).v*77"

"Crystal gucleation occurs rapidly at lov telperature, vhen -

critical size. the . 8ize at vhich there is lan' equal chance'«5'

N for the | nuclens to grov or dilinish;Lfis‘ snalle,_ hnsdﬁ

. T
'nncleation occnrs betveen the tenperatnres of 0° and -390
(uerylan, 1956). In contrast to crystal nncleation rates.»
" the rate of ice cnystal grouth decreases,fvitn-:decreasing"

te.peratnre..- T S B LI e
| Hi.n'er “ana. ua‘nkins (léux'l)’reporéed that when beef cubes
vere frozen at —7° (slow freezing) the vater was vithdrawnﬂ

® .

-fron the fibers and frOZen betveen theg, creating 1arge ice“'rt
~ areas and frregular bunches of luscle fihers. ' ihen the‘.

\\ .
_freezing telperatnre vas 1owered to -18° the\t\nnsfer ofa

/water 1nto the spaces between the cells decreased,d“andu{‘

,ulnt:nfiber ice crystals forned. As the freezing tenperatnrefﬂ
lldecreased frol ,775 to .-80°'-the size of the ice-crystalsfi

’V.betveen the ﬁ;bers decreased, vith .some. splitting of thew

' J,fibers.; . Pa therlore, -Js the freezing rate increased,'

precipitated groteins and nnclear fraglents uere~ nore-'nnd
nore in evidence. . Sinilar descriptions"ofﬁﬁice crystei':
-fornation uere given by ga-sbotto- ‘and Keoni.li_193§} -

hanspotton‘ldnd xooni371§?1; Hiner_ef ;i.,g19n5;=§ajsnot£bq'

\
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Crystal size could be cOntrolled if a11 crystals, once

‘i-forled, renained nnchenged in size- dnring subsequent—frozen~—

B storage and thaving (rennela and Powrie, 196“,‘ p.. 253).

~nouever, ice crystels tend to enlarge (recrystallization)
‘during frozen storage and the early stages ofvathaving.
;’Recrystallization,. defined as the preferential growth of
fjlarge crystals at the expense of slaller ones (uerylan, '
2}1956),_,stf telperature . dependent. .'jLoi:’ and uniforl
-»e'terperatures.‘linilize re:Lystallization . dnring frozen
'7?store§e.l:°1tl very lov tenperatures, recrystalliﬁ:tion is:;

Lrelatively slou~ at telperatnres 'near the lelting point,‘,'

- recrystalizstion is rspid (uerylan, 1956)., uoran and Hale

i];(1932) ohserved a larked 1ncrease in the crystal size of
afrozen leat stored at -3° Bbuever, no crystel grovth vas
"5,ohserved in frozen beef steaks stored for one year et —12°'??
—3u°. (Ransbotton .and Koonz, 1941). RectystalliZation t:
| ,that occurs dnring thavinq can be linilized by rapid thaving f

:(?ennela and Povrie, 196“, p.'°257)_~“zﬂ-;<~

Bffects of rreezing, Storage end Ihaving ou Selectedogttpﬁfv

o Characteristics of ueat

| .elgr.snd.lrzse_snrs

Ralsbotto- and’ xoonz (1941) stated that the 1argei“ioer; 
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: gcrystals foried*ﬁlehlneat is frozén slo 17 canse the neat to

“fonly the effects of surface oxidation are responsible for :"

&
*appear dark. dwhereas“slall crystals f rneq in aore rapidly ’

_;frozen -eat result in aore 1iqnt scntter ng and a 'lighter -

_“appearance." Bowever, 1f the Optical eff'ct produced by thefd
-ice crystals vere the onl’ factqr affectin. color, defrostedd'

leat Vould have a snrface colot sinilar to) fresh unfrozen'fv

rleat. Rikert et al., (1956) reported that érevionsly frozen.

and thawed leat vas initially lover in redness yﬂluel.

B

(darker) than fresh neat. The additional color changes nref;

”.1'the result of piglent oxidation (Ransbotto- and Koonz,j,-

[

1941).A In the fro:en condition, 1ce crystals and snrface;"

7;oxidation of lyoglobin contribnte to the dark color, vhereas"‘

| <rthe perlanent discoloration observed in thaved cnts.jf5fv

. ‘_jL.

Gnenther and Benrickson (1962) noted little difference,f(

‘1'1n the colot of thaved steaks vlth respect to freezing,?:

“i:)'epggared dnrker than nore rapidly frozen neetl“7

‘io:age, lyoglobin end oxylyoglobin arelﬁf?
'“j paﬂaucing a darkensd brovnishgf;

Beef sanples vere

'-tro- -3° to.-29° !leat

,'atures ranging fro- ff@‘f to ‘*859 g Jakobsson andlz;t

(1973) obserVed that after thavihg, slovly frozen;3¥
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i stored at —3° uas discolored in le s’than‘30 days, 'vhereas f
't conparahle sanples stored at ~zg: uere still good in color‘.r‘
. and appearance after one year of storage. : Ransbotton and}.t

‘Koonz (19“1)‘“froze*°and stbred steaks at~-12° and -3a° forim~~

”;-one year. Steaks frozen and stored at -12° appeared darker

than coaparable steaks frozen and stored At -3n° Thisfv'
darker color was attrihuted to the conbined effects of large
iceA crystals forned during freezing and accelerated_‘.

oxidation of nyoqlohin to netnyoglohin at the higher storage

i
teaperatnrer Cnts frozen and stored at -340 vere relatively.”

1ight in hoth the frozen and thawed states. |

l

’t Freezer bnrn' lay 'develop"on the surface of frozen“

stored neat.,*lt telpetatures of -12° —18° —23° and ‘-290 ‘

the anount of freezer burn vas in direct relationship to

tenperature. heing very slightgpn neat salples stored atr“

-29° for one year, and extensive on sanples stored for one:Q'<

year at -12° (Raikbotton, 19“7)., Jakohsson and Bengtsson-c~
(1973) fonnd no evidence ~of freezer bnrn on heef slices'V

frozen at three different rates (liguid nitrogen, air blast*'

| and still air) and stored for np to nine nonths. Bannisterii%

(1971) occassionally observed spots of dehydration or'fﬂﬂ

frosting or both, on lignid nitrogen frozen and hole frozenvi‘
pork 1oin chops stored for up to fonr veeks, bnt neitherl .

dehydration nor frosting uere extensive”/_5£~ L



Several investigators hate‘reported that'drip in thae‘5

L R

el-is related_to_freezing tenperature; slou freezing resulting{,,”

+in greater loss nd rapid freezing in 1ess loss (Ransbotton:-
,‘and Koonz, 1 Ql | iner et al.,7 1945; Hiner= and Hankins,'*
‘19u7- Jakob son and Bengtsson,.1969). The higher dripglosst
associated v th the slou freezing telperatnres is ‘believed
:.due to loist re freezing largely outside the lnscle fibers.

On thaving, the loxsture is not reabsorhed by the dehydratedv

fibers, and conseguently drips fro- the neat (Hiner ot a1.,5;'

: 19u5). In contrast, Pearson and uiller (19§0) observed that't
there vere no'tsignificant differences for drip in thav:

- «® .
_betveen beef steaks frozen at each of three freezing rates .

'¢b(slov, internediate and rapid).,; Jakobsson and Bengtssoni“

-i‘41973) reported siailar findings for beef slices frozen Vith“:c
S liqnid nittogen, by air blast and in still air.- Ransbottoni

~band Koonz‘ (1939) stated that the - fteezing | rﬂte-driprb.
"nvrelationship existed only vhere the exposed cnt snrface areal.‘

”“vas large in relation to the volnne of ieat.‘>

A Y

Percent drip in thav increases as the length of freezerﬂ

ff'storage is increased (Raasbottoa and Koonz, 1941-'Pearson*'

o and uiller. 1950* Lwad et al., 1968), dne to the tendency of

kice crystals to enlarge during storage. 3 uoran and Balee“
'(1932) stated that frozen storage tenperatnre vas very"

'inportant in tequlating the anonnt of drip from defrosted:"e'
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beef. amdl that increaeed drip occurred at higher'.
v»telperatnres. Hovever, Balsbottol and Koonz (19“1) reported

-dtenperature of freezer storage had little or 'no effect on¢

‘"regulating drfﬁ‘ ‘"+“ﬂﬂ$71" 'i;’°""17‘ff"L”“:
Thav tenperatnre and time appear. to -influence the'

"'volule of drip in thau fron defrosted neat. Lverage;Vé
T.defrosting losses Hdrip in thav) vere greater for steaks
'thawed in the refrigerator (6° for ue hours) than for steaks

thaved at roon tenperature (23° for 8~hours) (Brown, 1961).‘:wd

.:iwesternan et. al.,v(19ﬂ9) reported qreater | Frcent drip in

Ztrthaw for steaks defrosted at rool tenperatnre in cohparison

Ytuith ‘ refrzgerator 5 thaved ' steaks,'. hovevetixx, the-

: tlle~telperatnre relationships vere ﬂot lentioned."

| Bnpey (1933) reported that drip in thau was prinarily a
function of hydrogen %’n concentration and that freezing and
thaving had no 1nf1uence “on drip.f Little or ‘no’ drip is
'?evldent vhen the pn of beef'lnscle 18 betueen 6 2 and 6. a'ff
‘(Blpey. '1933;. SaLr and Cook. 1938) hovever, as pB dbcreases, d'
'f"the volu-e of drip in thau gradually 1ncreases to a lGXiIUI.HH
CatpE 5. . oo
S oo " T

Caw T

f Preezlng and frozen storage te-peratures do not appear

"_to inflnenoe' cookinq ti‘éb: There vere no signifacant‘”
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differences in the cooking tiles for pork loin ch0ps frozen, .

and - stored xn three types of hone freezers (-9d “-20° and

‘f—22°) for one and four veeks (Bannister, 1971).

ueat cooked froh the” frozen , state ‘reguires

approxinately tvo to three tiles longer to cook than freeh:'

- or thaved neat (Vail et al., 19&3. Lind.' 1969- Bannister, .

*j1971)._‘ Brovn (1961) reported the average total coohing_ »

;tines for steaks defrosted at ;roon~ 'Or- refrigeratorfT

| telperatures wereu sinilar,‘ although the Initial interhal"

.“telperature of the steaks thaved at roon tenperature was;lfﬂ

?fhlgher than the initlal internal telperaturelof conparahle';

§ steaks thawed in the refrigerator.

Cooking losses (tqﬁal, rolatile and drip) for’"froren |

i

ljneat are higher than losses for fresh eat (Pearson end’ﬂ

;.uiller, 1950- s-ith et al.,_1969- Bannister, 1971"Berry
al.,. 1971). In contrast. Slith et al.. (1968) reported thet.-

f*freezing did not affect thercooking losses of frozen lalb,t*

‘FChOPS.:lJT - '@getbv:!§\_.:;..?
- EUARIRE «“L‘;h;,\ '

. Lind (1969) noted that total cooting end drip lossesf_-
,;tended to be greater for lanh rib chops frozen vithwlignid;fj;

ﬁﬂnitrogen (—106 5°) than for chops frozen in novinq

=299 or i still air (*1801, but. the differences wers. not_ff_

5'-'-';__._;-a__waye significent. COoking lossee uere sililar for chOpsdf;

- frozen “at either 1—29° or -1a° 'na:nister (1971) reportedfgf
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iﬂthat total cooking and drip lolses uere higuer for porkyy%'
'chops frozen by 1iqnid nitrogen than for chops frezen byﬂh'

‘?hoae nethods.; rhere uere no significant differences injﬁ&;

'cooking losses betveen chops frozen in each of three:ﬁ;

f-household freezers.

\

Pearson and uiller (1950) fodnd that freezing rate:;ﬁ
‘](slow. interaediate and rapid) did npt inflnénce the cookingf"‘ﬂ
ilosses of heef steaks.} Eovever, as che length of freezerlf'
'storage (-18°) was increased fron 0 to 90 days. there ias ai?nﬁ
-_signifizant increase in cooking 1osses.- Lav et al., (19‘7)1.1
ftreported that cooking losses (total,:wolatile and drip) £°:le
”ibeef loin and top-ronnd steaks did not increase between oneiﬁ;

\ L :
‘zotal

" ‘week' and’ six aonths frozen storage at, —18° to 2§f’"'
‘cooking and VG%atile 1osses £or the loin steaks incretSedﬂ};

'e_(P<0.01) after a s;orage period of nine nonths. ‘ ﬂovever.@_i'

vc*therer Here no significant differences in drip losses7for5j‘
‘1floin steaks or in total cooking, volatile and drip 1osses;gf

f5for the top-round steaks. attribatahle to nine aonths frozen?ii

ifstorage.

iflossesa forw porkkchop,_increased between_
:_?of frozen storage, whereas~ drip ' 1os=es ' decreased

';Differences betveen storage periods were signitican onl

'z'for volatiae@ff”f“'”
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studies.’;ﬁ'f

refrigetator tenperature:
mmo

coo)d- g losse@ attributable to Athauing \ lethod vere not

L]

oven).l The results‘indicated that diffetences in the

codking ((1750 -ﬂven) and in 'rup

"“ithe frbzen state.ﬁ EoveVQr, total lossqg*(dri.;i thav; :
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teporksd‘thaﬁ frozon chops cogked ttbn tho trozon ltatc h:?“
. ‘i"

vﬂ greater oOoking lossea thaa, frozen ¢hops thavod az tool

:jftppperature.; Hh.n thé drip in thav and cookinq logaos ot
f;ﬁtha chops tha'éd betora cooking vere'conbined and qohparod
@-vith tho cooking losses of chops 'cooked tro- .the £ro:cn .5
f?Astate, Athe diffetencas vere ngt significtnt. The éooklng

'fflpsSés fat beaf stoaks thaued at toon totpntatnre (23° fo: 8

”’:hqutS) or refrigerator tenperature (3° fot OB ,x

'ﬁf’sililar (Brovn. 1951)' .'7‘”

Lo ,.a f,‘ e . Lk ’ . - L N
Brady uc."-" a1. v (1942) thaved qnj.c | frcpzewaud
eqvftozen tonnd stehks at roon teapetatnre and dnt!ng&cooxiﬁqwﬁm'

w Ik }:'

ff;snﬁater total, volatile and drip loSses wete fonnd uhen dl\‘f‘

A3

~§
k]




(less tender) than frozen steaks. Davson . et .al., (1959) .
found ' little " difference in.tenderness betueen'frozen-beef
 and unfrozen beef. ”ﬁ‘

Hiner and Hankins=(i9a7j'reportedlthatfas ttelperaturesar
' of freezing .vere 'lowvered fronb47°.to -800°, reSistance;ton
vshearing decreased ‘(tenderness increased). 'Theyi.attributed :
this change to the 1ncreased flber splxttlng and breaking or;*
stretchlng of the 1nterst1t1a1 connectlve txssue surroundlng'
" the nuscle flbers and bundles by the ice crystals. Guenther
~and Henrxckson (1962) reported steaks frozen at -23° or -
below vere sllghtly more tender than unfro;en controls, both -
1nied1ately after freezlng-and, after 12, veeks of . frozen;
Zsfofqge;‘ . oo : : :

= -
.o

_ Snithv et al., (1969) co-pared fresh and frozen stored_f‘
‘boneless beef r1b steaks 1n a tuo part study.- Treatnentsf :

for the flrst part uere- fresh, unwrapped at 20; vrapped,-.

o

frozen and stored at'-23°° unvrapped, frozen and stored atf

-23°~ /and vrapped,v frozen and stored at —3a° Storage"

periods consisted of 12 to 18 hours fbr fresh -steakso and

’ four to six. veeks for frozen steaks.. Por the second part of,

PR Y

‘the study,- treatnent groups vere fas follovs- .fresth'[

unvrapped at 2°- and urapped, frozen and stored :at 5:3u°9
Storage perlods cons;sted of 12 to 18 hours for fresh steaksAr

and three 16 veeks for frozen steaks.f_There.uere uoh,

JsignifiCant_“differences in ”shear'-value' attributahle_:tof\

[
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f;eeiing,.,faé fsteaks ;froren at =-23° and -34°.. Hovever,
freezingtdecreaseduthe,shearing~resistance of steaks frozen
' and “gtored. ' at -305 ,Q‘Thef aathors  (Smith et al., 1969)
‘attrlhpted the contrasting effects on tenderness, resultlng_
froa .free21ng,' to differences in the length of frozen
.stqrage. Plndlngs from the second part of the' study, Cin
'vnich, steaks_ vere stored four nonths prior to cooking, in_‘
contrast tojtheZShorter (four to six weeks) storage periodl
f’ - all 'otheszsteakn nairs, indicated that the length of\
“frozen storage. Iay have a significant effect. on. the

tenderness of beef steaks.i“

Pieid et al., (1966) stated that long‘periodsvof frozen
;storage ‘(12 to 355 days) at -23° resulted 1n sxgnificantly
:‘lower shear force values for beef. In contrast, Pearson and'
: u;{ler,h~(1950)' found _steaks sheared at 0 days.,-iere

;sinnificantiy ‘more tender than steaks stored for 90 and 180e'
:dafs.‘vLavlet al., (1967) reported that frozen storage of up
.'to;ninefqonthse‘at -18° to: =239 did not influence the
. jtendernesS'ofabonelessrloingsteaks, B S '
'ueéorts in the lzterature 1ndicate that’ no signlflcant
d;fferences in leat tenderness result fron varlations in theTj
.;thavlng ofzfrozen leat... Sllth et al., (1969) found " BO
aSLgniflcant difference in tenderness vhen paired steaks vere‘

,cooked fron eather the frozen or thaued states. Va11 et -

'.;_al., (19R3) COnpared the tenderness of beef steaks thawed by
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three methods: rooa \telperatnre‘ (15 ’honrs), refrigerator

'tenperatnre (23 hours) and during cooking (200° oven). - The

data 'for_ Warner Bratzler shear indicated that cooking

het)

directly from the frozen state wvas "the least desirab;e'

method of thawing. Brown (1961) thawed beef steaks at' room -

temperature (8 hours) and in the refrigerator (48 hours). .

