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Abstract

The objective of this study was to evaluate the combined treatment effect of gamma irradiation and rosemary
extract powder on ready-to—eat hamburger steaks. After irradiation at 5, 10 and 20 kGy, hamburger steaks man-
ufactured with rosemary extract powder (200 and 500 ppm) were stored at 5°C for 4 months and at 30°C for 3
weeks. Total aerobic bacteria count of the ready-to—eat hamburger steak was approximately 5 log CFU/g
level. All doses of gamma irradiation were effective in reducing the population of total acrobic bacteria and
coliform bacteria in hamburger steaks. In hamburger steaks irradiated at 20 kGy, the microbial growth was
not observed during storage. The shelf-life of hamburger steaks were determined by microbiological counts
of 10°~10" CFU/g and those of the steaks irradiated at 0, 5 and 10 kGy were ranged among 14, 28~42 and
98~ 112 days, respectively. The shelf-life of both irradiated hamburger steaks added with 500 ppm rosemary
extract powder at 5 and 10 kGy was extended more 14 days than non-added sample. Results suggested that
both gamma irradiation and rosemary extract powder may improve the shelf-stability of ready~to-eat ham-
burger steak. However, when the storage temperature was abused (30°C), the rosemary extract powder had
not sufficient effect on the shelf-stability of hamburger steaks.
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Table 1. Formula for manufacturing hamburger steak

Materials Content (%) Remark”
Beef (round part) 124 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 41 2
Dried bread powder 4.1 3
Nutmeg powder 0.05 i
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

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

P Antioxidant indicates rosemary extract powder and was
added with 200 or 500 ppm to total weight. Iced water of the
equal weight was used as control.
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Table 2. Microbial counts of hamburger steaks combined with rosemary extract powder immediately after irradiation

(Unit: log CFU/g)

Rosemary concentration Dose Total aerobic Coliforms Pseudomonas. s Salmonella/
(ppm) (kGy) bacteria Pb- Shigella

0 5.02+0.15" ND? 2.82+0.14 ND
. 5 ND ND ND ND
Control 10 ND ND ND ND
20 ND ND ND ND
0 484+0.17 ND ND ND
Rosemary 200 5 ND ND ND ND
osemary 10 ND ND ND ND
20 ND ND ND ND
0 4631023 ND 2.91£0.21 ND
5 ND ND ND ND
Rosemary 500 10 ND ND ND ND
20 ND ND ND ND

'”Average of 4 replicates (mean £ standard deviation).
?Not detected within the detection limit <10' CFU/g.
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Table 3. Growth of total aerobic bacteria of gamma-irradiated hamburger steaks with rosemary extract powder during storage

at 5°C (Unit: log CFU/g)
Rosemary . Storage period (weeks)
concentration (KGy)
(ppm) y 0 2 4 6 8 10 12 14 16
0 502+015" 7.68+0.22 -2 - - - - - -
Control 5 ND® 421016  7.03£0.31 - - - - - -
nir 10 ND ND ND ND ND 242+0.7 505+t022 7.61+0.12 -
20 ND ND ND ND ND ND ND ND ND
0 4841017 552+0.16 - - - - - - -
Rosemary 2002 ND 312+013 515+0.17 757+013 - - - - -
semary 10 ND ND ND ND ND 2214021 456+018 656%0.36 -
20 ND ND ND ND ND ND ND ND ND
0 4631023 4914025 - - - - - - -
Rosemarv 500 2 ND 2541014 4224021 689+0.15 - - - - -
Y 10 ND ND ND ND ND 153+023 348+027 5547017 7.62+022
20 ND ND ND ND ND ND ND ND ND

YAverage of 4 replicates (mean= standard deviation).
?)Bar indicates no determination of cells because of spoilage.
Not detected within the detection limit < 10" CFU/g.

Table 4. Kinetic parameters of total aerobic bacterial growth and shelf-life of ready -to-eat hamburger steaks with rosemary
extract powder during storage at 5°C

Rosemary concentration » 2 -1 Undetected day® Shelf-life”
Dose (kGy) (ppm) No’ (log CFU/g) max (day ) (days) (days)
Control 5.02+0.15” 0.19+0.003 - 14
0 Rosemary 200 4841017 0.05+0.002 - 14
Rosemary 500 4.6310.23 0.02%0.009 - 14
Control 0 0.251+0.005 <14 28
5 Rosemary 200 0 0.18%£0.004 <14 42
Rosemary 500 0 0.16£0.007 <14 42
Control 0 0.19£0.004 56 68
10 Rosemary 200 0 0.16£0.004 56 98
Rosemary 500 0 0.14£0.006 56 112

A%y means initial counts of total aerobic bacteria.

2l.lma‘ means maximum growth rate of total aerobic bacteria during storage periods. Growth rate is calculated to (N-Np)/days.
Undetected day means that the period viable cell not detected hmlt <10 CFU/g.
Shelf life means time for spoilage induced to reach N = 10° ~10".

