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(1] =) Guidelines for toxicity tests, Animal use in toxicity studies &

(EU) Technical guidance : tolerance and efficacy studies in target animals &
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- Impact of irradiation in meat quality on pork sausage products using hot and

cold carcasses, stored at different aging temperatures (Abeyrathne -5, 2022)

- Combined treatments of low dose irradiation with antimicrobials for inactivation

of foodborne pathogens on fresh pork(Hu -5, 2021)

- Combined effect of y-irradiation and bacterial-fermented dextrose on microbiological

quality of refrigerated pork sausages(Dussault s, 2012)

- Effect of irradiation on the color, microbiological quality, and sensory attributes

of frozen ground beef, pork, and chicken after 6 months at -6C (Waje &, 2008)

- Inactivation of Yersinia enterocolitica and Brochothrix thermosphacta on pork

by UV-C irradiation(Reichel &, 2019)

- Effects of ultraviolet light and curcumin-mediated photodynamic inactivation on

microbiological food safety: A study in meat and fruit(Corréa &, 2020)
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2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
B 2,003 | 2,225 | 2,512 | 2,721 | 2,962 | 3,203 | 3,475 | 3,787 | 4,156 | 4,576 | 5,076 | 5,668 | 6,356
(41.7) | (42D | 425 | (42.9) | (43.3) | (43.4) | (43.4) | (43.5) | (43.5) | (43.6) | (43.6) | (43.6) | (43.7)
o 1,361 | 1,495 | 1,669 | 1,788 | 1,925 | 2,080 | 2,250 | 2,446 | 2,677 | 2,940 | 3,253 | 3,623 | 4,052
(28.3) | (28.3) | (28.2) | (28.2) | (28.2) | (282) | (281 | (28.1) | (2800 | (2800 | (27.9) | (27.9) | (27.9)
o} AolEj ok 905 | 985 | 1,089 | 1,156 | 1,233 | 1,341 | 1,464 | 1,606 | 1,774 | 1,966 | 2,195 | 2,467 | 2,784
(18.9) | (18.6) | (18.4) | (18.2) | (18.0) | (182 | (183) | (18.4) | (18.6) | (187 | 189 | (19.00 | (A19.D
) 362 | 395 | 437 | 463 | 492 | 526 | 5,64 | 606 | 656 | 713 | 779 | 857 | 947
75 | 75 | 74 | 73 | (12 | @D | 7O | 70O | 69 | 68 | 6.7 | €6 | 65
Zx/olza)7} 169 | 183 | 201 | 212 | 224 | 238 | 2,53 | 270 | 290 | 313 | 340 | 371 | 408
B5 | G5 | BH | B3 | B | B2 | B2 | BD | GO | GO | @9 | @9 | @B
2 4,801 | 5,284 | 5,909 | 6,340 | 6,836 | 7,388 | 8,006 | 8715 | 9552 | 10507 |11,642|12,986 |14,546
(100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0)

« ZhZ=: Raw pet food market-technology trends, opportunities, competitive analysis and forecasts 2023, (Maximize market research Ltd.(2023).
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2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

vz | 1618|1808 20522235 | 2.446 [ 2,663 | 2.899 | 3.170 | 3.490 | 3857 | 4,203 | 4811 | 5414
308 | 612 | GLD | 62D | 626 | 63D | 3.0 | @30 | 310 | 643 | 346 | 849 | @)
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63 | 60 | 67 | 6o | 6D | @8 | e | o | wy | ap | 69 | an | 69

on | 2003]2225]2512| 2721 [ 2,962 | 3203 | 3.475 [ 3,787 | 4.155 | 4,576 | 5.076 | 5.668 | 6.356
1000) | 100.0) | 100.0) | 100.0) | 100.0) | 100.0) | 100.0) | 100.0) | 100.0) | (100.0) | (100.0) | 100.0) | 100.0)

= ZhZ=: Raw pet food market-technology trends, opportunities, competitive analysis and forecasts 2023, (Maximize market research Ltd.(2023).
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% 2-1-3. FEAY HEHFE YA AR d3 2 A (29): W% USD, %)

2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

=4 334 | 371 | 418 | 452 | 492 | 537 | 587 | 645 | 713 | 791 | 883 | 994 | 1,123
= 308 | 340 | 381 | 410 | 443 | 481 | 522 | 570 | 627 | 691 | 768 | 858 | 964

A Fa 246 | 268 | 296 | 314 | 335 | 358 | 384 | 413 | 448 | 488 | 535 | 591 | 655

olgtglol | 192 | 209 | 231 | 245 | 261 | 279 | 299 | 322 | 349 | 379 | 416 | 458 | 508

Eav| | 98 108 | 121 | 129 | 139 | 152 | 165 | 179 | 196 | 215 | 238 | 265 | 296

71 et 183 | 201 | 223 | 238 | 255 | 273 | 293 | 317 | 345 | 376 | 413 | 456 | 506

A 1,361 | 1,496 | 1,669 | 1,788 | 1,925 | 2,080 | 2,250 | 2,446 | 2,677 | 2,940 | 3,253 | 3,622 | 4,052
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2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
T 376 | 414 | 462 | 495 | 533 | 588 | 648 | 718 | 801 | 896 | 1,011 | 1,147 | 1,308
gk 49 53 57 60 62 67 72 7 84 91 100 | 111 | 123
A2
A=

197 | 213 | 235 | 248 | 263 | 285 | 310 | 338 | 372 | 410 | 456 | 510 | 573
48 52 58 61 64 69 76 84 94 104 | 117 | 132 | 150

ST 107 | 117 | 129 | 137 | 147 | 161 | 174 | 188 | 205 | 224 | 247 | 274 | 306
ASEAN 102 | 110 | 121 | 127 | 134 | 145 | 157 | 170 | 186 | 205 | 227 | 252 | 282

71 et 25 26 28 28 28 26 28 30 32 35 37 39 42

A 905 | 985 | 1,089 | 1,156 | 1,233 | 1,341 | 1,464 | 1,606 | 1,774 | 1,966 | 2,195 | 2,467 | 2,784
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2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
b et 244 | 268 | 298 | 319 | 342 | 369 | 397 | 429 | 466 | 509 | 558 | 617 | 684
- (67.2) | (67.8) | 68.3) | (68.9) | (69.5 | (70.1) | (70.4) | (70.7) | (7L.0) | (71.3) | (71.6) | (719 | (72.3)
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177 | A7.4) | Q7.0 | 16.7 | (16.3) | (15.8) | A5.7) | (15.6) | (155 | (15.4) | (15.3) | (15.2) | (A5.D
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© (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0)
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2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
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© (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) Y

= ZhZ=: Raw pet food market-technology trends, opportunities, competitive analysis and forecasts 2023, (Maximize market research Ltd.(2023).

E 2-1-9. v gd W sE AAAE A v (ck9): ¥igh USD, %)
AW+
2003 | 2024 | 2025 | 20% | 2027 | 2028 | 2029 | 2080 | o8
8 E
coper | 96T | 4956 | 5402 | 5929 | 6530 | 7245 | 80.92 | 9077 | o
68.) | (68.9) | (69.8) | (70.6) | (7L4) | (723) | (732) | (74D
osoper| 2L3T | 2233 | 2341 | 2469 [ 2609 | 2775 | 2967 | 3180 |
BL9) | GLD | (302 | (94 | @85 | @1.7) | (268) | (25.9)
o | 6704 | 7189 | 7743 | 8397 | 9140 | 10020 | 11059 | 12257 | o
° (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.00 | ~"

= EZ=: Raw pet food market-technology trends, opportunities, competitive analysis and forecasts 2023, (Maximize market research Ltd.(2023).

: Raw pet food market-technology trends, opportunities, competitive analysis and forecasts 2023, (Maximize market research Ltd.(2023).
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YA IHE EF

% 2-2-1. R EEAR &5

W} F8 I7HE W EEAE EF AA

O Hl=, EU, €&, T, &= 59 YHs=ARE 24 3719 AR e Y sEAR
a4 8 o 9E ERAAE 7RI AS

O "= & T Wz pet food(RFH A, W H), specialty pet food(7e]el,
2, H, 75l §)= s, AREEA wet AMALE, R, ReAlE
THFekal Ao

O EU= 94

@-A

oL
rf

AL, BRALE, BEARR TEID dov], BRARE e
ARG BYT AP, BEAT A F %Ol xg=ol ek

&

O YR T, 14, JEh BAHOR, FIE WPAE, HHEE 0T TR dck

O BT FEHE RS WA BelHL glo), MRS URE o] §HE BUIAE,
Azel F4 A WA L B ZUE A5 AR AE BEAR, DA
HEALE 5 AYT LR NG EE FFE PARE TR Ao
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2-2-1. 8 =71E REEEAE &7 AA 8¢
=7} 2§ 54 H] 1
Qb= - SVAR, BEAR, HEARE TR
P - 5220 wg} pet food, specialty pet food
- ZAo| whe} SGAMTAE, AT, HEAR TE
- - FAMEALE, EFAIE, HEASEE LB
HEARe AF 5 TP Ao
QB |- 34, 04, NBEANE TR
T Wi ALE, fbEs=E 2AC1E JSEE ARE FE
O "=
O A &) we} pet food}t specialty pet foodZ TE3ta Qom, 1 AR &2
w2} bl AR (complete feed), 7H2)snacks, treats, chew), X.ZAl(supplements)=
TEskaL ATh
O zutAtE(complete feed= et 8 H3 IS FHOZ A, &
o]9]o] thE FUHAR EHE HASA FUdE AR g E AW {4
2 AAol 7hsd AR E Aot Ut
O b2 F(snacks, treats, chew dubzloz dxsta #8 I IdddeS 54
O % A= gow, B4 Bxow AlFgEHE MHEEAIRY o9 g
A ojstal Ut
O AFEAHoz gl Ao snack =+ treatd o] 1YL LolE = I=
2 FAF AFola, AR, W, AdRe dE R IHA o] ofyx|ul, i A
F& Tl HEE=EAA Y VA E AL F Ue A WHeE AF(F
59 7=, U EE JdE ASEE YE BEE AR om, gt 9 571,
B A, AU 58 23He =g F Yk
O HZA(supplements)= Mg AR IF 48 €L Aes M3 S8 A ARE
He EFE AHoHo] Qo
O WIHEE AtR9 Y3 E FDA9F AAFCO= AHR &0 2 3Rl g gee}
HAE AAsEL AT
O FDA: 8485 Ax 2 FA=R(dry forages and roughages), &%, thdx

2 A %(pasture, range plants, and forages fed green), A} 2] =|(silages), ol =]
Ab&(energy feeds), T2 FFAl(protein supplements), wuv|& FF Al (mineral
supplements), HIE} F-3A(vitamin supplements) 2 7 }Al|(additives) = T3} Tt




O AAFCO9l| 4]+ Pet Food and Specialty Pet Food Labeling Guide (AAFCO, 2016)2]

AnAE REON BHEE ARARE 5TRE FASD

A FALS (acceptable  ingredients), AFg EI}E3

J=dl, AHE 7He

¥ S Al = (unacceptable

ingredients), 2] ¢F3&(drugs), AY+A|(direct-fed microorganisms, DFM), & AA|

(enzymes)2 the % Bt ol¥e] 2AE FHY Al WHEE

FE5HA 2

7Vedr Y= ALE(acceptable ingredients) 2 A olstH, stU=
o &= 7
ST A5 BA 9 AYU EAske= AF
A7t=9 75

% 7FE(color additive)2] 7%

lasy

AFEE7H53 Y 8 AR (unacceptable ingredients)® S
- AAFCO9] A

Azl A

@ A%

sk Ut

stk <14 ¥ = Ed(generally recongnized as safe, GRAS)
= M 52 AR AHEEE o oFE(drugs) e FDAY)

THE Aol g EA
A AL -9 7Y A3 FE FEE FHOE HAHC], E oY tE FU}
(L“H de) A ME JUEE S FFsHA ¥, AR g ®E AW §A H
compee Tee Aol Vst As
FDA H2 5 CHEAT 2 JY ZTFL BT IR ¢y, BHA T EFoz
(snacks, treats, chew)| A|&3t= HHSEAES 39 JAF
HZA AR @ ol EAAQ I TEH B NAE FHORE I
(supplements) AHEEE B
EAEEAS | uzaoz ol A%t wAEEU L 2YIE W2 B A
pet foo
AFFCO
St AR @ 2E, FhElol, AAA, Ao}, W, ARole o] dutFog g
(Specialty pet food) | Ex FXoA AAZHE AR
@ EU

O AR AT D ALgel BE

HE(EC regulation 767/2009)0 A= Wk 5 EA}

11|

(pet food)oll TSk M= TE-S SHA] gom, 58 A8 78 YAl F8ska ok
Hj 3FAFE(compound feed): AL 7HAl H7F AR} #JAIGe] S u A= (complete
feed =+ HZFA=(complementary feed)o] FejZ FEo|A Holr] 3 F 7

ol’Fe] YEARS] EHEE AHYst
b AL B (complete feed): 744 ¥
AR E o gt

AT

dd FFE 27Fe A7

FE@

o F=o F93= e+ AU E&fA=(complete milk replacer feed)eh+=

BAS Agol bsst.
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o=
- X (yeasts)= MEV) F3 AxH

B A s(complementary feed= 54 ¢4 &l woF #=o 4
LTS F2A717] fl8 °E ArseE A AREShe
R 2t &-F A S (complementary milk replacer feed = &8 71538t F&E4 A
(mineral feed)= 40% ©]49] %3 E S $HFsle HEFALRO|L
E 52 2](feed intended for particular nutritional purposes): &
A7 Q& ERAEC] AVMEAY 73R Al
W s=AER e YE= EC regulation 68/2013(RBAE 7FEEZD)AA = WS
AMEE HdEE EEE AYstA Fow, ASHUE HAE Aot o
Part AclE ARALE BRAAC B3 AukAe) FRE AAS 9100, Part B
348 HAHY &oE A5t AAstaL, Part Cole F 64359 98
g Ao F Ay @ FARY ZlAskaL o
FHHH 552 Z 4] A (Federation Europeenne Des Industries Des Aliments
Pour Animaux, FEDIAF)ol|A 237+l ‘Code of Good Labelling Practice for Pet
Food’ o] H2 loAs WeEE d8AEY ¥HF 2 HogZE AAs o).
FEDIAF2 YHfo] sk 7{:]63 Adlo] Q= y|Fo|u}, EU U S E AlRo] A%
71% 2 BAARY] iR Ve AYstal o, Z4F AEARE o= v At

l

=2}
7 2 &4 l"i—*Pg(meat and animal derivatives)= =59 28 5&E9 437]
FE Y =534 FAH F

7 2 HEAFE(milk and milk derlvatlves)-‘i BE fFAE 9 7HE oA
Ay EH FAE

- o]F 9 o]FRAFE(fish and fish derivatives)= 7}g3tA] ¥o o] 9 J7}&F

- FE(cereals)= =
- A 2 F(vegetables)=

BN SHYE AR
ZRo ARA WAFE JoR BE AR
L= =N

Z59 opIF 2 TAR

rlr rln

=
- 2EA f28 F4FE(derivatives of vegetable origin): =5, ok, F34F 2 7|E

- ’%‘%*é"dr‘?ﬂ’él %%(vegetable protein extracts): &3t 7}
i
)

S HEY AT DALE 53N A 506 ol 2

- u)Y ZH(minerals) e EEALRY a3 nE T4 237

RIS R
- FF(various sugars)—: BE TFY BF

- JL(fruits)S ZE T/
- AFdFut)= EE AAF

ERS|
A Kol A= Lol



- TA(seeds )= e TR T4 2 FEHoR oAl A
- ZF(algae)= A 3Hfresh) =& AAsHA 7133ste] RERH 2HF
- AA=EE 2 7+ZF(molluscs and crustaceans)=

EEbs

- Tansecty) e BE FRO TFF L 2 T3 AFUA 45 2 W)
- A Al F(bakery products)= E& W, Alol=, v]lAZ 2 SXAE AF
3 2-2-2. EU RIHEEAE E7AA
T Ao 2 54
Hj AR - EE FHE FAHOE st FHA 27FA ol dEAERVE EFH
(Compound feed) AR E SAEAS S REAIERE 7£7
L FALE - FEAA FAFRISE Fostal, YL 87T UES AT BEE
(Complete feed) s AR
BEFALS - EREA FeFo] 11, YA AR FA(FRLE ARSI HsliAe
(Complementary feed) o= AR 9} A AESHoF Sl AlR
- 583 Al 7 9 AxUHeE B4 JddEE HHAsA 24T
EFEHAR SHOE Axd AR
(Feed intended for particular | = 2t EH, 2= D28 § HES XY # FEDIAF Mz JL7|&E &=
nutritional purposes) M FEolA FHs7] A, YEAEI B T gHdEs T ok
o 27 HQ
- oA Ao wmEl AbRol oofES Tt AW ARE HZOE
A ALm Ab&shE AR
(Medicated feeding stuffs) |- AZFAsg1E B, dFo=2 Q& At 75 A7 A=
N sEY] B E Asl AESteE AR

® 98

O dre WFARs} GRRYSI THRIAL Qom, [AE EAo] BT FA
B Tk ANFA] AN VAFES AR FHE FTAYFY, 04, A8
8 JlgEdos $R&T Ao

O e ] EE xdog FA, ABAES SUAR, AANEY EE 2o
NRaoR BA, VRS Ak FE), ANAGTIFAD 37
AP, FYRF, 22 BFA 2 53 2L o §BAS NG F Aok

O WHFEARSY BAL [ AR A B FAAAFE ABTHH] A
ARe] WAe FRSD Jor, HFEARY FEFE FEL BASL,

‘%‘ Ry
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A, 280-300 CE 7tgafo BaHETh 8 A A L 2TdiE 9A
717t At 5 w3 Ey, G S A= %}5 a1 PrvErOl Zhr 2 E T

O ofZetEAle] F2o &4 A7|= olH, de olETtEAl Biol F4 3 &% A
Age] Ao

Q@ HsAYTE =

O HEAYEH S ESFEA Bl ok T@ol5AE, e e do7=
oA FF2 Fgolol s A=, 1 TOHH FARR]E &0l 7 Tas Aotk

O AA zHANAH F F7F9 otAlesKacetylated) =A% 3-obA 2 H=AIY

Ely
(3-acetyl DON)3} 15-o}A| € 8| AU dk&| =(15-acetyl DON)o] &4 WA H o).

