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time to reach the desired internal temperature was e as pointed out

earlier, considerably longer. Differences in heat transfer were not as

great between room and refnigerator temperatune roasts" i,fhile heat

penetration for the refrigerator-thawed roasts was l-ower to begin with,

temÞerature soon rose and heat penetration was almost at the same Level

as by moist heat methods" The dry heat methods for room and refnigera-

tor temperatunes showed armost paralreJ- increases, although the noom

tempenature roasts rnrere always at a higher leveL in this study"

Cover (ZZ) nas stated that a marked flattening of the heat

penetration curve is accornpanied by greater tenderness of the mea't"

For broil-ed steaks cooked to the welr-done stage she found that the

greatest fl-attening of the curve took place between 65oc and B0oc"

In this study there appears to be a similar ftattening for roasts cooked

by dry heat between 60oC and 80oC"

pH and l.foisture

The pH values for the naw meat varied only slightty and dici not

aPpean to be related to any tenderness factor. The range of values was

5.5 to 6.6 v¡ith a mean of 5.6,

The amount of l^¡ater imbibed by raw meat vanied from 1 to B ml .

pen 5 gralns of meate with a mean value of 3,6 ml" There appeaned to be

little relationship between r+ater imbibition of rar.¡ meat and tenderness

or juiciness after cooking.

Shear Strength Measurements

Shear strength values register the numben of pounds req.uired to

shear through a cylinder of meat" Tough meat offens greater resistance
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to shear, and therefore high shear values are associated with less tender

meat, it'hile low shears are an indica.tion of tender meat" In this study

one inch cylinders of cooked meat v;ere used for shear stnength measure-

ments o

Means for shear values obtained in this study are shov¡n in

TabIe XII"

TABLE XII

I'IEAN SHEAR STRENGTH VALUES OBTAINED FOR FOUR COOKING }iIETHODS

AND THIìEE TNITTAL COOKING TEI'íPERATURES

Temperature of Meat
before Cookinø

Dry Heat i4oist Heat

6ooc Booc Booc 100oc p

Room

Ref r'ígera.tor

Ënnzan

17, BB 17.44 15.50 I "76

22 "I9 I7 .57 f4.19 l_l- 
" 
19

26 
" 
50 19.94 20 "00 15 

" 
32

I'lean for all- conditions 22 "LB 18.31 16. 56 12.08

Tenderness shown by decreasing shear strength values progressively

increased with longer cooking (highen intennal temperature) and was gneater

for meat cooked b]' moist heat than that done by dry heat methods. l.{ean

values for dry to 60oCu dry to 80oca moist to BOoCe and moist to l-00oC

were 22.18e 18.31, l-6"56, and 12"08 respectively. Though not significantly

different, the means gave some indication of a tendenness trend, panticu-

larly between dry and moist heat methods" Cuts noasted to 60oC gave

shear values of 22,18 pounds, but meat was more tender roasted to BOoC
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t{ith a shear of 18"31 pounds" Cooking to B0oC w:'-th added moisture

resulted in a mean shear of L6.56 pounds with a nange af 2L.75 to I2"BB"

Roasting to 80oC by dry heat gave a mean shear of 18"31 pounds r,¡ith a

range of 20"63 to 16,13.

The analysis of variance of shear strength values can be seen

in Table XIII. Both temperature condition of the meat before cooking,

TABLE XÏTI

ANALYSIS OF VARTANCE OF SHEAR VALUES RELATED TO COOKING METHOD

AND TËI'{PERATURE COTIDTTTOI{ OF I'IEAT BEFORE COOKING

Source S"So llloòo

Conditions

i"íethods

Interaction

Ðuplicates

TOTAL

z

L2

124" 331

V¿U ô Jsv

2B 
" 
488

183.757

652.562

62. 165

r05.329

4.748

15 
" 
313

+ôuo^

. 
^-^.1.&o. ö / õ^¡'

lå'zt Significant at leo level"
rzi Significant at 5% levelu

and cooking method produced diffenences in tenderness that can be con-

sidered significant. The degree of that¡ing of the meat before cooking

produced ciifferences in tenderness which t^rere signifícant at the 5 per

cent level" Highly significant at the t per cent Level änd accounting

for the major part of the variation v¿ere differences due to cooking

method" Some shear variation occurred between duplicates due to lack

of homogeneity ín the meat and mechanical emor in the shear,
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Comparison of the shear strength results with those of other

Þ¡orkers sho'¡t neasonably close agreemente as can be seen in Tabl-e XIV"

The neat in each case came fr"om the round of beef. but since some

v¡orkers used steaks white othens used roasts u variation may be expected.

and could account for some difference in shear,

Taste Pane1 Ratings

Tendenness diffenences were detected by taste panel" The score

card useci was ä seven point biporar scale ranging from veny tender to

very tough (Appendix C), Hígher figunes approaching seven indicates a

more desirable characteristic or degree of tenderness€ Qualities rated

were muscle fibre charactenistics, connective tissue coirìÞonents and

juÍciness" A general score for tend.erness as a composite effect u¡as

obtainedo In addition'the number of chevrs rec¿uired to nrasticate a por-

tion of rneat, hatf an inch in diametere was recorded" The taste panel

ratings to be discussed are average scores of five judges, For greater

uniformity in judging, individual- Ðanel members wene always given sam-

ples from the same Þortion of each roast" Composítion of the meat vanied

slightly between judges since a slice near the end of the roast was not

identical in al-t respects with that closer to the centreu

The cooking method produced highfy significant differences Ín

tenderness (tab]e XV), There t{as some indication of interaction effect.