'Initial tenderness scores were significantly : higher for

steaks thaved in the refrigerator than for steaks thawed at

room temperature. However, there were no significant

differences in tenderness ~ scores, based on the nnnber of
cheus, attribntable to thaqing method. Shear force valnes
vere nigher' (P<Q.05) for the steaks thawed at roon
. temperature. ‘ ; » '> | | |

\

deterloratzon . of flavor caused by the developament of .

e oxidative»rancidity durinq'prolonged freezer Storage. Law

et al., (1967) stored honeless loin steaks at ~18° to’ —23°';;
and reported that frozen storage ap to nine nonths did ;not'

1nflnence the flavor scores, although thiobarbitnric acid

“

valnes increased sign;ficantly ~between one’ veek and six

The najor problea encountered with frozen neats is the -

"nonths and between six and nine lonths froten storage.. i

Baldvln et al.. (1972) noted that flavor scores for heef .

pattxes frozen and stored at high telperatures (-9°) were

lover after six.veeks-of frozen storage, ‘and declined as
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Storage'tine at this tenperatnre lengthened, than the flavor
scores_v for beef patties . frozan and stored et low
’k tenperatures (-180) for sinilar 1engths of tine. The lean:'
scores for flavor - clearly reflected theA detri-entnlfr
' inflnence of high storage tenperatnre. Bannister (1971)
. found that flevor' scores for pork loin chops decredsed
betveen one and four weeks frozen storage at -7° and -12°,
but there  was 1little change ;thhe»fleypr scores ofvchops\
stored at ;20?.. o K : ;«‘ '

/

In Qeneral, reports in the~literatnre agree that flavor -
-is not seriously affected 'by. nethod .of‘ thawing. Brovn |
}1961) found no significant difference hetween the flavor of
beef steaks thaued»at rooa tenperatura and steaks thaved in
the refrigerntor{f Berry-et'al., (1971) ponpared fresh pork i
chops to chops. - frozen -at -189 or -196° The frozen chops.'
vere thaued at roon tenperatnre ot cooked’directly fron the
| frozen state.A_ Unfrozen ch0ps were given significantly
‘higher flavor ratinqs than' vere chops fron any other
treatlent, except chops frozen at -18° and cooked frozen.

There were no Significant differences in. the flavor scOresA

"of fresh chops and chops frozen at -189 and cooked frozen..

inisins&g G
Guenther and Benrickson (1962) reported that jniciness

"scores for fresh beef steahs uere higher than the scores for_

- frozen steaks. sililar resnlts for pork loin chops uerei



reported' by Rarrison et al., (1973).' Anderson '(1959)-',
- reported that taste panel scores for the juiciness of fresh

steaks and 'steaks frozen at telperatures ranging fron -189

't0‘485°“iene sililar. wit

’,freezing}‘~ fPrev " £)0id deterninations (an .objective :

neasurenent of juiciness) failed to support the taste panel

b no significant difference due toV‘AT

data. A larger loistnre area (press fluid) vas obtained' ‘

LopTN

frol frozen steaks in contrast to the fresh. h largerl

noisture area was: attribnted°to protein denatnration durinq o

freezing, wvith snbsequent release of water fron the ‘bound -

(forl to free forn.

v'L.

Laq; et“al;, (1967) stored boneless loin. steaks for one:
ueek six and nine lonths at -18° to-—23° Differences inf-f
juiciness scores and percent loisture occnrred predoninantly’

B hetween the six and nine nonth periods.- Jniciness scoresi:

_ and percent noistnre decreased during this tine. Eenrickson_E;ET

et al.. (1962) observed a decrease in jniciness scores _for‘

.L

heef steaks as freezer storage vas extended fron 0 to 12}'.3.

Voo

veeks.,

N Vail et al., ,(19u3) | evalnated ‘the effects ‘of three'

thaving nethods (roon"refrigetator and oyen tenperature) ‘on

"the jniciness of beef steaks.' The least press fluid vas;f-l

obtained fron steaks thaued at roon teaperature and the aost. -

fron steaks thaved in the refrigerator.h In cOntrast, Louei

. et al.;- (1952} reported that defrosting the neat in thef'



1 refrigerator or at roon telperatnre did not affect any of,;.i

the palatability factors (inclnding juiciness) of beefv?

'lsteaks..' Jakobsson and Bengtsson (1973) obserWed that",f

'"'jniciness scores vere higher for beef slices cooied directlyw“i“‘

-.fIQF, the, frozen state than for the slices thaved at roon‘””

. tenperatnre..'

g,Eeting_Quality'of-ueatbfroanulls'v S

ELTE

neports in the 1iteratnre concerning the eating gnalityW o

f*of neat fron bnlls conpared to neat fron steers are varied. -
‘ZNo s1gnmficaat differences vere fonnd in the taste panel
'fscores for tenderness and flaror betveen loin steaks fron'

ﬁi,bulls and steers (Chalpagne et al.'lﬂ"'

?;ratings indicated that bnll neat‘uas scored slig_tly higherlifj

Jniciness_‘-fs

‘:than leat fron steers. Iarner Bratfi;r shear values forﬂ*-:f

‘fsteaks £ron bulls‘and steers uere sinilar.~_fw7

Pield et_,ff (1966) conpared the palatability ofﬁ"

'roasts fron bulls, steers and heifers at four age- gronps.

‘aThere were  Bo’ _significant differences in the tenderness,f[7<*

¢ﬁjuiciness and flavor otLroasts 1ron aninals 300 to 399 days-;:

(10 to _13 5 nonths) attribntahle to sex.. snear fonce n

| valnes and taste panel scores reported by Broun et al.,.f‘wf

f:(1962) fot steaks £ron bnlls and steers off?inilar agef?




/

Pield et al., (1966) also observed that cuts fron bulli

| icarcasses vere slightly less palatable than cnts fron steers

o at uoo to. a99 days of age (13 5 to- 16 5 nonths), although”

'1'the differences were not sdqnifiCant. Roasfs frol hulls SDD‘;

dhto 599 and 600 to 699 days old (16 5 to 20 lonths and 20 to
1523 5 nonths) :uerer less tender than conparnhle roasts fron'>
jsteers. Plavor and juiciness scores of steer roasts vere;;
'f_significantly higher than the scores for roasts fron hnllsj:
:in' the older age . grOups. Sililar | resnlts for_, thetﬂ
:e.palatability of beef steaks were reported by Bedrick et al.,a;
(1969). X In;d addition. R these anthors suggested that o
'ichronolooical age. nay have-a gre:ter adverse effect on theu?‘

tenderness of longissinns dorsi steaks fron bhlls than fron

"steers. ,f

4"

rield et al.. (196#) conpared/ consnlertAacceptance of;f

3

',fretazl cuts fron bnlls and steers averaging 16 -onths of‘;f
.tage.- Consnners rated steaks tron bnlls significantlr lowetée.

ffin flavor and tenderness than steaxs fron steers. Chnckdﬁi

v jfroasts fron bnlls were described as nore desirable becnnseef;

l"?,of less internnscnler fat, than roasts fron steers.;y?ﬂfffjff_i

..

: «x!cbalidress (1972;'--;'»5;";1;’:@1‘;@_' < the paaatamnty othe
»1longissinns dorsi and biceps fe-oris nnscles fr@n bnlls d-fd

.steers of different crossbreeds (Linonsin x Angds, Linousinffﬁ

ff' aerefOrd, Linonsin x\ Shorthotn, sillenta1/ lngns,”7‘

' 1Sinnentel X Hereford and Sllnental x Shorthorn).? Panelists
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tated steer neat hiqher in juiciness and leatin.ss and lover/!

",'in chewiness than Ieat fron bulls. HcAndrevs (1976)a“h

: \
_ 1nvestigated the effects of sex,_breed and age (12, 13 5 and";m

15 nonths) of anlnal on leat gnality.' Steaks ftOl tbe‘

'-longissinns dorsi.of crosshred bulls (Charolais X Heteford,

"Charolais- X Lngus, Charolais x Shorthorn, Sillental x .

 7Hereford,_Sil-enta1 X Angus and Silnental X Shorthotn) verelw

fusignlficantly 1ess tender,‘ as neasured by shear fotce and

';taste panel scores,v than} longissilus dorsi ,steqks. fton

lconparable crossbred steets. ,"g-“ff'
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' EXPERINENTAL PROCEDURE

R R e C A

. Bxperinentnl”nesign-and'Stntistical Anaiysis' -
R ' Pairs 7off froren longissinus dorsi (LD)'steaks‘ﬁere”

. evalunted according to an inconplete block designl in ,vhichj |

'-carcasses (aninals) vere blocks. The experilental designe,ﬁ

_'uas taken fron Cochran and Cox, 1968, p.. a7a. ihis designfj"

0‘

provzded for three types of hone freezers (a one-doorﬂ'

refrigerator—freezer, a tvoudoor 'frostfree' refrigerator-ﬁ;‘,

‘ffreezer and . ‘an. upright householdwfreezer) and three lethods'fe:f

”'of thaving (refrigerator, roon, and oven tenperature). ”Iher.f

,;iinconplete block design uﬁe repeated for the tvo storaqe 'ff

fperiods (10 agd 187 days).: Steaks frol the 1eft side of theiffﬂ

‘.anilals vere assigned to the short storage period whilefi

.'steaks fr°' the right Side uere assigned to the long storage{f“'i

j'period."f; peir of steaks frol each aninal was ‘nela

Cel t

‘;unfrozen and cooked fresh to provide a basis for stndying~>u‘”

'ﬁthe effects*of the freeze—thau conbinations (rable 1). :her;:.
fvexperilental design required the panelists to evalnate onljff'

.vs treatlents per sesSion, instead of the nine treatlents*¥

ffof a conplete blockquSign-a The design nlso alloved for the}éi‘

} renoval of aninel variations as b10ck effects.;i ihere;
.fnecessary, veight vas nsed as a covariate (freezing rate).~. .

w .

..7"'

uﬁ}firhe f data for all -easurenents vere subjected to

;janalysis of vatiance ptocedurgh.i Data frol fresh steahs"



{
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Table 1. Preezxng-thawing-storago treatnent co-binations
. for beef LD steakg.stored for 10 (left side) ,
or for 187 (right side) days. e . -

 Treatment' . . Treatment co tiops
coabination C Freezing ' '}_ minuinq E
~ number o conditions! ignditions!

-

'«" - N -

3(2)f U e
F T R

b

2. et
r2 o f'.:fvni
r_.nf T

L

:r(3) e

© W N M & W N

 ‘Unfrozen . ' Unfrozen .

P

7‘1P(1), one-door refrigerator—freezer :
P(2), two—door *frostfree® refrigerator-fteezer
P(S), upright household freezer. o . :

ZRP, refrigerator thau
RT, room telperature thav '
OT, oven. ﬁhaw..d S
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vnere 'analyzed separately and conpared vith data for ttozen“
‘stedks using the: Student's 1t test (Steel and " ‘Torrie,
'1960). i unltiple. conparisons of neans were_ nade 'usingl

'Duncan's nultiple Range Test (Steel and‘Torrie, 1960).

.*;Treetne.tforfdniialsaend Heattg .
Tvelve young crossbred bulls (average age 17 lonths) of
d:lixed breeds (a Dairy synthetic.ls Dairy crossbred and 3
"dBeef synthetic) vere selected fron the University of Alberta:
'"Research Ranch at Kinsella.' Details of breeding, nanagenent’ﬁ
and feeding of the aninals uere described by Berg (1975).,f'

_Three bulls were slaughtered every tvo ueeks. The narketing Ed

5,3of the aninals vas done over a liveveight range léf'

. approxinately 60“ to 69u kg vxth an averege weight of 65u :

L kg; The varm carcass ueight ranged fron 35n to 025 kg.-

-

Balf Carcasses uere retnrned to the Bdlonton neseerchf

."<Station !eat Laboratory end aged seven days at 20 : The_gﬁ

',longissinus dorsr (LD) nnscle fron each 1eft and -right;‘

.hindqnarter vas excised and trinneq of fat., The excised',‘

~.

.nuscles nere stored overnight (2°), gnick chilled (—3°_ forﬁi‘

"090 ninntes) to facilitate neat accnrate slices of unifor!jﬁg

_"thickness, and cut serially into ten pairs of steaks, 3 2 cn;k
Hd“thick.; ‘A pair consisted of one steak fron the1 left LD}.f

‘b“nuscle and one fron the sane region of the right LD lnscle';'

\

'7>of the sane carcass.« The steaks vere refrigerated (2°)



: R

yninilun of’ tvo hours.. This holding period ensured a uniforn

internal tenperature in the neat when ‘the steaks vere placed"

'in the freezers. ”?Q o f' o ’77:ﬂ_w:_LdM;mmgﬂ.;;¥
. Pairs of stehks,- nunbered to 10 fron anterior to e
:lposterior, vere designated for testing as follous."ffhe‘s'F
k first six steak pairs vere systenatically assigned to the
v;treatnent conbinations under study (Table 2). The 7th pair
bof steaks was h£ld unfrozen and cooked fresh to provide a
basis for studying the effects of tne freeze-thaul treatnent
::fconbinations. The renaining steak pairs (8 - 10; vere used
l'gfor color deterlinationS‘and chelical analysis of either the |
;-ftozen and stored sanples (8 and 9), or the fresh sanples

_f(10).- In additlon, the Bth and 9th steaks fron each left LD T.L

rluscle uere used to nonitor the freezing;rate.hfs :
N 8 . - . AN J '\\ “‘4',' o R

Prior to freezing, each of tne steaks uas placed in a tlf

’{dpolyethylene bag sealed uith a tvister and drugstore~urapped
'in waxed freezer paper..‘ rhis packaging technique \uas |
‘s‘nodified slightly for steaks used to nonitor the freezing \-;
rate., The freezer paper and polyethylene hag/uer.{punctured e

vith a thin Ske"er' 3 °°PP°r °°&ﬂtantan t# rzocounle;fiigﬁ

ft:inserted through the snnll holes in the ‘ackaging -aterial,
§ 1engthuise into the center of tne steak.-ﬂ' Cth

'lfurapped,‘vith the vire end of the‘ therno’ouple protruding

&

;ffron the packnge.,:,,

Do

e,
PLa
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Preezingiaﬁd Thawing_A

The three types of household freezers ut111zed for th1s ‘

sﬂudy iuere;v‘F(1y,- the freezxng conpartnent of a one doorﬁ‘r
: refrlgerator-freezer co-blnatxon vith a telperature range of
- —9° t0'-5° and an average telperature of ~-7°°- F(Z), , ,e;

' freezlng .f' sectlon . of Ca two-door' }'frostfree'_

refrxgerator freezen co-b1nat16n uiﬁh a tenperature range of '

:»v159 to —9° and an average temperature of :l12°°“ adq P(3), 1
' the louer freezlng shelf of an uprlght household freezerr

A u1th a tenperature range of -20° to —13° land 5aﬁ average:r

temperature of -17° The telperature fluctuatron ranges and"

average Itelpera;ures of each freezer were deternlned 1n:¢

noo TalL Ce

preliminary forka'- For each freezer,? the Hanufacturer's?"

(Hestlnghouse of Canada Ltd. ), recotnended 'coldness' settxngg”

' ()

vas " used.  The- 'frostfree' refrlgerator-freezer dlfferedr,l

frop the other home freezers (F(1) and P(3)) 1m that the‘

v“(
1ntern€1 telperatnre of the freezlng sectlon of F(Z) rose
above-0°;during the defrost cycle. o
' The steaks which 'veréﬂ“ﬁo be. 'refrigerator thawed,
\’w ”

. lonxtqred or used for chellcal deterllnatxons after storage,

. »AQ ‘4
were frdzen the day the leat s obta1ned., The relelnxng‘

oA

steaks were packagéd and frozen the folloulng day.

- e ..

"~ The three thaulng lethods used 1n thls study were: RF,

' refrxgerator thav, 2” for 24 hours- RT, rooa telperatnre-‘

'_‘1'.



than, 22° for 5 hours; and OT;‘oven th&yr (cooked from the’

frozen state),‘" oven telperature 176°. The internal

wtenperature of’ the thaved steaks ranged fron'79° “to 15}50,:;

7w1th -an average telperature of 40, RFP and RT steaks wvere

thawed 1n their packaglng.'

Cooking-?rddednre

Bach steak vas placed on a flnt vire rack set across a’

'shallou__roastlng. pan,, .The internal tenperature of each -

'Steak vas moaitored by tvowcopper constantan thernocouples‘

and a Honeywell recording pOtentioneter. Precautlons vere

taken to locate the thernocouples 1n the exact center.‘of .

each: steak so that the trne 1nternnl tenperature uould be_'

‘recorded.' An electric drxll vas used to bore- tvo ‘1 6

holes 1nto the center of each frozen (OT) steak so that thebﬂ
thermocouples could be 1nserted. The . LD steaks vere

_1nd1v1dually broiled in the same houSehold oven (Ptigidaire,dl'

model RDG 309C) at a tenperature of 176° Fresh (unfrozen)

and thaved steaks vere turned at’ 37 % 1°°_oven thaved Steaks

_vwere tarped at 16 t,'1°.' All - steaks vere cooked to anv

" internal tenperntnre of ‘69°. ‘ After cooling to 50° the,-n~'

‘cooked steaks vere. wrapped in plastxc‘ vrapd (Saran) and

4refrigernted_(29)_overnigntvbefore‘belngvsalpleda

Three pa;rs of fresh steaks uere cooked on. each of the =

vfour days leat°was obtained.~ Three steaks fron alternate'ﬁ"
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left and right LD muscles vere also cooked for

fthiobarbituric acid {TBA)' anaIySis of the fresh meat.
:Poiioving_;eithern 10 or 187 days frOZen storage, the 8th
steaksvuere’defrosted'and cooked - for ‘TBA' analysis. " The

steaks - assigned to the various freeze-thauf'treatnent_

conbinationst'sere cooked according to the experilental;i

design (Table 2)-

LaboratOrx Testing

Sensory Evaluation of Raw §5335§'

”Thev steaks stored for 10 or 187 days vere snbjectively

o

evaluated for freezer bnrn (dehydration) by the researcher."
A seven p01nt scale, with 7 representing no Visible freezer

'burn and 1 representing extrele freezer bnrn ”vas used

-

(Appendix, Pignre 1, page 113).,
. §enso£i Evaluatio oked te

A six-nenber taste panel consisting of staff froa‘ the\

'

: Paculty ofiv Hone ' Econonics, University _o{ _llberta,
ipartiCipated ina the stndy. Panelists vere’Seleoteda on' the

‘ibaSis- of their 'ability, interest in the‘ project and‘f
;.availability to partic1pate for the six nonth period.

