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Effects of Cooking Method and Temperature on the Lipid Oxidation of Electron-Beam Irradiated
Hanwoo Steak. T. S. Park, T. S. Shin*, J. I Lee' and G. B. Park’. Department of Animal Science, Miryang
National University, 'Advanced Swine Research Institute, GyeongNam Province, Division of Animal Science,
Gyeongsang National University — This study was carried out to investigate the effect of electron beam
irradiation and cooking temperature on physico-chemical characteristics and lipid oxidation of beef.
A total of six beef carcasses (280~300 kg) that were quality grade 1" (marbling score No.7, meat color
No.4, maturity No.1, texture No.1) was purchased at the commercial slaughter house. The carcasses
were transported and washed using high pressure water, and pasteulized with 50% ethyl alcohol in
the laboratory. After the carcasses were deboned and trimmed, loin and round were taken out to make
steak (1.5 cm thickness) or ground beef respectively. Samples were wrap or vacuum packaged and
irradiated with 0, 3, 4.5, 6 and 7.5 kGy using electron-beam accelerator at Samsung Heavy Industries
Ltd. Co. (in Taejun). Irradiated samples were cooked with different methods(electronic pan and gas
oven) and temperatures (60°C, 70C and 807T) and used to measure fatty acid composition, TBARS,
cholesterol oxide products and panel test scores. The content of saturated fatty acids increased by increa-
sing heating temperature in oven boiling steak (OBS) and pan boiling steak (PBS), and there was no
difference by electron-beam irradiation. Both irradiated and non-irradiated treatment were high as the
heating temperature increased in TBARS by heating temperature in PBS (p<0.05) and the amount of
Malonaldehyde (MA), standard of fat deterioration, was increased in OBS (p<0.05). Non-irradiated and
3, 6 kGy treatment produced about 2 fold amount of MA at 60T compared with 80T. In comparison
with PBS, OBS produced much amount of MA and a bit different from non-irradiated treatment but
did not show no tendency. As irradiation levels and heating temperature increased, the amount of
cholesterol oxides products was increased and also pan-heating method, direct heating method, significantly
increased the degree of oxidation compared with oven-heating method, indirect heating method (p<0.05).
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Y2495 435 (Cholesterol oxide products)
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celite 545 : CaHPO,, 2H,O =10 : 9 : 1, w/w/w)& 15 cm
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Table 1. GLC conditions for analysis of fatty acid by using
Schmadzu 14-A.

[tem Condition
Instrument SCHMADZU 14-A Chromatography

Column HP-Innowax fused silica capillary
column 30 mx0.25 i.d
Temperature program 10C/min

Detector Flame Ionization Detector(FID)
Initial temperature 120C
Initial time 1 min
Final temperature 250T
Final time 5 min

Injector temperature 2507
Detector temperature 270T
Carrier gas He
Split ratio 100 : 1
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Table 2. Fatty acids composition” of Hanwoo fresh steak treated with electron-beam irraiation by cooking conditions”.

Heating method  Irradiation  Internal temperature 12:0 14:0 16:0 161 18:0 18:1
rare (607) 83 36 30.9 tr” 18.8 38.4

0 kGy medium (70T) 9.6 33 281 22 191 37.7
well-done (80T) 10.5 3.5 27.6 25 219 341

rare (60C) 59 29 33.6 tr 20.5 37.1

3 kGy medium (70T) 7.3 3.6 319 16 19.5 36.2
well-done (80°C) 12.0 3.2 263 23 18.2 38.0

rare (60T) 85 27 285 1.0 223 39.4

pan broiling 45 kGy medium (707) 9.8 26 30.0 tr 21.8 359
well-done (80T) 10.7 2.8 30.6 13 207 33.7

rare (607C) 85 32 278 23 19.0 39.3

6 kGy medium (707C) 9.9 34 282 19 18.7 379
well-done (80T) 11.4 36 289 19 17.9 36.6

rare (607T) 6.3 33 305 20 215 42.5

7.5 kGy medium (70T) 6.1 35 315 tr 202 38.7
well-done (807) 6.8 38 29.6 23 19.7 37.7

rare (607T) 8.1 3.5 25.7 23 23.0 375

0 kGy medium (707C) 8.4 33 294 12 21.5 36.4
well-done (80T) 8.6 3.0 28,6 20 209 36.9

rare (607C) 6.3 3.8 273 22 21.5 388

3 kGy medium (707T) 89 3.2 279 23 200 377
well-done (80°C) 79 34 27.7 24 19.5 39.1

rare (60T) 84 26 26.2 1.8 211 40.1

oven broiling 45 kGy medium (707C) 8.7 39 31.0 tr 17.7 38.7
well-done (80T) 9.6 4.0 309 14 17.4 36.5

rare (607T) 7.3 32 358 1.6 205 331

6 kGy medium (707) 9.0 37 34.7 14 18.0 33.6
well-done (807T) 9.6 33 33.7 tr 16.7 38.5

rare (607C) 6.0 34 259 1.6 217 42.6

7.5 kGy medium (70C) 6.1 36 . 255 1.5 222 41.6
well-done (80T) 6.5 3.6 26.0 214 211 40.6

DFatty acids composition was determined by gas-liquid chromatography and expressed as mean average weight percent composition
p y gas-liq graphy P & ght p p

on a fatty acid basis.
r : trace (less than 0.1%)
ICooking condition is the same as table 8.
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Fig. 1. TBARS of Hanwoo fresh steak treated with electron-beam
irradiation by cooking condition.
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Fig. 2. Gas chromatogram of BSTFA/TMCS derivatives of cho-
lesterol oxides standards.