The taste panel scores did not show any significant tendenness differences

for temperature condition of the meat before cooking" A c.Iose agreement

betv¡een paired samples indicated good reproducÍbil-ity of taste panel

-:,.1-^*+^
J UUH¡llsr¡ Lù a
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AI,IALYSIS 0F VARIAT'{CE

RELATED TO

TABLE XV

OF TA.STE PANËL SCORES FOR TENDERNESS CO¡"ÍPOSITE

COOKTNG ¡'ÍETHOD AND TËT1PERATURE OF ¡,IEAT

BEFORE COOKTNG

Source ll¡I o SrSo lvr C

Conditions

Methods

Interaction

Duplicates

TOTAL

¿

L2

0 "72

4. 39

2.04

l_" 16

8"3I

1.46

0"3+

0"097

3"71 Ii .s"
! - ^rJ..r.

:!:'r git¡i¡icant at I pen cent l-eve}.:! Significant ðt 5 per cent level.

llo^f:::1:1*".tu.s of "4 and.5 for S per cent and r per cenr levetor sl-gnrrrcance, respectively.

Some characteristics are langely ínhenent within the animaL and

not readily altered by cooking conditions or initial tempenatune" Such

a chanacteristic is the fineness of the muscle fibre, The same muscl-e

was used thnoughout the experiment and differences which were seen in

muscle fibre diameter wene considered to be more likely due to biologi-
cal variation than to cooking effect" Scores for muscle fibre fineness

ranged fnom 3"6 (moderately coarse) to s.0 (moderately fine). similarly,
the amount of connective tissue present v¡as charactenistic of the indi-
,,;1,,- r -*.'--1 -vlcuar anl-mato as weJ-l as the specific muscle. The biceps femoris has

more connec'Live tissue than a muscfe like the longissimus dorsi in the

loin"
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I'lean val-ues for panel ¡¿tings of the five judges are shown in

Table XVl. It appeared that fragmentation increased with cooking" The

effects of moist heat to 100oC wene partÍculanly noticeable" Cover (28)

has described this characteristic as a greater case of fragmentation

into distinct dry particles and lessened adhesions between muscle fibnes.

This is particularly noticeable in the biceps femoris cooked by moist

heat to temperatures of BOoC and I00oC" At temperatunes of 61oC

fragmentation and mealiness was not apparent, according

cooking and higher temperatures woufd presumablv nesult

4-¡

!l¡

Covenn Longer

more extensive

coagulation and denaturation of muscl-e proteins u as well as a greater

breakdown of connective tissue, lfean values for fragmentation in this

stud-y r^¡ere 5"4 (noderately easily fragmented)u for moist heat to l00oce

3,9 (fra$nented with slight difficult5r) for moist heat to 80oce 3,1

(slight1y difficult to fragment) for dry heat to 80oC, and 2.9 (mode:ratety

difficul-t to fragrnent) for dny heat to 60oC" With the exception of the

diffenence between dry heat roasts cooked to 60oC and 80oCu the dif-

ference in fragmentation scores vrere J-arge"

Differences in the softness of muscle fibre as a resutt of treat-

ment wene not very gneat according to panel ratings. The range for indi-

vidual values of 24 roa.sts v¡ere from 6.4 (soft) to 3.6 (s1iehtly soft)

with an avenage of 5.2 (moderately soft) " According to foun cooking

methods, with six roasts in each groupe mean scores were 5.2 (soft) for

dry heat to 60oCe 4"2 (moderately soft) for dry heat to 80oCu 4.2 for

moist heat to 80oce and 5.2 for moist heat to I00oC,

Connective tissue was considerably softened by the cooking method.

ilioist heat rne"Lhods are partículanty effectíve in bringinq about hydrolysis

of co1lagen, Iieat penetratíon takes place quickly and high temperatures



TABLE XVT

I'IEAI'¡ TASTE PANEL RATINGS OF FIVE JUDGES FOR PALATABILITY CHARACTERISTTCS

OF i"fEAT PREPARED BY FOUR COOK]NG }ETHODS

Dry Heat i'loist Heat
Score Card Component

600c 800c B00c l-000c

Fragmentation of l'fuscle Fibre
Room
Rof¡i aan=fan

Frozen
I'lean

Softness of I'fuscle Fibre
Room
Refrigenaton
Fnozen
þlean

State or Softness of
Connective Tissue

Room
Refrígeraton
Frozen
I'fean

Juiciness
Rooin
Refrigerator
Frozen
I'fean

Tenderness Composite
Room
Rofni con¡'{-an

Frozen
i'lean

Chew Count
Room
Refniqenator
Frozen
Ir!ean

4.0
¿"é
2"4
2.9

4"8

2"8

4.0
LL)

3.9

4"2
4.3
*aZ

4"2

3"4
4.3
4"f

+"7
5"4

4"5

LrÂ
4"4

4"2

.f o'l

4"8
Rq

3"7
3"7
3"4

q^

7.0
6,4

5"4

21. 0
J-5"0

1n 1
Lof,

4.2
LL)

4"4
tI?