. -
1. training 89551ons Co

-

Training sessions vere diVided into three _relatively

_separate stages and consisted of three one-honr sessions per



-
i

bweek ‘for a-sixsaeek periodt- The 1nitia1 stage vas designed‘-j.’:~
to'acguaint thevpanelists'uith.the teras  used in general*'
texture: -description, - Panelists’ ranked, 1ine'order ;of}LT
decreasing intensity,'the §tandard foods{nsed_asvanchors'for
softness, juiciness and leatiness (ucLandress, 1972; ?orbes,
l§73). Por exanmple, .fOOdS. representing. the - different.
intensities of ‘softness includedA creal‘;cneese, Cheddar‘
cheese,.SHiss cheese, water‘chestnutsﬁand-bakingipeannts;

. During the second stage of training, neat salples. ﬁere
ﬁresented- along u1th 'the food standards for the anchor
‘CSCale.- Throughout the second stage, panel lenbers rated the l
" meat samples- in relation to the food standard on the scale.
| For exanple, for,jniciness,-a panelisttnrght rate the salple
equal “to the lusnrOOn- or"aushroon' plus.\ As training
progressed. the descriptive terss nsed, the size of the food

’standards. and the lethods used to jndge the neat sanples

(rigure l) vere clarified ,~by : trial “and ' snbseqnent

\

’discussxon, and‘ finalized. The anchor scales were altered*'

Vand refined S0 that food standards, representing a ‘narrover
'érange . for the intenSities _of softness, juiciness and -
rneatiness, verevnsedg 'the food standards ‘eeree.assignedg"'
valnesf_ along 'seven point‘ sCaIes,- vith a value of 7
‘representing'-tne highest intensity and ,a’.valne of 1
.representingah the 1ovest intensity, , rhe anchor ‘scales

_:fornhlateddby the panel:forfuse in -sensory evaluationl are



KN ‘

SOFTNESS: is the lack of force required to compress -
. ~.a 1.3 ca cube of meat across. the graln,
between the lolar teeth. .

JUICINESS: . is the amount of loisture in the nouth
: . after six chews between the molar
teeth, on a 1.3 cm cube of meat.

'MEATINESS: is the inten51ty of the leaty flavor'_
‘ . ‘remaining in the mouth after complete
_ nastlcation of a 1.3 cn cuhe of leat. o

P ' o .' . ) . , . A P ‘ _. . . . ‘_‘n' .» . -
Pigure 1. Definitions of the sensory characteristics :
 -used in the evaluation of beef LD steaks
| _ ¢ : B}
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shovn in Table 3.

The' final stage 'of' training was designed to reduce
rinter—panelist variability in judgnent, that is to calibrateé;fw
‘the judges, one to the other.l This involved presenting eachif

- panel nelber with sanples of the sale LD ‘steak and reguiringvk"
then to rate the salples nulerically in relation to the food |

'standards on . the anchor scales. . Each panelist evaluated the

fcoded meat sanples 1ndividually for thez three paraneters,i

then the group discussed the ratings, under the guidance oft
thespanel leader, If there vas disagreelent, the'_panelists

-_retasted"the food standards, beginning . with tne lovestn'

iﬁtGBSit!) aﬁa‘then the leat salples, until unaninously*y

acceptable levels of softness, juiciness and leatiness vere

agreed upon. This 'procedure enabled judges to define;ﬂ'Q“»

£ ;
accurately a certain 1evel for- each paraneter. Training vas .’
considered to be adeguate vhen the panel nelbers vere able‘
"to judge a set of four salples, vithin a range of tvo pointsfl

'3on the seven point scale, vith ‘0o retasting being necessary.,5;

Throughout the training period, the judges vere also Co

:asked to evaluate the - leat sanples for initial flavor,vf‘i

'tenderness,‘anount and type of residual connective tissue,.n

-and overall acceptability.i Initial flavor vas evaluated onf

a(one to;seven pOint'descriptive scale, uith 7 indicatingV’

v’tnet highest ' guality., Bach panelist standardized her;

;tenderness scores by the nulber of . cheus .reguired toja'*
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K nasticate the. cnbe colpletely., Residnal connective fissne'"
was sco:ed on a one to seven point scale, uith 7 indicating
no connect1Ve tissue. Overall acceptability vas evaluated

- on a desirabilitz scale of 7 (extrenely desirable)- o1

(ext:elely nndesirable).”

ldditional : panel sessions vere schednled for ‘the -
alternate ueeks uhen no datn fot the study was collected and
’rior to the second series of panel sessions (after 187 days
*frozen storage) to laintain the panelists' acnity.ie P:esh
neat sanples fron the LD,‘obtained fton a local snpernarket, -
vere evaluated at these sessions. | ' L

“fﬁ)h Bvalnation by the Trained Sensory Panel -d:k - ;f'ei;' .

tThe sxx panelists evalnate@\ six }sets of coded leat o
‘fsanples at each session following the techniqne- developed.sf
feduring the training Deriod.vd Salpling procednres 'etelf
}standardized (rignre 2) for the LD steaks. o “} cookedi}
ETSteaks vere trinned at one end, and cnt into nine slices,fﬂ
i{1 3 c- thick, uith an electric jneat slicet.i f. 1 3 cni~
lfecubes vere -renoved fron each slice and allowed to cole to‘f:
;Jroon tenperatnre (22°). - Bach. panelist received a trayf:o
;f(rignte 3) | nsisting of the coded neat sanples, the foodi{;
jestandards for softness. juiciness and neatiness..pp;ne?;}
T?Jappropriate sethhof evalnation forns (Appendix, Fign:e Z,Qﬁ}

f?paqe 11&),1 and othe: necessary itens.?_ The t:ays vere;f

”_ﬂFtﬁnged | inildiately before panel sessions to ensnre .
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otAste | oo Lo
CPANEL RN R L
SAMPLES' | :

WARNER | BRATZLER SHERR
'S

R .‘J'E‘lqure 2 Locatlon of sumples for :subjechve ond

objectwe evuluaﬂon of cooked LD steoks
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’/freshness of the standards and salples.*j 111 salples- and

standards uere served at roon tenperature (22°). f~'

S . : : ;

‘*mPaneI wsessionS”mvere*vheld at 10 15 a.l.: and/br 23 SQ"v:

s

.

'P{j;' each testinq day in an’ aar-conditioned sensory panelg-,_‘

room. - Each: panelist vas seated at. a uell—lighted hooth andtfflﬂ

T IR

vas instructed to rate the six sets~of salples individually.'¢fﬂif

i set of sanples consisted of three 1 3 cn cuhes' the first,

0‘
cube vas evaluated for softness, juiciness, and initial

'"flavor; the second cube vas rated for tenderness (chewf“ :

count), 'anount and type. of residual connective tissue,,:t;

'leatiness and ‘overall acceptahility, and the third cube vas'f

' aved for retasting,. if necessary.y Sanples fro- the saie'n'f :

relative sections of the steak uere presentedl randolly

'»each of the, judges. The judges vere perlitted to svallov ori

'expectorate the ,neat salples, aud vere given as lnch vateri‘

:h(22°) to drink hetveen saapies as they vished.,uﬁ
. / e

X
Q

sections were reloved and the group discussed the paraleters3gloﬂ'

Hhen,the judges had scored all the sqnples, the hqothv?

of softness, juiciness and neatiness._under the direCtion °fiff""'

‘th panel leader. retasting folloved, if neceSSary. Thisi'?

w,...

ﬂfinal step provided for continuous training and naintenancejviff;

X of - panelists notivation throughout the tasting period.k;’J’"'

Individual judges'\scores for each paraneter uere tahulated{lh

E:for statistical analysisL

g

~ - X e



zﬁquf;grhﬁ '3fresh (unfrozen) steak sanples for objective;ﬁfdf

| fanalysis uere renoved aiternately frol the left and r1ght LDf

' luscles.v all frozen steaks stored 10 or 187 days and usedf;lﬂﬁ
- /. SR
. ‘for objectlve tests, uere thaved usinq the RT technique (22°EAf;J

'iﬁ 5 hours).‘ Salpling procedures for the objective testsl‘ﬂ;;

3“ vere standardized._ R ];'1;1' .
Z'ga-j cOlor L : 'clt_}g;j Li.i

r{ﬁf Color qas deterlined on duplxcnte sanples fro- each ofé?;{;
'tvelve fr (unfrozen) LD stéaks at four uavelehgths (ues,fgif
kofsus, 625 and 655 nl) with a Bausch and Lonb 5pectron1c ZOT;f_T

L

;Colorileter uth reﬂectanoe attachlent standardued fgaznst»‘-":f;f;'

: | Peri()ds,‘ " G . |
| uo’.‘t‘re &nd tﬂ.t

. The percentage of loistnre and fat (ether extract) in?:f;f
‘“7tve1ve fresh (nnfrozen) LD steaks and steaks representingvfgf
A”“each of the f eezing treatlents uere deterlined by nethodstKT

'%7;o£ the'lSSOCLthon of Official Agricultural chenists -(Aoncf¥§f]

"if1965). L portxon ‘of each rae ste@k wasv ttllled of”jfr

":connectiﬁe tissue._ ground and uixedm“JQ

f@qfdeterninedi by freeze—drying ea¢h of the gronna sanples and}-:o

*-ffthen drying thel for an additional 18 hodrs at 105° f9 “

,4,».



extruction apparatus.m"' . TR, ey

'Vj”<<533
deternine the pﬂ of the tresh (unfrozen) steaks. Twenty

tandOlly

A

percent ét’h’ei:' 3 ~""é"£tfa'<:t~“'-‘-w§ls_j _obtained with  a Goldfisch:

-

Pishet Acqulet nodel 230 pn/ion nétéf‘“ﬁas,mused ‘€o5‘ﬂ

,\ ‘\)

gta- sanples vere hlenﬂed with 100 nl disﬁilled vgter fo:3gi

. h- .

'73?t linutes and filtered int?atvo beaketssto give duplicgte )

readings.vA

Steaks 8 and 9 fron the 1eft LD lusc s vere véigﬂéd,

g'ssignad to Jone of each ,of ;he three types of?

freézing. iﬁ_hég;f
'ltored b] a copperf;f

n o;e to deterline the effects'ég:scheduled, _ti-ed",

s
DN

In otéﬁr to ,,si‘nulatc ho:e.f '

data'itor ?the fqegnency *and 




- , v

R

duratlon of:'refgigerator~£reezer openings involved durlng
dally leal preparation fdr‘“a‘ perxod of one .lonth Auere,
obtalned fron ten ho-@iakers. A schedule for openlngaeach
‘"Of the fneezer unlts (based on thls average fteezer usage)
- was enployed throughout the duratlon of. the study (Appendix,';
' Table 1. page 103). ‘ o

;_5, Percent Drlp ln Thau 'r‘t‘:”,;

| The uelght oﬁ drlp lnsthav was deteri!ned and expressed

'ias‘ a‘ percentage, based on the uelght of the steak prlor to f
free21ng. ‘ 'j,ffﬁj~"”* h.fi'fs - 'fu
b T st s_on Coo) i_steaks a |

L ueat sanples for each ,of’ the objectivew"neasurenents

related to sensory evaluation vere reloied after'COoking‘»
frOl the sale telatlve posxtlon in each of the steahs .andrd
't cut adjacent to those used for subjectlve evalnation.‘n -

' i Cooklng‘Tine 'v! |

Cooklng tlle for each steak vas recorded ~as the nlnutes

requxred to reach an 1nterna1 tenperature of 61°

'h 2,. Cookxng losses
Percentage' total, rolatiie "and drip'losses, based on -
the velght of the .fresh, Tthaved - ar frg?en' steak, vvere_‘

calcn}ated.v..‘- e



.3. Total Losses ;
qutali'llosses' - for 'frezea-defrpsted' steaks vere
EaléulateﬂibyzaddiAQIdriplinkrhar'plus'total cooking loss.

4. - Warner Bratzler Shear Values-

Six cores, 1. 3-&- in dialerer,"cut..parallel rq the .
-,nuscle fxbers, were taken fro- each steak. The'cores“uere
sheared on a iarner Bratzler Shear equlpped Hlth a éz;ﬁyfkg
dynanoneterft, The overall shear valne of each steak was the l
‘ayerage.of'the slx shear readings. - ' '

5. Haterlﬂdlding Capadiry,(iHC)

o

Hater holdlng capacxty vas‘leasured by thel iet&ﬁd bfe;
‘Miller and° Barrison (1965) as. modified by Forbes (1973).-:
';Trlplicate 0 5 gral salples fron each steak uere_ sandviched

‘batween -.a _' sheet' o,f_ill_:atnan ¥o. E 1 qualitative filter paper
| and a plecerrof aluliaua ~£oil,.'and alternately stacked
'betveen fonr plexlglass plates. This unxt vas pressed in a ‘
TVCarver Laboratory Press under a total'_pressnre of 878.8_
kg/caz’for 30‘§ecqnds,r_'. - |
' S _;~.<;";-,” L o P .
The | aread of-uexpreSSed fluid and pressed neat,rere
obtaiaed usxng a Bngh-Ouens conpensating planineter-'(aodel
3#9 183&. Thé ratzo 'of the’ area of pressed. -eat to the"
area of expressed lzqnid uas desxgnated as the expressible

o llquld index. - Unity arbitraraly vas assuned as tho -axilu-

fexpresszble liquid 1ndex »for any particular cooked leat

<



sample, and the relative UﬁC insi 1.00 ainus expreséible
liquid 1ndex (uiller and Harrison, 1965). .

6. pE . o - ‘

PH was determined using a Pisner Accumet ;ﬁbdel 230
pﬁ/ion- aéter. bnplieate 20'gran samples. from each °°°kéd,
“réteak vere nlended \w:i.t:h.~ 100‘jnl'kdistilled vnrer' for- two
"linntes and filtered into two beakers to §ive.duplienre
‘neﬁreadings._ The nulber of sieaksh tested was decreased‘ to
-:‘three per LD ;luscle (sreaks 3,‘h:and 7)vnhen”no treatlent"
Tfrdiffereneeslin‘bﬁ vere observed. | |

" 7. Thiobarbituric Acid Values (TBA)

Tnibbdrbitnric‘aéid-valnes (TBA); fdr the deterlinarien
of oxidative rahc1dity, vere deterlined by enploying the -
‘procedure of rarladgiS‘ et al., (1964). Fresh (unfrozen)-'
steaks vere alternately taken fron the left and ‘right LD

muscles, cooked, trimmed of -all outsmde edges and gronnd )
: ftﬁiée.' Duplicate 10 gran sa ples uere blended vith ‘50.5I|,
| gless distilled vater for two ninntes,.'l.second set of
. sanples»frbn‘tne same steak, vas blended vith 1 X 10-5 H
1,1, 3 3—tetraethoxypropane (TBP) .lfor.- percent recoverw
’ldeterninations. rhe rdlnlting slnrries vere qnantitatively~»

’transferred, with _an_ additional 50 ml of the appropriate.
solvent,‘into“fnnnele lined uith whatnan: ¥o. 1 filter

Hpaper;_ ihe- sanples vere filtered by gravity into 100 ll

‘volu-etric flasks. fvo 5'al aliqnots from each flask vere
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pipetred into test tubes.

:Standard curves uere. prepared by naking appropriate
diihﬁ;one"of“rzp’ standard - solntlon to" nge a-ounts
; eq_{uiv'a]:entwr to- a range of 1 X 10-9 to 1 x' 10—° loles of
:aalonaldehyde in 5 ml. Five lillilltersv of _0.02 M TBA
3reagent ‘vere added to each of the standarde and'salples.

" Following the addition of TBA ‘reagent, . the «standards and
_{salples vere held a nlnl.u. of 17 hours at room teaperature.
Absorbance vas read against an approprlate reagent blank at_
532 nn . using a "pyé Unﬁbn- 'sp 1800 Ultraviolet'
75pectroph0to-eter.l‘ Similar duplxcate deterllnatlons were

.made on four sa-pleS‘taken froa each t;pe of freezer forvthep.
tvp.storage‘periodsry - : ’ i | |

.. : . S . ! ’ 12} .

.

The TBA nulber uas~'ca1cdlated by aultipiyinq the

absorbance by K constants obtalned froa the standard curves -

A'and the known dxlutlon as described by Tarladgis et al.,

(1960) . - T S
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RESULTS AND- DISCUSSION

- Throughout - the discussion, F (1) refers-tovtheefteezingh,
.conpantlent ef_avone-deor refrigetator-fneeze:‘chlhination:
P(Zy,. the freezing section . of ‘a'- two-door 'fsostfree'
' refrigetator—f:eeietbvcolhination:: and- P(3),’ the ‘blewet
‘:fteezing‘ shelf of an npnight,.househeld freezer. Tahles
contalning detailed . data 'fer the vfreete-thaU‘ treatlent
conbinat;ons are presented in the Appendix, Tables II, I1X

-and‘IV, pages 104, 105 and 106.

' Qualitj'of'the Fresh LD Steaks. S

The data for the ohjective and subjective neaSurenents‘

fdt fresh steaks (controls) froa the left and right side of_hf

the tvelve aninals are ptesented in Table _9;,. Analysis . of

h'varxance_ shoved no 51gn1f1cant d;fferences in rav weig t,
‘cooking tile, or losses (total, volatlle and drip) hetu en -
."fresh steaks froa the left and rlght side of the carcass'
Taste panel evaluatzon indicated that fresh steaks fron thed'
t.left and tight side ,vere 81lilar for each of the.
palatahility characterlstics evaluated.‘f All the ‘freshv
steaks vere descrzbed as noderately desi:able to desirable..
0bjective data for ju;ciness (water holdlng capacxty) and

‘jtendetness (Harner Bratzler shear) snbstantlate taste panel,

=scores; uhich 1nd1cated that there vere no significantfﬁ‘

"‘4‘1,



T 48

Table 4. . ueans and SED!? for the objective and subjectiVe f\
leasurelepts for frash LD steaks fro- the left
‘rand right side’ of 12 aninals.t ~

_ ueasurelents T Left . Righteu -~ "SED
Raw vexghtz (9) - 342.4 329 7 . 7.38
Cooking time2 (min) = = 20.4° . 19.6 - .- .0.27 °
.Cooking losses2 (%) ‘ R . IR N

~ Total . o 15.13 " 14.88 .. T'2 50-e4j
vOlatlle o 0 13.90 ‘13.49 1 0.85..
' Drip ) : L 1.23 .1.38 ° 0.38°
Taste panel data3 : : ' R S
softness - 5.2 5.3 0.28
- . Juiciness 5.4 . - Y - 0.00
Initial flavor 5.9 5,0 . 0.13-

' Tenderness 5.4 5.4 - 0.00
Connective tissue ) - 547 5.8 - 0.28 .-
Meatiness N 5.2 5.3 - 0.05.
-Overall acceptability 5.2 5.2 '0.00

Water holdimg capacity® _ 0.71 . 0.68. -  0.01.
Shear forces (kg/1 3 cm core) 3.2 3.2 -~ 0.00

lStandard error of mean difference.
'2Values are the- averages of 12 deternanations.,’

37 (extrenely soft, julcy, tender or. desxrable), to 1
(extremely hard, dry, tough or undesirable) . lalues :
are the averages of 12 jndgenents by each of 51x

: panelists. e -

"1 0 - (expressible liguld index) the larger'the_vaine,f
the greater the amount of liquid expressed. . Values are -
 the averages of 36 deternznations, three ‘per replicate.v‘

sValues are the averages of 72 deterlinatlons, six per. -
repllcata, .



differences in eating guality between fresh steaks fro- théﬁ»

left and right side’ of the tveIVe yonng bnlls. Perger

- {1970) reported siailar results for beef ribs., Lind (1969)
l

lfound that there .were no significant differences in total'i

w

‘cooking and drip 1osses hetveen lamb chops froa the. left and o

‘right side of the carcass.

