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INTRODUCTION

Time-intensity; elee.romyogtaphy; mectanic.l me^mements; beef toughness; rooking rote; deeree of do«««*

provide usefol information about the overall toughness o fa  meal sm ple^bit do n I Wa™ r.B,a,zl"  shear “ «I compression. Such 
Of the use of temporal methods such as electromyography E L * £  of 1toughness. The aM
reflect changes m texture properties in a continuous way du m g ^sh ca t 'on tlme-.mtfnsity sensory evaluation (TI) is their P»1*shown to be suceeccfi,i ;« —  i__r ____y : & mastication rather than a sinele nomt nu^cur* tt _____ ____
reflect changes in texture p r o ^ e T h *l
shown to be successfiil in separating beef muscles on the basis r f  *  a, Smgle pomt measure- TI sensory evaluation^
consumer preference is usually associated with up°to five ^ g re e s^ r  c^ecories o f ^  °  ’ ' " 4  ’" 4; ^ e t a i . ,  1996). In coo  ̂
emperature attained at the geometric centre of the meat d u i S t a i p S t o  T b ^ w T  categories are traditionally delink

tune-averaged and temporal methods to investigate the toughness of t e e f ? f  the prT nt was to use a conihin  ̂
three degrees of doneness. g 1 beef Semi tendinous roasts cooked at a variety of oven temped

METHODS

of nine treatment combinations) 'aTsignTto d^ys weeks- Roasts were prepared (3
three oven temperatures (160, 170 and 180°C), to three intlm altem Dcm m rnSnr blo,ck_ ^ slgn:. The nine treatments were roasts co»j 
were monitored using multiple PT100 thermocouples (Tracker 3000 D a S T o X I l T 6)’ ?° and 80°C (well done)). All te n f j
Mechamcal measurements, (TI) sensory evaluation and efeSomZraShv^TCm S ?  ^  Technology LTD, Dorset, %
Bratzler shear and compression values were obtained using the Instron^Jnivc^ T ^  ^  1° an^ yse the toughness of each roast. 3

30c
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r  , : 1" :1“ uriu compression values were obtained using the Instron I I n iv ^ i  t »«*- T T  L Tyse tne toughness of each roast- ■ ■ 
Ten subjects were trained in the use of TI over a two week period During thJfi 7  (Instron Corporation, Canton, MA j
computerised method of TI scaling on a one to one basis DnH of training, assessors were famiharised A
designed to familiarise them with muscle fibre orientation, definition of m e ^  ^  trai"'J1g s.essi0ns’ le s s o r s  participated in focu«| 
et a l, 1996). TI data (1 point sec1 ) were cofect?d u S f t h e  pT a Z ^ ( A M S A ,  1978) and the technique of TI s c a W j 
Electromyographic data were recorded using a Grass P o lw iew ^o d f/p v i, (0  le" f ns’ Punter and Partners, BV, The Netlxf,

is were nlaced on the left “ . I ? "  .™lyview .m o d e l  P 5 1 1 ^trum ent (Astro-Med Inc.. West W

lOQ

”  « ... ,y y v , .  n  aata ( i  pomt sec"' ) were collected using the PSA V  J anG lne  tectmique of TI scaling
Electromyographic data were recorded using a Grass Polwiew^nftel p s i  i ^ (01'e/nf ns’ Punter and Partners, BV, The Net)*
electrodes were placed on the left and right L ™ £ e c 2 ^ s t r o - M e d  Inc., West Warwick, England)-,,
Component Analysis (Dijksterhuis et a l, 1994) Results obtained from F i w r ^ r 0^  naturally. TI curves were analysed by pr 
(ANOVA) using SPSS statistical software (SPSS Inc CWcago) C o r r e i a  I “5*™  data Were subJected to Analysis o f <  
oughness (Principal Curve measurements) and Instron data (SPSS Inc Chicago) C° C C1CntS Were ca3culated between average Per

RESULTS AND DISCUSSION

rare and well done ^  ,SigI^ cant differences in shear values were found Â
observed in roasts cooked at 160 and 18 0 °C .'T h e^ i S * ^  medium and well done r o a s t s ' 
differences m beef toughness between treatments. The curves s h o w ^ ti i ie c o m  J  }nf ° Vlded a smpte and rapid means of viewing 7  
sequence. As the final internal temperature increased, the m e T te c ^ r Z ?  °£ perceived Oughness throughout the complete^ 
Medium and well done roasts were toughest when cooked rapidly (170 and 180°n ^  meat was toughest when cooked slowly O j 
with toughness intensity at the start (0.793 and 0.752) in tlw middle m soo «„ft n LcomPression measurements were <*gg,
0.725). Analysis o f variance of the EMG data for the three subjects rtahlp o ^ i,0'77^  ^ -5  the end of the chewing sequence (0-1 
treatments fordiflPerent snhi^tc _________, , ee subJects (Table 2) show that different EMG n a n m ^  b

miensny at the start (0.793 and 0.752) in the middle m  »no ,7ft n m Y  compression measurements were c 
0.725). Analysis o f variance of the EMG data for the three subjects tTaHe ^  at the end of the chewing sequence ((■ „„
treatments for different subjects. Rare and medium cooked roasts took SS l t  dlffef nt EMG P e t e r s  discriminated g
reach the end of the chewmg sequence than weU done roasts. Subjects 28 and 3 did noV^m*0 * ieW^ d needed a smaUer number o f^ j;  chew time or number. auojects i  and 3 did not differentiate between the treatments in terms ?
CONCLUSIONS