5"0
5. t-
lrÂ
uq

22.L

10 .7

2.8
2"6
4.1
ÕøZ

4,6

4"9

l8"o
17"3
I/oU
l-7.4

2"8
2"6
2.5
2.6

Âq

5"4
(a

l-5"4
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are meintained in a moist nedium. The longer cookj-ng at moist heat brought

about the greatest change of collagen to gelatin" The mean vafues fon

softness of connective tissue by four cooking methods and internal temp-

eratures (six roasts in each category) rvere 3"6 (slightly soft) for dry

heat to 60oCe 3,4 (moderately hard) for dry heat to BOoC, 3.9 (slightly

soft) for moist heat to BOoC, and 5,5 (soft) for moist heat to I00oC"

Greater juiciness was retained with l-ow cooking temperatures and

is ciraracteristic of meat cooked to the rare stage of donerr€ss o Roast-

ing to an internal temperature of 60oC required a shorter time than

roasting to BOoC. Ì'feat cooked by dry heat to 60oC had a mean score of

6"4 (juicy) n'hite that done by dry heat to 80oC had a lov¡er juiciness

score of 4"3 (modena'tely juicy), Moist heat methods produced gneater

dryness. Panel scores wene 3"2 (modenatelv dry) at B0oC by moist heat

and 4.3 (sl-ightly juic5') by ary heat at the same temperatune" i,loist

heat cooking to 100oC resulted in the greatest degree of drynessb as

shot^¡n by a score oi 2"6 (moderately dry). i{oisture losses for cooked

meat dried to constant weight gave sirnilar results.

The tendenness composite was the score related to the generaLe

or overafl impression of tenderness, Cooking by moist heat to 100oC

r"esulted in the highest tenderness ratingo significant at the I per

cent level with a mean score of 5,9 (tender'); next in tenderness was

the roast cooked by dry heat to an internal temperature of 60oC, with

a score of 5.4. Scores for dry and moist heat methods at the same

internal temperature (80oC) l+ene not significantly different with +.9 and

5,0 (moderately tenden) respectively" An LSD vafue of 0.5 at the J- per

cent level and 0,4 at the 5 per cent level v¡as obtained"
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Cover¡s approach to tenderness scoring by partitioning it into

numenous components aÞpears to have value" Subtle vaniations in tender-

ness can be revealed in scores for individual components" The general

tendenness impression is influenced by both rnuscl-e fibre and connective

tissue factors" I,,lith a single score the general impression is regis-

tered, but there is no way of distinguishing the effect produced by

muscJ-e fibre hardening fnom connective tissue softening. In nost casese

changes occur in both constituents u but one effect will usually be

dominant, The attempt to nelate tendenness change to a specific consti-

tuent helps to increase understandíng of the complex nature of tenderñêSS o

The chew count score is considered to be a fairfy objective type

of measurement using taste panel judges. Analysis of variance of the

chew count (Table XVII) revealed no significant differences as a result

TABLE XVII

AI{AIYSIS OF VARIANCE OF CHEI,J COUNTS RELATED

AND INITTAL TEi'{PERATURE OF THE

TO COOKING METHOD

MEAT

Source

Conditions

lfethods

Interaction

Duplicates

TOTAL

'¿

o

fô
L¿

zÕ

43.l_0

24.28

lr'l Oâ

207,36

2l_.55

a rìq

6,97

8.18

2.63 N.S"

o J v ¡! ó u â

aR l\l c6 vv ¡r ¿ u o
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of cooking method or initial temperatureo It lvas noted that there was

large índividual- variation ãmong panel- members in chev¡s required to com-

pletely masticate a sample, rt appears that the chevl count does not

distinguish tenderness differences which were revealed bv other rnethod.s"

Intramuscular Variation

The biceps femonis is known to have some r^rithin-muscle variation"

It has larger deposits of connective tissue at the onigin than the inser-

tion end of the muscle" Duríng the experiment the roasts were observed

to have consistently larger amounts of connective tissue in the form of

heavy strands at one end. The most suitabl-e samples for taste paner

judging were obtaíned from the other end of the muscleu and the nesul-t-

inq scores l'Iere used fon analysis of variance of taste panel scones and

fon the mean comparisons made in Tabl-e XVI, Since the size of the

noasts penmitted a dupJ-ication of test sarnples, it was decided to nate

samples from the sinewy end of the roast. Average scones for the amount

of connective tissue at opposite ends of the roasts ciid not reveal any

differences" The mean value for anount of connective tissue in the meaty

end of 24 roasts was 4.23 companed r¡¡ith 4"28 at the sinervy end" The

judges lt'ere pêrhaps more concerned with the nature of the connective

tissue sunnoundinq muscle fibres and may have paid l-ess attention to the

lange stnands that were present.