" storage.

. Spectrophotoaetric (color) evalnatious 4of the thawed ff‘f~

tlean of frozen. stzfed steaks and the lean of fresh LD steaksr."
are presented in Table 5. The lean of the fresh LD steats-

uas snperior (redder) to the lean color..of frozen rstcred
Qsteaks,ﬂ at two wavelengths (485 and 545 na).l ﬁoweier,“noj“

_sxgniflcant differences in color uere found ietueen fresh LDrV‘

:steaks ‘and frozen LD steaks stored 10 days ’(Table ,6),'y;

€

‘indicating that, freezing per se had no significant affect ongwf

the color of the. 1ean.

“Lentz (1971 ) froze heef steaks and assessed the c01or

- of the 'aeat saaples before freezing, iaaediately afteri“:ﬂf

..'fx:eeziug -and - after 1, 3, 7, w, 3o, 50. 90 and 120 days of_, A

_'frozen storage, nnder light and dark’ conditions.-, COlor"

: changes caused by freezing uere saall and tended to nake thef

i saaples aore reddish. Saaples stored vithont light darkened*V'

5after freezing. however, ﬁhese color changes were noted only_;a'?

| after one to two aonths freezer storage. Penton et al.,_".r

o s



_7able 5. Means and SED!. for objective and. sutjective?® .
) " measutelgnts for fresh vs-frozen stored . ... .
beef LD steaks. - . o .
oL R - T . ; 4k 1) W -
uoagutenents ‘Presh ..Stored SED
: . . . [ N
Color3® (rav sasples) ‘ S e o
485 nm ‘ " 12.9 ‘103 0.862n
, 585 .am . - 8.7 R PN 0.6809
.. 625 nm. o oL T .. 2845, -24.0 2.43
655 nm : 32.7 - 29.6 2.79
Total losses® (%) ' = 15.00 18.12 "-. 0.79%»
Drip in thave (%) . et 1.29 S
Cooking lossaes® (%) L e R :
© . . total : 15.00 16.83 . 0.80%
Yolatile ¢ 13.70:° . 15.80" " 0.69»
prip. ~ ©1.30 g'\.1,03 0.15
. raste panel data’ . ' : co e
7 Softness 5,2. - 5.3 0.07
Juiciness . & 5.4 Sel 0.09%».
Initial flaver . 5.0 B9 Q.12 .
. Tenderness - - ‘ 5.4 5.7 S 0.11s0
" Copnective tissue . 5.8 TS 0.094»
_‘Beatiness . . - 5.2 - 553 ¢ 0.16
. <" gvérall acceptability 5.2 - 5.1 0.83
.’Bthct extrgdt"($) L. 2464 ©3.07 . -0.39
. fotal moistured (%) . ..78.30 73.25 . 051n
Hater holding capacity® 0,70 “0.72 0.01 -
shear force? (kg/ﬂ;3”cn,cqté) .32 - 3.2 . 0.00
. _TE)A husber3d: - S . 0.56 082 0.35
L PH {cooked samples) . 6.1 - 6.1 0.00:

tstandard. error of W

‘ =ﬁighhst pb:gihig:sqqfé. 7-§oin£s; o

"filnés':oittt
.two per. replicate;

esh Steaks

ean difference.

are means of gdjdetéiiinations.

values for frozen steaks are weans o

" %1.0- (expressible lig
... fresh steaks 8
" repiicate; val

"ffVaih;s%taéffruib-siégkt#die -

:'i'slqniqudhtiqt_?ip.os.

ot“n&.ﬂqtqr-;nqtidus.1tv¢wppr‘;ep}icate,7.’

~vg1iosf£5§ fresh steaks at;fieqn

Svalues 'toﬁ:.i_l"ﬂf’g‘tv
by each of .#ix gane

s of
.valdgs‘:9;;;rqzbn”gteak§_gtbfuoané o

24 .determinations; .
:’1n§“dete;i;nations o

¢aks ate -oaﬁg’ollég jﬁdgpentsu
lista;‘values:fot~£:ozen\tteaka are

‘ nqnns.o£’1n9.jqﬂgnents;py each of six panelists..

t of liquid
re means of 72, dete
tes for froten stea
:th:pc;pdf-tcplica

"~ the. gteater the amcg

- deterainations,

tixnpnrﬁ:qplicut‘riiixﬁat-to:,

. of 868 determinatlions, 8ix

.{??

T

jd index); the.
expressed, V
rainations, ‘three per
-itwggg means of 832 .. .
[ T . S e w

ans o
for frozén steaks
pqzu;gpligatc.

as Significant at P<0.01.

larger the value,.
"'yalues for.

£ 144 aetersinations,
‘are Reans ‘

=



.&%‘fi

.‘mgggj!_§.5 uonnt and SED

81

1 tor ohjective and snbjoctivo!

S -.‘.ﬁr‘..nt,-fot fresh-LD-steaks- and,tzazan. R

s Lb stcaks sto

rai lo‘aays.

frozen

;ucn-ntcaonts - C rrdth . .10 days SED
. ‘Freezar, burn?- 7.0 7.0 . .0.00
‘' color® (raw aa-plcs) Do : _—
- ‘485 un. 12.9 . 12.0 "0.75
. 545 am 8.7 . .8,3 - 0.53
T 625 nm, 28.5 . 26,9 2.8%
: 655 -nn 32.7 . Ade0 . 8.29
total logsesd (l) 1533 ) T7Led 1.08»
Drip 4n thaw? (%) oo e 20 T '
" cooking IOQIOI’ (S) v “, R .
: ~Total 1 : 15413 16.26  0.99
:volatile ~ 13.90 15.29 . 0.90
.. .brip S 1423 0.97 0.17
‘Taste. panel aat&l W " . ‘ o .
‘Softhess. - - T 542 5.5 0. 10%»
-+ Juiciness . - 5o . 5.2 0.10e
. Initial flavoer 541 5.2 0.15
Tenderness . K 5.4 5.9 V1629
".connective tissue j 5.7 6.3 0.19%#
teatiness - . - 532 5.8 © 0.0
: overall acceptability 5.2 - 5.5 0.19
gther .axtracts (%) - 2.54 2.79 0.50
‘ Total soistures (X} - - .30 73.62 0.63
‘ Water holdimg capacity‘ . 071 0.69 0.01
shear force? (kg/1.3 cs. core) 3.2 3.2 0.00
_2EL nusbers :“ s - 0.56 1.05 0.45

;!stluda:d o::o: o! -aan dit!arence.

fﬂigh-st possible sco:e. 1 polnts.

/

; 3ta1nos tor E:csh steaks are¢ seans of. 12 deter-inations--

-,1%4 ‘ valq.s tq: I:ozen staaks arc loans ot 72 dcteruinations.'

.~~vu1noa for fresh atoaks a:o -cann of 28 detcrninations._pf

tvo pctlrtplicntl'
ot 20 dctorniintica

;'Vuluds £or "fresh ‘st

values fer frozen steaks are neans
g, tvo per replicntn..,

eaks are leans of 12 judglents ky

‘each- of six panclist:~ valoas for frxozen steaks are
- wenns of 72, judgieuts by bach of six. pnnolists.
’ s,

61.o~(cxp:ost1t11 11
. the zroato: ‘the amno
_‘fres
~replicate; values f
dctor-inttians. the

: 7Va1u¢s for. !:csh ;t
- six per replicate;’
of . 532 dotcrninatio

i . signiticant tt <0

quiﬂ indox); the la:qﬂ: ‘the valne
ent of liguid expreased.’ Yalues for

stedks ‘sfe addas ‘of “36 detersinations,. ‘three per

or ‘frozen steaks are means of 216
.o per teplicatc. ;

oaks ire noans cf ?2 dctdrninations.
Values for frozen steaks are ‘seans :
a,: -ix pc: r.pllclte.»',‘ :

.05. .o signiticant at p<o.o1.
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k-

'g(1956) reported higher redness values for unfrozen neat ‘than

for frozen meat.

“Total- losses (uhich include- drip in thaw-“and total

!

cooking losses), total cooking and volatile losses for the

. frozen stored LD steaks vere significantly higher than the

'losses of conparable fresh LD steaks (Table 5. Bowevét,

drip 1osses»for both the fresh;and frozen stored steaksgvere

sinilar.

Snith et al., (1959) reported that freezing beef steaks '

increased the cooking 1osses in relation to 1osses sustainedf

»by unfrozen cnts. Bannister (1971) observed greater cooking

losses (total, volatile and drip) for pork 1oin chops frozen‘
‘and stored in hone freezers than for fresh. chops. " In
contrast, Anderson (1959) vobtained snallor total cookingi“

'losses for frozen beef steaks than for fresh pair_ nates,

",althongh the difference vas not significant.

Taste panel evalnation of the LD steaks indicated that g.'
bboth the fresh and frozen stored steaks vere sililar\ ins
softness, initial ' flavor.'__ neatfhess}' and. overall N
| acceptability (Tahle 5). ‘nnoUerer. panelists scored the
juiciness of fresh sanples higher -(P<0 01) than thef -

. l

'jniciness of conparable frozen stored sanples.- Jndges rated,

the frozen stored LD steaks as nore tender and as having,.

1ess | residnal.-connectivev‘tissne than conparahle fresh



"stenks. All the neat sanples vere describbd as noderateIQ'
| desirhble. Barrison et al., (1973) investigated the effects
‘~of hone freezinq nethods on selected characteristics of pork
‘loin Cb0ps., Taste panel eValuation indicated that fresh
‘chops uere juicier than frozen chops,,_ althongh the“

'.-ot siqnificnnt.‘ Tenderness scores/for both

envchops were sinilar.' rlavor and overall |

.' :ffot the ftesh chops were. higher than,

. | Percent etherkertract vasenot siqnificantly affected by
frozen storoge (rahle~ 5). Howexer percent total noisture
for freeh‘steaks‘uas higher (P(0.0S) than - for conparable
frozen stored LD steaks. f ﬁater holding -cepacity data.h-
n‘}warner Btatzler shear force valnes. TBA nnnber and pﬂ nere

sinilar for both the ftesh and frozen stored steaks.
Law et. a1., (1967) ohserved that there vere no

‘11_significant differences in warner Bratzler shear force
f’valnes, percent total noistnre and‘ percent v 1ipid
: attrxbntable to frozen storaqe.' Henrickson et al.,“ (1962) ‘
" and - Hartison et al.. (1973) reported that iarner Bratzler\;,

A,shear force values vere not significantly affected by frozen o

v<storage. n'*

: A conparison of fresh LD steaks and frozen steeks.-

stored 19; dnys,l(rahlewsd) indicated that there vere.no,



s
. oo - '[, - .:.f.:ﬁ o ‘vAzQ, * .'nrf“;
ﬂsignificant differencesi in freezer bnrn deta and color
' reflectanCe values attribntable' to. short storage.af rnejjf
'.ayernge percent total 1osses for the steaks stored 101 days
vere: higher (P<0 05) than the total losses of conparable
j’fresn steaks (due to the addition of drip 1n thau for frozen 4]
_ teaks). Percent cookzng 1osses (total, volatile and drip)
‘;for both the fresh steaks and the frozen stqus store& 10

days vere sililar.‘f P Lo
- N IR o RS "2'7§'

" Henrickson et al., (1962), 1nvestigating the effects of
: freezer storage-on beefr steaks,:‘reported ‘sililar cooking
'“losses .for fresh steaks and steaks frozen and stored one fé
.'veek.. Berry et al., (1971) repprted that fro:en and stored
Mchops had greater cooking losses (totaI, volatile and drip)

._than did fresh chops.v.

‘ .0

Sensory evalnation of the LD steaks (Tahle 6) 1ndicated
vthet frozen steaks stored 10 deys uere softer, lore tender,-f}

had less residnel connective ftissne. end vere rated nore

"'eat’ but less- juicy ‘than cOIPtrable fresh steaks._' There"h

~vere\ no signifxcant differences in initiel flavor and
jsoverall acceptability hetueen the fresh steaks ‘and th_'
:‘frozen steaks stored 10 days. Percentage ether extract,,¢:
_percent total noistnre, water holding capaclty. shear force
;and rBl nulber vere not Siqnificantly affected by 10 da!s of

"frozen storage..,f,




Benrlckson et nl., (1962) obServed thatﬁtenaerness as

-easured hy shehr force values and taste panel scores,A;)gsfﬁt"

not significaktly affected hy short storage.ﬂ rlavor scores

tended to increase with storage tine flofito 2 ve"is),

-although flavor scores for both ftesh steaks and steaks ;f
frozen and stored one veek vere sililar.: Average jniciness i
scores shoved a decrease as freezer stornge vas extended,";}

hévever, thrs difference was ndt significnnt.;,nerry et nl., e;w

(1971) found that there vere no significant differences 1n

,,In; contrast, ponh

o A

chops %‘rozen and stored one veek vere less juicy and had

1over fl}ror and overallf'acceptability scores thnn_ Qid "

stored 187 days.‘:-{f‘”u
"% indicated by

freezer burn data nnd color retlectance values._ sinilsruff

Jvolntile losses: of frozen steaksw stored 187 da’s ’vere

cw

steaks (Table 1). Drip loSSes for both freSh stenks and



uiana and BBD! far’ objuctivo und lnbjoctiv-* L
ﬁ-neats-to:.trnsh B AN ntnak:.@nﬁ t:ozgn

nn steukn sto:dd 187 daf:. R ) e
RO T R ot ‘.'rrb:on : .
, noasnrolcnts e ‘ﬂ]“, rranh s, 18T dars E19 4
L ;lp-csct bura? _,“ o 7.0 A3 Gudbes
R “,colot' {rav, sa.plci) - ' T e -
: .o L3 ¥ R U_V, ;.~12. o BaT s Budbes
- 445 om0 “14;.'W'f_‘_‘a.7,.~_;'- 1Y -Qehlew
o i Co . 625 oe R e 23.5 - ) 21»0 P 2&:98. _
e 655 | 3 8 D o " o ' 32‘ ’ - 25.2 ) ! '_ ’ ‘3.:3?5 . L
‘;5; .;Totn1 Tozszes? (%) EEREE 10,88 - 8.7 L TR 3wy
', PN Dtip ill tu.', (’, ) LA wwa""~‘-' . ’.3.1 . P
fuchoking xosaoal (xq ) e _ A -
RN gotal e TAReBe o 17.00 0 Ved2e
_;‘f-.‘ldlntuc_g., A9t 16320 - 1u0dee T
: Cprip ~— T A.39, el 0.2
’ _!lqtn pancl datu’ P T S :
R igofitness . O RECENRTEE M RN - 1S 0.00 .
: Juicinesg. v e L 5.4 R 4.9 T P I
. Ipitial £1avo: RPN L RS e
<oV renderness. o PRETEI A - 59 L
S Connective tissh& ”,‘ . .58, 6.0 015
s " geatiness.’  i- R 9% NGNS 7 SUNSIP 11 L
;'\ . Overall acce tahility 5.2 .. B.® T 02
. 'Ether extracts (Sr SO R6MI T 3.36- o 0.09
" fotal moigtures . (X). e S;'1ﬁ.30~uV" 72.80 0,688
. ﬁ'wator bolding capacity‘ . 1 C0.T58 . U029
iy Shear ‘force? " (kg/143 cn cote) R -2 L 3.2 23 L
' ¥EA nambexs. . o 056 . .59 v, 21
Istnndufd u:rot' az lean uft‘M¢c.~ R

_‘{17 !nigho!t possibla lcgrc. 1 points.“
RN i"'nluoq tor trcah stoaha are’ l'uns "of 12 dctet-inatious~ K
C. values tor trczon :tqukl urt,utunn ot 72 dutazliuatians.

LT QVpluos,tot £tosh st-aks nra lcuns 24. dnta:aiuatiohs,
e , - tvo per replicate;.values gor fra ‘Steals are .ﬁths
S ot 24 dttern;untions. tvo p‘t tar t.. ;,‘; .

 { {;'f -vnlue- tot zrqah sto-ks azq ‘NS at 12 judqnonts ty
; " each of six panelists; values for frozan steakse ate -
nc(ni of 72 judgn-nta by anch. v! alx panclints‘

V‘1.o-ioxptns-ihla'1igu$d iudﬁx). t&. 1;:9.: the" valua

tye ‘@heater the asount ‘of Jigaid, llwtuaudd. ‘Taluas for..

. frafk steaks ire méaus of- 36 dute ations,. thteu,pc: R
v‘:cplicatog ‘walues for t:ottn wten n:a seans of 116 e
dutctnixntio s, th:to pot :eplﬁg S

T 71:1u¢s tor £:¢lh -toak- are: nqaua ot 72 detorntnatioas,

o s;ﬂrg .3ix per replicate; values for fgozen steaks ire -aans Lo

of: 432 detersinakipns, si: per tc#licate.ﬁ.- -
, .Os.o‘xu $ani£ic..t at P(O 01.

R ‘°Slqniticant
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frozen steaks storedg]@] days were sinilar.

Henrickson et al., (1962) observed'increased booking
‘losses .(P<0.01) for beef steaks frozen and stored for 12

veeks. ' Pearson an&t Miller (1950) colpared the effects of

.

length of freezer storage (0, 90 ahd 180 days) on. - the
\,cooking losa’s of beef LD steaks. - As the.length of freezer f

‘storage was 1ncreased from 0 to 90 fdajs; there Avas"aT,
. o - . : D
'slgnlflcant increase in cooklng '105Ses and total,veighthv@
. SR SN

1osses. However, no further- changes in cooking 1ossé§ vere'

' detecteé as the storage peixod vas xncreased from 90'to 1&07“'

- v
P

"»days., - " e ‘, ‘. " "‘\
A secoui eéxperiment (Pearson and Hiiier, 1950),

conparlng the effects\ of 0, 60, 120 and 180 days frozen .f

' ‘ S ' L

‘storage on beef steaks, indicated that unfrozen acontrol
(S :

if}steaks‘ had’ srgnificantly 1oqﬁf total 1osses than anf:pf the -
: frozen steaks. Percent drip . xn thav, cooking 1bsses and :

fltotal--losses . for 'the frozen_ steaks vere thhér than the."

