sz 2 Meatqgg!’ﬂ

COLOUR AND SHEAR VALUE OF BEEF SEMITENDINOSUS MUSCLE COOKED BY CONVECTION AND
MICROWAVE OVENS#*

Anna Badiani, Sandra Stipa, Franco Bitossi, Manfredo Manfredini

Dipartimento di Sanita Pubblica Veterinaria ¢ Patologia Animale — Via Tolara di Sopra 50 — 40064 Ozzano Emilia (BO) — Italy

* Research supported by the Italian Ministry of University and Scientific and Technological Research (“ex-60% Funds, F. Y. 1995)

Background and Objectives — Microwave meat cooking has not always been acceptable to consumers. The lack, or paucity, of
surface browning and crispness, as well as less favourable flavour notes, were taken as indexes of lower eating quality of meat cooke
in microwave ovens compared with oven-roasted meat (1, 2, 3, 6, 11). However, shear value in beef has often been found to be the
same for microwave cooking when compared to cooking to the same final internal temperature by other methods (2, 3, 4, 6, 8, 10)-
More conflicting results have been obtained for colour difference values measured on the interior surfaces (10, 11). Several studies (>
8, 12, 13) have identified some end-to-end and cross-sectional variation in the physical structure of beef Semitendinosus (ST) muscle-
As part of a wider study aimed at assessing cooking-induced changes in physico-chemical and nutritional properties of beef, a1
experiment was conducted to determine: 1) the effect of cooking method (microwaving vs oven roasting) on instrumental colour an
Warner-Bratzler shear values in ST; 2) the effect of location within ST on colour readings and shear values.

Methods — Paired ST were obtained from ten beef carcasses as illustrated by Manfredini et al. (9). A roast about 1 kg weight was
obtained as the centre section from each ST. Paired ST roasts from the left and right sides of each carcass were assigned in turn to &
convection oven or a microwave oven and cooked as described by Manfredini et al. (9). Colour measurements were made with &
Minolta Chromameter Reflectance Il CR200/08 (diffuse illumination/0° viewing angle — specular component included), matched Wit

the standard white tile provided by the manufacturer. L*, a* and b* values were recorded for Standard Source D65; Chroma and hu¢
angle (Hue) were calculated (7). Both the freshly cut proximal (PE) and distal (DE) ends of each raw roast were measured at 5 distinct
locations: 1) caudal and lateral; 2) caudal and medial; 3) cranial and medial; 4) cranial and lateral; 5) central. Cooked roasts were coO’le

to room temperature and trimmed of surface browning. Three 2.54 cm-thick slices were cut perpendicular to the muscle fibre directio”
(proximal, PS; central, CS; distal, DS, slices) and were allowed to “bloom” for 5 min. Colour readings were made on the proxim#
surface of each slice at 5 locations, as described previously. A 2.54 cm diameter core was removed from each slice at 3 distinct
locations: A) caudal and medial; B) cranial and medial; C) central and lateral. The cores were taken parallel to the fibre orientation a"]
sheared once perpendicular to the grain using a Warner-Bratzler (WB) shear attachment on an Instron Universal Testing machine Mode
1011. A cross-head speed of 50 mm/min and a 20 kg load range were used. Data were analysed using a two-way “between group (BG),
within subjects (WS)” analysis of variance. The design was as follows: 2 cooking methods to be applied (BG) x 5 locations (WS) ¥

ends (WS) for raw colour; 2 cooking methods (BG) x 5 locations (WS) x 3 slices (WS) for cooked colour; 2 cooking methods (BG) *

locations (WS) x 3 slices (WS) for WB shear value. Duncan's multiple range test was used to separate means at the 5% probability leve"