Table xvrrr gives a cornparison of panel ratr'ngs for diffe¡ent
parts of the muscl-ei and shows very close agreement between the two

judgments. Similan trends can be seen throughout the charactenistics

rated for the tv¡o ends of the muscleo A tttrr test calculated for those

means lvhere the differences were large revealeci no significant differences,
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i,iEAI'l TASTE P,\NEL RAT]Ì'IG

FROM OPPOSITE

TABLË XVIII

FOR VARIOUS TEI{DERNESS COt"iPONEt'iTS OBTAINED

ENDS OF BICEPS FEMORTS ROASTS

Tlnr¡ 140rstScore Card Component
600c orloê B00c l_000c

Fnagmentation
End A

End B

î.
¡ ¡çÕ¡¡

Softness
Enci A

End B

I"îean

State of Connective Tissue
Enri A

End B

l{ean

Juiciness
End A

End B

I'fean

Tenderness Composíte
End A

End B

i,lean

Chew Count
End A

End B

14ean

2.9

oèz

3.6

4.6

t¿ì

4uG

¿¡I

6.4

6,0

^a

5.8

qâ

17,l-

17"6

17 .4

4.3

3.4

,t I

ell

4.8

lr I

+"3

4"7

l1a

q?

'ìo n

1A Â

]a a

4.2

,rn

(n

qn

Jr Ê

l"tq

17.4

17 "7

l_7. 6

5"4

É ,l

q(

5"4

2,6

2.8

qa

qo

17 ,0

l-6.J
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Scores for the tenderness coinposite fnom both the meaty and

sinewy ends of the roasts b¡ere correl-ated. The resulting correlation

coefficient was +.6t indicating some positive relationship" A nuscle

that was more uniform in composition wou.l-d undoubtedly have shov¡n a

higher degree of cor,relation"

Roasts Cool<ed in the Electronic Oven

VJhen an electronic oven became available tov¡ard the latter part

of the study the experimental design r+as modified to inctude this method

of cooking. A total of six roasts were cooked by microwave energy at tv¡o

initial temperatures, refrigerator and frozen, and by moist and dry heat

methods "

Noble and Gomez (62) in roasting lamb neported difficulty in

estirnating doneness. In the present study the same difficulty was

encountered anci there was some trouble estimating the degree of doneness

and removal time" Since a specially designed thermometer for the eJ-ec-

tronic range was not available, the tyoe of Centigrade glass thermometer

used was the same as for the other part of the study" Preliminany experi-

mentation revealed that the smal-I amount of metal at the top of the

thermoneten did not produce arcing or interfere with operation of the

oven. Attempts wene made to cook the roasts to the same internal

temperatunes as previously reported" Even though the thermometer

recorded the cornect internal temperature the meat in all- cases bras

undendone" Cooking took place unevenl5r, the surface v¡as not browned and

a centra.l core of meat remained. completely raw" These results then are

not comparable with roasts cooked to the same intennal temperature in

the conventional gas ovenq Nobl-e and Gonez reported that lamb roasts
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cooked evenl-]¡ and were uniformly grey inside with a lightty browned

surface. Longer cooking time would have resulted in a greater deqnee

of doneness in the present stud5r"

cookins losses ranged from 6"47 to 42.99 per cent of the raw

vteight before cooking" The same general trends as noted for conventional

cookery were observed in el-ectronic cooking" Losses tended to be hìohcr,

with moíst heat and the roasts started in the frozen state had lower

cooking losses than those started at refrigenator temperatures" Cooking

losses increased with longer cooking time. Four roasts started at

refrigerator temperatures showed cooking losses of 7.93 oer cent with

roasting by dry heat to 60oc3 l-7-59 per cent with roasting by dry heat

to BOoc an<i 42.99 per cent by moist heat to 100oc" Two frozen noasts

cooked by dny heat to 60oC and by moíst heat to B0oC l-ost 6.47 anrl

22"99 per cent in the form of evaporation and dnip losses. On the whol_e

electronicalry cooked roasts appeared to have srightly lower cooking

losses than conventional cookery u but this was probably rel-ated to the

extent of cooking which hardly prcgnessed beyond the rare stage"

É, compar:ison of refrigerator-temperature roasts cooked in gas

and electronÍc ovens is shown in Table XIX" Cooking time vras l-ess in

the eJ-ectronic oven but, as mentioned before, the degree of doneness

was not companable with that of the conventíonally cooked roasts. Total

cooking times required for refrigerator roasts, acconding to cooking

methode r,¡ere 7 minutes b5r dry heat to 60oce 13 minutes by dry heat to

B0oC, l-I minutes by moist heat to BOoC and 19 minutes for rnoist heat to

l00oc" Two frozen roasts cooked in l-3 minutes by dry heat to 60oC and

16 minutes blz ¡sjst heat to BOoC. Noble and Gomez reported varying cooking

times l^iith different roasts l¡ith en ãvê,Fåc'ê r':fa sf 6 minutes per pound"



TABLE XIX

COI'IPARiSOIù OF ELECTROTIICALLY AND CONVE}'íTIONALLY ROASTED ¡{EAT..

