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Abstract

This study was conducted to investigate the effect of various natural ingredients for manufacturing meat products on the D,
value and relative radiation sensitivity (RRS) of foodborne pathogens inoculated into ground beef. The pathogens used for
this study were Salmonella Typhimurium (KCTC 1925), Escherichia coli (KCTC 41682), Listeria monocytoges (KCTC
3569), and Staphylococcus aureus (KCTC 11764), and the natural ingredients added into ground beef were garlic, onion,
black pepper, hot pepper, ginger, green onion, carrot, and red wine. The D, of E. coli was decreased significantly by 5% of
garlic addition (RRS=1.460), and the addition of carrot (RRS=1.086) and red wine (RRS=2.864) also showed similar results.
Most natural ingredients were effective in increasing radiation sensitivity of L. monocytogens, but only garlic, onion, hot pep-
per, carrot, and red wine were effective against S. aureus. In particular, the addition of red wine to ground beef showed the
greatest increase of radiation sensitivity for 3 pathogens tested in the present study, except for S. Typhimurium. Results indi-
cate that the use of certain natural ingredients for manufacturing processed meat products may have effects in the increase of
radiation sensitivity of pathogens. This increased radiation sensitivity can reduce the target irradiation dose for obtaining the
same level of safety, resulting in lowering the adverse quality changes caused by a high-dose irradiation process.
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Table 1. Relative radiation sensitivity of Salmonella Typhi-

murium (KCTC 1925) inoculated into ground beef
with different natural materials

Treatment Concentration Dy, Relative radiation
(%) (kGy)" sensitivity?
Control - 0.718 1.000
1 1.021 0.703bcdef”
Garlic 3 0.896 0.802abc
5 0.729 0.985a
1 1.799 0.399gh
Onion 3 1.420 0.505defgh
5 0.842 0.853cdefgh
1 0.898 0.799abc
Black pepper 3 1.145 0.627cdefg
5 1.261 0.569cdefgh
1 1.036 0.693bcdef
Hot pepper 3 1.773 0.405gh
5 1.179 0.609cdefgh
1 0.878 0.818abc
Ginger 3 0.812 0.885ab
5 0.997 0.720bcde
1 1.833 0.392gh
Green onion 3 1.142 0.629cdefg
5 1.663 0.432fgh
1 1.566 0.459¢efgh
Carrot 3 2.100 0.342h
5 1.609 0.446fgh
29 1.386 0.518defgh
Red wine 4 0.782 0.918ab
6 0.950 0.756abcd

YD, , value is dose required to inactivate 90% of original popula-
tion.

YRelative radiation sensitivity = D,, of control/D,, after addition
of natural material.

Volume of red wine used were 2, 4 and 6 times (v/w) of meat
weight.

YValues with different letters (a-h) within a column differ signifi-
cantly (»p<0.05).
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Table 20 YeRd nie} o] E. colioll thek AR 2
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Table 2. Relative radiation sensitivity of E. coli (KCTC

41682) inoculated into ground beef with different
natural materials

Treatment Concentration Dy, Relative radiation
(%) (kGy)" sensitivity?
Control 1.398 1.000
1 1.869 0.748cdef?
Garlic 3 1.381 1.012cdef
5 0.957 1.460b
1 1.816 0.770cdef
Onion 3 1.753 0.798cedf
5 1.439 0.972def
1 1.580 0.885cdef
Black pepper 3 1.552 0.901bcd
5 1.693 0.826bc
1 1.580 0.885cdef
Hot pepper 3 1.552 0.901cdef
5 1.693 0.826cdef
1 1.901 0.735cdef
Ginger 3 1.419 0.985bcde
5 1.585 0.880cdef
1 3.463 0.404f
Green onion 3 3.064 0.456ef
5 1.950 0.717cdef
1 1.540 0.908cdef
Carrot 3 1.290 1.083bcd
5 1.288 1.086bcd
29 0.506 2.764a
Red wine 4 0.497 2.811a
6 0.488 2.864a

YD,, value is dose required to inactivate 90% of original popula-
tion.

