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Abstract

To evaluate combined effect of gamma irradiation and rosemary extract powder, hamburger steak was treated
with 200 or 500 ppm of rosemary extract powder, or 200 ppm of butylated hydroxyanisole (BHA), gamma ir-
radiation at the absorbed doses of 5, 10 and 20 kGy, and stored at 5°C for 3 months. The content of TBARS
of irradiated ready-—-to-eat hamburger steak after gamma irradiation was in order of : Control > Rosemary 200 >
BHA > Rosemary 500. Gamma irradiation accelerated lipid oxidation and decreased sensory quality. However,
the combined treatment of the addition of rosemary extract powder and irradiation was helpful for retarding
the oxidation process and improving the sensory characteristics during storage. Gamma irradiation decreased
hardness and increased redness (a value) of ready-to—-eat hamburger steak.
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Table 1. Formula for manufacturing hamberger steak

Materials Content (%) Remark”
Beef (round part) 12.4 1
Pork (ham part) 39.1 1
Pork back fat 16.4 1
Iced water 6.1 1
Ginger 1.0 2
Onion 85 2
Egg white 4.3 2
Tomato catsup 1.6 2
Isolated soy protein 4.1 2
Dried bread powder 4.1 3
Nutmeg powder 0.0 1
NaCl 0.63 1
Flavor enhancing wine 0.41 1
Black pepper powder 0.21 1
Red color reagent 0.01 1
Trisodium phosphate 0.21 1
Sugar 0.83 1
Antioxidant” 1
Sum 100

UNumbers in remark indicate the order of addition of materials
in a mixer.

2 Antioxidant indicates rosemary extract powder and BHA and
was added with 200 or 500 ppm, and 200 ppm, respectively,
to total weight.
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Table 2. Changes of TBA values of gamma-irradiated hamburger steaks with antioxidants during storage at 5°C

(Unit: g malondialdehyde/g sample)

o Dose Storage period (weeks)
Antioxidant
(kGy) 0 2 4 6 8 10 12
0 1-932‘1) 1.9881} ] — - - -
5 2.21™ 2.042% 1.95™ 2117 - - -
l . CYZ CYZ Z
Contro 10 2,04 2125 1.94% 2327 2.39% 2.36° 2.49"
20 2,127 2.40%* 2.22% 2.18™ 1.97™ 2.37% 251"
0 1.843b 1.84° - - - ~ -
5 2.16% 1.84 1.80% 194 - - -
Rosemary 200 2,04 2,047 1.95% 2,957 2.00™ 2.05% 2637
20 1.84% 216" 2.04"* 2.49% 2,195 2.12%% 2.31%
0 1.807 1.80° - - - - -
5 1.86™ 207" 1.87% 2,027 - - -
Rosemary 500 1.86% 2,07 197 2.45% 1,93 2.42°% 252"
20 2.16™™ 2,220 2.10** 2.325 2,04 2.56% 2077
0 1.95° 195% - - - - -
BHA 5 1.99% 1.99™ 219 220" - - -
10 1.95™ 2157 2.05%* .23 2.18™ 2.28" 255"
20 2.32% 2.32% 2.36% 2,117 217 221" 2.44™

2“IMeans within the same column different letters differ significantly (p<0.05).
*“*Means within the same row different letters differ significantly (p<0.05).

1)Average of 3 replicates.

PBar indicates no determination of TBA values because of spoilage.
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Table 3. Hardness of gamma-irradiated hamburger steaks with antioxidants during storage at 5°C (Unit: g)
- Dose Storage period (months)
Antioxidant (KGy) 0 1 5 3
0 2094‘65}’: 2073.032 - -
. 5 1818.65° 2200.65 - -
Control 10 1511 34 2102.85™ 1851.39" 197646
20 1844.32° 1947.59% 1897.05™ 2000.16™
0 2071.75: 1981.69bb - -
5 1894.75 1806.39° - -
Rosemary 200 10 1625.21% 1788.917% 1847.13™ 1743657
20 1619.43* 1745347 1850.35™ 1694,18™
0 2070.94; 1890.56" - -
5 1866.23™ 1392.95° - -
Rosemary 500 10 1559.41™ 1859.41" 1842347 1634.76"
20 161168 1602.19° 1718.90™ 1759.31%
0 2034.59 1879.16™ - -
BHA 5 1916.33" 1689.78" - -
10 1746.87° 1998.86™ 1794.267 1651.53™
20 1406.84 166857 177498 1712.94%

a"Means within the same column different letters differ significantly (p<0.05).
*""Means within the same row different letters differ significantly (p<0.05).
l)Average of 3 replicates.