Characterístic Dry lieat I'íoist Heat

600 c BOO C B00c 1000c

Cooking Rate (min /Lb")
sdò
Electronic

Shear Force (lbs")
n-^

El-ectronic

Panel Scores
(a) Tenderness Composite

gdù

Electronic

(b) Cherv Count
n-^gdò

Electronic

ôtr tr^

.62

20,6

40.30

16,3

çA

tq h

26. B0 43 
" 

20

.38 .2L

17"3 15"4
20.8 fB"4

5.0
5.7

20. 5

15,0
crì o

L7,3

5"8

19,4
ì tr llJJ ô T

;l Stages of doneness
cooked sections in

ãñê
the

not strictly comparable since there were under-
meat cooked in the electronic oven6

Shear force values were higher for meat cooked electronically

because the meat was not done as well and offered more resistance to

shear. The diffenence is probably due mone to stage of doneness and Less

to the effect of type of oven. Refrigeraton-thawed noasts cooked in gas

and electronic ovens by four cooking methods had shear vafues of 15 to

l-7.3 in gas oven and l-8.4 to 20.8 in electronic oven?

Panel- members found it unpleasant to score the electronically

cooked samples because of the underdone areas. Tenderness composite and

chew count scores for refrigerator-thawed roasts indicated lower tender

ness values for the electronicallv cooked roasts.
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i{uch remains to be learneci about roasting meat in the electroníc

oven, The advantages of great speed of cooking are minimized with large

masses of meat l-ike the five pound noasts used in this stud5r. lieat

cookery in the electronic oven has not advanced much beyond the triaf and

error stageo although acceptable results for electronically cooked roasts

have been reÞorted by some workers (3, 57r 62). Cooking time for smafl

amounts of meat, like hamburger patties, can be closely regulated to

obtain the desired desree of doneness"

Chemical Test for Collagen

Table XX shows the percentage collagen determined in the cookecl

Ìîeato i'iithin each cooking method considerable variability was foundt

TABTE XX

COLLAGEN CONTEI'JT OF I'IEAT SAI'iPLES COOKED BY FOUR I.{ETHODS

cooking r'rethod to:iTi :t
Percentage Collagen

DrSr Vleight Basis*
Samples

Dry heat to 60oC

Tl¡rr ha:f J-n QfìOO"-J

Moist heat to BOoC

líoist heat to I00oC

IO

TJ

5

a

2,77 L"6 - 3.9

1,13 0"4 - 3"r

0,48 0.1 - I"4

2.79 0.9 - 4.7

:'; Some evaponation l-oss on standing \^ras not accounted for in total
moisture loss, so that relative values may be somel.¡hat high.

due in part to muscle variations and to differences between animals.

Greatei: similaritv was noted betv¡een Daíred samples tha,n between animals u
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l.iean values apÞeaned to sholr a trend toward lowered collagen with

increased cookine and added moisture for dry heat to 60oC and BOoC, and

for moist heat to B0oC. I'tean coll-asen level of nioist heat roasts cooked

to ]00oC was hieh. These samÞles were cooked the longest tirne and the

proteins present presumably r^iould be denatured to a greater extent

affecting their sotubility. Ritchey and Coven (ZS¡ Ooitrt out that some

proteins other than collagen which are insolubte in alkali may becone

solubl-e during autocraving altering collagen values. Grisword and

Leffler (39) state that anparent gains in col-lagen on cool<ing may be

due to the decomposition of non-collagen pnoteins during autoclaving"

A comparison of results obtained by the grav.imetric method used

in this stuciy with those of other r+orkers is shown in Tab1e XXI" The

results obtained in this stuciye 1,68 pen cent dry weight basise compare

quite closely with those of Griswold and Lefflerts (gg) v¡ho obtained a

value of l-"39 per cent" smith and cover (zo¡ 
""norted 

L"56 per cent

collagen content in the longissimus dorsi muscle of the round.

I'ihile the method used had been chosen because of its simpticity,

separation of the alkaline extract presented some difficulty because Ít

became murky and very viscous, Irwin an<i Cover (SO) suggested a longer

extraction period to ensune that all proteins other than col-l-agen were

dissorved in atkali, Ritchey and cover (79) in a comparison of the

al-kal-i-insoluble, autoclave sol-uble nitrogen procedure and the hydroxy-

proline method reconrmended the latter as a more accunate indicator of

collagen in ra.v¡ and cooked neat. The exact nature and composition of

collagen is not completely understood, and more information about the

changes occurring <iuring extraction and cooking is needed"
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TABLE XXI

COi,ÍPIrRTSON 0F COLLAGËi] LEVELS IIJ BEEF ROUl'iD

ËXTRACTED BY ALKAL] A}iD AUTOCLAVING

ur.rsliold end LefIIer (JV/
I9S2 Present Study

Sample l,loisture % Coll-agen Sanrple Moisture % Collagen

P.Ai,/ COOKET)

A 7L.B O. 87 DRY HEAT 64 
" 
]. O .9].