O T4 FAEw FollA Aatd A H3ol5Lrt & AR SO FA &4

7|5 g

O HgAULE S og FASAL 5-30% ool Uehiw, WaAE, TE BE

@

AL 'S, 7% Solth

T-2 S

T-2 S4e FAHE S FollA AAEE TFoZAEA] FdA o] fla, EA T

28 Al 2~ EﬂEJﬂ_ of| Z Al o] E(sesquiterpene epoxide)o]th. A el 21Z 7}
o) rq’ =A] ul AFAD pHoﬂ/q: o} A &)1 al, /};]]z gl'r__ .?,]%L



O T2 Bat AT AAET §9 Ao 540 109 © 2% 2oz wa
T-2 B9 Hz TA71Be UAAR, ¥eld WEE T4, A=, 9ol

B el YT, 53 BLFAARE B FIHOE A HAT FhFo)

9

© Agd =

O AZE =8 FAYS &(F graminearum, F. crookwellense, F. acuminatum, F.
culmorum, F. semitectum S)oA AAEE Zgo]lZ=iz 150C oA 4587F
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O m=ol v FEAR

O "o e & 2-3-30] AAIS npe} o) wué 5%, Tyl =
o 37
o LY

= v]=2Z o) eF=(FDA, US Food and Drug Administration)
oA HTYstH, HH FA8L AWAFYFEF 2 3AFHEFDCA, Federal Food,
Drug, and Cosmetic Act), 2] Z A AN SH(FSMA, Food Safety Modernization)ol]
et W s EAR S FECHE 2 e i gty 55 Fdst Aok

O FDAZ} &% 1Al #EAS 7R JYARE Wi SEALR 2 1M dutdo=
Zb 7o sP=olA BEsta o, ALse] Tt TrOH%7< #HerlE 59 ¥4
HEY 74 ANA Bag #83 A AF E 7E AEe aARAA T
E3)(AAFCO, the Association of American Feed Control Officials)ollA] =383t ok

O "= FDA X+ USDACIA 4F 3 AR &M felEd #e7]E< action

levels, advisory levels, guidance levels® 3TAE #g3tal Ql+=dl, action
levels= 71& Z23A 441 &3 AA £AE, advisory levelse & &7
AMNEe 5 ZT A A B HA A (A AR 10%0T ol 8)e da
skl S+ A, guldance levels 91E4-S WAStY & g8l AMEAl FE
Histes FEe o3

F 2-3-3. "= YA weled B9 B s8TE
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'E‘ o =0y 4R =] A E&E’ Hl 77
T ‘ITHEAO } o T AFFCO FDA 12
H] 4> c AR AR, R 50.00ppm - action levels
= 7tEH cSEARHRE AR, A F S 0.50ppm - action levels
= T - SEAREPE AR, [ F) 2.00ppm - action levels
=z =
B el - FEAREPEWMEAE, M F ) | 30.00ppm - action levels
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OE] Hu] &4 SEARRAEALE, BEA F) - 5.00ppm|guidance levels
2 FEYA SEARRA AR, BEA F) - 10.00ppm| action levels
Eg e} SRR EAE, Y[ S) - == action levels
= 2] 2-® 2] o} - FEAREHHWMEALE, A FF) - 1CFU/25g| action levels
DDT - SEARHRE AR, REA 5) - 0.50ppm| action levels
Aldrin+Dieldrin | - T EAIS(S AN TS, BS5A ) - 0.03ppm| action levels
il' BHC - SEAREHRE AR, REA 5) - 0.05ppm| action levels
g Chlordane - SEARERN AR, BEA 5) - 0.10ppm| action levels
oF Dicofol - FEARHWMAALE, BEA F) - 0.50ppm| action levels
Heptacholor |+ S EAS(HAMFAISE, BEA 5) - 0.03ppm| action levels
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AEZ AR 5 FH2EZ A AHEFSA, European Food Safety Authority)7} A&
3l S AT, WEFEASRE FHIAAEAY AWFEEDIAF, Feedeeration
Europeeenne de 1 Industrie des Aliments pour Animaux Familiers)o] F4!o]
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9 HE, 74 AE 5L EFSAS) AUg v 9

EUS| WIEISEARE 3 AR Z By #3182 W9 2 derFe
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olstn gom, O P/1eded L FAAAE, @ FRISL, O HEEL
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O FF% 6F(EA SE, 2, o W ML), FRoI|BL SEOIELEA, I
SAUTAE, A, L35, T2 52, #718-8% 450DT, PCB, HCH,
HCB), mAlE 25(dedel, $), A23%E 25009, ojdad), AE5a

1FHCNADE &3kl AUt

#* 2-3-6. T YU FslEE HY 2 §&UE
T =2 AAEETF 5187 = (ppm) Hl 31
N HEE WAL 150
B4
N E Ty AR, 7]E ogtEsE AR 500
e | NREE NFAE, REE T Uz WFAE, )
EE e desE AR
- NAEE WA, oAFE Zelws wEAE .
- 71e ol g5E AR
o NAEE WAAE, JAEE Tl WYAR 03
T Zlet o HFE AE '
3 NFE AR 5
% o
NEE el MAAE, JE o AEE AR 10
SAEE 2 O AF TS 2R AT FHE 10
NEE A, NAFE Zelos WPAE B
71t fbEsE AARGF7IRI4& @ 2ppm 239 E7H)
da | TAEE S O AFOIG 2Rel 2 AXFE Fh )
B s e AR MgAE
FAsE 2 I AFolY 2R O AxXEFS T
sHA| v ofgkEE Z|u 2 widAb RS ZIEF otk 4
TE AR E8
NAFTE vTIAE, dJIdFTE ZUA wiIANE
obzetEa | NUEE MIAAER, JEE Zyz WIAR 0.05
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- = Zoyx AR GEEEY], dA7IeE R, 0.15
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o e o E ALE
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AR R AAE O o) B FEARdE H8E F A

O oj9oll= Aol 5AE F& FE&ddFE T FIIN&AA, A ErRIA A,
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O E WER J1FE 3 g FoBEe A9, HHHOR Codex RS
3 oA, , THEER
§ Bde #d WHolA Fgss HAox

A

1E3} fAbR FEos AMAH fol
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sAFel Y HE

Eane

=&
A
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=
=

E 2-3-7. 3= AU FIlEd He 2 HEU|E
T =2 AEFF 51-8-7] = (ppm) B 11

PEE A OERE JYETE FUEEE AR 100

s FEE, cstEed e -

o =24 guds 2 BR AL EAR S 30.0

7€} o AlR 20.0

FEE(2, AA, Foe] A UEFE, dEEEL, 300.0

2 ASEtE SES U5 EL MAAE :

FEA dWAFAEE AL, FUIEF 500.0

i B & AR FEE A3l 558, d95=8 AR 10.0
g_ o A FEEL, AS3le 558, d95=8 Mg R 0.8
T 71e} BE AR 0.5
AYTEE TUEEEL ASSE 5EE J9EES "0

=t WRALS '

7€} Su AR 50.0

Se oE, oJFFZIATE, EFA TrAE 100.0

- SEA oE T3 300.0

4 W AZ(LFuE W AL « pH 46015 200ppm =2 150.0
olZerEd | FEE, dE&F AFE A9 g HEAAE 0.0
(B1+B2+G1+G2) |« of2l== o|g ujEALE= 10ppm Ol5t M & :

S FHEAA | AA wFAE(ZE Y 28 A9 200.0
| OsARds [ 4280ld BFEEd @ MR o9 A8 <000
Flo@us)) | ssEeEsg Al A0
= A= 71EF Ml EALE (S HA, 58, Zo|Y28 A|9) 5,000.0 Aa] F=A
= FrUA FEEEHA, &, B0l &), &8, AT ES 5 000.0 7)1

(B1+B2) Hl) AL E ,000.
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& T8 o | @AEEs, 357 449, MEA e -
g}: (/})]./\]_—ﬂ_‘:q 37%_) AL\ T, o T, m T ’ Tz
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5 35 |=ue 2 s
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EU 5 AR
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am w0 | SFEEIE Ak A4, B oe8e AS) UERE AFES NAFEE AR
“ e BEE
150 |ol95E maAte
A=)
(E/f) =z 500
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QA F >5%)
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EU 10 BEAE 9 ¢4 AR - 2 B E &
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GEeny | SE @D 20 e
ghe | o T 10 | HHEE MFAR, AREE T ns WFAE, JE JHEE AR
EU (BD 10 gk AbE B SAE
E]EIL =1
(BI+E2+G1+G2) 20 | FEA=REDA
200 A7 MEAR (Z9 g A
2FeHE A = 250 HEAEF RIS SEAAFARFAIFALTANT AD, TR
(ngfkg) o Eud Aol 9, desAEAE
= 10 NFEE MFAAE, FFE Zeyz FAAE e JAFE AR
5,000 FFEEA, T, B0l @), hERE, NP EE
10,000 TFAEES
e, | 20000 g FEEMNFFESAFACI] MFEEA 3D
o (uglke) 50,000 WS EHFFENTFERENRL oA WFEEE A9
T 30,000 Z1Ek WAL E(ZE Y =g A 9))
60,000 AEH, EFHEERC 38 gl ), FesHEAR
Z=(mg/kg) 5 NFEE AR, HEE T AR, V8 JAEE AR
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900 FFEEAA G B, HEREHFEG A
" FEE0H A G S gol Aot Aaojdgod, M FEI)AL, oA oHH
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(ug/kg) 5,000 71EF AR (e Y~ g A]9))
10,000 A8H, EFAEELC EFH g0l D), oo EAR
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T e ANED
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s N HEE Wl FAR(TLFlE)
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(mg/kg) 9 NeEE NFARCENAL), NREE ZeUs NAARCIES), 78 deEE
ARCEIA )
v] =-(mg/kg) 5 ALE9] 40% ©IRHEFDA)
P = EolfE, WAHSEE, YURE, EFEEC o
100 BEE ANERAECIRE, WA B2 2E, ZAEEC &), WETE
S 250 et F5 G AAGAE, NSE NS $E 5o @D
RSN e B S o Cof 313
ke 500 WSS E IR SN E RS H AR B 59 0D
A = 1,000 7L MRARR(UE G A, PTG thef WEEE S, Teleag Al
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01 etEE MFARCHES], YA} FHID, HFE TejY 2 ol FAR(FE]
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@ANAREL) 2,000 A, A= 7HEE 2 A2
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3) §3l HAE

| N
lom, e FHNAE ANe, FHE AUE T2E AFS
:'

#3} 0 mAEL EUE= 2o} Enterobacteriaceaes #e]stal $lth.

i 2-3-10. vl e w7k del WM B 8=
e

o g =718 5 87)% AR 5 A EF
o, 28, Wi, AFE5E, HAEFE, ASSETE | HFPAS
Az e) , o=
D% L ede e B, FeEARAR FRADIAR, TR | g0 0
F71 85, abF(opAal, A gu), TGRS, s =
u] = EH4E SEAS -
s EU EHZE/25g Processed pet food, Dog chews, Raw pet food -
= 8225 HHEE WMFANE(EERH AL, HSTE Zgxs _
© aEleg WFAREZRY A, 71E HEE AREEY A9
At =4 5 - HRIAANR -
At =4 YEZEALS, -
A L S At &4 YEAE F SEADNAS 239 YBAE -
o4 “
Az PEAE F S2ADNLS TP g JEAE -
5, c=2, mEl00000, Moo | ¢ O e
o A _
n=5, c=2, m=10, M=100 | T 14%ZFH~60%°]s} AE(letE=dAsl 29 -
Entero £U 300CFU/g Processed pet food, Dog chews, Raw pet food -
~bacteriaceae 5,000CFU/1g Raw pet food -
dadel | w= 0.01 FEAE -
- (25g & 1CFU ©]3h ©
4) F7183¢=
O PCBe % <=3 EUMIHo]S-AIPCB)7F HY3stAl PCB28, PCB52, PCBI101,

PCB138, PCB153, PCB180 & 6&< &&lsta Ut
O tholAle] 9 EUZF thol 41 B the] 41 f-4h PCBsE #elska ek

F 2-3-11. go] =4l 8l PCBsoll the =71 & ¥ 3 587+

A e AE ERIED B AEEF
L. tho] SN (Dioxins) EU 175 5 = HISHAL =
(WHO-TEFS(EAS7MA  2005/220] 8310 WHO- TEQs A eEE e
EA5HeE Yed  ZYdguilz-para-thol$4l }