“Bar indicates no determination of hardness due to spoilage.

oAl Zlo& xalch(19). Lacroix 5(20)2 vl Z Aol 9] o] & HolA] ggte ‘/}, a2 ZARFellA EA vebyd o

& &A% 23 o] 3= 21}, unaerobic conditionol A ol Agfo] FolASFE HolA o g ZrlE 9o n(p<0.05),
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aerobic condition®]%}7] W22 Hlv} 453, CO7F WAElEE o]2 4138 carbon monoxide-
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Table 4. Changes of Hunter’s values in gamma-irradiated hamburgers steak with antioxidants during storage at 5°C

Storage period (months)

Antioxidant (llz‘z}sye) L a b
0 1 2 3 0 1 2 3 0 1 2 3
0 59.03" 59.35 = - 486" 4.30° - - 1096 1124 - -
Control 5 5788 5893 - - 516® 525" - - 11.89 1148 1089 11.86
10 57926 5652 5721 - 554" 560" 561° 5607 11.89 983 1001 11.43
20 5642 5656 5834 5726 630° 623" 619° 662 1167 1028 938 1194
0 5692 5556 - - 461" 432 - - 1078 1173 - -
Rosemary 5 5921 5867 - - 512%  510° - - 1161 1172 1067 -
200 10 5801 5783 5695 - 6.14% 542 552™ 555 1144 1123 1069 11.61
20 5672 5659 5778  56.43 685 663 660° 662 1161 1075 994 1155
0 59.44 5712 - - 435" 436 - - 1103 1182 - -
Rosemary 5 5837 58.46 - - 485"  527™ - - 1074 1250  11.30 -
500 10 5776 5694 5734 - 585" 553" 563 560" 1067 118 1144 1166
20 5695 5577 5538  56.03 654° 657 668 668" 982 1066 1066 1159
0 5808 5759 - - 486"  4.70° - - 953 1153 - -
BHA 5 5766  57.32 - - 541"  523® - - 922 1256  11.09 -
10 5694 5667 5597 - 638%  550% 552%  550™ 1015 1126 1113 11.72

20 5804 5735 5665  57.32 6.44°  6.58° 662"  6.60° 1084 1118 1068 11.21

“PMeans within the same column different letters differ significantly (p<0.05).
*“"*Means within the same row different letters differ significantly (p<0.05).
1)Average of 3 replicates.

?Bar indicates no determination of hardness due to spoilage.
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Fig. 2. Visual display of the sensory attributes based on the
results of the QDA test in hamburger steak with antioxi-
dants and 20 kGy irradiation and stored at 5°C for 3 months.
Sensory characteristics used by a QDA test.
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Fig. 1. Visual display of the sensory attributes based on the results of the QDA test in hamburger steaks with antioxidants

and irradiation.

A, Control; B, Rosemary 200 ppm; C, Rosemary 500 ppm; D, BHA. Sensory characteristics used by a QDA test.

-&- 0 kGy, ~= 5 kGy, —-A--10 kGy, - ™--20 kGy.



el zAbsh 2Eche & e

7] e ot

2 Q.
T AE e

2 o

¥ At 54 P A aeo] =] ek 244G, 10 2
20 kGy) = WA Aol o5t FA W 3LE 3 A s}3tr] 44
Z2ube] Z221H200, 500 ppm)S B-E&A gl sle] 24 Ak
3 4 Ax 243 HTHLE Be 2 2AFE FrlEkddoh
FAPAZ ZA-S) TBAZE-S Control > Rosemary 200>BHA
>Rosemary 500 &2 2 vhebytch zhebd 2 Aled o) &) $i
71 2=Hle]l=2] 23 *Pi}ﬂ ZE 3 B E4L 714E
Qo 2xute] FEEEE A S W A)A Aksb} o A
B A S AeH 54 01 FAhE ot Aok 2Abe £
3 A AW A AwHo]| A A ZHAEHU L, H N %(a val-
ue)= S7HE R o, kst A rtel 2| Rt

51O
-2

A 2

B AFE ) E0) DAY ATNEAGS) YRR
FPEon, 1 ALl FA=FH Y
& @
1. KFDA. 2002. Food code. Munyoungsa, Seoul. p 219.

2. Jo C, Ahn DU. 2000. Production volatile compounds from
irradiated oil emulsions containing amino acids or proteins.
J Food Sci 65 612-616.