T0 600c
ts 7t. 5 l. It I SAITPLES

C 68"8 I.I]

COOKED COOKED

i"iethod t:'¡ 56. I 0 
" 
6I DRY HEAT 63 

" 
6 O .37

to BOoC
I'{ethod 2 6+ "4 0 .79 7 SAI"1PLES

llethod 3 56 .9 0 . 33 COOKED 60 .2 0 
" 
18

MOÏST HEAT
trlethod 4 56"7 0"93 to 80oC

5 SAMPLES

i4ethod 5 59.7 0.70 COOKED 57"9 I"l-7
I..ÍOIST HEAT

i"lethod 6 58"1 0.56 to I00oC
B SAMPLES

l"fethod 7 58.4 0.58

i4ethod B 53,5 0.61-

i4ethod I 53.9 0"40

i'{ethod 10 57 
" 
4 0, 48

înnl¡a¡l ma:t

moist weight
1--^;^

lìnnkarl mo =l-¡¡¡vq s 9

d-.r ¡.rai -ht*.J

þ¿siszt:T

57"6 0.s9

'I ?Q

Â]qnÂq v é vv

I Âq

2s Cooking liethods not identified.
:t'*çç¡vs¡lion to dry weight basis macle by using formula collagen-moist v¡t"x100

@
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Correlation of Sh_ear, Panel and Collagen

Results of tenderness measunements by three methods were

correlated, Shear and panel ratings for the tenderness composíte haci

a correlation coefficient of -.60o Burril-l, Beethardt and Saff1e (1I)

reported a similar though slightty higher correl-ation of -"69" In the

present study the correlation coefficient for collagen level and taste

panel scores was ,53 while collagen and shear values had a coefficient

of .35. Tenderness rneasurements, to some extentu rate different aspects

of the quality which may account for the failure to obtain a higher

degree of cor,relation"

l,'ieat cookery stuclied scientifically leads to funther understand-

ing so that applications can be made for practical use" The cooking of

meat has been, fon a long timeu essentÍalJ-y an ant, anci no matten how

skitlful- the treatment the results have often shown considerable varia-

tion. It is only recently that procedures have been standardized ancÌ

repnoducíbl-e results obtained. As knowledge is accumulated there is

increased awareness of cooking conditions that must be controlled. 0f

all factors which make meat acceptable and enjoyable , tenderness is

the most important. The gourmet may look for succelence and the pleasant

texture of fine muscle filaments in a tender piece of meat, Those rçith

scientific leanings l.rould be more impressed by low shear values, low

residual collagen and a correlation coefficient of,97 such as that

calculated by Rodger"s et ã1" (83) between general acceptability and panel

tendenness ratines"
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SUI'{MARY ATID CONCLUSIONS

Tencienness vras compared in thirty roasts of the biceps femoris

obtained from eipht steers raised under controlled conditions. The

muscles v¡ere cooked under four conditions by moist and <iry heat to tr^ro

internal temperatunes approximating rare (60oC fon dry heat and BOoC

for moist heat) and weII done (80oC for dry heat an<1 I00oC for moist

heat)" The degree of thawing before cookins r+as '¡arìed vrith meat being

started at room and refrigerator temperatures and in the frozen sta'teu

Tenderness L{as affected more by cooking method than ínitiaf temnerature

of the meat under the conditions of the expeniment. Conventional- gas

ovens v"'ere used fon the major part of the expeniment" Six roasts were

cookecl in an electronic oven. Tenderness 's¡as evaluated by shear and

taste paneI, while collagen level was determined by chemical analysis"

Cooking losses including both evaporation and drippings in-

creased with longer cooking and were higher at 46"8 per cent by moist

heat and 32.4 per cent by dry heat. Roasts started in the frozen state

had lower cooking losses of 29.I per cent compared with 34.0 and 35"9

per cent at room and refrigerator temperatures nesÞectively. Moist heat

cooking methods brought about gneater moisture losses in the cooked meat.

At an internal temperature of 80oC meat roasted by dry heat was juicier

and lost 62.54 per cent moisture when dried'to constant v;eight" Ì,loisture

losses with moist heat methods were 60,52 per cent. Shrinkage losses by

moist heat nethods ranged from 27.8 to 34.3 per cente while dny heat

methods showed grea.ter variation and ranged from 4.5 to 47,9 per cent.
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Rate of cooking varied with the temperature of the rneat before

roasting" Fnozen roasts cooked to 80oC by dr-v heat ín 214 minutes,

while refrigenator roasts requíred only 193 minutes and noorn temperature

roasts vrere done in 160 minutes" The presence of moisture increased the

rate of heat penetration. Refrigerator roasts cooked to an internal

temperatune of BOoC by dry heat at a rate of 40.3 minutes per pound, and

almost twice as rapidly or'26.8 minutes per pound by moist heat.