'_losses of conparable fresh steaks. ' U"~\:§i

R R o T gy co
Presh'steaks andvfrozen'steaksl-stored 187 days ‘were

;.silllar in softness, tenderness, res;ﬁpal connectzve txssne, o

e ' e

'7~leat1ness and overall acceptahllztg (Table . Jndges rated
'v he ju1c1ness and 1n1t1a1 flavog of the LD sheaks vhxch uerea-_
‘j~frozen. and stored 187 days signiflcantly 1over than tha€ ofw'

}COIParable fresh steaks.\\gearson and ﬂlller L1950) observed'fJ

RS . - . : . 4
N3 - . 3 Lo



~that steaks tested at 0 days (fresh) vere nore"tender than
‘steaks 3stored;-£or 90vdays. Houever,lno further change in

tendernesssinas 'deteCted onen the storage’ -perxod ' was

1ncreas&d fron 190~ to 180 days. There vere no sanifxcant‘
'dlfference% rnn gﬁgtent ether extract attributable to

freetfgz (r’blp 7). Houever, fﬂbzen steaks stored for 187
g déys h‘ﬁ ia' 1ove& (P(O 05) percent total moisture than‘
)jgpnpaftple 5'..f.resh steaks. Vater holding capacity -data
.‘langased (P<0 01) Hlth 187 days froien storage.:‘ Shear
~for@e values 'and TBA nunber for both the fresh steaks and

/ Y ]
d fﬁozen steaks stored 181 days vete 51n11ar. LI

Length of frozen sto?age had a significant affect on
v - .
the appearance of the PD steaks (Table 8). Prozen steaks
S ) o.’» : \
stored for 10 days shoued no v151b1e sign of fteezer burn,

, Ncd

_ whereas LD steaks frogen and stored for 187 days exhlblted
A”sllght to noderate“freezergbnrn.. The color of the thaued
;‘1ean of ftozen LD stdaks darkened sxgniflcantly betveen 10
\hand 187 days ftozen storage,lﬁ(/indlcated bgta decrease in
afcolor reglectancq' vdlne; &k each of the four vavelengthsf
':Preezer bnrn and color data support s1111ar .iindlngs\ by

1Ransbottonwab1947) Jhlch 1ndicate that -prolonged freezer

-;storage serlonsly af&gctg the appearaﬂce and color of fresh

]

frozen neat.

-

.,3The',av¢rage _percent total losses, dr1p in thav, total f

'1c0031ng and volatzle 1osses 1ncreased sxgnificantly bet&ega
: a . . ) . A :{!
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lealucs

o *#tlnos
replic

svalues

plnnlist. o

.1, o-(o
the gr
aeans

' "aluos
roplic

. Siqni

.
JRTRE
w3}
Table 8. Heans and szl tot objective and subjec
measurenents for beef LD ‘steaks frozen and
stored 10 or 187 days. A n*‘ :.
‘ _ Length of Fxozes §$9£nss
Neasuresents :
S R - © 10 ‘days 187 days ‘SE I
Preazer. burad - : 7.0 © 8.3 0.21%% o« -

"Colors (thaved rav sa-plos) . . IR

%, .485 ne - . 12.0. 8.7 ° 0.12es
- 545 n» j> . 8.3 5.2 0.112s
625 na ’ , 26.9 ' . 21.0 0.74%

K , 655 nnm - 33.0° . 2642 5.08»
Total losses? (%) = 17.47 . 18.77 0.03%»
prip in thawd (%) . 1.21 .37 , 0 0w '
Cooking lossesd (%) . b

~Total ’ . : 16.26 17.40 . Oltt
Yolatile » 15.29 - 16.32 n\. .

! Drip _ 0.97 1.08 ‘

Taste panel data’ ‘ . : , ’
Softness - 5.5 5,2 0.00¢4
Juiciness 5.2 4.9 P .0.00ex
Initial flavor 5.2 ‘8.5 0.0 182
Tendexrness - 5.9 5.5 0.0t=s

' Connective tissue 6.3 640 0.0234# .
Reatiness ' : 5.8 - 5.2 " 0.00e»
Overall acceptability 5.5 n.8 0.00%%

Pther extract* (%) : 2.79- 3.36 0.30 -

Total moistures (X) - 73.62 72.88 0.37.

" Water bholdiamg capacity‘ 0.69 1 0.75 0.00%%
shear force? (k9/1 3 cnm: ) 3.2 3.2 0.00
TEX nnlbdr‘ 1.05 0.59 + 0.15

R L !
!stenda:d error. R . “i:“f'
K ».)- 3 Y
‘!Bj.ghest possiblh score, 7 Qts. :

fot ttozen':teaks are means of 72 deterlinations.

are the seans of 24 deterainaticns, two per
ate. - : '

. : rd -
age thp loans of 72.jhdglents bz‘edCh of six

’ L4

xp:cssible liquid index). the 1arger the value
ester thé amcunt of .l1iguid expressed. Values are
of 216 deterainations,’ thtee per replicate. -

3 v
are the louns of 932 detetninations, six per
ate. ‘ . .

ficant at p<q.ds. »+ Significant at P<0.01.
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10 'and 187 days frozen storage (Table 8).' Drip iosses for
3 [

frozen steaks stored either 10 or 187 days vere sinilar.~_‘r&>

Lav et ai., (1967) studied the _effect of storaoe
intervals on cooking losses of beef’loin steaks. Cooking

| losseé (total, volatile and drip)<for the . steake ' did mot
) . . PR . . - . . RN v‘ P
increase betveen one . veek and sir-nonths frozen'stérage.
N
2 3
. Houever, total cookind .and volatile losses : OF - the frozen

-
- s .
4.

loin -steaks gﬁored nine nonths vere signifioh‘ily‘higherf

than the losses of conparable loin steaks frozen, ’ﬂ slored

"»,n;_ ;

ither one veek or six lonths. Percent drip 13*;@ tue

F 4
loin steaks was not 51gnif1cantly affected by th@ lengtk

freezer’ storage.

' ~ 'The ‘taste panel vdarzf'(rabla,;d{‘ihoi that‘frozen LD
steaks stored fOr 10zde75 wvere 'rated'zeialaficantiy higher
forl each of the palatabxlzty characterzstics evaluated than
conparable frozen salples stored 187 dgys. Judges descrlbedz
the sqnples frozen and ‘stored 10 days as - de51rab1e- the
_sanples frozen and stored for 187 days were rated acceptable
to 'noderately“.de51rable.u In contrnst,siav“et al.,;(1967)“
| reported that differences in tenderness agd flavor wvere not .

significant,'for beef éfeaks frozen'And stored one veek, six
. L s X

l{‘

: d _ e - L
months or nine months. Juiciness: scores decreased after
nine months frozen storage. Baldvwin et al., (1972) reported.

: ‘ _ R e
. a . significant decl&ﬁe in the flavor of frozen beef patties

betveen six and 12 veeks,frozen storage. = .
o : - i S
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~ No significant differences for nereent ’ether extraotv

and percentage .total noistnuy of the LD stenks frozen and "
'_,stored 10 or 187 days nere found (Table 8).ivﬂonever, stee}sh
,frozen and.stored 187 days had 1ess total ‘moisture than
5f comparable - fresh 'steaks g?able 7). Lau.‘et al;, (1967)
»fobserved no significan . d fferences in the percent lipid gnd‘=
' percent total noistnrev or ::Lf steaks frozen and stored one

- wveek, Six or nine nonths," ' U
L . ( . A

o _ DA .
" Water’ holding capacxty data for 'frozen LD steaks

‘ indicated that frozen steaks stored 187 days had a greater
vater holding capacxty than either conparable frozan' stgaksf
stored 10 days or. conparable fresh steaks (Tables 7 and 8). :
Anﬂhrson .(1959) -found a larger IOistnre area vas obtained,
-.fron frozen steaks in contrast to fresh steaks. | »ue

'attributed this difference to the denaturation'é% proteiny

dnring freezing and snhseguent release of bound. vater.“

: Tenderness,igas. leasnred"by shearﬂiforce. vas  not -
“sxgnificantly affected by the length of freezer storagei
(rable 3). Bovever, thev trained panel indicateip frozen

1’£teaks a&pred 10 days‘vere softer,'nore tender and had less

< res.tduak’ :

ok ’
! dd&s. Lau eﬁaral.n (1967) reported that there ‘vere no
. WX

Y
-~

fqtive tissue ‘than frozen pair mates stoted 187

significant diffthICes in tenderness, as neasnred by shear‘

S ébzce, aﬁtrihuflﬂie to prolonged freezer storage.

:J\" >
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%%.A

The TBA nulber for the frozen steaks stored 10 Vor"187

;—-‘dayS’ vas sililar (Table 8),: although initial flavor and

~meatiness scores were significantly lower for steaks frozen -
and stored 187 . days. In' contrast,. Lau et al., (1961)i-
lhobserVed that TBL nunber increased significantly betveen one
veek and six -lonths frozen storage.;fiIn, the : present

experinent, meat isanples for TBA analfsis were trilled of
'all outer edges to. provide &.representative salple sinilar

to' that received by the panelists. 'BY trinllng auay the

‘outer edges, differences due to freezer -storage nay “have _i

2

i, been nininized.< L more senSitive test. nay have prov1ded a
" better indication of the oxidative changes occurring uithin -

.“the,neat eva,}uated _in .this ’&:xd.y. - o , o a

%

In general, the data a¥ables 6, 7 and 8) ﬁplicate that
only slight differenCes in the eating qnality o£.$2ef steaks

' resulted fron short periods of frozen storage. Prolonged

,\l

"‘.storage (187 days) resulted in a narked deterioration of

. eating guality. T contrast, Lau et al., (1967) reported

-]:that storage of ‘up to six months at -18° to -23° had little

»:effect on the eating quality of loinm steaks, but Significan

Uchanges occurred between six. and nine lonths.g_
‘ ’ '. h . ) - N . ‘ ' ! ‘

£ .
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‘Preezing and Storage Conditions =~ .

R The average freezing curves for beef LD steaks frozen
,glfnﬂthree types of household freezers are presented in Pigure
4, cOstello and Henrickson (196“) indicated freezinq curves :
*;could be divxded into three distinct stages-‘ cooling
(inxtial telperature to -2°); freezing (-2° to '-3°)~' 'd B
t cooling the frozen aeat (belgw -3°). In the ‘present study. {

t%g same three stages vere ohserved5 E S ”‘:(“3\
' e ' ’ ’ ! . r

l”telperature to 0°94cooling),

(b) 0° to -1 50 (freeﬁﬁng), and ’>

‘ , . (c) belou —1 5° (cooling of frozen .th);l

l No-reasons for the telperature differences' found in.,the

"1three stages of the freezing curves of this study conpared
: with those of Costello and Henrickson (1960) ere readily l'
jiapparent. The tile required for. the steaks to reach each of

the- three' stages in" the free:1ng curves uas calculated.L

' lnalysis of coﬁariauce (Appendix, Tahle v, page 107) of the,
.data of the 1ndividual steaks indicated‘ehat at each stage -

i;;of freezing, there 'verev Significant (P<0.01) differencqpa

"attrihutable to freezer type.'“
Beef?steaif placed in P(i) took significantlj longer to"
' cool (l 5 hours) than steaks placed in either P(2) or P(3)

(rigure 4). The cooling tile aas 0 '5 hours for LD steaks in N
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both P(2) and F(3). - - S

A total of 15.0‘hburs'uaS'regu£red for LD steaRSf“in"

F(1) to -complete the freezing stage.' This time was

'significantly longer than the freezing stage tile for steaks _

in either r(z)_(s.s hours) or F(3) (3.5 hours). There " were
no significant differences in the time required to complqte

therfreezing staée'fOt Lb stesks plnced in F(2) or‘P(3)t

C’, Steaks frozen in F(1) reqnited signifieantly longer
,»(51-5 hours) .io cool the frOZen meat to\the laxinnl low
tenperature (—S 5°), tnan did-co-parab1e~ steaks frozen in-~

exther r(2) (9.5 hours) or r(3) (11. 5 honrs). There wete no

51gn1f1cant differences in the times: reqnired to co-plete

o Siv
the th1rd stage (cooling the ftozen meat, below’ -1 59)
. o /e

'

between steaks placed in F(2) and-P(B).-

)

‘Steaks frozen in F(1) reguired a total of 39.0 hours to

reach._the 'naxigbn low tenperafure: F(2), 16.5 hours; and

S
€

T

- F43), 15;5:hours (Figu;e'a); uaxilulilov-,tenperatnres ;fot -

‘steaks in (. P(2) and -?(3) were -5.5°, -12° and -15°%,
: respectlvely. | | |
The 'defrostb cycle' of the 'frostftee' two-door

refrxgerator-freezer conbination (P(2)), d1d not appear to

*influence the: freezing curve. ihen the telperatute of * the

fne»z s was nonitored in prelillnary vork, the 1nterna1
felzgt}re of P(2) peaked at l&° to 10° dnring ~the’ defrost,

" ntilt
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cycle. ' f://ﬁefrost cycle occurred every 40 to 48 hours and

‘_was of a 30/ainute duration._»w”
Quality

"4The'LDesteaks-frozen and stored in. F(3) eere _scored‘
: higher (P<0.01) in eppearance than LD'stealsffrozen and
‘stored in elther F(1) or P(2) (teble 9). ;rozen'.LD steaks
’stored in elther E(i) (-7°)  or F(2y (-12°) exhibited a
“slight aiount of freezer burn; ’hovever, conparahle steeksl

frozen and stored in P(3) (—17°) showed little or 90 v181b1e.

sxgns of freezer burn. C g N /

.rnsbotton (19“7) denonstrated the relqti 'tb‘betneen_
the, tenperature of storage and the color and appearance of .
beef steaks.. steaks stored ‘at -39 vere discolored in less‘
tﬁhn 30 days, vhereas steaks store@ at -29° vere still‘
'scored 'good' in éélor &nd ap arance after one year of
Hfrozen storage. ﬁlt tenpercizres 9pf -12° -18° —23°'ehd,
;2§° the anonnt of freezer ‘burn uas directly related"to

'te-perature, being very slight on steaks stored at -29°‘for

180 days, and extensive on. steaks stored for 180 days',atA :

_',*-1.‘%

-1200

The color of Vthaeed"rau'salples'of frozen LD steaks

vhzch had been *stored in each of the three honsehold

o

freezers was sinzlar (Table 9). In contrast, Jakobsson and

.\

_Bengtsson 1973) .observed thatlafter_thaving, meat frozen at



- Table 9. Means apd SE! for objective .and suﬁjectiﬁef““

seasurements for beef LD steaks frozen and
stored in three types of hose ffeezers.

. ncasuregonts . P(Y) . F(2) -r€3).-. . -SE
Preezer bura* 5.2° 5.3 H'Q.i‘ " 0.18ax
Color® (thaved rav samples) S T ) : ’ Y

. 485 nm 110.0 10.9 1041 © 7 0.58
- . 585 om . o 6.9 7.0. - 6.3 . 0.50
625 nm’ : Lo21.8 2502 25.2 - .1.83-
o 656 nm . - : . .27.a4 , 30.2 p 311y 2,04
Total losses*® (X) 18,78 V7. 9& 17.68.° 0.23as.
prip in thawe* (X) - . % 73 1.1 1. 01 “0.110e
Cooking losses*s (X) e o
Total , 17.01 16.82 1667 . 0.23
Volatile - - 16,08 15.73  15.863 0.19 -
. 'Drip . ‘ .97 . 1.09 1.04: 0.07
Taste panel data* © b a R oo
_Softness . - 5.2 . 8.8 5.8 . 0.,08%e
‘Juiciness , o 5.1 5.0, 5.1, 0.0a
.Initial flavor a.9® 4.8 " 4.9 . 0,064
Tenderness 8.7 5.7 " 547 - 0.05
:'Connective tissue oo 8 6.2 -6a1 0.06 .. - -
- Beatiness 5.4 5.3 . 5.3 0.03
: Overall acceptahility 5.1 - 5.1 L 5.2 . 0.03 . .
. Pther extracts (X) . 3.10 3.05° . 3.06 . 0.50

" Total moistures (%) - 72.95 73.49 .73.31 0.65

. ¥ater holding capacity? 0.72 0.7 %73 0 0. 00
Shear forces® (kg/1 3ca core) -8 3.2 3.0 0.02¢-
!Bl nu-ber' o .- o 63 .11 0.72 0.23

‘istandard errot,

' 0va1ues ‘are thc le;ns of aa detctninations.

',.rcvalnes are thc leanl ot ue judq-ents by .ach of = "g&-“

!aighest polsihlc scoro, 1 points.

sr(1)., one-door retrigerator freezet~ !(2), tvo-doot
tfrostfree' refrigerator £reezer- r(a), apright
household !rcczet i

Ny

-

SYalues are the'lcans o! 16 deteri‘pations, tvo per
‘ replicate. S . S

six patelists.

LE I o-(e pressitkle 11qnid 1ndex): tho larger the value
the greater the asosnt of liguid expréssed. Values are.
the neans ot 148 dctitlinations, ‘three por replicata.

"Valnes ‘are the loans cf 288 dcterninations, six pet

.

toplicate.

abc Values without a common lettat in their superscript
atn significantly dit:o:ont (P<0 05).1 . _

* signi!icaﬂ}nag £<0.05. ws signiticaut at P<o. 01./
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a vary slou freezing rate (- 209). uns darker 1n ‘colorv tnan
,Lneat salples frozen at b;gher ‘rates. (—35° nnd uith liguid'_
Qg;trogen)_ l_,fd'” tL 1‘d' ;d’ 5'<A,z" o ,;v' ‘; 'f'f?

The average percent total 1osses ' ana drxp in thav for d'
lsteaks frozen and stored 1n P(1) vere higher (P<0 01) than

f:the total IOSSes and drip in thau of co-parable;.steaxS -

»-

fffrozen ang stored in elther P(Z) or r(3) (Tahle 9": Cooknng
"flosses (total, volatile andiygrlp) snoued no sngnificant

differences attrzbntable to type of hOne freezer.rf¢a W.‘

. Pearson and urller (1950) fonnd total weight losses, :
' drlp ‘in thav ‘and cooking 1osses were sllllnr'for beef steaks"
H‘frozen at three different rates (slov, interqediate and
"rapxd).i Hiner et al., (19“5) observed that drip in thau =
eidecreased as freezing tenperatnres vere lovered fron -8° to B
{-—81° ' The authors belneved an increase in intrafibrillar ‘f
t_freezlng and rupturing of fibers pernitted the protains to :

iireabsorh a. 1arge proportion of the water originally frozen o
in the neat,‘reducing the volnne of drip ip thav.f Bannister "

H:(1971) fonnd - RO-; siqnificant difierences‘in cooking 1osses

‘f(total, volatlle and drip) for pork

oin' chops -frozen. in;

dfeach of three types of household fréezers.'.fx

Jndges scored the softness of LD steaks frozen and
4

ﬂgstored in r(z) and r(3) signxf;cantly higher than ,the

ffsoftness of conparable salples frozen and stored in P(I)
- _ i T A A
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(Tahle 9). LD steaks f.rozen end stored in each of the three
'—f'-,;types of ho-e freezers - vere . siailar‘ ~da- _3giciness,.i,,,..
'5tenderness, g residual connective tissue. ueatiness“ and

| .overall acceptabz.h,ty. ) Initial fluox“ scores for . steaks

""";frozen and stored ‘in r(2) vere lower~ (P(O 05) than the -

.v scor“ for conpareble steaks frozen : and stored in either

N ':_:'refrlgerator freezer (33) or an dprith household freezer '.

i .
A
o

'_'_<f-rm or 1?(3). o e,
| ‘K‘-V’I'lavrri‘son‘ et .al., .”(‘:1Qv73) feuh“d‘ that pork chops frozen o

".aec‘l o stored in,‘,'," j the, freezlnq : conb-ertnenr, o ef _ ;

r’::i‘refrigeratorcfreezer (Bn uere lore ten;ler than conperahle‘

chops frozen in either the freezing sec#tqn Of a iwo-door

(BB). There vere no significant difftrrences in juiciness"_‘

Scores : betuee&”?ork chOps frOZen‘ in eavh. pf the three types

EX f ::,f'stored in (111) uere higher thze M‘é ra,ti*gs far chops stored‘

'of housebold freexer.. rlavor scores werb higher for frozen R
"'ChOpS‘ stored ] o (H1), : but the ,ﬁl#ference vas: ‘nmot

signif;.cant. he overall accept,abilif'g ratings for chops .