3. Murphy A, Kerry IP, Buckley ], Gray 1. 1998. The anti-
oxidative properties of rosemary oleoresin and inhibition of
off-flavours in precooked roast beef slices. J Sci Food
Argric 7T 235-243.

4. El-Alim SSLA, Lugasi A, Hovari J, Dworschak E. 1999.
Culinary herbs inhibit lipid oxidation in raw and cooked
minced meat patties during storage. J Sci Food Agric 79
277-285.

5. Shahidi F. 2000. Antioxidants in food antioxidants. Nahrung
44: 158-163.

6. Lee JW, Yook HS, Kim SA, Lee KH, Byun MW. 1999.
Effects of antioxidants and gamma irradiation on the shelf-
life of beef patties. J Food Prot 62: 619-624.

7. Nassu RT, Goncalves LAG, Silva MAAP, Beserra FJ. 2003.
Oxidative stability of fermented goat meat sausage with
different levels of natural antioxidant. Meat Sci 63: 43-49.

8. Frankel EN. 1999. Food antioxidants and phytochemicals:
present and future perspectives. Fett/Lipid 101: 450-455.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

£33t FA YA 2ol vlAE Wk I 2 D £ 699

. Wu JW, Lee MH, Ho CT, Chang SS. 1982. Elucidation of

the chemical structures of natural antioxidants from rose-
mary. J Am Oil Chem Soc 59: 339-345.

Koleva II, Beek TA, Linssen JPH, Groot A, Exstatieva LN.
2002. Screening of plant extracts for antioxidant activity:
a comparative study on three testing methods. Phytochem
Anal 13: 8-17.

Oh SH, Kim JH, Lee JW, Lee YS, Park KS, Kim JG, Byun
MW. 2004. Effect of combined treatment of gamma irra-
diation and addition of rosemary extract powder on ready-
to-eat hamburger steaks: 1. Microbiological quality and
shelf-life. J Korean Soc Food Sci Nutr 33: 687-693.
Claus JR, Hunt MC, Kastner CL, Kropf DH. 1990. Low-{at,
high-added water bologna: Effects of massaging, prebl-
ending, and time of addition of water and fat on physical
and sensory characteristics. J Food Sci 55: 338-341.
SAS Institute, Inc. 1988. SAS User's Guide. SAS Institute
Inc, Cary, NC.

Ahn DU, Jo C, Du M, Olson DG, Nam KC. 2000. Quality
characteristics of pork patties irradiated and stored in dif-
ferent packaging and storage conditions. Meat Sci 56 203-
209.

Kang EZ, Kim SY, Ryu CH. 2003. A study on preparation
of Wanjajun for cook/chill system I. Preperation of Wan-
Jjajun with herb and quality characteristics. J Korean Soc
Food Sci Nutr 32. 661-666.

Formanek Z, Kerry JP, Higgins FM, Buckley D], Morrissey
PA, Farkas J. 2001. Addition of synthetic and natural an-
tioxidants to a —tocopheryl acetate supplemented beef pat-
ties: effects of antioxidants and packaging on lipid oxi-
dation. Meat Sci 58 337-341.

Formanek Z, Lynch A, Galvin K, Farkas ], Kerry JP. 2003.
Combined effects of irradiation and the use of natural an-
tioxidants on the shelf-life stability of overwrapped minced
beef. Meat Sci 63: 443-440.

Koseki PM, Villavicencio ALCH, Brito MS, Nahme LC,
Sebastido KI, Rela PR, Almeida-Muradian LB, Mancini~
Filho JM, Freitas PCD. 2002. Effects of irradiation in me-
dicinal and eatable herbs. Radiat Phys Chem 63: 631-684.
Yook HS, Lee JW, Lee KH, Kim D], Shin HK, Byun MW.
1999. Effect of gamma irradiation on the improvenent of
beef tenderness. Korean J Food Sci Technol 31: 1005-1010.
Lacroix ML, Smoragiewicz W, Jobin M, Latrille B,
Krzystyniak K. 2002. The effect of irradiation of fresh pork
loins on the protein quality and microbioclogical changes in
aerobically-or vacuum-packaged. Fadiat Phys Chem 63:
317-322.

Nam KC, Ahn DU. 2002. Carbon monoxide-heme pigment
is responsible for the pink color in irradiated raw turkey
breast meat. Meat Sci 60: 25-33.

Bekhit AED, Geesink GH, Ilian MA, Morton JD, Bickerstaffe
R. 2003. The effects of natural antioxidants on oxidative
processes and metmyoglobin reducing activity in beef pat-
ties. Food Chem 81: 175-187.

(200343 119 229 A< 20049 39 229 A=)