Shear force values revealed sign:i-ficant differences in tenderness

due mainly to cooking method, but initial- temperature of the rneat before

cooking had some effect" l'foist heat methods to the well done stage

resulted in the greatest shear tenderness at 12.2 pounds. I'feat cooked

by dny heat to the rare stage was less tender with a shear value of 22.2

pounds" At the same internal temperature of BOoC meat cooked by moist

heat had a shean value of 16"6 pounds, Iower than the dny heat method

rvíth a shear of 18.3 pounds"

Taste panel scores shorsed that meat cooked to the well done stage

was significantly more tender than that done by other methods. Scores

for a tenderness composite were 5,9 for moist heat to l00oCa 5.4 for

dry heat to 60oC and 4,9 for moist and dry heat to 80oC, Individual

scores for rnuscle fibre and connective tissue components showed that

moist heat to the well done stage increased fragmentation of the muscl-e

fibres, and considerably softened connective tissue. Goo<1 repnoducibil-

ity of judgments between duplicates r.¡as shou¡n by the panel" Comelation

for panel scores frorn opposite ends of the biceps femoris was "6I incii-

cating some variation in composition" A chew count measurement was not

effective in distinguishing tenderness differences between cooking inethods"

Chemical analysis for collagen in cooked meat did not reveal large

clifferences due to the influence of cooking rnethod, but the mean level for
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cooked meat on a dry r+eight basis was l"68 per cent. Correlations of

" 53 were found between collagen and panel scores whil-e collagen and

shear had a value of "35" A notabl-e relationship was found between

shear and taste panel v¡ith a correlation coefficient of -"60"

Electronically cooked meat nas not strictly cornparable in degree

of doneness, Although cooking rate rvas r.apid with the method, the meat

did not cook uniforml¡¡.
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APPENÐIX A

IJATËR IMBIBTT]ON DETERÌ4INATION

l'lethod adapted from that of J. il. HaI1, as described by Doty

and Pier"ce in U"S.D"A" Bulletin lrlo" l-231-.

l. 5 grams ground meat were bl-ended with 30 ml_. distilled

ivater at high speed ín Warning Blenden for 15 seconds

2, The mixtune was transferred to centrifuse tubes"

3n The tubes were refrigerated and stored ovei:night at gsoC"

4. Tubes v¡ere centrifuged for 5 minutes at 31500 rpm.

5, Liquid was decanted and measured.

6" Amount of waten in the decant was subtracted from the

original 30 mt" to obtain "imbibedtt water"



APPENDIX B

COLLAGEN DETERI{INATION

Lowry, Gilligan and Katersky l"lethod (54)

Ra¡canfq .

0 
" IItl NaOH

0,1% Phenol Red

O.IN I.ICL

Ether Alcohol Ì'iixture

Ether

i'lethod:

1. l'/eíght 2 to 4 (A) gnams ground meat in 50 c"c" Pyrex

centrifuge tube. Tnansfer to small porce.l-ain mortan ä.nd

grind until paste }ike" Rinse back into centnifuge tube with

2 to 4 coco wð.t€r followed by 0,I NaOH until total volume is

40 c,cu Stir and let stand overniqht"

2. Stir vigorouslyu centrifuge and remove supennatant by

suction" Add 40 c.c. 0"1 N NaOH and stir. Let stand 2 houns.

centrifuge and again remove suÞennatant fl-ui<Ì"

3. Add 40 c"c. water and ä drop 0.1% phenol red" Adjust color

to faint pink (pil7) with 0"tN i{CL. Centrifuge and remove

superna.tant fluid"



4n Add 40 c.c" of 95% alcohol, I part ether mixtures and stir"

Allow to stand i-0 rninutes, stir and centrifuge. Remove

qrrñêhn¡f ¡ñt

5o Add 40 c,c" etheru stir, and allow to settle or centrifuge

and remove supernatant, i..lipe outside of tube with warrn

water"

6. Dry in an oven at 1080 for 2 to 4 hours to constant weight.

Cool to room temperatureo

7. h'eigh tube (B) and contents"

B" Add 20 c"c, water. PIug tubes r+ith non-absorbent cotton"

AutocLave at 50 lbs. pressure fon 4 hours,

I, Centrifuge and remove supernatant, Dry at l-00o ovennight,

cool and weigh (C).

f0, Calculate the pencentage collagen on a dry weight basis as

B-C x 100,-i-
Ã

Autoclaving was done for three hours at 15 Ibs. pressure

according to the Doty and Pierce modification of the method (96)"



APPENDIX C

Ii\STRUCTIOT\S FOR SCORING BEEF TEI'IDËRNESS



1o

¿i¿lrgltt q'"

lt't s t'F-uc if I oits r, 0_tì sc 01ì.täG ilrillF ?rii\.i)lipJi.liss

,Score the s¿nple conside:'in.q six cornponenis of'tend.erness, r..ii-rjcb c,!fl be gror,rpec)
into bhree nain ci-Ltegories:

