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Radio-sensitivity of Contaminated Pathogens in Marinated Beef Rib
(Galbi) Treated with y-Irradiation and Its Sensory Properties

Na Young Lee, Cheorun Jo, Ho Jin Kang, Dong Soo Kim, and Myung Woo Byun*

Team for Radiation Food Science and Biotechnology, Korea Atomic Energy Research Institute

Radio-sensitivity of pathogens in commercial marinated beef ribs, Galbi, and effect of irradiation on
microbiological safety and sensory properties of marinated beef rib were investigated. Commercial raw
marinated beef ribs were highly contaminated by pathogenic microorganisms including Bacillus cereus,
Salmonella typhimurium, Escherichia coli, and Staphylococcus aureus, ranged from 10° to 10° CFU/g. Gamma
irradiation reduced pathogen count during storage. No viable cells of pathogens were observed in sample
irradiated at 7.5 kGy except for Bacillus cereus. Radio-sensitivity of inoculated pathogens in marinated beef ribs
and commercial one showed D,, value of 0.54-0.66 and 2.15-2.98, respectively. In sensory evaluation irradiated
sample showed highest color and overall acceptance among treatments (p<0.05). Results indicate low dose (2.5-
5.0 kKGy) irradiation is effective for ensuring safety of marinated beef ribs without decreasing sensory quality.
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Table 1. Effect of various dosage of irradiation on growth of Bacillus cereus (KCTC 1012) in Galbi during storage at 4°C

Viable cell counts (log CFU/g)

Irradiation dose

(kGy) Aerobic Vacuum
0 day 3 day 7 day 0 day 3 day 7 day
0 456 +0.37 473+0.10* 493+0.16" 452+0.29 4.341+0.06" 4.16+0.08*
25 3.71£0.12 4.18+0.07 3.98+0.02* 3.69£0.18 3s2+t02r 3.88£0.08
5.0 2.02+£0.38 3.78£049 248+0.36° 2.01£0.25 2.80+0.07 2251046
7.5 1.60£0.07% 2.13£0.09" 1.09 £0.06°* 1.60£0.11° 1.54£0.13" 1.06£0.01°

“‘Means with the same letter in each row are not significantly different (P<0.05).
*“Means with the same letter in each column are not significantly different (P<0.05).

Table 2. Effect of various dosage of irradiation on growth of Salmonella typhimurium (KCTC 1925) in Galbi during storage at 4°C

Viable cell counts (log CFU/g)

Irradiation dose

(kGy) Aerobic Vacuum
0 day 3 day 7 day 0 day 3 day 7 day
0 443+0.01* 3.94+0.37* 2.57+0.19% 448+0.07* 3.54+0.04> 2.651+0.03
2.5 3.43+£0.05* 2.80+0.37" 1.54+£0.17 3.44+0.04 2.56+0.03% 1.26 £0.10*Y
5.0 201+0.22% 1.45£0.11% ND* 2.04+£0.05% 1.15£0.02" ND**
7.5 ND"™ ND* ND* ND* ND* ND’
“Viable not detected at detection limit <10' CFU/g.
“IMeans with the same letter in each row are not significantly different (P<0.05).
*“Means with the same letter in each column are not significantly different (P<0.05).
Table 3. Effect of various dosage of irradiation on growth of Escherichia coli (KCTC 1682) in Galbi during storage at 4°C
Viable cell counts (log CFU/g)
Irradzzli(t(l;);) dose Aerobic Vacuum
0 day 3 day 7 day 0 day 3 day 7 day
0 4.60+0.10™ 5.21£0.09** 443+0.07"™ 4.62£0.19% 5.1110.06" 3.94 £0.29"
2.5 3.97£0.36" 4.15+£0.07 3.18£0.25" 3.90 £ 0.07* 4.031+0.22+ 2.04 £0.03%
5.0 2.29+0.38 277049 1.38+0.27° 2.29+0.01* 2.05+0.11% NDb*
7.5 1.77 £0.09* ND"b= ND" 1.47£0.10* ND™ ND"

"Viable not detected at detection limit <10' CFU/g.

*‘Means with the same letter in each row are not significantly different (P<0.05).
“Means with the same letter in each column are not significantly different (P<0.05).