Table 3. Cholesterol oxide products of Hanwoo fresh steak treated with electron-beam irradiation by cooking method at 60C.

Irradiation ~ Cooking method 7-a B-ep 7-8 a-ep 7-k total
1g/g

0 pan 2.22% (0.34) 185% (012)  4418% (384) 0757 (0.08)  10.17% (0.29) 59.17
oven 0.79% (0.24) 1127 (019) 24337 223) 106" (015)  7.23° (0.24) 34,52

pan 58°P (0.09) 236" (0.05)  5387% (0.74) 192° (0.30)  13.75% (0.40) 77.72

3 oven 555”7 (0.31) 220° (013)  4432° (082)  261™ (018)  9.96" (0.35) 64.64
pan 5867 (0.16) 239" (0.15)  60.08% (233) 3.33° (025)  15.92™ (0.22) 87.58

+5 oven 5770 (027)  217° (012)  49.06° (045)  3.19° (0.08)  11.29% (0.86) 71.48
pan 620% (022)  423° (006) 5734 (043) 3.98° (0.10)  2435° (252) 96.09

6 oven 596°C (017)  413° (012)  54.06° (0.63)  434° (039)  20.71° (1L.07) 89.20
’5 pan 7.56" (0.27) 6217 (0.15)  7099* (112) 434" (030) 2730 (1.22)  116.39
’ oven 6.24° (0.12) 531° (012)  5957° (0.64)  511™ (0.18)  24.64° (1.96) 100.86

DResults are expressed in micrograms per gram of oil for the cholesterol oxides products.
A~F. Means with different superscript in the same column are significantly different (p<0.05).
*:Mean values for irradiated unit followed by superscript is significantly different (p <0.05, tailed t-test).
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Table 4. Cholesterol oxide products of Hanwoo fresh steak treated with electron-beam irradiation by cooking methed at 70T.

Irradiation  Cooking method 7-a B-ep 7-B8 a-ep 7-k total
ug/g

0 pan 2937 (028) 216" (012) 4395 (262) 073" (0.02)  11.69° (0.76) 61.46
oven 132° (028) 228" (0.09) 35407 (095 | 1.33™ (023) 11.50% (0.23) 51.84

] pan 576" (0.34)  3.22° (0.19)  55.81° (0.31) 285° (0.06)  1686™ (0.46) 85.5
oven 549° (033) 327 (020)  4872° (0.87) 2.87° (0.08)  12.49° (0.93) 72.84

.5 pan 645° (036) 325 (018)  63.68™ (0.09) 3757 (0.11) 203%™ (0.75)  97.36
’ oven 605 (0.09) 234° (022)  50.09° (1.35) 332° (0.06)  14.04" (0.55) 75.84
. pan 627° (028)  484° (012)  6414% (250) 4450 (015)  27.02™ (1.03)  106.73
oven 6160 (0.14) 470° (015)  57.78° (0.39)  4.70° (014)  21.76" (0.57) 95.10

75 pan 769™ (020) 681 (0.22)  75.75™ (271) 490° (0.07)  33.48™ (094)  128.63
' oven 686° (0.08)  532° (0.08) 6432 (336)  5.51™ (005  26.82° (0.63)  108.84

DResults are expressed in micrograms per gram of oil for the cholesterol oxides products.
A~F. Means with different superscript in the same column are significantly different (p<(0.05).
?:Mean values for irradiated unit followed by superscript is significantly different (p<0.05, tailed t-test).

Table 5. Cholesterol oxide products of Hanwoo fresh steak treated with electron-beam irradiation by cooking methods at 80°C.

Irradiation  Cooking method 7-a B-ep 7-8 a-ep 7-k total
-------------------- Ug/g oo
0 pan 3275 (028)  240° (031)  4828™ (056) 084" (0.03)  14.97" (1.20) 69.77
oven 216 (032)  233° (0.09)  4204° (073) 270% (011)  12.58° (0.65) 61.81
3 pan 6437 (042) 356" (0.09)  56.98™ (2.68) 293" (0.11)  17.30% (0.39) 87.20
oven 6.01%¢ (046)  340F (022)  51.05° (149) 387 (0.08) 15237 (0.90) 7955
.5 pan 736° (021)  339F (0.14)  6771™ (162) 408" (020)  23.26™ (063) 10581
' oven 703% (040) 306" (019)  5561° (1.68) 3.77° (010) 15267 (0.36)  84.74
) pan 646 (0.21)  481% (011)  66.94™ (051) 485° (015  30.08° (135)  113.09
oven 6.845< (0.05) 4415 (0.05)  61.20° (263) 4.81° (0.05)  27.74° (0.64) 10501
’5 pan 803" (0.12) 743" (0.08) 7697 (035) 572° (0.15)  34.82% (209) 1329
' oven 837% (054)  591° (0.09)  67.74° (169) 615™ (0.11)  34.40" (1.98) 12256
UResults are expressed in micrograms per gram of oil for the cholesterol oxides products.
AF. Means with different superscript in the same column are significantly different (p <0.05).
?:Mean values for irradiated unit followed by superscript is significantly different (p <0.05, tailed t-test).
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