Rare r° asls were iess to u ? th a n  by. ^ 1  internal temperature than cooking tempe€

2 2 S T “ ” was ̂ bi ,he “"b“  «
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Effect o f cooking temperature and degree o f doneness on Warner Bratzler shear and compression values

ie£
Earner B

cSohe* (Kgf)
‘fatzler

. ’S ession

160/60 
Mean (SE)1

160/70 
Mean (SE)1

160/80 
Mean (SE)1

170/60 
Mean (SE)1

- Treatment*

170/70 
Mean (SE)1

170/80
Mean (SE)1

180/60 
Mean (SEV

180/70 
Mean (S E )1

180/80 
Mean (S E )1

Duncan test 
(p = 0.05)

2.6 (0.1) 2.9 (0.2) 2.8(01) 2.7 (0.3) 3.5 (0.1) 4.0 (0.6) 2.5 (0.2) 2.9 (0.2) 3.6 (0.5) 1.3

0.7 (0.1) 1.1 (0.4) 1.6 (0.2) 0.6 (0.1) 0.8 (0.1) 1.3 (0.3) 0.5 (0.2) 1.4 (0.2) 1.6 (0.2) 0.9

te»1 e 'Vith
••“ p w a iu ic  v u nc i iiai ic m p ti  aiux c  ^

standard error of 3 roasts, each analysed 5 times.

Effect o f  cooking temperature and degree o f  doneness on EMG parameters for the three subjects

P'
■A

■ Treatment*

Duncan
160/60 160/70 160/80 170/60 170/70 170/80 180/60 180/70 180/80 test

su b ject  i M ean (S E )1 M ean (S E )1 M ean (S E )1 M ean (S E )1 M ean (S E )1 M ean (S E )1 M ean (S E )1 M ean (S E )1 M ean (S E )1
(p = 0.05)

<"he'v time

Chevv number

7.96 (0.50) 8.28 (0.64) 12.1 (0.47) 8 .1 8 (1 .8 5 ) 13.3 (0.90) 14 .3 (0 .97) 7 .44 (1 .31 ) 7.99 (0.97) 12.5 (0.52) 3.73

11.7(1 .75) 12.7 (0.75) 18 .5 (1 .00) 12.2 (2.25) 20.3 (1.45) 2 1 .0 (1 .0 0 ) 11 .7 (2 .03) 13.0 (1 .50) 19.2 (0.83) 5.71

CheW rate2 1.47 (0.13) 1 .54(0 .03) 1.53 (0.04) 1.51 (0.07) 1.53 (0.05) 1.48 (0.03) 1 .57(0 .02) 1.63 (0.01) 1.53 (0.02) 0.18
AUc3

su b jec t  2
280 (29.7) 3 6 2 (12 .1 ) 4 3 4 (1 0 6 ) 2 3 0 (4 9 .1 ) 5 1 2 (7 2 .2 ) 4 6 1 (1 4 5 ) 305 (47.5) 343 (2.87) 434 (56.8) 289

C"he' v time 
Ch»,,

2 7 .6 (1 .2 9 ) 27.3 (1.83) 26.9 (3.95) 2 5 .8 (1 .3 1 ) 29.2 (3.29) 30.4 (1.85) 2 7 .0 (1 .7 4 ) 23.4 (4.48) 29.1 (1.21) 10.8

w number 

Che*  rate2

4 1 .7 (1 .0 7 ) 4 2 .2 (1 .7 5 ) 42.3 (4.53) 4 1 .4 (0 .5 8 ) 47.3 (5.29) 47 .8 (1 .1 7 ) 42.6 (3.08) 35.1 (5.97) 4 8 .1 (1 .7 4 ) 14.0

1.52 (0.08) 1.55 (0.04) 1 .59(0 .10) 1.61 (0.07) 1.61 (0.02) 1.58 (0.05) 1.58 (0.05) 1.52 (0.05) 1.65 (0.01) 0.24
AUc3

SUBje c t  3
9 5 2 (1 6 3 ) 1039(143) 1029(201) 899 (178) 903 (82.1) 991 (182) 785 (76.5) 907 (165.9) 1069 (78.1) 618

Che^ t lm e
Qw 16.5(0 .66) 17 .2 (1 .36) 18 .4 (2 .44) 15.3 (0.94) 19.0 (0.54) 2 1 .3 (1 .0 2 ) 18 .4 (1 .58) 18.9(1 .28) 15.7(3 .28) 6.99

evv number 

Cf>e\vrate2

2 2 .7 (1 .2 0 ) 25.1 (1.11) 26.2 (2.52) 23.3 (1.58) 27.2 (0.44) 28.2 (0.44) 26.4 (2.09) 26.7 (0.88) 2 6 .2 (0 .1 7 ) 5.75

1.37 (0.05) 1 .47(0 .08) 1 .44(0 .10) 1.51 (0.02) 1 .43(0 .07) 1.33 (0.08) 1.44 (0.03) 1.41 (0.12) 1.85 (0.77) 0.64
AUc3

’«nb22~---------------
4 6 0 (1 3 9 ) 623 (73.7) 6 4 5 (1 4 1 ) 448 (137) 463 (70.9) 6 1 7 (2 4 7 ) 440 (40.9) 709 (99.2) 3 70 (129) 450

Ven temperature (°C) / meat internal temperature (°C), 
>  Q,  **« standard error of 3 roasts, each analysed 5 time, 

r̂ider ^  e.Ws secon<f-
■ntegrated EMG curve.
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