Table 4. Effect of various dosage of irradiation on growth of Staphylococcus aureus (KCTC 1916) in Galbi during storage at 4°C

Viable cell counts (log CFU/g)

Irradiation dose

(kGy) Aerobic Vacuume
0 day 3 day 7 day 0 day 3 day 7 day
0 3.67+0.02* 4441023 355+0.16* 3.6710.13% 3.501+0.35* 3.69+0.03
25 278021 3.21+£0.48" 2.37+0.44Y 2.72+£0.03 2.55+0.03* 2.55+0.04°
50 1.96 0217 1.681+0.19" 1.37+0.26"* 1.93+0.02Y 1.97 £0.02 1.541+0.38"
7.5 ND'* ND* ND# ND* ND* ND*

"Viable not detected at detection limit <10' CFU/g.

“‘Means with the same letter in each row are not significantly different (P<0.05).
“’Means with the same letter in each column are not significantly different (P<0.05).
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Table 5. Radio-sensitivities of pathogenic bacteria contaminated in Galbi

) ] Inoculated beef ribs” Commercial beef ribs?
Microorganism
D,, value (kGy) R’ D,, value (kGy) R?
Bacillus cereus 0.66 +0.01 0.99 2.3610.03 0.93
Staphylococcus aureus 0.59%0.05 0.99 2.98+0.28 0.99
Salmonella typhimurium 0.641+0.02 0.98 215042 0.99
Escherichia coli 0.5410.01 0.99 2.25+0.01 0.97

UMarinated beef rib (Galbi) was radiation-sterilized at 30 kGy and inoculated by pathogenic microorganisms to obtain the D, value.

JCommercial marinated beef rib (Galbi) was used to obtain the D, value.

Table 6. Sensory scores of raw Galbi, traditional marinated beef, with different packaging"

Sensory parameter

Packaging Irradiation dose

method (kGy) Odor Color
0 day 3 day 7 day 0 day 3 day 7 day
0 4.55 7.50° 329 291° 525 2.57
25 4.09 563" 3.14 5.46* 5.13 3.43
Aerobic 5.0 4.82 4.88" 4.86 537 5.00 4.00
75 3.45 4.13° 4.14 5.18* 4.13 4.57
SEM? 0472 0431 0.699 0.518 0.624 0.720
0 6.55 7.00 4.57 7.09* 5.88 5.29
25 6.82 5.88 4.71 6.64" 6.00 5.14
Vacuum 5.0 5.36 525 4.14 5.36° 5.88 5.00
15 6.45 5.75 44 7.55° 4.25 6.00
SEM 0.436 0.536 0.609 0.428 0.716 0.632

USensory panelists (n = 10) were individually provided the marinated beef rib (about 25 g each) with sensory sheet. A 9 point hedonic scale was
P y %

used; like extremely (9) to dislike extremely (1).
IStandard errors of the mean.
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Table 7. Sensory scores of cooked Galbi, traditional marinated beef, with different packaging"

Sensory parameter
Packaging Imradiation -
method  dose (kGy) Tenderness Tast Opverall acceptability

0 day 3 day 7 day 0 day 3 day 7 day 0 day 3 day 7 day

0 6.18 6.25 4.86 4.82 6.25 3.70 5.82 6.50 3.86

25 7.00 5.75 457 5.36 5.63 3.57 6.18 4.88 3.71

Aerobic 5.0 6.91 5.75 429 6.09 4.63 4.14 6.45 4.75 4.14

7.5 546 6.50 5.00 473 5.38 3.86 5.00 5.63 4.14
SEM? 0.550 0.709 0.655 0.706 0.788 0.640 0.592 0.628 0.636

0 6.64 7.38 5.57 6.00 7.50° 471 591 7.50a 5.14

25 6.82 6.13 543 6.55 6.63° 543 6.64 6.38ab 5.29

Vacuum 5.0 6.55 6.75 5.57 6.18 5.75% 5.14 6.46 5.50b 543

7.5 6.00 5.88 5.29 5.55 450 5.14 591 5.00b 5.29
SEM 0418 0.579 0.538 0.582 0.506 0.592 0.574 0.499 0.484

Sensory panelists (n = 10) were individually provided the sample (about 25 g each) with sensory sheet. The Galbi was placed on the preheated
pan (approximately 170°C) and cooked for 4 min with 2-3 times of turnover. A 9 point hedonic scale was used; like extremely (9) to dislike

extremely (1).
IStandard errors of the mean.
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