(PCDDs) % 22 A3}t]l 2 2HPCDFS) 9] 7)) EU L35 A =8 AL
2 ol 213} tjo) 841 44} PCBe) o ]
(WHO-TERS(EAS71A%, 2005128 o] &3] WHO=A EU 5.5 A s=8 A
SHEMEDOE Jepd Zudsitiilz-para-tho]$4l
(PCDDe), Z&] 998} TIIz=FeHPCDR) 2 ZE|dshi| wd EU 25 3 =& N EAR=]
Pl . I & A
. N SISFEE WA, olersE el
3. Mlthel 541 f4 PCB FE oo e e
(Non-dioxin-like PCBs) (PCB 28, PCB 52, PCB 101, PCB ‘
138, PCB 153 & PCB 180¢] ZHICES-6)™) EU 40 3 =EQ WAL R
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O ZFE ALE Lyt 1175 5 A BgUdAe] 315082 713 2o
dE 10F, &= 3%, EU 8%, vi= 7F< st o
® 2-3-12. AFEF @ /b8 wel W9 2 HeE
B 5 3 AR FF hcadhs
3= s T 7% F A BE o 37F
Chlorpyrifos-methyl 10
Pirimiphos-methyl 10
5 oF Malathi 10
(mg/kg) alathion
Methamidophos 0.2
orm Glyphosate(Roundup) 15
=T BHC(« -BHC, #-BHC, y-BHC % ¢&-BHCS] 3 0.01
DDT(MDD % DDEE =3 0.1
o 51
FABEA T drineDieldrin 0.01
(mg/kg)
Endrin 0.01
Heptachlor-Heptachlor Epoxide(gHA) 0.01
DDT Nt E WFAE, s g MFALR, VIE HSETE AR 0.05
B o gk HIEALE, tsE =92 nigh
o -HCH A 715} ehEs AT 0.02
T 719 &A1 HCH 4 -HCH OHﬂiﬁ WAL, EE Zyu g 0.01
(mgfkg) A=, Z1E e EE Alw ~
°H9P£§ HIEALS, ebsE =92 nigh
7 HCH Az, et oEE AR 0.2
HCB NEE MAAE, fSE Z 2 wWFALE, 7E AT E AR 0.01
PCB28, PCB52
PCB(6%) PCB101,PCB138 oo = 40
(ug/kg) PCBI53. PCB180 Nt E MFAE, HEsE ZE U ulFALE, 7E ST E AR
=%
Aldrin+Dieldrin Hll &A= (compound feed) 0.01
Chlordane _
(ds-, trans-©P34], oxychlordane©| ) M3 A =(compound feed) 0.02
DDT _
(DD D~ (%= TR, [TEoRk] ) 1} AL & (compound feed) 0.05
Endosulfan _
&7 (alpha-, beta-o)’d4, endesulfansuiphate®] Hi &4} (compound feed) 01
ot OEIT/,R_]:]]’ EndrinEndrin} delta-keta-endrine] b Hl §F AL B (compound feed) 0.01
(mg/kg) Heptachlortheptachlor+heptachlorepoxide) H) &AL 2 (compound feed) 0.01
HCBHexachlorobenzene) ) &AL 2 (compound feed) 0.01
HCH
a ~HCH(alpha-isomers) 1} 84+ 2 (compound feed) 0.02
B8 -HCH(beta-isomers) W) gAL & (compound feed) 0.01
y -HCH(gamma-isomers) ul) 3HAF S (compound feed) 0.2
PCB, PCB28, PCB52, PCB101, PCBI138, 1l §HAF = (compound feed) m
(ng/kg) PCB153 % PCB 1809 3HICES-6) - 3 &E(pet animals)§
DDT(DDT, DDE & TDE) 0.5
Aldrin+Dieldrin 0.03
BHC(total BHC) 0.05
k3 s of Chlordane 0.1
(mg/kg) ’
Dicofol 0.5
Heptachlor-Heptachlor epoxide 0.03
Lindane 0.1
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N

F 2-3-13. 718k Aol tigk =71 & ¥ 2 s87E

o 7h8 38712 e ER ABEF
SEY 100 - _
opa (NeNO 15 o]t | S8 FFol 4% viNkel AEE wFAE -
(mgfkg) EU 15 | SESF 20%8 298 A, DS FRNE
@ 1200 | @R Eesh, ERHURIAR -
2] A - =
@nsmv| 2= s [AEFE ADAE ALTE T2 ARAS, Nl JRFE _
(mg/kg)
EU 50 FAAE -
oA mAE 3=, EU 1200 duALE - AR B3 DAL -
(mglke) | gz gy 2 AR -
Honzn 4
(mg/kg) EU 50 AAHALE - NG AHALE
ALY ARG
(mg/kg) EU 150 AHALE HHAALE
Propyleneglycol SRS AFEEA | Aol g AR AHE EVF A7V e
Ei 25 - _
2o 95 NFE WiFAE, NSTE ZY HiFAE, VIE dgEE ~
o ghy) ° ' AB(FR] 60%7F 9E A NLFEEAS)
(mg/kg) gq4E 2.5 _ _
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O 2003~20221d9] ©]= FDAS] RIS EAIR(ALE, IR/, 24F 5), 94848, 2FA
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7175t 3,691 9 gl Zo] AT
O dxd WHEEAE g2 W AHS 243 Adk= 19 000 AAEE viel o,
2007/2008 A =0l Heprl Abare)] ofaf A 2F o] 25% 1] g o2
UEFS T

* Z2]: A Revuew of pet food recalls from 2003 through 2922(2024)
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a9 2-3-7. A5 5 dHHSEAE ZF WA AT
O FDAdYAM = Atg 2wk E&Eo 7ol g oz A=l wet & 003 2o
3AFoE F7sta e, 3R et = Cass 1 1,878%1(51%), Class I

1,31073(35%) Class I 50373(14%)& YESETE.
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T8 99 A=

Clas 1| T AFE ALG E xE2 8] A% W4T GIFE PINAY Al ol TFsel
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E 2-3-15. 919 A=) E HHSEAE 2 F ¥4 A5
Class I Class II Class I A
MA = 904 391 256 1,551
IS DA 518 50 112 680
A+ AL 347 46 7 400
71E} WM S EALR 109 823 128 1,060
A 1,878 1,310 503 3691

* Z3: A Revuew of pet food recalls from 2003 through 2922(2024)

O W EEAE FIEE 6t AHE A-E B4 23, sE&YoEF ud
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HZA 3 41 2 46
SEgo|E 73 747 127 947
ol &4 0 24 3 27
148 1 17 23 41
A 1,878 1,310 503 3,691

* Zx}: A Revuew of pet food recalls from 2003 through 2922(2024)

O & < & At §8 w2 B AFE ZAS A3, Axde), gz o}k
5 Aol 93 AEsHE QHo] F 12897107 JHE ES Mg WAty on,
HAinl T 35t o fd 6757, TE&o ks 2344, St~ T ol=d % 1251
o2 WS EAE W AESH/EEH /5 felled L9 o gF ATt
T 28347102 AA 9 439

O o]9 Y& EHY, AH5 W2
EA7E, Bad 2 e

M

o
FE —
off
(o
frt
T I
il
i
32
Au

118 _ fiels= Atm QFHEe| ot or OF Gt



#® 2-3-17. RH s =AE AW F¥E Ay

Class 1 Class IT Class III A
A=st7 o4 1,010 247 32 1,289
stetd o4 675 228 283 1,186
TEE&YtF 6 122 106 234

ol Ed 2¥ 21 89 15 125
HIEFR /& o] % 144 63 0 207
cGMO <]k 1 270 9 280
Ba A 11 211 18 240
AAHA A 1 30 32 63
A 9|Rt 3 27 8 38
2% o1 0 9 0 9

T2 43wt 0 6 0 6

F o2 7 5 0 0 5
Atg Q4 A ke 0 4 0 4
vl e g 4 F7} 1 3 0 4
5718 &4 0 1 0 1
A 1,878 1,310 503 3,691
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* Z2]. A Revuew of pet food recalls from 2003 through 2922(2024)
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* Z2]: A Revuew of pet food recalls from 2003 through 2922(2024)
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1A (RASFF)
= 201939

olF AR Y S (feed matreials)7} 7Hg Wil I3 32 SRlE
O ¥ EE AR AREYEY AL 75 9 &H] ©@A9 o|27|71A] AF=9}
Atg oA fFalEdo] AEFH AHALE FEst= ddo] AFoly uig
AR RTE O 452 AEYE(eed materials)o A o] WA HIETL =9k
* Z2]: EFSA RASFF reorts(2023)
300
250
200
:ﬁ]
5 150
il
100
50
0 =
2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | W
¥ Compound Feeds| 18 15 21 13 16 12 13 19 29 13 | 169
H Pet Foods 28 46 30 50 35 43 54 27 33 43 | 389
W Feed Materials 209 | 209 | 151 | 136 | 175 | 243 | 244 | 167 | 161 | 164 | 1859
H Feed Additives 8 29 2 4 8 10 11 8 10 7 97
H Feed Premixtures 9 3 2 4 4 5 2 2 2 2 35
a9 2-3-11. EU9 HZ 1087 st Als S/E ASHRE 9 T2 34 Fo]
O EUY FH 109 &9 ¥ Als AEAR U 9 52 AFs F 254979
24 o]F A5 &EH&(feed materials)e] 185.9A4(72.9%)°.2 7}& =11, T}20| I F=

(pet food)7} 38.971(15.3%)=

=0

= o
T T =

e
O Y| wigtAtE7) 16.971(6.6%), ALEF7ME0] 9.77(38.7%), Ats3xg]y 27} 3.5
(L4%) 02 B2 %95 vhebyich.

A2y e e 2



@)

* Z2]: EFSA RASFF reorts(2023)

Feed Premixtures Feed Additives
Compound Feeds 3.5(1.4%)

16.9(6.6%)

9.7(3.8%)

Pet Foods
38.9(15.3%)

Feed Materials
185.9(72.9%)

a9 2-3-12. EU ¥« AFEs As 78 ASFE 5 34 24 Hx

A EU AFE9] A&EHR 9 52 YIS FaEd FEEE =A% A3,
O axdzd 20.27(1.9%), @ Enterobacteriaceae 5 3 mAE o 874
(22.4%), @ Aflatoxins 5 Mycotoxinse] 0.571(1.3%), @ F&< 2.3710G.9%C.=
=4 FEEQ FHP)-oFAZn)-A(Fe)4-(Hg)H A(As)- 7= B(C)- T E(Co)7F A=H
Ao R Yo, @ tol KAl HAs vAANRR F/deR/ 7 e =44

0.771(1.8%), ® BEFEF 0.3740.8%) @ ®BIEFT AD, @ n= %‘OJ"JH
HEZ 0.8712.0%), ® AEHME HlTE 5-”']3} 1674( 4.1%), @ ol&4

do & rlot
o N z2 A

2 BAF 214G4%), olBW FRE ATE, WS, Behad, Hxd,
72, THE S0 FAHAL, O 39 ﬁww TF, B £, A
2 71e} 1.771(4.4%) .2 YEFST

F 2-3-18. EUS H 10883 SlF=ol BAE waled 7d¥ ASEE 5 A4 F]

TeEd 3 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 (ABLH| %
Salmonella 171 29 19| 28| 17 22 32 10 13 15 20.2| 519
A& 50 10 5 9| 12 9 11 6 8 12| 87| 224
Mycotoxins 1 0 0 1 0 1 1 0 1 0] 05 1.3
s 1 2 0 8 1 5 3 1 0 21 23 5.9
Dioxin/"®AFs/ gl del=Ae2d 0 0 0 0 3 0 0 1 3 0] 07 1.8
TEO%E 0 0 1 1 0 1 0 0 0 0] 03 0.8
HIAEIES 0 0 1 1 0 2 1 1 1 1/ 08 2.0
A7 FE$Hk 1 0 0 0 0 0 4 1 5 5/ 16 4.1
ol EHEY/FAY 0 2 1 2 0 3 1 6 1 5 2.1 54
SIS =AY 71\ 3 3 3 0 2 0 1 1 1 31 L7 4.4

A 28| 46 301 50| 35 43 54 27 33 43| 38.9] 100.0
* Z2]: EFSA RASFF reorts(2023)
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* Z2]: BEFSA RASFF reorts(2023)
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O EU W &< 10d3F SFE AEFH 2 3 NEs A3 Hi 24| dFe
F 3897102 o]F AHHRFA|(Information)7} 16.971, 43.4%=Z 713 =31, 1TH50]
73 a1(Alert)7} 12.47, 31.9%, =7 %-2(Border Rejections)7} 9.47, 24.2% <=$] o]
71 e GAIQl w2(News)= 0.27, 0.5%0 X T
3% 2-3-19. EU H 1087 AFE B9 ASH 2R S0 (G i)
B 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | AHF o
(21 10 4] 18 6| 14| 11| 18| 23 9 8| 13| 124 | 319
(Borﬁ??}eﬂmm) 71 10 6 | 20 9 8 7 6 8 | 13 94 | 242
HHEA
(Information) 17 18| 18| 16| 15| 17| 24| 12| 15| 17| 169 | 434
&ewés) 0 0 0 0 0 0 0 0 2 0 0.2 0.5

A 28 46 30 50 35 43 54 27 33 43 38.9 | 100.0
* Z]: EFSA RASFF reorts(2023)

O EU< ELPE%E”A} o] 8 o4 AEIEE, 20199 2$dolA EU Aol A
0 ks *M‘A}E(loﬁﬂl 605)E ez 3l s o4 NHJZA}

%J_Al skl 6071 BE AFNA FUATIH AZ, 4 AFNA ARuetitol,
A AFAA AF2uE o] HEHo W E YAAEe] P8-S xﬂﬂﬂ
AL 7 QT

O olgf3 ez A& ngo g, Hdds
B A EE ol AT T ES B8 9

]

=
=
MAE A gdde]l B + Yee Amshsrh

PETFOODINDUSTRY" e+ Copertinsgnts  Pattsod fonm  CarsrCenter Magazine
s Quity  Production  Packaging  Sustaina

Clostridium, Salmonella found in European
raw pet food

a9 2-3-15. 14 ¥ *MA}E fref Al 24 Abel(Petfood industry, 2019)
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M EZA ndo] M AR MFH 1ol AEE HA ALA
0 ST YO0l ME Atz HdF e neFolel tE A At
» HMFIE B2
> l:él-oAljl 2022"‘:'
» HFMIIS
CMASEAZFTSAON Mzt 0| ME ALRE MFH 1
0| & 2690t2] FAF X Mot Tz 2y
. B2 48000 YOS ) HE HE 2L Z, Ciof mje -
Al HE S A B3O ALz HHBEINAO it 20 EF
» Hdojo) 8l 2&£=K ,
AUSEUHEQSTAL HEE nYo| M AR o5, BEY ZAL e
=4 2 Aot d 2R T R BE B
4) 3=
O =2 "ARHEYY, ot AR TARHAIE R TAE 5§ 71 2 4, o
oJAstA Az U -freHe R FEARd U F2-kddeE s3I
O THFMFTE TEE FYUSAEZFAAUL NFAT LA AAA S AA et
W Az A AR ez AR F4 3 felled A EUEHP S AA
shal Ut
O olox wuje) W EFEAE Bd oler TN = 5 AR dis) ZYE T
5 @7HE AAskal, O Ayl wet Ao ® dfsskar Sk
O HT 51d(2017~2022)7F wid 3,355~3,76971 /3% AR ZHAS 2 l‘cﬂ%‘oﬂﬂ o]
A A 20219 1497102 7P wgkon, 36~14971 HAYEI =], i o]
SEAR ool ol s8IE ol HEE AEe 277d E9s }Oit}
3 2-3-20. g H 597 AAEEA AF
& A felea
G AR | FEBA | BzA | R | JERE
e | AR | 5355 | BEUE | 5%
2022 3,395 | 28,214 12,546 2,139 10,286 2,121 414 372 164 172
2021 | 3602 | 35636 | 1,971 | 285 | 17279 | 2359 | 349 | 474 | 273 9%
2020 3,381 | 42,547 9,264 5,856 24,124 2,424 344 292 191 52
2019 | 3741 | 51870 | 11,385 | 7615 | 28245 | 3111 | 619 | 356 | 34 215
2018 | 3769 | 38491 | 9699 | 3527 | 19475 | 4200 | 565 | 368 | 3n 303
2017 3,747 | 29,608 9,051 2,432 11,867 4,684 614 298 418 244
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® 2-3-21 A7 AT 537 Aw RAF U
= A =2
= UUtgRE | FEA | BHEA| | tRE | ZERE
A ARr | 535 5 | 5= | &
2022 3,355 | 28,214 12,546 2,139 10,286 2,121 414 372 164 172
2021 3,602 | 35,636 11,971 2,835 17,279 2,359 349 474 273 96
2020 3,381 42,547 9,264 5,856 24,124 2,424 344 292 191 52
2019 3,741 | 51,870 11,385 7,615 28,245 3,111 619 356 324 215
2018 3,769 | 38,491 9,699 3,527 19,475 4,200 565 368 354 303
2017 3,747 | 29,608 9,051 2,432 11,867 4,684 614 298 418 244
* 22 TYEEAERAAE Y AsAAHAE
O HiHE=E IFE 4hdo] AAstal Av|Rke] @771 A&H o2 FU=HHA M=
Alsol gk Als AARAAS AHHOE grsta o U%, AP 7000 H o E
AA NESEALEY 197% 7FFES AARAARS STk
O WHHsEAE g AAAAL 2017d 69914 2022@ 8812, Z=Z L}
A olAE 2020~2021' 3 LA HOZ THAFAOU XEHEHOE FTIAA
FA-¢kd A 2 RYUHYE At e FAolt
O W sEAIE A FARAF 9 FHFELS 20179 47, 057%A 2022\
143 159% 2 S718ki=d, ol W seAts F42-kdwe A3hE 9% HT
BEUEER Aaof 7|03 AOE ARHT, AxTA AL RARAT 9 Hl&2
27w, HEUAS RARAS 8 e Zaste] A4 8 mUHY 3o)E
B3l FARS v s=AIETE Al fFEEE Ae BEHFHOE APd A=
Bt}
* 2 THSAEEARYY AREAAEE
2) Wl EBAIE A4 b) HHEEAE AA RAHYAS 2L v
1,000 1,000 8.00
500 8812 900 826 i
784721 fasdd 8002 784 200 7.00
so0 69974 g . 800 499 688 6.00
700 277 eesHl e 313 700 .
a6t 303 : a0 5.00 -
236 236 :
500 500 400 -
400 400 208% gy 3.00
300 oo ; 549 535 568 300 133% i T . 1.59% 2.00
200 463 1 452 200 - o :
0.57% e a8 . -
190 00 M Bl W W B
0 0 — - —_ —  0.00
2017 2018 2019 2020 2021 2022 2017 2018 2019 2020 2021 2022
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o, s-Euete] 35 d871E0l 100~300ppm e g, AFe st A= T
(5ppm), "= (10ppm)ell HI] Fido® HLd, ol= fuete] §87]F0] AR
YEE AHEEE 9HAE F SEATNARI O o R & AR
T 5~10% 2 WelE AE-H 7] wjZoltt