(") l,luscl-e fiber: lextu.r,e
i',-' ::agrn ent l- i; i'- on o r' c r,urijb f j_n e s s
So:îtness

:Vrrou:rt
.JtE:.te

a:rd cherii r:ourrt - accorcl_'jng to a 7 ,:loínt scale,

nu-nterica.l r.'ir.ting that best descr,ibes ea,ch f'actoi:"

and itala.'uabi ]-j i;¡' rîa-c'cor is ou-t-]-ined be-Lo¡u io aiä),

(¡) Connectiye -bissu,e

(" ) Tcncler-ness, connosi i;c

l.i¿rrls ¡¡iih ¡l1 x, the adjecti-ve ¿rncl-

.rl" dcsciiptiou o-i e..r.cir tcnclor'J'Ìcìss
yoll j-n ju-d-ging,

I, ]Té!IJB]r should be ju-dgecl by l,ire a-lrþearärice, clist:ribu.t-'r-on ¿,-lrCL orga.r.:Lze.t-ion c:l
nuscl-e fibres ¿-"lrci- connective'r,is;¡i-ie".ili,:ic il,r-r-scle fibres'bl.,a-t e..¡'o.r,nifo"n, in size
¿¡¡-cl- C,cnsely pi'lclced, ¿Lj:e Í,ì.íiìrio.iiated r¡iih hi-gÌl ci.r.'r.Iii;y; irregul,.¡.1, ¡,.,.1rì coar,se fibres,
lc,:rse ly distribubed- ar.e usu.all¡r ¡¡ inclic¡.t;ì.'tr of lor.¡er. qua.h,t¡ru

lI " Fit-AG::ti1l::_,",ii:I{ì¡:_ 0R Cp,UifiLftiiESS
The e¡.:rl: ¡r' iLiÍ'f:-cr-Llty i,¡j i¡ r¡h:LcÌr 'i'-i l:r:'es oí ¡-r. one-half inch th.ici¡ress f:,:r:,¿rren-,c

or: cru:nble whel .::, thrir: jtor'r,i_on ci_rt ¿ìcross ,ch.<: 
¡;r,ir.ì-ir 1_,.v -¡¡" ..:icle cf e. fo::lc, i_s

corì.r:rj,clel'ed, u¡d-er this f¿¿c-l,cr" l,ie.r.linogs i.s; ¿¿ssoc_l¿.ted r¡ith lnel,t ,uh¿:,L c¿L¡t be ea,s-ì lv
f::'agnen'ued oz'c-r:i-t-ntblcd f'orlrr-in¡'Lin;' f'1.^...i,rc'-rtl i;jr:¡.i; ¿,.1.3 çi.',.:r "r1¡] Ìti.-r,d.

I1I. ,Scìt¡fliiiÞS- shou--Ld be ju.clged b;':
l-o the sens¿¡.tion ¡rrod-ucedl- oir tirc tongu-e anC tl..e sicl-e of the cheel., clu-¡:in¡-¡

cheriing, al.d

?-o ihe ¡nuscuf ar force o:r ''coci]L pressu"re exerted. in clier,¡ing..

IV. :UtOUi'lT Ai{D S'.IÀTE 0F C01']l'i¡iC']-'liDl TIS¡iü4, can-be ju"d-ged by e:ranúning en<L pulling
a.part nu-scle fib.res io see the n¿Ltur:r:e of the connective tissue biniì.i::rg nLr-scte fibr"es
'r,oge.'r;her' Is the ¿¡nolrn.L of coirnecti.ve tíssu-e ¡resent sna.l-l- or large'i Is it 1:resent
¿rs a fine netr,¡ork erurteshing ihe mu.scl-e fíb:'es, or j-s it fou¡d. in the form o:f Í'r11-r.rr

and -Lhick str:ancls, 01. ¿ìs cl-u-sters or J-uinos? Senso.r:y impressions prod.ucecl by chevin5l
a-nd- sirallol¡ing also aid in ra.bing this cha.r'acteris,c:Lc"

y" ilIC-fi\TjiSS shoul-d- be judgea a.ccordin.sj to the initial irnçrression of netness
i,rocì"rtcecl duriilg the firs-L fer¡ cherus as a ïeslrf i; of ';Ìre ra.pid r-eloase of nea.t flu-ids"
Judges shoulcl" u-se -bheir first Í_m¡:ression" A second_a.r¡,. irni:ression of juiciness rvill
be given fron the slor,¡ rel-ease oí-' rnea-t juices a:rd- 'Lhe stiliu-l-a.i,ine ef'fect of fat on
tho erlir¡qrr¡ f''ln¡.¡

\iI. T0lrlDnRNESS COI¡POSJTil ÀiirD CjLE-$ IOUI{T
The sensation of tenclerness is a co:rrpositc effec-b" The geneiral impr:ession as

a resr-llt of chewing is influenced by both rnusc-l.e fible and. coruiec¿1ys jtigsi-le. F-eco:rcL
the trr.urber of ch.ei+s for conlolete nas'bication of a piece one-half inch in OlaoieË*
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