Mean * standard deviation.
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Table 5. Growth of coliform bacteria of gamma-~irradiated hamburger steaks with rosemary extract powder during storage

at 5°C (Unit: log CFU/g)
Rosemary Dose Storage period (weeks)
concentration

(ppm) kGy) 0 2 4 6 3 10 12 14 16

0 ND"  441+032” ¥ - - - - - -

Control 5 ND ND 2.32+0.12 443%0.15 - - - - -
10 ND ND ND ND ND ND ND 3.48x0.12 -
20 ND ND ND ND ND ND ND ND ND

0 ND ND - - - - - - -

Ro arv 200 5 ND ND 227008 4243021 - - - - -
semary 10 ND ND ND ND ND ND ND  335%0.13 -
20 ND ND ND ND ND ND ND ND ND

0 ND ND - - - - - - -

Rosemary 500 5 ND ND 1.890*0.22 376x0.21 - - - - -

y 10 ND ND ND ND ND ND ND 2981041 5.16*0.12
20 ND ND ND ND ND ND ND ND ND

UNot detected within the detection limit < 10" CFU/g.

D pverage of 4 replicates (mean=*standard deviation).

PBar indicates no determination of cells because of spoilage.
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Table 6. Growth of total aerobic bacteria of gamma-irradiated hamburger steaks with rosemary extract powder during

storage at 30°C

(Unit: log CFU/g)

Rosemary Dose Storage period (days)
concentration
(o) KW 0 I 3 5 7 10 5 2
0 502+0157 7.78t024  9.90%0.31 - - - - -
Control 5 ND? ND 7.06+0.16 8621015 - - - -
10 ND ND ND ND 4321023 564+033 741+012 -
20 ND ND ND ND ND ND ND ND
0 4841017 7781021  9.42+0.14 - - - - -
Rosemary 200 5 ND ND 669+031  847+0.16 - ~ - -
10 ND ND ND ND 428+027 5411028 7021036 -
20 ND ND ND ND ND ND ND ND
0 463+023  7.16+023 872+0.16 - - - - -
Rosemary 500 5 ND ND 6117020 812+0.23 - - - -
10 ND ND ND ND 414+013 5181028 654%017 -
20 ND ND ND ND ND ND ND ND

U Average of 4 replicates (mean standard deviation).
?)Bar indicates no determination of cells because of spoilage.
Not detected within the detection limit <10' CFU/g.
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Table 7. Kinetic parameters of total aerobic bacterial growth and shelf-life of ready-to-eat hamburger steaks with rosemary

extract powder during storage at 30°C

Undetected day” Shelf-life”

Rosemary concentration 3 2) -1
Dose (kGy) (ppm) No (log CFU/g) Hmax (day ) (days) (daYS)
Control 5.02+0.15" 115023 - <1
0 Rosemary 200 4841017 1.4310.32 - <1
Rosemary 500 463*+0.23 1.2810.24 - <1
Control 0 0.78£0.12 1 3
5 Rosemary 200 0 0.89%+0.10 1 3
Rosemary 500 0 1.01 x0.11 1 3
Control 0 0.38+0.03 5 15
10 Rosemary 200 0 0.34+0.02 5 15
Rosemary 500 0 0.30£0.03 5 15

YN, means initial counts of total aerobic bacteria.

o Means maximum growth rate of total aerobic bacteria during storage periods. Growth rate is calculated to (N~Nop)/days.
PUndetected day means that the period viable cell not detected limit <10' CF U/g.
YShelf-life means time for spoilage induced to reach N =10"~10".

) ..
Mean + standard deviation.

Table 8. Growth of coliform bacteria of gamma-irradiated hamburger steaks with rosemary extract powder during storage

at 30°C (Unit: Jog CFU/g)
Rosemar_y Dose Storage period (days)
concentration KGy)

{ppm) y 0 1 3 5 7 10 15 21
0 ND” 371£0327 706012 = - - - -
Control 5 ND ND 5174017  733+041 - - - -
10 ND ND ND 362024 453£0.27 5.261+0.27 7.15%£0.14 -

20 ND ND ND ND ND ND ND ND
0 ND 3.47%0.16 6.57%0.24 - - - - -
Rosemary 200 5 ND ND 472+0.18 7181032 - - - -
o ry 10 ND ND ND 2.718+0.11 3.92+0.22 2941018 6.98+0.36 -

20 ND ND ND ND ND ND ND ND
0 ND 3.38£0.14 570x£0.14 - - - - -
Rosemary 500 5 ND ND . 418%0.15 6.78£0.24 - - - -
y 10 ND ND ND 2.68+0.21 3.6%0.11 4.64%0.33 6.47+0.22 -

20 ND ND ND ND ND ND ND ND

UNot detected within the detection limit <10' CFU/g.
2)Average of 4 replicates (mean*standard deviation).
9Bar indicates no determination of cells because of spoilage.
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