3 ) H]-E:]EU AAANEE L83 S EAIS T

3£ 2-3-23. a5 g m7HE §Er]F vl @ 7]FE(/b
= . = H 2 3]-8-7]1&(%h
FEd Eia H EU SIRC
O O @) O
3~30 10
o (10ppm) (30ppm) (5ppm) (3ppm) (5~10ppm)
O O 0 O O
H| 4 2~50 10
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O X O X O
)=] ‘/J\_ ~
= (300ppm) (-) (300ppm) (-) (125~500ppm) 125500 300
2~ 0 O O O X O
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@) @) @) @) O
7 0.5~2.0 2.0
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O O X X e
e 5~100 10
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= © ) ) ) . 150 150
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2) FHo|=a
O FFo|=4e 179 SYEZQ] o854 A =T 254 Hgskal qlom,
2IBEN AE I, FF, OSAULTHEENEN) S I, F7, B, v
T =, AgE s, T2/HT2 54 FEYAL 3=, EU, T3, 924+ EU
oAt et ot
O H|=Z& FDA T+ USDAJA 2= 9 Al #Ag A 29 EZ AL3EE A
a3t 7]F0] action levels, advisory levels, guidance levelsZ 3@AE #g
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gl A =AE sl dSAUTH == advisory levels®2 239 ALR7}
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3% 2-3-24. =309 712(%h)
o < = H 2 3] 8-71(%)
o = Z ™ ?‘_]_' k5] EU 01%
olZEEAl © © © © © 0.1~0.2 0.10
(0.1ppm) (0.2ppm) (0.1ppm (0.2ppm) (0.1ppm)
o IBEAA © ) A - © 0.1~2.0 2.00
(2.0ppm) (-) (2.0ppm) (-) (0.1ppm)
A= A A A O O
e s | s
RS (5ppm) (5ppm) (5ppm) ( 1~2ppm) ( 2~5ppm)
A D) = 8 ) 8 - © 0.15~1.00 1.00
(1.00ppm) (-) (1.00ppm) (-) (0.15~0.25ppm)
g ]4 Al A A A X O
0.5~2.0 5.00
(B1+B2) (5ppm) (10ppm) (5ppm) (-) (5ppm)
T-2/HT-2 o * o * * 0.25~15.00 0.25
(0.25ppm) (-) (0.25ppm) (-) ( 15ppm )
‘:’—H 7—}"& X X O X X
(Ergot alkaloid) (- ) (-) (1.00ppm) (-) (-) ! ]
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3 mAE #AE 7E= g oA

-t A&+ n=5, c=2, m=10, M=100
AEd e} n=5, c=0, m=0/25g

‘gl 2H glo} B ALo] EAY| 2 n=5. ¢=0,
B S E AL E n=5, c=1, m=0, M=100

2~
&
ofo
)
40

m=0/25g

)& n=5, c=2, m=10, M=100
Rde} n=5, =0, m=0/25g
‘@l 2 H glo} iAol EA U 2 n=5. =0,
B T A5 n=5, c=1, m=0, M=100
=94 WA+ n=5, c=0, m=0/25g

m=0/25g 148

o) AR

- A+ n=5, c=2, m=10, M=100
Ed e} n=5, c=0, m=0/25g -
‘@ 2 H glo} Aol EA U A n=5. c=0,

m=0/25g

- A n=5, c=2, m=10, M=100
AR} n=5, =0, m=0/25g
‘g 2H glo} R Alo]EA Y 2~ n=5. c=0,

m=0/25¢g

o7&+ n=5, ¢=2, m=10, M=100
Al n=5, =0, m=0/25g B EE AAAE
gl 2H o} B Ao EAY 2: n=5. =0,

m=0/25¢g

A n=5, c=2, m=10, M=100
R} n=5, =0, m=0/25g

A9z HE] A Be 9 157 100015} WEATE JUAS 3
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O ZFEFe =S 1175 (FARE 378502 71 2ol FEsta A, T2
3%, 4¥2 10%, EUT 8%, v=2 73S &3t It

O WMHEEAIR Qo] AEHAET &Y 457 FE o|F2 7] o JF
Skl o AHAR Hsle FF& wigARd v FHH R HE o=
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3 2-3-27. ZFE ekl v AAlagud 5 2 712D

28 U :}}JE]L }%%% 3-8 7] =(ppm)
o) A2
o A 27 |asag NN
L g 4 &7 A" | 77
24,-H2.4-D) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 400 0.5
28] 3 A o] E(Glyphosate) 5 5 0.2 5 5 5 - 500 5
tho]o}x] +=(Diazinon) 5 5 5 5 5 5 - 10 5
t o E(DDT) 0.5 0.5 0.5 0.5 0.5 0.5 - 0.5 0.5
| = (Methomyl) 5 10 10 10 10 10 0.2 20 10
1] 2 E A (Bifenthrin) 0.5 0.5 0.5 15 0.5 0.5 0.7 15 0.5
o= d+t] ¥ = A(Aldrin+Dieldrin) - - - - - - 0.05 0.03 0.03
gt B 2nlo] =(EDB) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
7h ok (Carbendazim) 20 20 20 20 20 20 20 20 20
7} 2.3+ 2HCarbofuran) 0.2 0.2 0.2 0.2 0.2 0.2 - 13 0.2
7)) 2 ZH(Paraquat) 0.05 | 0.05 10 0.1 0.5 0.5 - 5 1
3l E]-2(Fenthion) - - - 5 - - - 5 1
g e}= 2 =(Heptachlor) - - - - - - - 0.02 0.02

AL WS E AARHAAAA 5
1) F8 =71E WS EALRE HAAAA BlazA

7y W=

©)

©)

@)

n=roll A SFEs B HAYS 7HE 94 g st AdEM wEA A
W AR F ARA aFsle 2UES

m= A F2| F A (FDA)2 (3h

5 ddsta glon, =3 Ao BE FoA
AF 2ol BAIE AFEH A5 et

o AR A8 E A FO Y (FDA)Y <l
S ALS#H 2 3] (Association of Americ
e glol= AHEE F glnt

ol Hl= AFAAN I (FSMA) of ejAste o] FoXaL
ol A, wl= AF= AR FFAA=1938E AlBE AF
(FD&CA) we} Abght 529 él% E_l:r% J&E] st7] el

< AFs$ ol & "R o R w= AF

0% A 227 F(GMPs) S TET ),

A 2011 A1 EPAAHSE (FSMA)©] SH= A 2] 352] oFH 3173 (FD&CA) ©]
MAE Al vl AF b FAell= 70 ARt 7 22 o] EV
o]fojgom, I A AN HlFe] BE AF JAS AFT ALAA A
2 8T T A FHAT]E] FAE AT
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O a3 HES AT T2 AFS TAHLE o] dojd oo EH—O—?‘?]'-T’— /‘]
Aote ARG AW die FHe S BT A F R (FDA)S A HA
ol AFHHAAHSH(FSMA) 2] F7 A5t £ AFY vl= AF A 7]*«]
= qFE AS5E e d30] Aok

O AF Az A& 7hsAde]l e (BETHE, 38y, =& E893) Ads e
st Brietm 123 @S siAsty] g ™A (e #eE]”preventive

controls”) PtHYUES FHAA A3 A5 AF 2ol ol=277HA A F9

AP E el FAsteE GAE ASHA AHsteE A FIAA E (food safety

plan)% Zhdsta Aldsle]l TEdAl B SFE SAlE/4 Y AR fAA

% (sanitary transportation)® ¥HH 2| FFHAYSIH(FSMA)Y 841 &3t

O 1511 HAF=HI (PR = FPEo] A FHAduUSHFSMA)S] o FAES & <l
AL = AEF 2 A7 A /\]6377}74 g =89S slea Aok

O # 3= dorr 3y £+ A3 AN AFHANSE Y F2k

715% Fdate A Fo oA 511 F A Hde 28 vt drs/30 At

A7 AFSAANSE Y] T A S 8] o]sj o Ax

B
8 % ARGT, e ol PR A&H O &
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WARtet 7 YA
T ol et2| 7iES U Y =2l T
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A 9 _— At 24 WsAE T sEA9Hd s 233 YsAE
R YEAR F FEADUAS TP g UE
AlF 5, =2, TEIONO00, MESODO0 | AFE
o8t n=5, c=2, m=10, M=100 | 43 14923} ~60%018} A} =(c] SHEE-EA RO
gk3h)
300CFU/g Processed pet food, Dog chews, Raw pet food
Entero EU
~bacteriaceae 5,000CFU/1g Raw pet food
2" gl | vl=r | 0.04(25¢ & 1CFU ©]3h BFEAS
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% 2-4-6. v 2=AF ZAR)(EHeE AATHE 719

“ L84
2ok mAbE ebdel A B9 92™Co, TCOANM AT Bk

%% F= FAE BN AR A F2E

A7V
XA AR AATEE7 A A71E dUA LR &t QA or HAE
7FENZ F AR A= Aot

AA7F:7] R AX = A @A 7], 71453, A AE, scan chamber?} scan
horn, 18] Ao A =®lo 2 T4 = ot

AANEZ= Aoz AT w, A7 sFA3 A =AM, HolY
H T ToE FHHo Utk

2 A45E AAIE7)e FRE AFT 99 H17) ok
A9 A}

Ao G& Hele wel 471A] FEZ U™, 185~400 nm HY o] T =
MR Pagel pseith 53, 265 nmolA g Wi HETE
Bl T}

A2y g e 3 20 _ 153



3E 2-4-9. A Helo mE AYH FTH/H

3 =9 Al =2
400-315 nm UV-A - black light UV

315-280 nm UV-B - dangerous UV

280-200 nm UV-C - germicidal UV at 254 nm
200-100 nm UV-V - vacuum UV

[Z3]] Mckeen, 2012

2k = 93 FAHE o]§HI Tt =

= ol%ol 7bsst, EA AdEjellA Aeto] 7hssl
% Atk 2HY AX E {F], BHE AT A

dol 975 #HYE AT HAEUY

= A 7] 7HFAO, WHO, IAEA)®} Codex =A|2EFdAAA3] oA ZAbel| & &3

WA S Zubd, A, X-Ado] flom, 21Fd o] &&= WA S Zapido

80%, HAAFdol 20%E AFA|stal Q.

£ 2-4-10. 4)F) o §F F U P FF

e A9 Llzdod
AR “co 5.3¢
AR AAZYE7 A 2
X-4 7NAH o2 LA
@ ZHA
ToF B> A8E 15t 7HE 871, ks B) l %*—1 B =<
Ao HL Flete Ao E HAYES B o wiss wog AT B
o] 83 =L €S JlEt HAES AHA Y E xmt”% —‘Eé‘bﬂ, A¥E AL
o, GgL, T T Gt fle vgA A lez 2agel o HAE Al

Zub QA A% Wyo] WS, ALY Fihgo] Walstel o] AHT

olwl telol o)@ wAEe] W = AFEde] Fdstn WA o Fol BH
Mol G vt
14 JHE A MRS AETe] BEn izt BEAsE, wugo)

1¢ WaFe AR T/ ek Bl AF AA AP 5 9
it 7S A2@5T)dA AdEH, sEAH dR tiske] 100~600
b rzdd 2 A7 o
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2) 8 I7HE HEHFEARE B fAF AF dig A AEr)E
O =A7]FHFAO, WHO, TAEA)9} A2 F14 2] U 3] (Codex) ol 4]
&3 WAL Ak, AR, XAle]l dedH, M EEAR
WA 2AF 71ES AAEEL e =7k P, ke o] lem, EU

AEE HE} BYSA AL ) WRe] WER Az O

@O =

) AE HAT 9 A|oo

2L 3%, Hdl 50kGy7HA| &
st glom, 7Tt RALE B O AR RS g, Arde} wd H4-o] gla
= FH4& 20kGy~25kGyE WAM] FFe Arndst 27 ¥EE

=
o 1 ZAFEE AsHA ska 9l

e

T 2-4-11. TEA Az HAA HEE 93 FDA <9 7=

T %2 871
IRE AR, AR 9E, o . .
A2 20 kGy ~ Al 25 kGy
e s e Hude BEe A% AER A | BN FEEe 4ndee %7
R b S s 2 AR BE 9D A =g swoz 36, 10 kGy:=
Awde 27 F7] 1 2aE A

[Z4]] FDA, Food code 2022 (2022)

@ EU

- EUs 2% 9 AFd50 & o]3t WA Aol B3 #HES &4
sto] 3| d=7HE WA A 58 ool AAska Tk

- o] 23t WA AEd AF Z AFELRY 55 HA #I AN & EU
sld=ol tiste] WA S AT 7 Ae AFH AF A7 B 7 EAAS
ggsta lon, Al o] 23} WA A FE AF F AFHdE 55
21Fe g BA A7t BASHA o] FAAES RASH 3 A% W
AN R3S B o= 3t ¢

- ol 23t WA AP AF 2 AFdRdd #I 3d=UF HEY HIHA
w3 AFAAAE A AR AFd FFA] V1 HAAE AASH
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g B EE AR i AN A &3 B V|E AT
1) WEHEAYE T3 FA A Wl e 2-dd 53 vla
7h 4+ &3

O

O

A

2
-

WS E AAALRS FARA Aol e WA AL #E AgATe] wE

FER 3l P A=< Nt (Escherichia
coli, el Salmonella spp.), B L3 (Staphylococcus aureus), 2] 2~H| 2o}
R Abo] AU 2~(Listeria monocytogenes), FEZ-ESH % ¥ Z A 2 Jostridium

rerfiingens), AREHVE AFU(Campyiobacter jguni), AUl e Z el )7}

(Yersinia enterccolitica), W12~ ME$-2x(Badillus cereus), =-ZW}o]# 2~ Norovirus) °
ek WA TR/ 2 2ARIEE @4 895 vlast] A4 AR 24 A

71Ee EE357] A F3EHA

A
d AA g AgAT AA
2 AT &8H 3 4442 PRISMA(Preferred Reporting Items for Systematic
Reviews and Meta-Analysis)oll AAIE A A2 £3 1223 By A Z o wje}
T8I
d A 3L 20249 697K EEH SCI =& KCI 54 %A W A+
Te e g o, A8 AM HAAAAM FE VeSS HAs s 98|
3702 A <% (Scopus, PubMed, Web of Science)S & 8319t}
2E AL 2024 79 1¥€9] AAEUCM, ‘Escherichia coll, ‘Salmonelld,
“Listeria, "Campylobacter’, “Yersinia, ‘Bacillus cereus, ‘Norovirus 2} %2 HE-gH
T 7199E9} ‘irradiation’, ‘pork’, ‘beef, ‘chicken” ¥ ‘duck’# Z-& AHHTE
4T A S At AMe YT

U

N

==

Of

x)

< EndNote(version 20.6)2 AelstgoH, F5 =& AASA
o 3 HEE 29 HEAI} ZHEH o= ‘0 d5 7HeHA ¥&

F EE B7FE VeSS ARERE 7Y, ‘e A FR(A

YA =S Algste A7, ‘0 FAE T/ AdTeE FTA B I

Hxtel 3 A Fste A7 E V€22 =ie AASAT.

ol9] g =&, A7 W o] stUE thxTU) gl AT, e B IR

AQEA e =2 AR

3) mlEREA:

£ FA0) Bl AFAA BEE £8 T EAEE BESt] AR/ A
o2 FHs] BANBFE ATYHOE, BUARAAT U AFAT AS Wol AW AFAR
5¢ BAMOE Y = vuste] TRHD ANH AT AES olTold £ e W,

of
X



Identification

Screening

Included

Identification of studies via databases and registers

Records identified from*:
1058)
348)

Scopus (n =

pubMed (n =
WebOfScience (n = 555)
Through reference (n = 12)

Total (n = 1973)

(n = 903)

|

Records removed before screening:

Duplicate records removed

Records screened (n = 1070)

Out of purpose: 83

Inaccessible: 19

Review paper: 14

Articles excluded on basis of title and/or abstract (n =

877)
3

Literature other than journal articles: 11

Records screened (n = 193)

Reports excluded:

Absence of factors

Absence of parameters of microbial counts (n =

44)

of interests (n = 19)

Absence of parameters and factors of interests (n = 12)

Records screened (n = 126)

[

'

-

+

Records included for Salmonella

(n=21)

Records included for Escherichia coli

(n = 28)

Records included for Listeria

(n=19)

.