' in eithen (HZ) or (53)- ST % l'
ey T - ,."" ' ‘rmem J’ﬁ .
Data for . chenical 4 ;,conposition an-ltj-- objective
RN R -." ‘ ‘“ o
‘_';:;neasure-ents for I.D steaké""’frozen and sgored 1n thé three

""";household freezers are ulso snnui.zed v&.n '.rable 9. , There "/

! 54.:?*.'._5 wene no significant differences 1n percent ether extract,

'percent eoisture and uater holding capacs.ty attrihuteble to§

freezer type. : Shear force nlue§ vere lowest (nosst tender)

*
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&

. . h . .’. ,".'v
. . . . L L. ) n ' ' . ‘1

Jfor'“LD Vsteaks frozen-and stored in P(3) and high‘est"(leas-t::~

'-tender) for LD steaks frozen and“stored 1n !(1). Thﬁ; TBA

o
‘l-. .‘n

nunber for steaks frozen and “stored in P(2) vas highet thén

I.the nunhef for conparable steaks frozen and stdred in e{%her

o~

.‘F(1)jor 1(3),.hovever the dlfference vasﬁ&rt s;gnif;cant,

e L , : ~ e . :
Hankins anad Hiner'(19@b)'reported that steaks'frozen at

—23° and —uoo vere -ore 'tender‘ freqniréd’ 1ess force to

._shear) than steaks froZen atv—7° Bannxster (1971) found no

» sxgnlflcant differences ;1n percent qusture, water hoidingf

capaczty and shear force for port chops froz%n and stored NP

- .

each of three types of household freetera. e ‘54 oy
. . N A . e
: ' - 'ih‘ . M ? " 0 )'5” (g . . : :_ . .

* ’ e

rozen storage

.- T "va,('

tenperatureaof P(3), ( 170) vas llportant 1n ‘bntributrng to~
L~ W R o Pr

The data (Table 9).- 1nd1¢ate that the 1'

»éa des;rable appearance for~frozen LD steaks. ﬁ ’additxon,

)42

.a§ those in P(é) and P(Z) nlnxlize thev

vlow tenperatures SUC

total losses ut dr;p in ﬁaw °£§ the LD steaks. emd resultf'
©

'uln hlgher softness scores an 1ower ‘.hear force\ ‘values.

In1t1a1 flavor 'soores for LD steaks frozen and stored 1n\

S

,3?(3) and F(1) were 51111ar and higher than scores for

' co-parable LD steaks frozen and storeq in P(Z). In

‘*éontrast, the hxgh frozen storage tenperatnre in P(1)

'aépears fto= have a 1ess desirable effect on the guality of

‘Objective,and subjéetfbefdetg :orf:eacn_'Offrthe_‘tnree-
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: L L Lo o
nousehold qapezers were analeed separately for the two

LY

storege eriods and are p sented in Tables 10 and 11, 'NQ
S 1’9

N ¥ -
visi-a,~* gns ofq freezet burn ve‘g observed on LD steaks

-y

¥nd stored 10 days in an; of the three _honsehold

«' S
- » e

P .
f:eezers (Table IO). Houever, LD s@e;ls frozen and stored "

_iy." &YS in p(3) were sueqrior (P(O 01y in -appearance to .

conparable LD stetgg frozdh ‘and stored in either, F{1) or

" RS J!‘ »

F(Z) (£§n}e fh). Hhen thauﬁ _“*there sere ;. no_ s;gnificant

.,

o difg;rences‘“in the rau ieanlj,'f_,"fyrb¢ ipaﬁ% %rozen and
irg?§é‘iz vithln each

. o

- stored in eoch*ﬁf the three houseno::

X' “' . ! pooL ! A .“MA*& * : . '
storage per;odya *. : ‘L? : SO RN T e ¢'gw .
AruiSa g o S S L .
NS . ) P . : . 5-4 Eg “=.:, o < -
o v R‘“ o R o)

' .
: Total losses vere hlghest (P<O o) for LD steaks frozen
.and stored 10 days 13~P§1) mhd 1buest fgﬁFLD steaks frozen '.

- P .
Iu?and stored 19 days in r(3)g jhhle 10). Ins ad‘it;pn,- tqtal

losses UQre. szgnifica;_l’;?\igher for thevfrozen LD. steaks .

‘stored 187 days 1nar(1) thin the losses of conparable frozen '
steaks stored 187 days in éither P(2)\o P(B) (Table 11).
Percent drlp in thav - vas higher for the LD steaks stored in -

. -

P(1) than the percent drip in thau of conparablet«steaks

s stored in eitheg@r(2) or 213), regardless,pf the 1ength of

: -
frozen storege (Tables 10 and 11)._ Cooﬁing losses (total,:nn
- - »

volatzle ‘and* drlpt\ for frozen LD steaks stored 10 or 187

© N
%‘4"' ‘f-»:; ‘.

days vere not 519nif1cantly affected hz freezer type.

raste(panel evelnetiqﬁ of tie :i. frozen ,an&

‘ stored-afor 10 days 1: eech of tne three household freezers
L SIS 5 '»C‘:, o _.,“L}: &f\

..Va
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K . I W e : : ) "f'.?,'."-‘« L
oo ] ‘ Aoy . ) . o,
- o ‘ Q, ., ‘ .
"4 ) e A%
. . s
N O ’ N *
ﬁ' s T g .
L 4 ’ ! Co- w v »
~ Table 10. Nedns and. SE}. for objoctin ahd jbjectiver.
T _ measuteaents. for beef LD steaks .onn 8
. -, and stored 10 days in three home friégzers.
* [ N ] i h
. = - - - -
sdsy lontl;:,;. o~ . ’ oy e r(3) SB

e ) < 1.0 - 7.0 7.0 - -0.00
e .Colo:‘ (thatWd *Tav samples) ‘ : .
A AT £ ,- N CCoe2 T 1222 12,5 - - 0.73
R SR sag A p o Be2. 'B.KL 7.9 0470 ,
W 62% u' L ’.22. 27.9 30.3 2.59 4
“.% i 688 am oy 3,.33 T 3752, 3.03 .. -
* ToRal loss v ! By 17.3%° 17.01p ° 0.27ws .
Drip in t 0 o 1.65 1 02- - 0.95 / 0."111“
5" . €ooking 1 ; 7
- <Total. 1 .92 . 16.30. 16.06/ ., :0.26 °
W mntuo R 1&39“, 15.32“15 0 ‘ﬁg,az, ,
c By o DEdp W93 Q. 98,” 1. 0.07 .
‘ Tllt.sp: 8l ‘htg‘» o . . :
Q s . T 5 4 q 5. ) 0.0 ;
S Juidncm . 4‘ ”% o2 . =0.06
S tial flavor ' Qs. s.z“' 5.12 0.06
: . " "teMderness . J..- %8 .5.9£ 5.9.: 0,06 ‘-
- Cogimective tissue -*. 6.3 °°° 6.3 6.2 . ol0g
.. . Heatipess f?.g‘ TS50 5.1 0.08 ° ‘e
M. " overdIl acceptabitity 9% - 54 .55 v 0.05.
© .1 Bther extracts. (%) a o 2+34, 2.6% . 3.38 * 0 50 !
¥ | Total.moismtyres .(%) 78,01  73.85 PP.00 - 0,65
<~ Water holdjng capacity? 0.6% Q. 6§ 0. 6@ .0.00
,. . Shear force®* (kg/l.3cw coro) %3. : 2. «02ex .
gtn pusbers © . : 73 S 1.89  0.93%W0.32% 0 ]
.'!Standa;d‘cx:_ror;._, . R . M
. i ERRR Y ‘
,lni'thst pa : ‘
) I, ono—-doot Te rigorntor ttuut' r(2), uo-door e
A ‘frostfree’’ mtrigcrator t:cazot. P(B), nptiqht o T Q‘
: ' hm(uhold ftu:ot. . N : Nooe T bt e
e ‘Vuu-s uo tho nuna o! 26" et nim:lons. . '
'ulncl tro tho nnns ‘of 8 dctorlinttions. &5“ p‘: i
- . 'replicate. R ] .,.- ‘ , £ 4
. é¥alues are tho}"s -ot 2n ‘dudgl.nt's b_y '«ch ot sit | o
panelists. bl : ' Lo
71.0- toxptoniblc quuiﬂ 1nd¢x) tho luzgo: thq nlnt - :
the 'greater the amount of liqnid expressed. Values -
- are the means of 72- doto:uuﬁons, ‘three per - ERT
npncato. o . - e
'ﬁluu are the lun of 1“ dotéuintiou. six pcr
:cplmu. AR P IR -
L .. abe nlus vithont a conon lottor 4n thcu nporscript oo
o & 7 are s.tgu.ticutly dufount (p<o 05)., :

n signit.tclnt u‘. P<D 01.



. significapt at <0055

5 _ft
' v

u- stgniﬁcaut d“t P<0 01. ; :

L ¥ 74
. . 0.
..‘?\'. - e .
b .' ' av
. Q
e N T CRIPU
Table 11, Neans'® B for objective ana subjective? - .
aeasur unt for beef LD steaks frozen .
and ltond 187 days in three hone freezars. R
PV
. ansu'uonts RRA L !!2) . P(3) -SE -
Freezer burn? : 3.8° 3.6°  5.9% 7 0.26we
Cclor® (thaved raw suplcl) . s
© - 485 na 8.8 9.5 7.8 0.73 :
545 na 5.5 562 4.8 0.70 s
, 625 na 20,3 22.4 20.2 2.5 ‘
L. - 455-na o 26.9 , 26:7 . 25-1 . 3.0
" motal losMess (%) [ - - 19,815 18,55, 18.38,  0.28es = .
Dtlg in-thave (%) . . ‘.81 1.23 1 01 U 130w f
Cooking losslss (%). . o~ = . s
‘Totals’ 5 17.60 17.32 .. 17.27 ‘0, 30" LI
"olatih Ot 16,09 16012 16.20 . - 0.24 w
. .Drdp ) o © 1,00 1.20 - 1.07 10.10
‘Taste panel data® " . L et o
¥ saftmes & o 5.0° ..5:3% ) os.3% 0064 "’J}g—f
- Juiciiess 2 a9, 4.9 5.0, 0.0S ‘ '
©  Initial fldver A a.4® 6.7 "wov. ‘
Tenderness - - ‘4 © 5.5 5.6 5.6 4 0.06 e
‘Connective tissue 6.0 ~-:6:1 6,0 7 0.07 - * -
. .Meatines o {5:3 6.2 #2.°  0.05
. Overall, ecoptahilitx 4.7 4.7 8.9  -,0.06 . e
Bther -extra (%) 3.8_8"‘ 3.41 -2.79 0 50 :
. Tdtal moistures (%) 71.89, 73. fuc 73.62, 65
. Water ‘holding capacity? 0.75 - 0.7@ 0. ’IL «CO0s
. Shear forcae® (an 3cn cox:o) 3.847 3.2 3.1 o 0,03- N .
¢ 'ru naabers 0.52° 0.7% 0.51 0.32 e
o " 2 — g i - ¢
\ Standard e:tdr - b, 2 :
!ughost pos#ble score, 7 poipts. P C
e rrm. one-doo: refrigerator tteeut- 7 (2) ,' tvo-doot' e
N ' frostfree' refrigerator freezer;. 1'(3). npright . g
‘household !reua: - v i
o ‘nlucs art- tht naus of 28 det.rlinaticns. "
— ’hlucs are thc seans of 8 doterninations tvo Y
f\\ , yo: repllcato.. , e ] ! . N
. g . : . ,
'ulnc: ‘are the means of 28 Audgments by eacha‘." six -
ty . Pln,liltl. ‘ - . p R o . L R
. - N , . S .—\“
'71.0+ (expressitle liquid ind«x).‘;the larger Jhe wvalué, '
. the sater the amounty of uid .xpresud. Malues dre
co tho nus ot 12 detcrpina-tions, tbtee per replicatq.
'ulnd‘ are Q:hc uana.o! 184 deterninaticu‘\ six PeF o .y
- - ‘!‘plic.t.. . ::' ‘ B . . .r " ":‘W/—' i
: \‘\7,“_ ol :bc ulul 'vithont a cnnon 1etttr j.n thetn snpersc:!pt v ..‘?. !
L vTare ligni.ﬁ.cintly different (P<0.05). - R
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indicated that there vere no siénifiéant' differences in '
palatabiiity attribntable tonfreezer type (Table A0) . Taste
'nanei scores”'frable‘ 1M show that frozea LD steaks'stored
for 1877days-in f(2) and P(B) vere softer than conparable
ﬁrozen steaks stored for 187 days in P(1). »Frozen steaks
.§;§tored 187 days in each of the freezers, vere siliiar &tn
juiciness, tendernesi, residual connective tissue, leatlness
and overall acceptab&iity. Only bhe inltial flavor s&gres
for LD stegks frozen and stored 187 days “in P(2) vere

'siqnlficantly lover than the’ scores for LD steaks frozen and‘

stored the sane lengﬂﬂfof tilesln e1ther 8(1) or F(3)._
. {\ ( R A . . . .
- ’,AData f‘w per“t *@ther extract, total noistnre,, “

~’~ V

fholdinﬂ capeczty and ﬂllc n'nber (Table 10)ﬂ‘;

-

{ substantiate ~the taste panel scord; uhich xndicate that the
‘eating guality of LD steaks frozecvapd stored 10 days "?' :
sxlxlar, ? regardless of freezer .type. E Hovever, 'ﬂarner

..Bratzler shear‘!orce values vere* lovest (lost tender) for LD

un;steaks stored \0 days in r(3) and highest (least tender) “for

"steaks\:\ored 1Q;days in 2(1). Sgercent ether extract, total

'.loistgre and rBA nunher vere sinilar for LD steaks frozen d?

and s:tored 18') da ‘ in edch of the three hone freezers

(Table 11). later vo;dfngrcapaeitytdatazyasfiovest 'for; ipf?fi

m maxs ¢ frozonwam A

>

187 days in F(Zf, highest fOr

frozen-LD steaks stored for ;181 days in P(3). larner

Bratzler shear values'for frozen LD steaks stored 187 days L

° .~ « o —_— o )



“ : Ty
iv,:i.n F(1) vere significantly high,er than the shear values. of
_. ‘ comparable steaks frozen and st;ﬁ:ed 187 days in either P(2)
o or F(3). 'l‘he da-ﬁ for the conpar#sons of fresh steaks aaa “
steaks frozen and stored in each of the hone f ers . aré- g

presented in Tables VI, VII and. VIII of the Appendix, -pagei &
" 108, 109 .aind 0. . I@ﬁ - -;

. . ) ' ) . v,
The. data for’ !reezer bnrn, total losses ang drip Yn @

- thaw (T 16€s 10 and Yy maf to agJ:ee with x:eparts 1,3 tue.
s &
v ,lﬁteratnre vhich gtate that higt; frozen*storage tenpex:a‘tnres

snch as that i.n PQ}) (- 7°) of t!re present expérinent, have a t‘

g
; detri.entai ; ’t- on the quali&y oksred neat. nRansttton
s (19“7) estha g .,he nannnn ,storage’ffd.fe of fresh neats by

,‘AVeraging data i on the m)r‘ and‘ appear’&nce 1n the frozen o
u"‘ . -

' -state and the balatability j:n the cooke@ state. c. A]!]‘i test
neats (includ:.nb beef steaks) storeﬂ at -30 had reached the'

' '.narqin of nnacceptabll.ity in less than 30 days,‘ not so -uch'

;~

. I .
becanse of detenioration in palatablli.ty, bnt becanse of ;
f-‘discoloration. " ll-thongh the storage ) llfe of - the leat' '

sanples at 763 uas longer than ah --3° the qolor score‘

dropped lore guic%y than the p_;atability, score. lt lover

Ty

te-pennmres =122 {"-180 = and <29°) the colot and/\

' \-"J-'

ERLY palatahility scores ggopped pt about the sane rnte. -T’h:,e-'i"'.'

iﬁ_ Lo
,ip gax:l.;(u‘n Storage ,11. ' -

stored at each of tﬁe £0 fotr.img tenpenatnres uas. »:'-fj;o.'"-' less

{qsted .for beef steaks frozen and

than 90 days-'-12°. 120 -d hys- «-180 2#.'-‘days--’ and' —23°, nore
‘o R SN e e T e e
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H _ A
‘ than one year (la!.bottOIJ 1907).34
’ . S e R
‘ '{ Y ‘%onstant low te-perature of--18°. siu11ar to that of

LY R

;(a) pf thns egperlleht; is desxr&ble for extended ftozenu:

storage (Enersonﬂ wt ‘?fz. }?51. RanshottOu et al.. 1950).;¢f
A | 3! ” . S ..“ :
Fluctuatlng tenparatures \such as ‘@hose‘fobserved 1n the g

# defrost gycle%\of P?Z) fesult 1n sgle linot alteratlons in
\.;' '. ‘l “a l‘ . 7

»@.énalxty.‘ ilnter et al.,feksszfe:eporgpd tgit the qualitg of
% ,j
¢ ground beef stored at a"constanﬂf télpefgtnre (~18°)"u"'

Bt ¥ - »... g; S .
%igcon51stently slperlof tq ghe guality of gtonnd beef stoted }
i gtq i e LS PR y