Results and Discussion — Cooking method (applied or to be applied) was not a significant source of variation (P>0.05) for both
shear values and chromatic coordinates and therefore data were pooled over this factor. For shear values (Table 1), as to the position ©
the slices in the roast, a statistically significant difference among slices emerged at location C, the central slice (CS) being more tender:
As to the location within slices, only for the central slice a significant difference was observed, the more tender location being C. She
values were affected by a certain amount of variability, which in any case was lower for the central slice and the B location. On the
whole, colour of raw meat was more intense (higher a* and Chroma, lower Hue) at the distal end than at the proximal one (Table 2/
Location 3 showed the highest redness (a*) and yellowness (b*), and therefore the highest Chroma, coupled with a low lightness value
(L*). This could be ascribed to the higher proportion and larger cross-sectional area of type I fibres in this region of the muscle (5, 3).
Moreover only at location 3 all the differences between proximal and distal end were statistically significant. Cooking induce€ ¢
considerable increase in L*, b* and Hue values, whereas a* and Chroma decreased (Table 3). No significant variations occurred 11
values of cooked ST, neither between, nor within slices. Whenever between-slices variation was statistically significant, the distal sli®
was darker and redder. Location 1 (and 2, to a lesser extent) had higher L* and Hue values, lower a* and Chroma values than Jocatio?
3 (and 5, to a lesser extent). Therefore, locations 1 and 2 were clearly more done than locations 3 and 5.

Conclusions — Microwave and oven roasting did not produce statistically significant differences in shear values and interior colo%t
readings of beef Semitendinosus muscle. Caudal locations appeared to be more thoroughly cooked and slightly tougher than cranial a”
central ones.

References — 1) Bodrero, K.O., Pearson, A.M. and Magee, W.T. (1980) - J. Food Sci., 45: 613-616. 2) Fulton, L. and Davis, C. (1983) 4")
Am. Dietet. Assoc., 83: 560-563. 3) Hawrysh, Z.J., Price, M.A. and Berg, R.T. (1979) - Can. Inst. Food Sci. Technol. J., 12: 78-83.
Howat, P.M., Gros, J.N., McMillin, K.W., Saxton, A.M. and Hoskins, F. (1987) - J. Microwave Power, 22: 95-98. 5) Hunt, M.C. 3&
Hedrick, H.B. (1977) - J. Food Sci., 42: 513-517. 6) Hutton, C.W., Neggers, Y.H. and Love, T.O. (1981) - J. Food Sci., 46: 1309~131ds’
1319. 7) MacDougall D.B. (1994) - Colour of meat, in Quality attributes and their measurement. in meat, poultry and fish products (¢
A.M. Pearson and T.R. Dutson). Chapman & Hall, London, UK, pp. 79-93. 8) McCrae, S.E. and Paul, P.C. (1974) - J. Food Sci., 39: 1!
21. 9) Manfredini, M., Anfossi, P., Stipa, S., Bitossi, F. and Badiani, A. (1998) -Proc. 44th Int. Cong. Meat Sci. Technol., Barcelona, Spal’
10) Moore, L.J., Harrison, D.L. and Dayton, A.D. (1980) - J. Food Sci., 45: 777-781. 11) Riffero, L.M. and Holmes, Z.A. (1983) - J. FoO
Sci., 48: 346-350, 374. 12) Shackelford, S.D., Wheeler, T.L. and Koohmaraie, M. (1997) - J. Anim. Sci., 75: 2411-2416. 13) Totlan®
G.K., Kryvi, H. and Slinde, E. (1988) - Meat Sci., 23: 303-315.

Table 1 - Warner-Bratzler shear values (kg) of cooked Semitendinosus muscle (see text for explanation)?

WR shear? Location

A B C
PS 9.78 + 0.47 10.71 + 0.41 x10.40 + 0.40
CS 1072+ 037a 1030+ 023 a y 906 +027b
DS 10.50 + 0.38 9.86 + 0.33 xy 9.66 + 0.37

aValues are mean = standard error of the mean. PS = proximal slice; CS = central slice; DS = distal slice. g
bMeans within a column and trait preceded by different letters differ significantly (P < 0.05). Means on the same row followed

different letters differ significantly (P < 0.05).
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Table 2 - Chromatic coordinates (CC) of raw Semitendinosus muscle (see text for explanation)a