«

3

Records included for Staphylococcus

(n=11)

Records included for Bacillus cereus

(n=2)

(n=3)

Records included for Campylobacter

—

+ + +
Records included for Clostridium Records included for Yersinia Records included for Norovirus
(n=3) (n=1) (n=0)
S > = = o B\ =
1% 2-4-10. PRISMA & AAZ =& 44 9 mded =8 &7 =4

O HlolH

F= 4 AA

HET AAE =% F 55 =i U 270 ol AHFel IdAY, e S/FE
AERE A, AT IS OEA AAS] YA o WSt 9 SARA
FHFS VAR FEE AAsEAoH, WA A 9o FUHAQl AUt A=
ASLE o2 HEE V=T

A7E DB S fdl AAY, RIS, =EAE, YA AF, AL,
HAE T/, AdT, Dodt, BHET 2 A373E FE2390

A7E Hao adt WA A S A 90%E Atsher Ea%t
WA Q] Dyp#kS AHESRA =T, D@kl AFd =&eAe AAstE s
o] g3tH o™, Dyatel AFHA B2 AT o FAE o] g3ste] 4hEIIATH

TP SN Lig ¥

o

21t _ 159



AY N, — N

b= ax D — D
D [ .
value — — ——
10 81
AY = Ao wsh
AX = A zAEe W3l
No = 27] WA Aol A o) Qi
N = HF A 2AFoAe) AR
D, = 7] WA A
D = HFT TAA ZAF

O A &4
- R-software(R core Team, 2023)E ©|&3l WEIEAM S FP3A T
- WEREA S S8 THE Du#t, Dtk 95% A= F3ts 2AbSk= 3, k9
5 ZASEA T

flo

O ZArtdE o83 A= F 12712, D2 Ht 0.54kGy= 9= 0.42~0.660kGy =
Uehgton, 999% AFEdE A7) Y= A 1.98kGye FFA#Ho=
ZAAE7E o3 Zle® YEE

- 2379 tigk DyatS BT 0.39kGy(0.38~0.40kGy) 2 UEF oW, =2 3179
3 Dy#t2 B+ 0.57kGy(043~0.71kGy) & UERY S/ TRl web {244l
ZFol S K.Y tH(p<0.001).

- SFE DEte 217] 0.39kGy(0.38~0.40kGy), A 1L7] 0.57kGy(0.43~0.71kGy) =
UElston, S/ SFEZ DpatollA ol 2pol7h 2l 5 Atk (p<0.001).

- FFE 999% A E3E EIsh] AR Hd FeAdES 23171 1.20kGy,
HA 7] 2.03kGyE YEFRTH

O MAAE o83 A= 1IHI=E, Dp#2 B 044kGy= 9= 0.35~0.54kGy =

UEt o™, 99.9% A+ 3-S5 T A FAUEFS 1.62kGyE UET

Sarz)ol thg Dypake 0.45kGy(0.35~0.54kGy) 2, 4170l e Dypgke 0.32kGy

(0.10~0.54kGy) 2 et §7E FAF Fod2 AR EHA stk

O Zrpdst JAad b =AM &7 S79 Aol 4 3 HAHAQ Hlas oy,
2719 SR 7= gepade], Havle dAAde] B ARl AR YERgton,
53], aarjelA Zwbdsd AR B w2 Dydks Boj Larrjola Ardtato]
WAl B g Ao 2 AE AT



E 2-4-14. Amdelrol thE WA AEW Dy gk WEHEA 9 sh9) 84 A3
2 Dy Ft 95% A= T3k s ik
AR E H912F  ATAS %
(KGy) (kGy) P p-%k
okl 12 0.54 [0.42; 0.66] <0.001
7] 2 0.39 [0.38; 0.40] <0.001
0.010
H A 217] 10 0.57 [0.43; 0.71] <0.001
2 13 0.44 [0.35; 0.52] <0.001
a7 12 0.45 [0.35; 0.54] <0.001
0.311
AI17] 1 0.32 [0.10; 0.54] 0.005
Study 95%-ClI Weight
meatType = beef
Song et al, (2022) [1] r—l— 1.05 [0.68; 1.41] 21%
Kawasaki et al. (2019) [1] 0.58 [0.52; 0.64] 2.9%
Kawasaki et al. (2019) [2] - 0.60 [0.54; 0.66] 2.9%
Kawasaki et al. (2019) [3] - 0.65 [0.53;0.77] 2.8%
Kawasaki et al. (2019) [4] i 0.67 [0.57; 0.83] 27%
Kawasaki et al. (2019) [5] 1.00 [0.58; 1.02] 2.9%
Kawasaki et al. (2019) [8] ! —— 1.02 [0.83; 1.23] 2.6%
Kawasaki et al. (2019) [7] = 1.38 [1.24; 1.52] 2.8%
Kawasaki et al. (2019) [g] ] —i— 147 [1.23:1.71] 2.5%
Song et al. (2016) [1] E 0.39 [0.32: 0.47] 2:9%
Gunes et al. (2011) [1] L & 0.49 [0.39; 0.58] 2.9%
Chung et al. (2000 [1] + 0,38 [0n38; 0.40] 2.9%
Clavero et al. (1984) [1] '-‘-' 0.74 [0.63: 0.86] 2.8%
Clavero et al. (1994) [2] nag 0.66 [0.60; 0.72] 29%
Clavero et al. (1994) [3] 3 0.80 [0.69; 0.91] 2.8%
Clavero et al. (1994) [4] —— 0.62 [0.45; 0.80] 2.7%
Random effects model = D.y7 [0.62; 0.93] 14.3%
meatType = chickan
Abrera at al, (2021) [1] 014 [0.12; 0.18] 2.9%
Abrera et al, (2021) [2] : 0.18 [0.1€; 0.20] 2.9%
Abrera et al, (2021) [3] 018 [0.17: 0.21] 2.9%
Abrera et al. (2021) [4] : 019 [0.17:0.21] 259%
Javanmard et al. (2008) [1] ; —i— 1.07 [0.71: 1.43) 214%
Thayer et al. (1991) [1] = 0.70 [0.56: 0.84) 2.8%
Thayer et al. (1981) [2] —i— 0.61 [0.39; 0.83) 2.6%
Thayer et al. (1991) [3] - | 0.52 [0.50; 0.54] 258%
Thayer et al. (1991) [4] — 0.79 [C.63; 0.85] 2.7%
Thayer et al. (1981} [3] —- 0.61 [0.43; 0.79] 2.7%
Thayer et al. (1981) [8] g 0.53 [0.51: 0.55] 2.9%
Thayer et al. (1991} [7] B 082 [0.52; 1.13] 2.3%
Thayer et al. (1991) [8] = 0.48 [0.39; 0.586] 2.9%
Thayer et al. (1991} [9] . 043 [0.33; 0.53] 2.8%
Random effects madel - 048 [0.36; 0.63] 38.5%
meatType = pork
Hu et al. (2021)[1) = 0.36 [0.29; 0.44] 2.9%
Hu et al. (2021) [2] - 0.36 [0.31; 0.41] 29%
Sinanoglou et al. (2009) [1] : 072 [0.67: 0.77] 29%
Rajkowski at al. (2008) [1] - 0.56 [0.46; 0.66] 2.9%
Rajkowski et al. (2006) [2] - 0.62 [0.50; 0.74) 2.8%
Rajkowski et al, (2006} [3] 5B 0.62 [0.50; 0.74] 2.8%
Random ¢ffects modeol "f:.-?-'" .54 i’II 41: 0 E:.r-f' 17.2%
Random effects model = 0.63 [0.53; 0.72) 100.0%
Test for overall effect: p <0.01 I T I 1
Test for subgroup differences; p =0.02 0 0.5 1 1.5 2
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Study

meatType

Song et al. (2022} [1]
Song et al. (2016) [1]
Li et al. (2015) [1]
Chung et al. (2000) {1]

om effects model

meatType = pork

Kim et al.

(2014) [1]

Kang et al. (2012) [1]

Random e

meatType

Hacte madsal
mecis modaei

= chicken

Kudra et al. (2011) [1]
Kudra et al. (2011) [2]
Kudra et al. (2011) [3]
Kudra et al. (2011) [4]

|1|

Sar]eant et ai (2005} 1

£
a

wodel

Random effects model
Test for overall effect: p < 0.01

Test for subgroup differences: p =0.05

0 0.5 1

[

1.06
0.32
1.30
0.39

0.20
0.39

0.29

0.38
0.95
0.48
0.79
0.45

0.59

0.61

95%-Cl

[0.99:
[0.10:
[1.25; 1.36]
[0.38; 0.40]

U.£3; 1.£9

1.12)
0.54]

[0.20;
[0.37;

0.20]
0.41]

[0.31;
[0.75;
[0.43;
[0.28: 1.29]
[0.03; 0.88]

[0.36; 0.83

0.44]
1.15)
0.54]

[0.39; 0.83]

Weight

9.7%
8.9%
9.7%
9.8%

9.8%
9.8%

9.7%
9.1%
9.7%
6.5%
7.2%

100.0%

18 2412, AAA ZAA O] 2 Andald Dydr L7 wWERREA A

3 2-4-15. Ardatgte] e WA A ay A #dE Ad 3
Rajkowski 5(2006) Ground pork 0.00-3.40 0.56
Chung “5(2000) Beef 0.00-3.00 0.00-7.70
Abrera 5(2021) Fresh chicken legs 0.00-1.00 0.14
Dini “5(2020) Beef loin 0.00-2.50 0.00-7.22
Hu 5(2021) Pork leg 0.00-2.00 2.70-8.60
Sinanoglou “5(2009) Raw pork meat 0.00-4.70 0.00-6.65
Song &(2016) Ground beef 0.00-1.02 4.45-6.91

ZropA Kawasaki 5(2019) | Ground beef, Beef liver 0.00-5.00 0.58

Gunes 5(2011) GroundBeef Product 0.00-3.00 0.00-6.74
Turgis 5(2008) Ground beef 0.00-1.50 0.00-3.92
Javanmard 5(2006) Chicken meat 0.00-5.00 1.00-7.70
Clavero 5(1994) Ground beef 0.00-2.17 4.04-7.36 0.75
Thayer 5(1991) Chicken meat 0.00-3.60 3.06-9.44 0.70
Thayer -5(1991) Chicken Meat 0.00-1.80 5.49-9.75
Song 5(2022) Frozen tteokgalbi 0.00-1.87 6.82-8.41

162 _ BitisE Afm QREEe| et Yot O G+t




e gued e o | tomcrip | o
Kim 5(2014) Pork jerky 0.00-3.00 0.00-7.77 0.20
Kang 5(2012) Pork jerky 0.00-4.00 0.00-8.19 0.39
Chung -5(2000) Beef 0.00-3.00 0.00-7.70
Kudra 5(2011) Chicken breast 0.00-1.50 5.66-8.04

AAA Li 5 (2015) Beef 0.00-7.00 0.00-5.58
Sarjeant -5 (2005) Chicken breast 0.00-3.00 0.00-6.10
Kundu 5(2014) Chicken breast 0.00-1.00 5.28-7.48
Song 5(2016) Ground beef 0.00-0.83 4.12-6.96
Song 5(2022) Frozen tteokgalbi 0.00-1.95 6.40-8.30

A A E

dolg e 7T AT

WAL F K M B | FFLR | HAF | IS | AR
ZAL, kGy 264 1.29 1.28 0.00 0.99 5.00
A4, logioCFU/g 197 5.11 2.69 0.00 5.76 9.75
Zupd | A5 SE, logCFU/g 181 0.60 1.26 0.00 0.20 7.43
Do, kGy 139 0.59 0.25 0.14 0.62 1.47
Dy SE, kGy 139 0.05 0.03 0.01 0.06 0.12
ZAL, kGy 140 1.20 1.32 0.00 1.00 7.00
A4, logioCFU/g 140 3.45 2.71 0.00 3.65 8.30
A | A5 SE, logoCFU/g 122 0.27 0.22 0.00 0.22 1.00
Do, kGy 12 0.30 0.10 0.20 0.30 0.39
Dy SE, kGy 12 0.01 0.00 0.00 0.01 0.01
@ ol gk AR A A
O AFE BE AW W) MAHss BTN 2B BHoE fREe] A
Taah} QR ogEe] A AEe Yo YA FFoR RFEHU, 54
AA R Wy B0 wet AEFA, YN, A524, FFLY, FAEA
PN gFoE PRI ok
O WYY AT T A EE FRE 2HA %S K7 L ALF AH 0 o
#ed g doer 53] "udd FE34 Tl Ecoli O157:H79 4+
AEEL fusle] A% BE A4 2 YEde 2o A A Aol
ol2A & 4 At dHAH doh
O WA Aol g o A A7+ T 5970 E, D@ B+ 041kGyE

A2y S WE

3 4% 163




A F T2 0.34~049kGyZ YERES ™, 999% At &9E 9% Hu F5AFL

147kGy & UEFsHT},

Dyt 4317] 0.41kGy(0.32~0.50kGy), E3”7] 0.29kGy(0.20~0.38kGy),

7] 0.65kGy(0.26~1.03kGy), ¥iL7] 0.93kGy(0.83~1.04kGy)Z LIE}StO 1,

STHEE Dkl A #F23 2]zt &2l H A tH(p<0.01).

99.9% Ad ZHE TIEr] A Hd FHATFS £37] 1.50kGy,

44kGy, ®A317] 3.09kGy, ¥17] 3.12kGy=E YEFRETE

A 2A ATE T 39HE, Dpde B 041KGyE 418737 0.34~049%kGy 2
UER o™, 999% A &3 A% A FFNFLS 147kGy 2 YERSTH

- SFE Dp#e £17] 041kGy(0.37~0.45kGy), ©al7] 0.31kGy(0.37~0.45kGy),
A7) 0.42kGy(0.36~0.49kGy) = YEM O™, 57 FFHEE DpdtolA A4
el o] 1A E A (p<0.001).