-y N

at f*ﬁ&tngtx‘g tnpperatn:es (—12° tq -18°).; Siniiar results

’ =

. ffoc beef. sgeaks%vetﬁﬁréponted by Bierson eg al.,«»()§51). ,3
2 Houetgﬁu. the sénsbry chltﬂctethﬁiCB“bt heef roasts stored

f at “a. constant (-139): ar’ fluctnating (-|2°:1‘7_ {Tg‘yiff
t r.‘. ' i“ K ! Lk -
tenperature' ?QFG vsxii‘ar., Lav e"dl., (1967) sto:e& beef
R L PR A R RE i R
o 101n steaks at -ﬁa° td'%23°?for”six}.“'“f§f13§§i3§tjyset;o' '
S e R R R
loss in quality. T [ff-q’:f‘ e
p L Thawiag S N
zf;T,ffiy o e IR : ~ -
Taplqc‘121_g;ié.H 2 | d’standatd error for’bhe
S ,' L R B BN HEi ¥ . ‘

“objective and suhjec xve -easurene'ts for Ln steaks thaved,,

The avetage rau veight of a11 the teat

'.b‘ ‘
;j‘hy three c%bthoag£r

Thauing netubd had ‘a significant f

a

 5fsanp1es !as sinil

w;effect on tha tine 'egnired to cook the LD steaks. cOoking

A

'tine for oven thnve’ (OT) steaks was significantly longét 5

“

54 than the cooking txfa fbt co-parable steaks thaveffjt either :

\,»"



AT

~“7,}T§p1¢\]2,,Ai%:ns and SEl fqr objective anﬁ subjective? S
SRR surenents-for frozen heef 1D steaks thaved
at three tenpht‘tures. B L :

- Measurements. - - S ) ~ RT :IOT‘ - -SE
' , ' *v'«!' _ . . .
“Raw veighte (g) . . L 333 8 336.2 3qa.“u C o 8.75 .
‘Cooking time* (mim) . = - . 23. 2b 23, 6P 40.62  o. 78ex
‘Total losses® (%) . S 17.430 7. n1b_ 19.5¢8 0. 238"
~prip in thawe (%) .~ - .. 2.04a . 1.823 0. 0 0. 11*:*

. Cooking losses'aqx) S - S B

. motal . . . VN 15.39D. 15.59D 19.52 0. 23&:
© . Volatile #x~ . 14:39%  u.670 18,3 0.19we ¥
i prip . wEw 1,00 ' 0.92 . 1.16 .. 0.07 .
Taste panel. daﬁa?. - ' R ‘ T
7, Softmess . .-~ 5.3b. 5,53 5.2D 2 0,00
Y Juicipess . -, 5.1% . 5,23 4.9 0,084k
. Initial flavor B ‘ 6.8 . 4.9 .08
- Tenderness : “sy73b - 5.8 ;. 5.6b° ..\;:o 05x%
ﬂ-fCoqnective'-lssue "6e2 o ' 0,06
" ‘Meatinegg® X, . .3 « 03

@A ‘l“- o 0 **:
R I 1| L
o.ozh“

m,gfi%aﬁer_hOICin pdR Ty e 1Obji~
3]Q?$hear;iorce? (©ow .3cn core) 3.2b -

L % ,._“S“ndard error.‘-’ R -  § o

I

Ly
P }
ey

'"E'inyiaighest posszhie score, 7 points..}J ﬁ";f

f QValues are the neans;_- QB deterlinat;ons. .flﬁ}ff;dt;izg .

sVaLues apa thehgﬂans gfna judglents by each of six'a 'g'*

‘ \ ” :o-(expresszble;liquxdvlndex). thq larger the value, :
Tl i MG -greater: the: amount -of liguid: -expressed.../Values are
'_QiZ e the'leans of 1an‘deterninat§ons. three pér repliﬁate-“»gjjé

7Values are the neans of 288 deter:xnaiions, sax per
replicate.;;L:wf,, SE L DT

- abc Valnes uithout & connon letter in theit séperscript
'-j ~are significantly differﬁnt'_-“?<p.05).

\51 significant at P<°-,1-

B M ST IS
B R L
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L e | . ,-,,‘_‘efffjil' )
‘z)refrigerator (Rrj or roon (RT) telperature.-\cook;hgltiiesQ 

ﬁ“for ar and 8T steaks were si-xlar.v Other vorkers (va11 et
" all, v19u3-5 Lowe et al.,- 1952. "Brown, 1961; Lind, 1969;

Bahnister, 1971) have rep :‘d smlilar fxndings.‘

. l

Percent totql 1osses and total cooking and‘&yolatile

losses for OT steaks vere highet (P<0 01) than the;

‘c0|paraE1e frozen..LD steaks thaved prior to goekiug.(rahle
A 12). Drxp 10sses for the D steaks uere not affected‘;by
 thav1ng lethod. Total losse:,1 drip in thaw end cooking
fflosses (total, vol’lile and drzp) vere sxnilar for LD, steaks

"_thaved in elther the refrigerator or at roo-gtelperatute.'

e ‘ - o ,.he..ﬂu__g; R )
| Reports in the literature oh th;effects of lethods of

:_thaving on weight 1osses during thauing and’ cookinq are

varxed., Broun (1961) observed that total losses and cooking '
a 1osses for beef steaks refrigerator or roon tenperature |

- thaved uere sinil&r, althﬁngh refrxgerator thawed steaks had

..‘;;’” N

\ el
a- greater drip ~£ﬁr‘thdn volnne than did roou tenperature
"uthauea steaks. Vail st a1., (19u3) stated thqs total losses )

“‘.for oven, refrigerator end roou telperature thawed steaks

Y

ivere sinilat. Hovever, cooking losses were pighest for ovew
' ¢

“sthaved steaks and 1ouest<for refrigerator thawed steaks.;

- oLove et al., t1952) reported tunt the total losses for
: r Q{
frefrigerator thaved and roon telperptnre thaved steaks vere

&fﬁgreater tﬁan the total losses‘for oven tuawed steaks, ‘bnt
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(refrigerator and-roon_ te ‘}ture) vere lower than the .

'total cookipq losses of ove; thaved steaks.

o The trained panel rated RT steaks Softer (P<0 01) and'
‘lore acceptable (p<0 01) than conparable BD steaks thaued by.'
either BF or OT (Table 12). “The juiciness scotes of LD N
steaks thawed prior to cooking vere signficantly higheriﬁfan -

.r the score for conparable OT steaks., Panelists indicatedf
.that"there Were 0o significant differenbes in initialt'{
’ fi;vor, residnal connective tissue or. leatinesS of the Lnsy

N

-steaks attributable ‘to thaving nethod. The Ln steaks vhich 
. PO
vere thaved at RT uere the qst tender uhile the or steaks‘

icate& hz both taste panel

. were tﬂe least , "ir,‘as:f

_.scores ,and sh" :?» Water hoiling capactqlbdata uere’

\51ni1ar for LD steits thawed hy each*of the thr&e nethods.¢ ‘

?’ .Q 1.

Studies on frozen leat have ‘exalined the effects of,,
various lethods of thauing on the palatahility of the cookedie
leat. ' Jakobsson and Bengtsson (1973) observed that qv’n B

{‘/ thaved heef slices were lofbjﬁdtthan slice's thaﬁed
i st I

roon -telperature. , Vail et al., (1903) obtained lore gkess'ﬂi

s, @

fluid fIOI oven thaued heef steaks thal fro- beef steaksn3*

| thawed, .room . tenperature.;, ‘Steaks. thaved in thefi;w

’ teffiger"pr had the greatest alonnt \gf press' Sflnid,f"f
' falthough"the differences !ere not‘significtnt.f Lind,(1969;*,;i

\'ffonnd noléignificant differences in the jnipiness of lalb 5 %

chhops thaved in tle refrigerator or dnring ¢°dking., Setereiffy~4

'



TR

!ue data (Table 12) indicate that althongh there Qre,;;

.

researChersf'ﬁnve' reportbd"thatn,there are no significant -

~ .

ditferences ia the Jilciness of ‘meat thaved at  room

: telperature or in the .refrigorator',(xnlen et al.,-19&8;;

+

Hesternan et al., 19“9- Brown, 1961) «
. ' ) ask,

Repprts in the literetndﬁ have indicated that flavoru
end desirability are ndt‘figniftﬁently affeqtedgg; lethods e

vfof thawing (Brown, 1961; Liqd,« 193§) ’ Brovn '(1961) also;_

noted lover initial tendernesn‘!coré% for beef sfeaks thawed

_at roonr' telperature

vrefrigerator.. Shear force vaIx

.}thaved steaks..u' :\

1
.. ‘h ‘ .

.valnes -(less tender) for oven thaged steaks than for s?eaks -

: t‘aved prior to cooking (refrigerator and roon.tenperature).i'

R
"steaks thaved at Toom ,telperatnie R

-(louest shear force Value) hovevzf thb ditferenoes we

;~significant.‘., fth _et al., (1969) fonnd no significant

t'“‘l‘

'”differences in tendernpss for EEeef steaks thawed - in .the

v:refrigerator or dnring cooxing.‘ | 5} ;,.n:.u;

-
- o

,sone diitarences ie palatabilitxs attributable to’ thaving~f

f%%T

=lethod,¢in general, thetpalatability of the LD steeks thawed,m'

..
«

'have reported ‘the saue resnlts (Vail et al.,i‘19l3. }Btovn;f:“

| 1961- L:lnd, 1969)._»_v-.~.f,.-”':_;""

: | 5 S
{before dr during cooking is sililar. sevexal"reseaqgnsf - S




. B2

>"Dd£a' for . fresh LD steaks and trozen LD staaks thaved
..prior to cookinq are conparéd ‘in Tnbleﬁ 13. 14_1nd 15-”mwu§9_ﬁ
.raw weight of both ‘the fresh and thaved steaks vas sililar.}x'
"Prozen IaD steaksr thaued prior to cooking took 1ongeg
”(P<0 of) to :each the 61° endpoint tenperature thapx ai
 fconparah1e fresh steaks. A conparisou of fresh and thaued
.>steaks 1ndicated that thauing.resulted in a range of initialf'
ﬁ.telpetatures (0° to -15. 5°).‘“The average initial telperatnre B
_ of the LD steaks vas' ftesh, pr, 2°' and &%, 5,59, fLind; 
: (1969)\‘ obserVed' that '.th ﬁj.n'l'.ex:na]. telperatéie :t

refrigeratdr thaved la;L. ch s ranggd fr01qu° to 12°, pn@
& -’~ N - '

. £ . K D e . _._' Lo - e
gaveraged 6° S PR e NG T _/
) am e R S .. . -

: ) R F L,

’ o

‘ f’ » In general, the louet the initi&l inter,

‘ the longer the cookfng tile., Lowe (1955, ¢pﬁfﬂjzao, Stajede{
o that a longer tlne was reqairea“dr cooking leat Wiih:an;ﬁ;

f internal tenperature of o° to 50 than for cooking neat

 \an internal teppe:aturg of 20° B:avn (1964) WAS “nqﬁle to i

verify tbls statelent.  {'¢'§: ﬂﬂf,f’,if?” Lf 451;«11

S S o SR .t i ) >- mae e -\“I e
e The percen& total losses £ot\LD stea thaqu priot f

R cooking vere s;gnifzcantly q}ghﬁr thau} wlosses ot fresh

LD steaks, dne to the nddition‘of dtip ln thav (!ahles 13

<

16 and iS)." Analx!is of'iarianca 1ﬁ&1cated that cooking
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'Table 13. . neans i\d SED - for objective and Subjectivei :
. . measutements. for fresh LD steaks ‘and. ftozen
LD steaks‘thaved prior.» to cooking. a R

.A»M‘,. St e e M e = T

.:‘;ﬂ’easurenents SERRI AT Presh o 'l‘haavecl3 . PsED

- JBav. we:.ghta 9, T . 336.1 _ 336.0 , 10.00 .
Cooking timet (nin) S 2000 0 02300 0 1,09
“Total losses® (%). . T 15.00 R 17.82 - 0 86**,,'-* _
: Drip in thaws (%) RSP -—-g 1,93 L
Cooking lossesQ M" - : B . . ' L /}'.'> .
h VOlatile o 8 13 79"’,"‘ R LT B 0.72 .
. % prip y‘.g.,: .30 700,937 L 0l zzw A
Taste sanel &ta" e et T k.
| ‘Softnesg ...
Juicines's 1o g-‘
“Initial: ﬁa‘or
g :..Tende:ness ‘
connectim tissne i,
"Meatiness:
g oVerallb acceptahz.li ’
atér holdinq capacity‘
-shear force’ ,(Hg/‘l 3 ci

L TR R B

f‘ F _. : ¥ ) B :
‘!,‘a,lues qr ftosh steaks are ua,ns of 24 deterlinations- @
_‘}Vﬂnes £or tlu!ved steaks ‘ate seans of 6 \dgtet-inations. »

oF Hrer ‘ 0 ﬁ-iﬂdﬁlents hy
esach o §i \iwanﬂuts. -values. for thai “steaks.are
nean& 'of .96 judglents by‘ each of ,s:lxv p&he S

$1.0- .@xytossible lig i
. .,tl;e gr&ater the anoun
T f:esh stoaks arevé'qg‘hns

7Values :f.qt ftest;r st
’ “gix- per.teplicate; - valnes £pt tha
: ff“._ f 576 detetlinations. six pet re

f *\szgpificant at PKO. 05. -u s:,_gniticant cat p<0. 0



T N S - ‘
" Table th. Heans and SEDU for objective and snbjoctive*
-, weasuremsents for fresh LD,steaks agd frozed. :
LD steaks tbaved at tetti erator tenperatute. ‘

3 fnaasurenants f}’TwTQLﬂ>}; ' ’j" Fresh “; RI?T ﬁ7~S3D'

. "Raw- ue.ighf.m m ‘ C .. B36.1 - 333.8 10, 45 X
. Cooking time* (-in), T 2000 0 23.20 ) 1.04es
. Total losses* (%) o 15400 YV AT.83 - _o 95«
Drip in tha# %) BT S bl L 2e '0‘8 ; e
. Cooking 1ossqs~'m S i P
) Total: - ,n ST 15,00 o 15 39 1&3uu
vOlatiIe Sy R 13 70 14 39 |
: _T pgnel data’ R s ﬂ, . o
= Jﬁfﬁ.eSS" 8 '.;S;AQ : 5 3fﬁk*
mnes 5 sl o
Co5.0 . T WBU00W L
B BT, 0etE
‘ “juiaess ' e <2 o883 1 1.43 0
Ty 'Va,, dcceptabxlity .Zﬁi,kf;ﬁS.O""QZ%G&Q;~ﬁj
'a{Shear“forceTﬂfk cn ¢o:g§ 3;21ﬂﬂlhx‘3 2 O;Qgﬁ_ﬂ;ﬁ;

>

‘values for Frash. teaks,;ue ‘weanls of 24" aéteénueaonsﬂ
walue %fo th'ved stesk: B eans-of us deb7r-iuatinnb. -

-

. BValues: for,frpshqsteaxs ace eaus of 26 ua'ients hy
‘each ;of six panelists: valyes for thaved 3sre

,eans oi uswdudglantsnby each of Bix panbli 5

 €resh: smeaks~ate neans’ oF, 72, dgg el b
&repliqate. Valnes for‘thaued steaksfgre
,gﬁh:e“ pen teplicate.
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Table 15. Means and SED! for objective and subjective?
measurements for fresh LD steaks and frozen
LD steaks thawed.at room teamperature.

Measurements E FPresh ' RT3 SED
Raw weighte. (g) " 336.1" 338.2 11.67
Cooking tiae* (min) . 20.0 23.6 1204
" Total losses*® (%) 15.00  17.41 0.90%x
Drip in thawe (%) . -—— 1.82
Cooking losses* (%) ' ' ' ‘
Total © 15.00 15.59 0.94°
Volatile 13,;0 14.66 0.70
Drip 0 0.93 0.16x%
Taste panel datas ' - '
softness. 5.2 5.5 0.10%x%
Juiciness 5.4 5.2 0.10%»
Initial flavor : 5.0 4.9 0.15
Tenderness . 5.4 5.8 0.10%x%
Connective tissue / 5.8 6.2 0.09%x»
Meatiness 5.2 5.4 0.19
: Overall acceptabllity 5.2 5.2 0.00
Water holding capacity® 0.70 0.72 0.02
Shear force? (kg/1.3 ca core) 3.2 3.0 ‘0.04x%

~ .

1standard error of amean difference.

2Highest possible score, 7 pointe.

. - co o - . o Gt -1

 ,3RT, room temperature.

°Values for fresh steaks are means of 24 deterllnatlons'
values for thaued steaks are leans of 48 determinations. .
sValues for fresh steaks are leans of 24 judglents by -
each of six panelists; values’ for thaved steaks are
means of ua judgments by each of 'six- panelists.

61.0- (expressible llquxd index) ; the greatdr';he value

' the greater the amount of’ llquzd ‘expressed. Values for
'fresh steaks are means of 72 determinations, three per
replicate, values for thawved steaks are -eaus of 1“#
deterninatlons, three per replicate. '

' 7Va1ues for fresh steaks are leans of 1uu deternlnatlons,
six per replicate; values for thaved steaks are means

of 288 determinations, six per replicate.

A
\

% Significant at P<0,05%1 ** Significant at P<0.01.

[
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| vege similar. there' vere no significant differences in
 total . cookdngm'and volatile losses betveen fresh and BT
‘.steaks (Table 15). However, dripllosses‘for~RT steaks vere7
lover (P<0.05) than the .dtié losses for éoiparﬁa&e fresh s
_ - . , C o i

steaks. .
’ . .

Fenton et al., (1956) reported that the total losses
and cooking losses of fresh beef roasts and roon telperature
thaued roasts vere 51n11ar.\kBerry et al., (1971) ohserﬁed
fewer losses for fresh chops than for ref{igerator, thaued.
chops. - . E " ' o R : (\l.._

. Taste panel data indicate that LD steaks thaved prior-.

to cooking vere softer (P<0.05) and more tender VIP(0.01)

»

than comparable fresh steaks (Table 13)., hovever,‘softneﬁshnﬂ-;w

and tenderness scores for both fresh and ﬁg"steaks.-vere

silllar (Table 14).- The RT steaks vere softér (P<0.01) and ™

'-ore tender (P<0 01) than coaparable fresh LD steaks (Table‘
15). _The‘ fresh LD steaks vere more juicy and had more
részdnal connectlve tissne than the steaks thaved prior to
cooklng (Tables 13,3 14 and: 15). Taste ‘panel scores for
inltial flavor,. leatlness and overall acceptability~ vere
sxlllar. ~ There’ vas no sagnlflcant difference %n the vater
holdrng capacity attrzbutable to thauin prior to cooking.
A colparison betveen fresh steaks and thaved steaks (Table
: between fresh steaks and RP stéar% (Table 14) shoved

»

_there v re no significant - differences in  the shear force




s

values._ The ‘shear force value ' for RT steaks wvas lover

(P<0 05) than the shear force .value of coaparable‘ fresh " |

steaks (Table 15).