Location

3

Cc Endb
L* PE
DE
a* PE
DE
b PE
DE
Chroma  pg
DE
Hie  pg
DE

4797 £048 a
4692 £ 0.56 a

»16.72 £ 0.49d
x18.75 £ 0.35d

x 6.15+024b
Da5:320.215¢

y1787 +0.44 e
x19.52 +032d

x2049+1.02a
y1595+0.74 c

47.00 £0.34 b
4581 £0.42 ab

y18.55+047 ¢
x2034 £ 040 ¢

6,197::0.22:b
5.79+0.24b

¥19.56 + 0.50 d
x21.16 £ 043 ¢

x18.39 + 0.41 b
y15.85 + 0.49 be

x46.45 + 0.61 b
Y4531+ 0.61b

¥21.00 £ 0.40 a
x22.65+048a

X 7:90:4:0:26:a
y 701 £0.26a

2247+ 038a
x23. 737 0:51%a

x20.68 + 0.73 a
y17.18 £ 0.51 ab

x47.85 £ 0.56 a
y46.57 + 0.56 a

y18.78 £ 0.40 ¢
x21115+10:43:¢

7:35:+0:27 a
6.97+£0.29a

V201225340/385¢
x22.29+ 046 b

x21.50 £ 0.94 a
y1821+062a

46.26 £ 0.35b
4527 £ 0.54b

$20.15+ 0.39b
x21.48 + 031 b

7:57 2=10:21ka
7.06 £0.25a

¥21.54+ 040 b
X22.64+ 033 b

x20.62 £ 0.51 a
y18.19+ 0.56 a

a
Vaers are mean + standard error of the mean. PE = proximal end; DE = distal end.
tans within a column and trait preceded by different letters differ significantly (P < 0.05). Means on the same row followed by

different letters differ significant

ly (P < 0.05).

Table 3 Chromatic coordinates (CC) of cooked Semitendinosus muscle (see text for explanation)?

£ Sliceb Location
1 2 3 4 5

Lx PS 62.86 + 0.36 a 62.19 +065a x59.08 +0.63b x62.46 + 0.56 a x61.68 £ 051 a
CS 63.25 +0.55@ 62.25 + 0.76 ab x57.90 £ 0.62d x60.75 + 0.87 bc ¥59.60 £ 0.35 cd
DS 6192 +0.74 a 6134 £0.81 a V8626 0i7 1fc ¥5830£0.76 b y59.78 £ 0.71 b

& PS 743 £10:25¢ 787 +£0.27¢ 890 +0.17a 17,990, 15'be 8.68 £ 0.19 ab
CS 747 +£024d 7:72:%:0:30 cd 922+0.18a y 833 £0.24 bc 8.88+0.19ab
DS 803 +042b 8.06+£024b 951 +:0.18a x 943 £039a 922+042a

B RS 11.59 £ 0.24 18 354:.0.23 11.84 £ 0.13 Y Tt 0 2, 1162+ 0518
CS 12.09 + 0.27 11.88 +£ 0.22 12.18 £ 0.18 11.92 £ 0.20 .67 & 0:14
DS 12/7::10.23 120 27:4::0.26 12315440523 1170 0:18 11.98 £ 0.18

Chroma PS 13.82 +0.21b 13.81 £0.29b 1482+ 0.18 a 14.24 £ 0.19 ab 14.52 + 0.21 ab
CS 1427 +£022b 1423 £ 0.20b 1529+ 0.18a 14.58 + 0.20 ab 14.68 + 0.16 ab
DS 14.66 + 0.33 14.73 + 0.24 15.56 + 0.26 15.07 + 0.34 15.19 + 0.31

HUe PS 5730117 a 55.25 £ 0.86 ab 53.10+ 043 b x5586 +049a 53.25+064Db
CS 5817+ 1.14a 57.03 £ 1.22 ab 52.88 £ 0.66 ¢ x55.07 £ 0.93 be 52.76 £ 0.67 ¢
DS 5682 +127a 56.65+101a 5228 + 046 b 5142 +£095b 82,73k 23

a

bvalues are mean + standard error of the mean. PS = proximal slice; CS = central slice: DS = distal slice.
ans within a column and trait preceded by different letters differ significantly (P < 0.05). Means on the same row followed by
fferent letters differ significantly (P < 0.05).
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