- FFE 999% A E3E EFs] A3 Al F
2117] 1.05kGy, S A1127] 1.47kGyE UEFT)

S zlol tigk Dypdke Ho 045kGy(0.35~0.54kGy) 2 UEFgoH, &a17]o
& D@2 B 0.32kGy(0.10~0.54kGy) 2 YERY} Harr], &a17]dl b

4 o Ho B Ho
=T A
ST

% ON

B

7

S
—

o
oy

O
2

ri

ZFe 4117] 1.45kGy,

£ 2-4-17. thgEol T WA HEE Dogh HEHEd 2 sk Az

- Dy 3 95% Al T3k SHel 1%
BFALA] Z sl 18 o 2= 10 7} ]
o ]’ LA o}-'l‘] s L‘——_[L7HT (kGy) (kGy) P-ax p'7l:l}]\-
ZrupAd 59 0.41 [0.34; 0.49] <0.001
A a17) 46 0.41 [0.32; 0.50] <0.001
=a17) 9 0.29 [0.20; 0.38] <0.001
<0.001
s =] 317] 3 0.65 [0.26; 1.03] <0.001
Fa17] 1 0.93 [0.83; 1.04] <0.001
A 39 0.41 [0.34; 0.49] <0.001
2=117) 26 0.41 [0.37; 0.45] <0.001
a7l 3 0.31 [0.27; 0.35] <0.001 0.001
A 317) 10 0.42 [0.36; 0.49] <0.001




Study

meatType = beef

Song et al. (2022) [1]

Song et al. (2022) [2]

Song et al. (2022) [3]

Cap et al. (2021) [1]

Cap et al. (2021) [2]

Cap et al. (2021) [3]

Cap et al. (2021) [4]

Cap et al. (2021) [5]

Cap et al. (2021) [6]

Kawasaki et al. (2019) [1]
Kawasaki et al. (2019) [2]
Kawasaki et al. (2019) [3]
Kawasaki et al. (2019) [4]
Kawasaki et al. (2019) [5]
Kawasaki et al. (2019) [6]
Kawasaki et al. (2019) [7]
Kawasaki et al. (2019) [8]
Kawasaki et al. (2019) [9]
Kawasaki et al. (2019) [10]
Kawasaki et al. (2019) [11]
Kawasaki et al. (2019) [12]

Song et al. (2016) [1]

Xavier Mde et al. (2014) [1]
Gunes et al. (2011) [1]

Turgis et al. (2008) [1]

Badr et al. (2005) [1]
Lépez-Gonzélez et al. (1999) [1]
Lépez-Gonzélez et al. (1999) [2]
Lopez-Gonzalez et al. (1999) [3]
Lépez-Gonzalez et al. (1999) [4]
Lopez-Gonzalez et al. (1929) [5]
Lopez-Gonzalez et al. (1999) [6]
Lopez-Gonzalez et al. (1999) [7]
Léopez-Gonzalez et al. (1999) [8]
Lépez-Gonzalez et al. (1999) [9]
Lépez-Gonzalez et al. (1999) [10]
Lépez-Gonzalez et al. (1999) [11]
Lépez-Gonzalez et al. (1989) [12]
Lépez-Gonzalez et al. (1999) [13]
Lopez-Gonzalez et al. (1999) [14]
Lépez-Gonzalez et al. (1999) [15]
Curry et al. (1998) [1]

Clavero et al. (1994) [1]

Clavero et al. (1994) [2]

Clavero et al. (1994) [3]

Clavero et al. (1994) [4]

Random e cts model

meatType = chicken
Xu et al. (2019) [1]
Xu etal (2019) [2]
Xu et al. (2019) [3]
Xu etal. (2019) [4]
Xu et al. (2019) [5]
Xu et al. (2019) [8]
Spoto et al. (2000) [1]
Thayer (1993) [1]
Thayer (1993) [2]
Random effects model

meatType = pork

Byun et al. (2001) [1]
Trigo et al. (1998) [1]
Trigo et al. (1998) [2]

Random eff model

meatType = lamb

Byun et al. (2001) [2]
Random effects model

Test for overall effect: p < 0.01
Test for subgroup differences: p < 0.01

19 2-4-13. 7ruapA

A BE g Dy

&

0.45
0.45
0.41

0.16
0.21

017
0.18
0.21

0.20
0.25
0.26
0.33
0.34
0.35
0.41

0.51

0.76
0.69
0.85
0.78
0.95
0.16
0.25
0.54
1.89
0.50
0.34
0.35
0.32
0.36
0.27
0.29
0.40
0.63
0.27
0.33
0.44
0.38
0.37
0.36
0.38
0.17
0.30
0.25
0.31
0.24
0.41

0.27
0.32
0.28
0.18
0.25
0.45
077
0.26
0.16

0.29

088
0.77
0.31

0.65

0.41

95%-Cl

[0.43; 0.47)]
[0.44; 0.46]
[0.38; 0.45]
[0.14; 0.17]
[0.17; 0.25]
[0.15; 0.19)
[0.15; 0.20]
[0.21; 0.21]
[0.18; 0.22]
[0.23; 0.27]
[0.24; 0.28]
[0.29; 0.37]
[0.30; 0.38]
[0.25; 0.45)
[0.39; 0.43]
[0.41; 0.61]
[0.62; 0.90)
[0.67; 0.71)
[0.63; 1.07]
[0.64; 0.92]
[0.79; 1.11]
[0.16; 0.17)
[0.21; 0.28]
[0.13; 0.96]
[1.87; 2.11]
[0.28; 0.73)
[0.32; 0.36)
[0.13; 0.57)
[0.28; 0.36)
[0.26; 0.46)
[0.23; 0.31]
[0.27; 0.31]
[0.15; 0.65]
[0.53; 0.73]
[0.23; 0.31]
[0.27; 0.39]
[0.22; 0.66]
[0.22; 0.54]
[0.25; 0.49]
[0.16; 0.56)
[0.20; 0.56)
[0.14; 0.19]
[0.26; 0.35]
[0.20; 0.31]
[0.28; 0.34)
[0.22; 0.26]
[0.32; 0.50]

[0.25: 0.29]
[0.26; 0.38]
[0.26; 0.30]
[0.16; 0.20)
[0.23; 0.27]
[0.10; 0.80]
[0.55; 0.99]
[0.24; 0.28]
[0.14; 0.18]
[0.20; 0.38]

[0.66; 1.09]
[0.19; 1.36]
[0.03; 0.60)
[0.26; 1.03]

[0.83; 1.04)

[0.34; 0.49]

Q7 wEEA

M2y e

L

Weight

1

1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
1.7%
1.8%
1.7%
1.7%
1.8%
1.6%
1.7%
1.7%
1.8%
1.8%
1.2%
1.7%
1.5%
1.8%
1.6%
1.8%
1.7%
1.8%
1.8%
1.5%
1.7%
1.8%
1.8%
1.6%
1.7%
1.7%
1.6%
1.6%
1.8%
1.8%
1.8%
1.8%
1.8%

2.1%

1.8%
1.8%
1.8%
1.8%
1.8%
1.3%
1.6%
1.8%
1.8%

2.3%a

2

il



Study
meatType = beef

Song et al. (2022) [1]

Song et al. (2022) [2]

Song et al. (2022) [3]

Song et al. (2016) [1]

Yim et al. (2016) [1]

Li et al. (2015) [1]

Li et al. (2015) [2]

Li et al. (2015) [3]

Yong et al. (2015) [1]

Yong et al. (2015) [2]

Yong et al. (2015) [3]

Yong et al. (2015) [4]

Yong et al. (2015) [5]

Yong et al. (2015) [6]

Yong et al. (2015) [7]

Yong et al. (2015) [8]

Yong et al. (2015) [9]

Yong et al. (2015) [10]

Yong et al. (2015) [11]

Yong et al. (2015) [12]

Yong et al. (2015) [13]

Yong et al. (2015) [14]

Black and Jaczynski (2008) [1]
Black and Jaczynski (2006) [2]
Black and Jaczynski (2008) [3]
Kwon et al. (1984) [1]

Random effects model

meatType = pork
Yong et al. (2015) [15]
Yong et al. (2015) [16]
Yong et al. (2015) [17]
Yong et al. (2015) [18]
Yong et al. (2015) [19]
Yong et al. (2015) [20]
Yong et al. (2015) [21]
Yong et al. (2015) [22]
Kim et al. (2014) [1]
Kang et al. (2012) [1]

Random effects model

meatType = chicken

Black and Jaczynski (20086) [4]
Black and Jaczynski (2006) [5]
Black and Jaczynski (2006) [6]
Random effects model

Random effects model
Test for overall effect: p < 0.01
Test for subgroup differences: p < 0.01

1% 2-4-14. AAA ZAPA ol o}

0

95%-Cl Weight
0.32 [0.29; 0.34] 2.5%
0.30 [0.28; 0.32] 2.6%
0.33 [0.32; 0.34] 2.6%
0.19 [0.16; 0.21] 2.6%
0.67 [0.62; 0.72] 2.4%
0.56 [0.52; 0.80] 2.5%
0.56 [0.55; 0.58] 2.6%
0.54 [0.49; 0.58] 2.5%
0.34 [0.33; 0.35] 2.6%
0.47 [0.46; 0.48] 2.6%
0.36 [0.34; 0.38] 2.6%
0.46 [0.44; 0.48] 2.6%
0.39 [0.38; 0.40] 2.6%
0.47 [0.46; 0.48] 2.6%
0.35 [0.33; 0.37] 2.6%
0.47 [0.45; 0.49] 2.6%
0.44 [0.41; 0.47] 2.5%
0.51 [0.48; 0.54] 2.5%
0.33 [0.31; 0.35] 2.6%
0.52 [0.50; 0.54] 2.6%
0.33 [0.32; 0.34] 2.6%
0.50 [0.49; 0.51] 2.6%
0.33 [0.30; 0.35] 2.5%
0.27 [0.24; 0.30] 2.5%
0.26 [0.23; 0.28] 2.5%
0.45 [0.44; 0.46] 2.6%
0.41 [0.37; 0.45] B66.6%
0.39 [0.37; 0.41] 2.6%
0.46 [0.44; 0.48] 2.6%
0.37 [0.35; 0.39] 2.6%
0.48 [0.46; 0.50] 2.6%
0.34 [0.32; 0.36] 2.6%
0.48 [0.47; 0.51] 2.6%
0.37 [0.35; 0.39] 2.6%
0.45 [0.43; 0.47] 2.6%
0.25 [0.25; 0.25] 2.6%
0.65 [0.63; 0.67] 2.6%
0.42 0.36; 0.49] 25.8%
0.35 [0.32; 0.38] 2.5%
0.30 [0.27; 0.33] 2.5%
0.28 [0.25; 0.30] 2.5%
0.31 [0.27; 0.35)
0.41 [0.37; 0.44] 100.0%

27 WERA

ZE!

¥ 2-4-18. iAol 3k YARA AFEd B8 93 golEAle 7 EEAF
WAL F & M By | ZFEA | ALY | TS | HAUF
ZAL, kGy 266 1.18 1.80 0.00 0.50 10.00
A4, logiCFU/g 200 3.89 2.45 0.00 3.99 8.50
Zvbd | A+ SE, logoCFU/g 96 0.27 0.29 0.00 0.18 1.37
Do, kGy 114 0.37 0.26 0.16 0.33 1.99
Dy SE, kGy 114 0.04 0.04 0.01 0.02 0.18
ZAL, kGy 290 1.29 1.31 0.00 1.00 5.00
4, logiCFU/g 284 4.12 2.86 0.00 3.99 9.73
AR Ay SE, log;(CFU/g 259 0.18 0.23 0.00 0.10 1.13
Do, kGy 150 0.42 0.09 0.25 0.44 0.65
Dy SE, kGy 150 0.01 0.00 0.00 0.01 0.02
166 _ fitisE A= QIiEe| st 9o OpE At




3 2-4-19. iAol e AR A as =4 34 A8 7

R I o oy | domertp | o
Byun 5(2001) Pork, lamb 0.00-5.00 0.00-5.61
Trigo 5(1998) Pork small, big casing 0.00-10.00 0.00-7.55
Cap 5(2021) Ground beef 0.00-0.67 3.85-7.26
Dini 5(2020) Beef loins 0.00-2.50 0.00-7.47
Song 5(2016) Ground beef 0.00-1.04 1.51-7.27
Gunes 5(2011) Ground beef 0.00-3.00 0.00-6.79
Badr 5(2005) Raw beef sausages 0.00-3.00 0.00-4.68
Lopez-Gonzdlez 5(1999) | Ground beeg patties 0.00-0.60 2.39-7.20 0.37
oA Curry 5(1998) Ground beef 0.00-0.71 3.31-7.19
Song 5(2022) Frozen tteokgalbi 0.00-2.01 3.10-8.50
Kawasaki 5(2019) | Ground beef, beef liver 0.25
Xu 5(2019) Ground chicken 0.27
Xavier Mde 5(2014) Ground beef 0.00-1.50
Turgis 5(2008) Ground beef 0.00-1.50 1.99
Spoto “5(2000) Ground chicken 0.00-8.00
Clavero 5(1994) Ground beef 0.40-1.97 0.31
Thayer (1993) Chicken meat 0.15-1.75 0.26
Thayer -5(2001) Ground beef 0.25
Kim 5(2014) Pork jerky 0.00-3.00 0.25
Kang 5(2012) Pork jerky 0.00-4.00 0.65
Abeyrathne 5 (2022) Pork loins 0.00-4.00
Yim 5(2016) Beef loins 0.00-5.00
Song 5(2016) Ground beef 0.00-0.79
Yong 5(2015) Beef/pork byproducts, 0.00-4.00 0.34
Li 5(2015) Beef 0.00-3.00
Kundu 5(2014) Ground beef 0.00-1.00
Black} Jaczynski (2006) | beef, Chicken breast 0.33
AxA Kwon 5(1994) Beef 0.00-2.50 2.28-7.81
Kim 5(2014) Pork jerky 0.00-3.00 0.00-8.49 0.25
Kang 5(2012) Pork jerky 0.00-4.00 1.81-8.34 0.65
Abeyrathne & (2022) Pork loins 0.00-4.00 6.01-7.37
Yim 5(2016) Beef loins 0.00-5.00 0.00-8.05
Song 5(2016) Ground beef 0.00-0.79 3.06-7.30
Yong 5(2015) Beef/pork byproducts, 0.00-4.00 0.00-9.73 0.34
Li 5(2015) Beef 0.00-3.00 0.00-7.57
Kundu 5(2014) Ground beef 0.00-1.00 3.57-7.63
Black} Jaczynski (2006) | beef, Chicken breast 0.33
Kwon -5(1994) Beef 0.00-2.50 2.28-7.81
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O Il A AT T UNE, Dt B 0.61kGy = A1#] 732 0.52~0.70kGy =
e ow, 99.9% v 35 A% A F5FAFS 210kGy = e
- SFE Dp#e &3] 0.62kGy(0.52~0.72kGy), al7] 0.48kGy(0.27~0.69kGy),
HA 7] 0.76kGy(0.66~0.87kGy) = UEMH O™, &7 THEE DypitolA T
zpo] 7} 14 H A tH(p<0.05).
- FHE 999% A E3E EFsh] A AW FeAFS 43171 2.16kGy,
2117 2.07kGy, SA117] 2.61kGy2 e
O AR 2=AF A7 23718 ez s A7 271 B3kl en, Dpfhe
B 050KGyZ A1#F7He 050~051kGyE e O™, 99.9% Abd &3}
A HAd FFHFS 1.53kGy 2 YERS T
O Zmkd ARl Hlg) WeREAol] o] 83 AT =AF AFrF A, S/
Aa7)e] g gl AFARJ nHlaels @AV oy, ek 4317
Dyo#t& 0.62kGy%l Aol Hls] A 4317] Dypfke 0.50kGy o2 e
upade] Bls) dApAdo]l Aoz a3l Ao s yElyh.