DRelative radiation sensitivity = D,, of control/D,, after addition
of natural material.

Volume of red wine used were 2, 4 and 6 times (v/w) of meat
weight.

DValues with different letters (a-f) within a column differ signifi-
cantly (p<0.05).

gre UeA) eskor 94 Fa 12 wlge] 4 o)
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not shown). IlE H7E9 2 JA7E9 & &EF o
= el %—7‘90}—: 73 o]:E‘ YeRo] 5% H7ktell A
RRS7} 1.4600.2 YeRf o, o]9]o] Agoxe 3
H ) Sl Ak A0l A8 ehid el
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Table 32 L. monocytoges ﬁ—roﬂ )3 WAL A0S
Uelhd Aoz uls, 3= 0 A7} A7 HArfEe] 5
Zobol wet 2R AR Ueho] the Ewel 7}

Table 3. Relative radiation sensitivity of Listeria monocyto-
genes (KCTC 3569) inoculated into ground beef with
different natural materials

Treatment Concentration Dy, Relative radiation
(%) (kGy)" sensitivity”
Control 0.768 1.000
1 1.202 0.639¢?
Garlic 3 0.662 1.161b
5 0.688 1.116b
1 0.830 0.925bc
Onion 3 0.891 0.862bc
5 0.738 1.041b
1 0.708 1.084b
Black pepper 3 0.698 1.100b
5 0.698 1.100b
1 0.852 0.902bc
Hot pepper 3 0.724 1.061b
5 0.839 0.915¢
1 0.716 1.073b
Ginger 3 0.703 1.092b
5 0.659 1.166b
1 0.805 0.954bc
Green onion 3 0.783 0.981bc
5 0.741 1.037b
1 0.778 0.987bc
Carrot 3 0.684 1.123b
5 0.994 0.772bc
29 0.460 1.671a
Red wine 4 ) -
6 - -

D, , value is dose required to inactivate 90% of original popula-
tion.

JRelative radiation sensitivity = D,, of control/D,, after addition
of natural material.

9Volume of red wine used were 2, 4 and 6 times (v/w) of meat
weight.

“Values with different letters (a-c) within a column differ signifi-
cantly (p<0.05).

9Viable cell was not detected with a detection limit at <10?> CFU/g.
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Table 4. Relative radiation sensitivity of Staphylococcus aureus
(KCTC 11764) inoculated into ground beef with dif-
ferent natural materials

Treatment Concentration D, Relative radiation
(%) (kGy)" sensitivity?
Control 0.692 1.000
1 0.700 0.989bcd?
Garlic 3 0.673 1.029bc
5 0.688 1.006bc
1 1.041 0.665efg
Onion 3 1.227 0.564fgh
5 0.641 1.126b
1 0.703 0.984bc
Black pepper 3 0.805 0.859bcde
5 0.824 0.840cde
1 0.719 0.962bcd
Hot pepper 3 0.766 0.904bcd
5 0.626 1.105b
1 1.387 0.499h
Ginger 3 0.952 0.727def
5 0.754 0.918bcd
1 1.324 0.523gh
Green onion 3 0.859 0.806cde
5 0.751 0.922bcd
1 0.961 0.720def
Carrot 3 0.703 0.984bcd
5 0.676 1.023bc
29 0.396 1.746a
Red wine 4 - -
6 - -

YD,, value is dose required to inactivate 90% of original popula-
tion.

YRelative radiation sensitivity = D,, of control/D,, after addition
of natural material.

HVolume of red wine used were 2, 4 and 6 times (v/w) of meat
weight.

“DValues with different letters (a-h) within a column differ signifi-
cantly (»p<0.05).

Viable cell was not detected with a detection limit at <10 CFU/g.
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(Mahrour et al., 2003; Zhang et al., 2009).
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