: Presh LDl steaks and LD steaks thawed during cooking
(oT) qere colpared (Table 16). ?he data‘-indicate that
cooking‘ LD steaks fronm the frosen state resulted in a
Significantly‘longer cooking tine.%i Total losses,' total
éooking' and volatile losses of the OT steaks were higher

(P<O0. OIL than the losses of conparable fresh steaks. " Drip

losses for both the fsesh and or steaks vere sililar. \Presh;‘

steaks and. OT steaks uere sililar in: each of the eating

‘1

'quality‘ Characteristics _except juiciness._: Taste'? panel

evaluation indicated that fresh LD steaks were jnicier than-

conparab G OT steaks. Both »th : fresh steaks and steaks

/

cooked - directly "from- /the froien state vere described as

steaks’' wvas higher than the‘ vater holding capacity of

_’conbarable~fresh‘steaks. Shear force data' for both' fresh

and dT_steaks~vere sililar. : |

- rO" ' " £ o o
\

that ther\\\were only slight differences in paiatability

"betveen fresh\tﬂ steaks and - LD steaks thaved before or 3
during cooking.. other workers (Penton et al., 1956- Berry-;

et al.,'1971) have reported‘sililar results. The neans andj -

oA

‘standard error for the interaction of thawinq nethod and j“

In general, the data (Tahles 13%10y 15 and 16) indicate

'(
noderately des1rable. #he vater. holding capacity of 0T



@

Table 16. Means and SED! for objective qnd snbjectivea |
measuresents for fresh LD steaks &nd frozen !

- \~;“lﬁ”» LD steaks thawved during cooking. : “ ot
ueasurelents -'; R Presh ; or’ﬂ. SED
. Raw weight* (g) o 336. 344, a 11,69 .
Cooking time* (lzn) e © 0 20.0 . 40.6 1.;’&* .
Total losses® (%) = - 15. 00f<m1,19_51. 0.T1an
‘Cooking losses* (%) ot , o ,
. fotal - y o 15.00 19,51 0.704s
> Volatile o o 13.70 -+ . 18.34  0.57««
Drip . S 1,300 ~117 ° . 0.22 ¢
_Taste pandl datas : S L
Softness S 5.2 5.2 - 0.00
- Juiciness AR 5.4 8.9 . 0.13%4
“Initial flavor e . 5.0 4.9 . 0.40 ;\‘
. -Tqnderness ‘. 5.4 . 5.6 . 0.16 .
. -Connective tissue ‘ . 5.8 - .61 0,16
Meatiness 5.2 5.3 :_0.18
Overall acceptability 5.2 5.1 0.10
Hater holding capacity® e 0.70 0.73+, 0.01%
‘Shear Morce? (kg/i 3 ca core) 3.2 3.3 0.04

. lstandatd error of nean difference.

2Bighest possxhle scoreﬂ 7 points.'
’bT, oven thaved. :v' R ;4 " ’ “ | ,.*'_Ti”'p

v
z

,;~va1ﬁes for frésh steaks are ieans of 24 detetlinations-‘ :
e values for thaved steaks are neans of 48 deterlinations.i

&
sValues for fresh steaks are means of 24 jndglents by
each of six pamelists;. values for thawed steaks are

) léans of ae jndgnents hy each of six panelists. ‘

ce1, 0-(expressibla liquid index;: the greatat the value _
' the greater the amount- of liquid expressed. Ialnes for
-“fregh-steaks are ‘means of 72 detersinations, three per -
replicate, values for thaved steaks are leans of 148
detet-inations, thtee per: replicate.~: e T
7Va1ues for fresh steaks are’ neans of 14# detorl1nations,
.8ix per replicate; values for thawed steaks are means -
of 288/deterlinatzons, six per repLicate.ﬂl

Significant at p<0'os.-'** Significant at P<O. 01..1_'

o .
o



‘storage time are present8d in Tables IX and X of -
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rona qoung bullé\ue:e frozen and stored_

- Beef LD stea ;
' 10 or. 18; days in zach of three types of honsehold treezers.v'
a;(t), ‘ one-door : refrigerator-fraezer conbination- P(Z);;
tuo-door ‘frostfree" rettiggrator-treezer-siéjz), upriqnt'
'fhousehold ireezer.d, rhe frozen . LD  steak : eﬂtnaued*hj

- three 3 lethods, refrigerator te-peratnre ; (RP) ; | toon_

:Jtelperature (RT); and oven thaued (0@) (coo ed directly fto-
;dthe frozen state).- In orden to stndy the eff cts of curtent .
 hone freezing,. storage and thaving lethods, total losses,-a'
f;cooking 1osses (total, volatile and drip) and eating quality.
f?characteristics of the beef LD eteaks wete evaluated. Pnesh
':LD steaks eerved as a. control.“}" ' | L
a?ﬂ; K IR ) . - L
o A coeparison Of ftesh LD steaks and LD ateaks ftozenfy
and stored 10- deys indicated that both types of eteake veteferfﬂ

~m)i.ni.laz: in appearance and colo:. rhe avetage percent tota17 L
. h S
108838 for frozen LD steaks stored 10 days. vere hiqher than -

the tgtal losses of coaparable freeh steaka.; Theremwenef no* %%
\significant differenCes 1n the cooking 1osses of bo&h the%hu-
fresh and the frozen *eteaks stored 10 days., thjective W 4
evalnation of the LD eteaks indicated that frozen steak;r- |
etored 10 days wete eoftet, aore tender, had less gesggnal i
connecti tissne, and Uete lore leaty hnt less jnicy thaqﬁ.v

conparable freeh eteake. Both the fresh steaks and the LD
Y , «
o . N R T PO



i'steaks ‘fronen and storegd 10 days were sililar in initial
j_flavor and overall: acceptabilﬂ%y.: Percentage ether extract,_.
percent totaI loisture, water holding capacity. shear force
ta!ue and TBA nulber vere not significantly affected by 10 |
 days of grosen,storage,‘ Although these results indicate~
" ‘some differemces in lguvality attr_ibntable to a short period
of ﬁrozen'storage,'generally, there is little‘nifference in
‘tne eating qunlity of fresh LD steaks and LD stoaks frozen'

_ and stored for a short (10 days) tine.
4 ks L |
% LD steaks frozen and stored 10 days vere‘ superior in

'_'appearance ané color to conparable steaks frozen and stored

" 187 days. The average percent total losses, drip in ‘thav,
total cooking and volatile losses increased significantly
'betveen 10 and 187 days frozen storage. , Bovever, ‘arcip

"hlosses for trozen steaks stored either 40 or 187 days ueref
. {. .
,sinilar. Taste panel data shoved that frozen LD steaks

: [
stored 10 days rated significantly/higher for each of ‘the .

ﬂ‘ paletability characteristics evalnatsd than conparable '
. N

.frozen samples stoned 187 days. ; The findings fron the:
objective ‘measurements’ tenaed “to “show @0 significant
diq;erences attribntable to 187 days -of frozen storage.
.‘iﬂovever, the data indicate that prolonged frozen- storage

"-.(187 days) ot beef %p steaks in the honsehold £reezers'

resnlts in a loss in eating°gnality. B o
. , . S - L
Tne apd%arance'of Lb steaks frozen amd stored in F(3)

. ’



. N .
(-17°) vas supérlor»to‘the appearance of steaks\frozen and

stored in either P(2) (-12°) or P(1) (-7°). Total losses

and drip in thaw‘of'LD~steaks frosen and stored in ?(3) and

: 5?(27’were significantly lover than the total tgsses and drip._s

| in thav for conparable steaks frozen and stored in P(l). g
‘The percent cooking' losses of steaks frozen and stored ini
feaqh of theoho-e freezers vere sinilar. LD steaks frozén
and stored\rq 2(3) and r(2) vere rated softer and had lower
shear values (more tender) than conparable LD steaks fro:eng‘
.and stored in P(1). Hovever, LD steaks frozen and stored An

each . of - the three types of home freezers vere sinilar ;}

. 5juiciness, tenderness, residual connective tissue, neatiness,

and overall acceptahility. ‘Initial flavor-scores for steaks'
-:frozen and stored 1n F(3) and P(1) uere higher than scores

for conparahle steaks frozen and stored 1n F(2). Generally,,

rl;athese resnlts indicate that “the. 1ow frozenQ htorage

‘tenperatures (=170 and -12°) in P(3) agd P(Z) were iaportant‘
in naihtaining the qnality of the‘ frozen LD steaks;'ttin

~

contrast,'_the higher frozen storage tenperatnre inﬁt(I)

.4 (-79) appeared to bhave a less.>desirahfef effect on ‘the

Qnalityaof'the'neat; ' | - ;v: o

LD steaks pnrchased fresh ﬁan be frozen and stored in

1

each of the three types of household freezers for 10 days7"

?vithont serions loss in ‘eating qnality.-n constant lov

-tenperatnre, such as that of the upright honsehold freezer,

»



(r(3), -17°) is - desirable for extended (187 days’ féﬁ‘env
_storage. In contrast._a higbher telperatnre (-70) for long
| freezer storage (187 days) results in a 1oss in gnslitr. ,1
The low frozen storage telperature (- 120) of the tuo-door

0

'frostfree' ) refrigerator—freezer, F(Z) ‘ s€ens ;o be. .
¥

satisfactory for long periods of frozen storage. Hovevar.

the flavor of . the LD steaks frozen ‘and starpd in r(i)

»

’decreased vith 187 days of frozen storage_ . ;,.L B L

Prozén LD steaks thawved ptior to or during cooking took
‘significantly longer (P<0.01) to reach the 61° endpoint
-temperature than did conparable fresh steaks. In addition,‘.'
‘vthe cooking time for oT steaks vas significantly longer than
the cooking tine of conParabLe RT and RP steaks. Percent
‘total losses for ‘LD ‘steaks - thaveafbefore or dnring cooking
gvere significantly higher ‘than. the'«losses of fresh . LD
,steaks. : Generally there were no significant differences ini

the cooking losses of either fresh and RT steaks or fresht
aand RFP steaks. Houever, total cooking and volatile losses f}
”of the OT steaks uere higher than the‘ total cooking andf
“volatile losses of colparahlo fresh steaks.» Coapatisons of'
a fresh ‘LD steaks and frozen LD steaks thaved prior to orl
-dnring f cooking shoued : only ' slight - aifferences in-
o palatahility. llthongh the eating gnality of RT steaks vas
f) slightly -ore ~desirable than that of nr and or steaks. in §
¢ _gemeral, the palatahility of al steakB thaved before or



”I oo A | ‘ . - ) )

: . _ S SRR P

; ST e
during. ‘cooking . was.'

\

: des:ifa-bl-ea.v--- e E .' ' f"’" .H,:.’.‘ Ry

Pindings frol the ptesdnt stu&Y'a‘ DS
oA ,' g e v
%ffects of freezinq, storaqe iid*bhawing :JQN;-te the best
| consuier pract;ce to ntilxze Ls zen’ giolfge,qin the!’”
, 3 G I . .

upright household ‘freezer, P(3),. folloved by thawing at -
"elther roo- _(Rt) - or refrxgerator _ (ar) telperatune.
ngardless of the length of frozen storage (10 or 187 days).
A short period of frozen stotaqe in P(Z) along uith RT
thauing, resnlts 1n a desirnble prodnct.' However, following
prolonged frozen storage (187 dnys), these sase 'freeze-thaw;

conditions resnlt in a loss of eating gnelity. -rrozenjr

ETEE
e e

Y

<
.

storage (10 or 187 days) 1n the ‘freezing: conpattnent of the ;7“

'one-door refrigerator-freezer P(l), conhined vith cooking
'.ditectly fron the frozen state (on) 18 the least desitable

'}household technigne for the. consu-er to use.

P L e
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ATebie’I. sahedulel for opening each Qf the
. fteezer unitd SR _

»;wjr(l), one—door reftiqerator-treezer

Refrigerator
~'1 min 13 sec a.l.
o 2 ain. 0" sec moon’ ... G o
S, 2-mim 30 sec p.-.-}fu‘_A,,u_ﬂ,;-;\:; =

rreezinq COlpqrtnent . -
1 ‘min 30 sec noon S

'P(Z), tvo~door 'frostfreelhretrigerator—freezer

rreezing Section'f'g”lf@i,e
‘1'min 30 sec moom . ‘.

"flr(3), upright freezer 'e.effgf

1 lin 30 sec noon

lBased on the gve:age fteezer nsage hy ten
ho:enakers for one—lonth. A e
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Tahfb v._jlnlﬂysis of covatianca tor tilc (hon:s) adjusted

: . for weight of beef LD steaks for three freezing
stages of ‘the treezing curves in three honsehold -
fteezets. : , e ’

Sout¢e:of‘ f RN rreezing Stagex,
variancg» . Drf  Ly p 2 _

Preezing = 2 . f‘. 3o 3088 B} _1329L7§£*'- ~320855y§*' o
meror 20 . 0.1 12 Y 6T

o

N e

. *11 Cooling stage, initial tenperatnns to 0°-';;7f'
' 2 freezing stage, 0° to -1.59; I
3 coolinq the frozon leat, belou -1 5°’ o .

S .

.““ tt# Significant at P<0 001.:jg "5'3ﬂ‘w'f“: fj  f aul
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Table -¥I. .. uolnlmnnd";xnl ‘for objective and subjective?
. . ' neasurements for. fresh LD steaks and frozen
LD steaks stored in & onc-door :ot:igccntor
ttuoscr (r(1)). o RN
uoalttcnontl r:osh'.- 111),- S .
‘Preeser bura? 7.0 8.2 0.45%¢
Cclo:‘ (rav lalplcs) I S R
) 488 ‘nn 01269, 10,0 1,010 "
58S ans 8.7 7 6e% 0.78%.
.625 n-"- . 2898 i3t T 3.06w
. 655 nm _ 32,7 0 2.8 7%y
‘Yotal losses? (i) - 18,00, . -18.78 1. 102¢
'prip.im thavd (%) . o -—— 173 _
Cooking losses? (i) ,.,\V»‘“' L Lok
- Total . S . t18.00 17.01. 1. 30
Vontno'&; A Tr13.70 0 16,08 1.02
o pEdp IS _-,,1.3011n 0.97 0. 10.
1alto panel data' S R
. Boftness .. . . RS '5. 8.2 0 u'Oyoo
‘Jaiciness =~ . - Y TV S M | 0.094»
. Ipitia) flavor . ;0 8.0 7 B9 0. 10
- Tenderness:’ R B 1 TURRS. Py 0. 154
. ‘Connective tihsuo SR 7 N L%, P 0u 100w
““.'v:“.‘tin“' : el 542 . .?; N 5.“*}"4 0,728 B
Overall’ accoptability R -SRI 28 SO 0,19
xthor sxtracts (%) . R I3 L% 3,10 0.58"
?otal mojstures (%) 74.30 . - 72,95 0,78
' Water  holding cap TN 0:70 T 0uT2 0 0.02 .. oL
-~ Shéar  force?. (kg/1 '3 cl corc) L3ed 0 3;;;-w-,2'o.3on--u AN
" rnt Bﬂlb.t‘l B ; ,1 0.56 - . 0.63 . 0.20-'f ,'x\ .
L. lStandttd etrot of ICll Gi!!n:-ncc.%}: ot

'ﬂigHOIt pocsiblc lcotl,\7 points.,q;‘5l,'ﬂ-f*

-37a1nos for trcnh cttaxq a:o oaﬁsbok 38 dctctuinatluns- T
varuc- fo: t:ozon ltcats ar hq-n: of ue dutctlinations.

""Valuos totﬂlrcsi steaks'a:q l..ll o: 2 do
! , '1cat03 ‘yalues for: frozen-
] vo pﬁt*:opliql

'fresh htcak ‘are. ‘Aeans .o
©rephicstey values: for £t
: dctorniuations.ith:ac 90t :cplicatc.

,“'i57v:1ncs for frash stesks are’ seans vf 14u act‘:ninut as, . R

gix per raplicate; values. for frozesn Steaks. are seans'
ot 288 dotu:ninattons, six pcr Tepl ciic.‘yg;..,

e signiucu“ -m: P<0 01.

significtnt at r<o.os.
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Table X. Heans and SEr. for objeetlve'and subjectivez
’ measurements for beef LD steaks thawed

AVShear forCe7 (kg/1. 3cn core)

¢ at three temperatures after 187 ‘days
‘ ’frozen ‘storage.

B X o ' , L j Ihssins_ﬂgrhgg - |
Measurements g RF RT ., oT SE
Rav weight* (9) . 332 4 334.8 341.6 ~  9.00
Cooking time* (mim): . . 26.0D ~27.00 - 4u4.63 0.92%%
Total losses*® (%) ' 17. 9ub 17. 9d’ 20.393  0.28%%
Drip in thaws (%) . 2 178 1.9 0.0° 0.10%x
Cooking losses* (%) - , : S :
| Total ' 15:77b 16.080 20.392  0.30%x

Volatile' © 1u.76b 15,22 18.982 0, 20xx
. Drip 0 0 1.03P 0 0.85 1832 . 0.10%x
Taste panel data S L L S
Softness | 5.33 . 5,32 5, 0b  0.06s
Juiciness  ° 5.02 5,18 ‘5.8D0 ° 0.05%% -
- Initial flavor . b.5 4.6 . 4.6 0.07
Tenderness 5.62  5.6% ‘5.4b 0.06% .
'Connective tissue . 6e1 6.1 . 6.0 = 0.08
Meatiness ‘ © 5.2 5.3 5.2 0.05 .
.+ Overall acceptabrlity .7 4.8 4.7 . 0.06 '
Water holding capacity® 0.7% 0.7¢ ° 0.76 0.00
3.20 3.0¢ 3.49 0.03xx .

\

-

' \
!Standard error. ‘
g

2nghest possbile score, 7 p01nts.

13RF, refrlgerator telperature, RT, roon tenperature,'
OT, oven tenperature.

w;‘Values are the means. of 24 determinations.

[=]

Syalues are the neans of 24 judgneﬂts by each of six
panellsts. : . .

iﬂ‘1 0 -(express1b1e 11gu1d ‘index) ; the iarger the value,
" the greater the amouant of. lxguzd expressed.  Values are
B the leans of 72 deterninatlons, -three per rep11Cate.

‘77Values are the leans of 144 deternxnatlons, s;x per
replxcate.

I)‘
o

abc Values uxthout a comnon letter Ain their snperscrzpt

o f are s;gnlficantly different (P<O, 05).;'

f,~¢ Slgnlf 3ant at P<0.05., ** Slgnlficant at P<0.01.

D
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