N

o

ofN

=t
b

£ 2-4-20. FAEEGTFO] BhSE AN HEE Dygh HIEHEA B seiRy A

o, A 7 s1ol =
PAAE  HIIF ATAS ‘E‘&yﬁf 95%(;;;)?& - o}j_%:}éa
ZrupAd 24 0.61 [0.52; 0.70] <0.001
22317) 18 0.62 [0.52; 0.72] <0.001
i) 4 0.48 [0.27; 0.69] <0.001 0.030
= A 27] 2 0.76 [0.66; 0.87] <0.001
_"@_Z_M_j__ 2 0.50 [0.50; 0.51] <001
2317) 2 0.50 [0.50; 0.51] <0.001 -
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Study

meatType = beef
Song et al. (2022) [1] e
Song et al. (2016) [1] ; —
Sedeh et al. (2007) [1] |
Ouattara et al. (2002) [1]
Thayer et al. (2001) [1]
Thayer et al. (2001) [2]
Thayer et al. (2001) [3]
Thayer et al. (2001) [4] -+
Thayer et al. (2001) [5] =

Thayer et al. (2001) [6] i
Thayer et al. (2001) [7] P
Thayer et al. (2001) [8] P
Thayer et al. (2001) [9] —

Thayer et al. (2001) [10] ——
Monk et al. (1994) [1] =

Monk et al. (1994) [2]

Monk et al. (1994) [3] =
Monk et al. (1994) [4] -
Random effects model <

meatType = pork :
Hu et al. (2021) [1] —+—

Hu et al. (2021) [2] ——

Random effects model <

meatType = chicken :
Spoto et al. (2000) [1] —
Thayer et al. (1992) [1]
Thayer et al. (1992) [2]
Thayer et al. (1992) [3]
Random effects model

Random effects model

I

Test for overall effect: p <0.01

Test for subgroup differences: p=0.03 0 0.5 1 1.5

% 2415 7l EAA ol whE gy

Study

meatType = beef

Song et al. (2022) [1] T
Song et al. (2016) [1]
Random effects model |
Random effects model |

X

%]

Test for overall effect: p =0 I i
Test for subgroup differences: p = NA 0 0.5 1

8 2-4-16. AN ZAA o) WE A

0.57
1.06
0.87
0.77
0.42
043
0.51
0.38
0.48
0.74
0.88
0.87
0.85
0.82
0.43
0.45
0.45
0.45
0.62

0.76
0.78
0.76

0.85
0.49
0.33
0.36
0.48

0.61

0.51
0.50
0.50

0.50

95%-ClI

(0.57; 0.58)
(0.95; 1.17]
[0.81; 0.94]
(0.45; 1.10]
(0.38; 0.46)
[0.39; 0.47]
(0.47; 0.55)
(0.34; 0.42)
0.38; 0.58]
[0.54; 0.94]
[0.78; 0.98]
[0.69; 1.05]
[0.38; 1.32]
0.58; 1.06]
0.34; 0.53]
[0.40; 0.49]
(0.38; 0.53]
0.38; 0.52]
[0.52; 0.72]

[0.63; 0.88]
[0.59; 0.97]
[0.66; 0.87]

[0.59; 1.11]
(0.28; 0.70]
(0.26; 0.39)]
(0.28; 0.43]
[0.27; 0.69]

[0.52; 0.70]

95%-Cl

[0.46: 0.55)
[0.50; 0.51]
[0.50; 0.51]

[0.50; 0.51)]

A2y S WE

Weight

4.7%
4.4%
4.6%
2.9%
4.7%
4.7%
4.7%
4.7%
4.4%
3.8%
4.4%
4.0%
2.0%
3.5%
4.5%
4.7%
46%
4.6%
75.6%

4.3%
3.9%
B.1%

3.4%
3.7%
4.6%
4.6%
16.2%

100.0%

Weight

2.5%
97.5%
100.0%

100.0%

S47F Dogk 87F vEEA A3



£ 2-4-21 FNEEATEO R PAN BFED BN 9T dolEAe JEFAT
PAAE | GE A% | WE | EReA | Axgk | FUW | AUR
XA, kGy 153 1.56 1.84 0.00 1.00 8.00
A+, logoCFU/g 143 4.00 2.67 0.00 3.99 9.30
Zrukd A+ SE, log;oCFU/g 118 1.05 1.91 0.00 0.24 7.73
Dy, kGy 38 0.50 0.13 0.38 0.45 0.88
Dyy SE, kGy 38 0.05 0.04 0.02 0.04 0.24
ZAHE, kGy 11 0.72 0.66 0.00 0.52 2.10
A+, logioCFU/g 11 5.90 1.38 3.37 5.99 7.69
AR Ay SE, log;oCFU/g 11 0.18 0.24 0.00 0.10 0.66
Dio, kGy - - - - - -
Dyo SE, kGy - - - - ) }
B 2-4-22. FAMEEATEO DT BAH AZEH 24 Bd HY 2
S o Yoy | tomrig |G
Song 5(2022) Frozen tteokgalbi 0.00-1.96 4.35-7.66
Hu 5(2021) Pork leg 0.00-2.00 4.30-7.80
Song 5(2016) Ground beef 0.00-1.19 4.52-7.37
Sedeh 5(2007) Bovine meat 0.00-3.00 0.00-5.66
Nortjé “5(2006) Moist beef biltong 0.00-4.00 0.73-7.21
ZropA Thayer 5(2001) Ground beef 0.42
Spoto 5(2000) Ground chicken breast 0.00-8.00 0.00-7.99
Monk -5(1994) Ground beef 0.00-2.13 3.12-7.73 0.44
Thayer 5(1992) Chicken meat 0.00-3.00 0.86-9.30
Ouattara 5(2002) Ground beef 0.00-3.00 2.30-6.38
Paul 5(1995) Beef, lamb, chicken 0.00-2.50 3.55-6.86
Song 5(2022) Frozen tteokgalbi 0.00-2.10 3.37-7.69
A
Song 5(2016) Ground beef 0.00-0.90 4.17-7.37
@ g z=H ot gt FAT A A
O #zH ol Bl EAU s 715 Ao B s EA OM 2+,
FEAH A% % WA 9ol we Ao WA U3, 53,

T+, o9/
g e o
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7 0.63kGyE 212|732 0.57~0.68kGy =
0§43 2.04kGy 2 YERSGTH
3 D1o%)\’% 4117] 0.64kGy(0.54~0.74kGy), EaL7] 0.58kGy(0.46~0.70kGy),
317] 0.66kGy(0.62~0.71kGy), 28]17] 0.47kGy(0.30~0.63kGy)Z LFEFREO.1,
THEE DpfbolA SAA o ABHA Ut

T 999% v a3E T AT Ao FeAdES 437 2.22kGy,
5317] 2.10kGy, 1A 117] 2.03kGy, 28117] 1.89kGyZ YE}FT)
O AAA ZAF A7 F WHE, Dpite B 0M4KGy=Z A1# 772 040~048kGy =
Bt ow, 99.9% v a3E AY A FFAFS 1.4kGy=E e

kv

- SHE D@2 £317] 0.46kGy(0.40~0.51kGy), H117] 0.45kGy(0.36~0.54kGy),
A7) 0.43kGy(0.38~0.48kGy) = UEFR O, &7 FHEE Dkl A4
ol e AAHA gatet

- §FE 999% A EIE B3] AR A FFAFS £37] 144kGy,
g117] 1.53kGy, A7) 1.44kGyE 1.89kGyE UEFST},

O EzElEolol YolA Zulde] wls) MApxe] B} AAAA RO Vhept

3 2-4-23. gzelelokiol gk WA A Dy gk e 2 skeles Ast
PANE siag apAe e S AT g S
Zdgsl ] 24 0.63 [0.57; 0.68] <0.001
317 11 0.64 [0.54; 0.74] <0.001
S kg 6 0.58 [0.46; 0.70] <0.001
0.103
s Z] 317] 6 0.66 [0.62; 0.71] <0.001
L2 a7 1 0.47 [0.30; 0.63] <0.001
B VR 044 [040; 048] <001
Z317) 17 0.46 [0.40; 0.51] <0.001
g7 1 0.45 [0.36; 0.54] <0.001 0.805
A 27] 16 0.43 [0.38; 0.48] <0.001

Mg S g = 20 171



Study 95%-ClI Weight

meatType = beef

Song et al. (2022) [1] 0.57 [0.57; 0.58] 4.7%
Song et al. (2016) [1] 1.06 [0.95; 1.17] 4.4%
Sedeh et al. (2007) [1] 0.87 [0.81; 0.94] 4.6%
Ouattara et al. (2002) [1] 0.77 [0.45; 1.10] 2.9%
Thayer et al. (2001) [1] 0.42 [0.38; 0.46] 4.7%
Thayer et al. (2001) [2] 0.43 [0.39; 0.47] 4.7%
Thayer etal. (2001) [3] 0.51 [0.47; 0.55] 4.7%
Thayer et al. (2001) [4] : 0.38 [0.34; 0.42] 4.7%
Thayer et al. (2001) [5] . 0.48 [0.38; 0.58] 4.4%
Thayer etal. (2001) [6] - 0.74 [0.54; 0.94] 3.8%
Thayer et al. (2001) [7] P 0.88 [0.78; 0.98] 4.4%
Thayer et al. (2001) [8] P 0.87 [0.69; 1.05] 4.0%
Thayer et al. (2001) [9] — 0.85 [0.38; 1.32] 2.0%
Thayer et al. (2001) [10] - 0.82 [0.58; 1.06] 3.5%
Monk et al. (1994) [1] = 0.43 [0.34; 0.53] 4.5%
Monk et al. (1994) [2] 0.45 [0.40; 0.49] 4.7%
Monk et al. (1994) [3] 0.45 [0.38; 0.53] 4.6%
Monk et al. (1994) [4] = 0.45 [0.38; 0.52] 4.6%
Random effects model <> 0.62 [0.52; 0.72] 75.6%
meatType = pork :

Hu etal. (2021) [1] . 0.76 [0.63; 0.88] 4.3%
Hu et al. (2021) [2] — 0.78 [0.59; 0.97] 3.9%
Random effects model < 0.76 [0.66; 0.87] 8.1%
meatType = chicken :

Spoto et al. (2000) [1] — 0.85 [0.59; 1.11] 3.4%
Thayer et al. (1992) [1] —i- 0.49 [0.28; 0.70] 3.7%
Thayer et al. (1992) [2] = 0.33 [0.26; 0.39] 4.6%
Thayer et al. (1992) [3] 82 0.36 [0.28; 0.43] 4.6%
Random effects model - 0.48 [0.27; 0.69] 16.2%
Random effects model lé | : : 0.61 [0.52; 0.70] 100.0%

Test for overall effect: p <0.01
Test for subgroup differences: p=0.03 0.5 1 15 2

Y 2417, @b 2AA Y] BE el sHelolE Dogh STF vEEd Az
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Study 95%-Cl Weight

meatType = beef :

Song et al. (2022) [1] 0.82 [0.76; 0.88] 2.8%
Song et al. {(2016) [1] o 0.29 [0.23; 0.36] 2.7%
Yim et al. (2016) [1] I 0.64 [0.57; 0.71] 2.7%
Yong et al. (2015) [1] 0.35 [0.34; 0.36] 3.0%
Yong et al, (2015) [2] 0.43 [0.41; 0.45] 3.0%
Yong et al. (2015) [3] 0.36 [0.34; 0.38] 3.0%
Yong et al. (2015) [4] i 0.47 [0.46; 0.48] 3.0%
Yang et al, (2015) [5] . 0.38 [0.37; 0.39] 3.0%
Yong et al. (2015) [6] - 0.46 [0.44; 0.48] 3.0%
Yang et al. (2015) [7] 0.43 [0.40; 0.46] 2.9%
Yong et al. (2015) [8] L 0.46 [0.45; 0.47] 3.0%
Yong et al. (2015) [9] ; 0.47 [0.43; 0.51] 2.9%
Yong et al. (2015) [10] : 0.52 [0.51; 0.53] 3.0%
Yong et al. (2015) [11] 0.34 [0.32; 0.36] 3.0%
Yong et al. (2015) [12] 0.51 [0.50; 0.52] 3.0%
Yong et al. (2015) [13] ; 0.33 [0.31; 0.35] 3.0%
Yong et al, (2015) [14] E 0.49 [0.48; 0.50] 3.0%
Random effects model 0 0.46 [0.40; 0.51) 49.8%
meailType = pork i

Yong et al. (2015) [15] 0.39 [0.37; 0.41] 3.0%
Yang et al. (2015) [16] 0.48 [0.45; 0.47] 3.0%
Yong et al. (2015) [17] 0.44 [0.42; D.46) 3.0%
Yong et al. (2015) [18] : 0.33 [0.32; 0.34] 3.0%
Yong et al, (2015) [19] | 0.49 [0.47; 0.51] 3.0%
Yong et al. (2015) [20] = 0.37 [0.35; 0.39] 3.0%
Yaong et al. (2015) [21] 0.46 [0.45; 0.47] 3.0%
Kim at al. (2014) [1] 0.23 [0.23; 0.23] 3.0%
Kang et al, (2012) [1] t 0.65 [0.63; 0.67] 3.0%
Rodrigo Tarté et al. (1998) [1] ; 0.48 [0.44; 0.49)] 3.0%
Rodrigo Tarté et al. (1998) [2] § 0.44 [0.44; 0.45] 3.0%
Rodrigo Tarté et al. (1996) [3] ; 0.64 [0.62; 0.65] 3.0%
Rodrigo Tarté et al. (1996) [4] [ 0.38 [0.37; 0.38] 3.0%
Rodrigo Tarté et al. (1998) [5] 0.46 [0.44; 0.49] 3.0%
Rodrigo Tarté et al. (1998) [6] 0.36 [0.35; 0.37] 3.0%
Rodrigo Tarté et al. (1998) [7] + F 0.32 [0.32; 0.33] 3.0%
Random effects model O 0.43 [0.38; 0.48] 47.6%
meatType = chicken !

Shamsuzzaman el al. {1995} [1] = 0.45 [0.36; 0.54] 26%
Random effects model & 0.44 [0.40; 0.48] 100.0%
Test for overall effect: p < 0.01 T T T 1

Tesl for subgroup differences: p =0.81 0 0.5 1 1.5 2

9 2-4-18. AAA 2ARAE ] mE g zElE ok Dok 87%F WEHEA A3

3 2-4-24. Y zH okt gk WA A Ey F4& 9% oAy Ve AH
i

WAL F ElRE) N 3 wxE | HAa@ | FYR | Hoy
Z A+, kGy 344 1.52 1.15 0.00 1.50 6.00
A TF4F, logioCFU/g 344 2.55 2.17 0.00 2.47 9.13
Zubd | A5 SE, logioCFU/g 306 0.41 1.19 0.00 0.00 5.74
Dy, kGy 0
Dy SE, kGy 0
ZA+, kGy 230 1.45 1.31 0.00 1.00 5.00
A<=, logiCFU/g 230 4.28 2.89 0.00 431 9.89
A | A+ SE, logoCFU/g 182 0.12 0.24 0.00 0.06 1.46
Do, kGy 138 0.43 0.08 0.23 0.44 0.65
Dy SE, kGy 138 0.01 0.00 0.00 0.01 0.02
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% 2-4-25. glzH|glotol| thek WA Atad A I AR £
A S #uEd AE Horag LJCa I R
(kGy) (log10CFU/g) (kGy)

Mantilla 5(2011) Chicken breast 0.00-3.00 0.00-5.00
Bari “5(2006) Ground pork 0.00-3.00 0.00-5.70
Dini “5(2020) Beef loin 0.00-2.50 4.09-9.13
Song 5(2016) Ground beef 0.00-0.85 4.53-6.62
Gunes & (2011) Ground beef 0.00-3.00 0.00-7.03
Badr 5(2005) Raw beef sausage 0.00-3.00 0.00-3.71

el = Ground beef,
Giirsel 5(1997) chicken breas’t 0.00-2.50 4.34-8.02
Song 5(2022) Frozen tteokgalbi 0.00-2.00 5.72-8.00
Xavier 5(2014) Ground beef 0.00-2.50 3.26-6.09
Kamat (1995) Chicken meat 0.00-6.00 0.00-6.80
Monk 5(1994) Ground Beef 0.00-2.08 1.81-5.12
Huhtanen 5(1989) Chicken meat 0.00-2.00 1.17-7.13
Yong $(2015) Bpgflﬁ lb;}}lfgrr(())ccil?lf:tt? 0.00-4.00 0.00-9.89 0.35
Kim 5(2014) Pork jerky 0.00-3.00 0.00-8.02 0.23
Kang 5(2012) Pork jerky 0.00-4.00 1.72-8.24 0.65

A2 Yim 5(2016) Beef Loin 0.00-5.00 0.00-8.95
Song 5(2016) Ground beef 0.00-0.86 4.33-6.62
Rodrigo Tarté 5(1996) Ground prok 0.00-1.25 2.05-6.33
Song 5(2022) Frozen tteokgalbi 0.00-1.99 5.69-8.00
Shamsuzzaman s (1995) Chicken breast 0.00-3.00 0.00-8.70

© A e 2 Alg-g-zo g A A A"

O v 2 AE2e AF, BEY soA &3 T 37148 I"% 8 U
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S Z ASHFHE e AR EAEA &5A 0
O WAEA 48T 4 o] &, WA Foll tig Adgol
W BaA WAEATE Eots o] FE, AA
O Al 2A A= F IHE, Dudte B 0.95kGyE A Z 32 0.19~1.70kGy =
UERtew, 99.9% dd a3E A% A FFUFLE 510kGy 2 UEFS T
- §5F49 Do Ha17] 1.30kGy(0.73~1.88kGy), HA1317] 0.29kGy(0.28~0.29kGy) =
Uelson, 575 TREE Dol F2l3k &ol7h 1A 5 Ut (p<0.001).
- FHE 999% A E3E EFsh] AR Hd FeAdFS "7l 5.64kGy,
HA127] 0.87kGyZ LEFTE

ojf
1o

HIZES Al OFNTZ| 245} HIof Of2 o
_HSE [y (=] o



O mHdE 2 Mgz oRt AFF LAY 2~5%c|x, ARz}, ¥Add ol
Hlgl drizl oz ogdAdol #7] w&ol vk s Alde2=E ez 3

A ATE T3] Aon, B3 AAMe fE AT =R glgith

£ 2-4-26. WA 2 A $-2o] iR PAR AFE Dy g ERRA 2 Se1RA A

. Nilg Dy % 95% A= 71t 3H91 L
vFALA Z 3L = L0 = = -7k H
o ]' [¢ }“A =] 7]]5'\_ (kGy) (kGy) p %}\ p_%}]\_
ok 3 0.95 [0.19; 1.70] 0.014

ga17) 2 1.30 [0.73; 1.88] <0.001
0.001
H A 317] 1 0.29 [0.28; 0.29] <0.001
Study 95%-Cl Weight
Min'ell al. (200?} ['1 | 0.29 [0.28; 0.29) 34.8%
meatTy chiker
Thayer et al. (1994) [1] —— 1.59 [1.28; 1.90] 32.9%
Thayer et al. (1994) [2] — 1.00 [0.64; 1.36] 32.3%
domn fects model — 1.30 | 3: 1.88] 35,2
Random effects model — 0.95 [0.19; 1.70] 100.0%

Test for overall effect: p = 0.01 T T T 1
Test for subgroup differences: p <001 0 05 1 15 2

29 2419, b 2AA Y wE wpAH s AES2 Dgt LTF vEEA Az

¥ 2-4-27. vPdE 2 Mgzl e AR A ay 248 93 dolEAlY JEeEA

WA F e N B | BER | HAF | TEE | AU
ZAHE, kGy 18 3.69 3.15 0.00 3.00 9.00
A+, logioCFU/g 18 2.94 2.87 0.00 2.96 7.95
Avkd | A4 SE, logoCFU/g 4 0.06 0.07 0.00 0.04 0.15
Dy, kGy -
Dy, SE, kGy -

F 2-4-28. ARdE 2 Azl tiR AR A Esh A 39 A 3] JutE 54
_]

EARIE FnEd WE EEt Az Dy #
(kGy) (log1CFU/g) (kGy)
Min et al. (2007) Beef and pork loin 0.00-2.00 0.00-6.10 -
ZrulA
Thayer et al. (1994) chicken meat 0.00-9.00 0.00-7.95 -
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O EFE2EdYE Hugdae dX0dolgtn B, d7148 I8 ¢4 i+
o7 ddyY olxzE XD Wl A~EF S4£E AT

O 49 A5 9 dx 2F 4AHd s #dd & Ao, FHAH dA ¢ 57
AE & i AHgE S0 TASAIN A4 Ay 55, EERA, g5,
gt Aot & 2T + Utk

O =1

Al ZAF AFE F 1070 E, DypdtS Bt 290kGy = A1 77E 2.81~2.99kGy &
0 443 8.96kGyZ YERSGT

- SF8 Dyt =R aL7] 2.80kGy(2.67~2.92kGy), B1L7] 3.00kGy(2.87~3.13kGy) &
1)

HoH, 7 THEE Dp#told SAA Folde AAHA Bt

SF7E 99.9% A &3 FHEY] A A FEAFE HAL7] 896kGy,
tt17] 8.78kGy=2 e

A Z2AF A2 F MR, Ddk2 B 1.55KGyE 21877 0.25~2.85kGy &
el o, 99.9% v a5 9T A FFAUFL 8.54kGyE UESTH
S7E Dt 417 0.20kGy(0.19~0.21kGy), $17] 3.14kGy(3.01~3.27kGy) =
Uebgon, 57 SFEE DpdtolA #23 Aol7h A = AT (p<0.001).
H999% A AFE EIH ] A3 Ad FHAFES 43171 0.61kGy,
7] 9.80kGyE YERSTH

2t HAZGAMAE 75T AN 73 547} S=a U EAE
tel d 5 &4 AP 7] diel & 7ol Hld] £ Dpats BowH,
npiol Hlg] Aol HATF AUt H& o2 YER

S

)
[>

oft iy 4 Ho

oX,
ol

iy

¥ 2-4-29. EE2EZYFof thak WA AEE Dy &t
5 Dy % 95% A3t a9 1%
HF AL A = =)o = o 2= 10 7} =]
°© }'\_ S 0]"'411:1 L:IL7H‘T (kGy) (kGy) P-ar p_%}]{
Zukd 10 2.90 [2.81; .2.99] <0.001
s 2] 317] 5 2.80 [2.67; 2.93] <0.001
0.063
Sa17] 5 3.00 [2.87; 3.13] <0.001
Zap Xl 3 1.55 [0.25; 2.85] <0.001
Za17) 2 0.20 [0.19; 0.21] <0.001
0.001
7] 1 3.14 [3.01; 3.27] <0.001
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Study 95%-Cl Weight

meatTvpe = pork

Thayer et al. (2001) [6) - 0.74 [0.54; 0.94] 3.8%
Thayer et al. (2001) [7] . 0.88 [0.78; 0.98] 4.4%
Thayer et al. (2001) [8] P 0.87 [0.69; 1.05] 4.0%
Thayer et al. (2001) [9] —_—— 0.85 [0.38; 1.32] 2.0%
Thayer et al. (2001) [10] —— 0.82 [0.58; 1.06] 3.5%
Hu et al. (2021) [1] = o 0.76 [0.63; 0.88] 4.3%
Hu et al. (2021) [2] —— 0.78 [0.59; 0.97] 3.9%
Random effects model o 0.76 [0.66; 0.87] 8.1
meatType = chicken :

Spoto et al. (2000) [1) —— 0.85 [0.59; 1.11] 3.4%
Thayer et al. (1992) [1] — 0.49 [0.28; 0.70] 3.7%
Thayer et al. (1992) 2] = 0.33 [0.26; 0.39] 4.6%
Thayer et al. (1992) [3] = 0.36 [0.28; 0.43) 4.6%
Random effects mode - 0.48 [0.27; 0.69] 16.2
Random effects model I<> I 1 ] 0.61 [0.52; 0.70] 100.0%

Test for overall effect: p < 0.01
Test for subgroup differences: p =0.03 Q 05 1 15 2

09 2421 2l 2AA o] e FRAETS Degt 7% WEREA A3

Study 95%-Cl Weight
meatType = pork

Min et al. (2007) [1] 0.29 [0.28; 0.29] 34.8%
meatType = chiken

Thayer et al. (1994) [1] — 1.59 [1.28;1.90] 32.9%
Thayer et al. (1994) [2] — 1.00 [0.64; 1.36] 32.3%
Random effects model —— 1.30 [0.73; 1.88] 65.2
Random effects model ' 0.95 [0.19; 1.70] 100.0%
Test for overall effect: p = 0.01 T T T 1

Test for subgroup differences: p<0.01 0 0.5 1 1.5 2

I8 2421, AAA ZAA PO 2 F22EUE Dpik L7 WeEA A7

FE 2-4-30. FE2Eg Yo g BAM AdEY BAS A dlolHAY] JeFTAE

WAL F 5 N B | BFEA | HAY | TSR | Ad#
ZAHE, kGy 0 0.00 0.00 0.00 0.00 0.00
A7, logeCFU/g 0 0.00 0.00 0.00 0.00 0.00

ok | A5 SE, logoCFU/g 0 0.00 0.00 0.00 0.00 0.00
Do, kGy 10 3.89 0.06 3.80 3.80 4.40
Dy SE, kGy 10 0.29 0.02 0.25 0.28 0.40
ZALE, kGy 14 2.93 0.83 0.00 1.75 10.0
A4, logoCFU/g 14 2.04 0.39 0.00 2.54 422

A | AH#S SE, logCFU/g 14 0.08 0.02 0.00 0.04 0.23
Do, kGy 0 0.00 0.00 0.00 0.00 0.00
Dy SE, kGy 0 0.00 0.00 0.00 0.00 0.00
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# 2-4-31. FEXEY gl tiek AR Aras) AL # A 21 ik 54
_— P EEE T
HFALA = 272 A= SRS = 10 BA
A e i (kGy) (logi,CFU/g) (kGy)
Kreiger 5(1983) Chicken - - 3.8-4.4
Zrul A
Kreiger 5(1983) Pork - - 3.8
Ben Fadhel 5 (2016) Pork loin 0.00-3.00 0.00-2.87
AR
Crawford “5(1996) Chicken breast 0.00-10.00 1.82-4.22

el |
O HA%ZHA Zex ddd 282 UiE AI=UETe A=Y ATy
olEddAE P SOl
¢l 4 =+ o
O Zrkd A A7E ¥ 6712, Dk Bk 024kGy= 418 77h2 0.21~0.27kGy =
UE o™, 99.9% v E3E A Hdl FATFLS 8.96kGy=2 HERLAT.
- SFE Dp#te 4£37] 0.20kGy(0.18~0.21kGy), ®il”7] 0.33kGy(0.32~0.35kGy) =
Uebton, 7% TREE DpftollA o7 Zol7) 178 5 ATk (p<0.001).
- F7E 99.9% A E3E EI ] A Ao FFAAEFS &37] 0.63kGy, &
17] 1.04kGy=Z ERT
O AAA A A7e F VIR, D2 B 019KGyE A1#73He 0.18~0.21kGy =
UElston, 99.9% ¢ 35 A% Hd FFAFLS 0.63kGy=E UERSH.

ok

ol

X 2-4-32. A 2t o] tisk WAL AEEH Dy g

_ Dy % 95% A= -7t sk L
I ALA 2 39 18 AFNE L _7F B
[} ]’ 9 O}'H = T H“l‘ (kGy) (kGy) pP-ax p_%}\_
2ok 6 0.24 [0.21; .0.27] <0.001
Z117) 4 0.20 [0.18; 0.21] <0.001
0.001
=a17] 2 0.33 [0.32; 0.35] <0.001
A4 1 0.19 [0.18; 0.21] <0.001
A 17 1 0.19 [0.18; 0.21] <0.001 0.001
Study 95%-Cl Weight
Min'eal al. (200fj ['1 | 0.29 [0.28; 0.29] 34.8%
ThaQelr'et al. (1954) 1 —— 1.59 [1.28; 1.90] 32.9%
Thayer et al. (1994) [2] —— 1.00 [0.64; 1.36) 32.3%
tandon fects model —————— 1.30 | ) 1.88]
Random effects model —-{-Ij=l—— i 0.95 [0.19; 1.70] 100.0%

Test for overall effect: p = 0.01 T
Test for subgroup differences: p <001 0 0.5 1 1.5 2

2% 2422, ZohA AR e ohE PR E Dogk 7P WEEA A3}



Study 95%-Cl Weight
Song et al. (2022) [1] + 0.51 [0.486; 0.55] 2.5%
Song et al. (2016) [1] 0.50 [0.50; 0.51] 97.5%
Randc cts model 1 50 ).50; 0.51 100.C

Random effects model | 0.50 [0.50; 0.51] 100.0%

Test
Test

19

for overall effect: p=0 | I I J !
for subgroup differences: p = NA 0

A ol wE

2-4-23. Z+ulid AL 2R A Dpdt &7F WEREY 23

3

)
i)

=)

,d
An)

ol et WA A as L 1B I s

pol (¢}
WAL F = M B | FELR | Hay | SIS | AdE
ZA, kGy 27 0.66 0.11 0.00 0.60 2.00
A4, logioCFU/g 27 5.10 0.38 1.37 5.15 8.67
Zmpd | B+ SE, logioCFU/g 27 1.01 0.18 0.00 0.38 2.74
Do, kGy 13 0.20 0.01 0.18 0.18 0.24
Dy SE, kGy 13 0.01 0.01 0.01 0.02 0.02
ZAL, kGy 4 0.36 0.17 0.00 0.35 0.75
A4, logoCFU/g 4 5.10 0.86 3.20 5.04 7.12
Az | At SE, logoCFU/g 4 0.49 0.02 0.44 0.48 0.54
Do, kGy 0 0.00 0.00 0.00 0.00 0.00
Dy SE, kGy 0 0.00 0.00 0.00 0.00 0.00
2-4-34. AL 2RTE ol Ok AR A E A B A E gRky B4
AR A e A 2 A5 Dy %
(kGy) (logisCFU/g) (kGy)
. Gunther 5(2019) Chicken liver 0.00-2.00 3.00-8.67
Clavero 5(1994) Ground Beef 0.00-1.10 1.37-6.83 0.18-0.24
A2 Collins 5-(1996) Ground pork 0.00-0.75 3.20-7.12
® A otatel thy WA A A
O AYAYe} JHZZE 7l I8 34 o2 FUAdHol &dte 3%
AEy HAAZA A 7s SEE-13~420TE AL FAHNMT F2o]
o|Fojd WA WE B ATz Fo|7} Hasit
O AtehA] & ¢ AF & 43S 4% A2 o+ Jdon &7 FAE=E
A7t 7hsstH, TE, 55 55 FHlste gA49Z89EE €od F o
O oAUAYo} QlE|2Z2 Ej7tel] gk WA A A7t A7)l it bl AL
AT NE, D@t B 0.86kGy = AT 0.63~1.09kGy 2 YERToH,

A

|

99.9% A+ &3E AT AU F

®)

27kGy = e T

A2y gV LE 3 2t
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3£ 2-4-35. Ay A Yotgtol] thek WA AFE Dy &

. Dy 95% Al &3t she 1
HF A /1\_2,2_ =L o j__E'_'__ % 7 2= 10 fud gul 7k =]
YA S 3+ 15 TN (kGy) (kGy) p-#X p_%}\_
Zubd 4 0.86 [0.63; 1.09] <0.001
A 117] 4 0.86 [0.63; 1.09] <0.001 0.001
Study 95%-CI1 Weight
Song ei c;:l. (2522} [1] + 0.51 [0.46; 0.55] 2.5%
Song et al. (2016) [1] 0.50 [0.50; 0.51] 97.5%
<andom e cts model ] 0.50 [0.50; 0.51 A=
Random effects model | 0.50 [0.50; 0.51] 100.0%
Test for overall effect: p =0 | I I J !
Test for subgroup differences: p = NA 0 0.5 1 1.5 2

% 2423, @b ZAAT O] BE UAYelE Dot £7F e A3

3 2-4-36. AYAYolgtel TRk WA A Ed 24 A3 HlolEAle] Ve AT

WAL F PE N B | BER | HAF | TSE | AU
ZA%, kGy 27 0.66 0.11 0.00 0.60 2.00
A4, logioCFU/g 27 5.10 0.38 1.37 5.15 8.67

Zmpd | B+ SE, logioCFU/g 27 1.01 0.18 0.00 0.38 2.74
Do, kGy 13 0.20 0.01 0.18 0.18 0.24
Dy SE, kGy 13 0.01 0.01 0.01 0.02 0.02

HOP}\].}‘\_% ;:]'._J—_y__‘\;ll__;:j }‘131 =z Ho]-/‘]'/lk_ %]: Ag :'11'5[: Do %}1\'
(kGy) (log10CFU/g) (kGy)
FAQsIS| Collins 5(1996) Pork 0.00-6.00 0.00-6.77 -

© wErtolg ol i WA A A
0 Aed UEA 4F5 AAY wZutoleas B wholexzto] L,
AA 27+ 27~40nm=E AHAO|HAZ - 20T A= =5 60.0CAA 30&

B tdstels Fg S




o7 deld 9o} 2019 Iy 23]
oF 16%°A ==Zuloldixa A A HE2o] Yy thd AZ F 3%l A

o]

O S=zupojg ol thit WA A AFE o, dA, & 5 Hse dde=w 3

A= AFsten, dojol gk Avkd A A R0l o] Dt He

1.95kGy 2 AlZFIHE 1.13~2.28kGyE YERO™, 999% A &35 9%
A FFAFLS 8.34kGyE YENSGTE

¥ 2-4-38. = Enlo]g] 2o 3 WA A="EH D, FF

- Dy B 95% A= -3k s 1
HFA Az st 1& ?qi TN 2= 10 7} &}
<] } S ]’H o TN (kGy) (kGy) p X p_%k
Zupd 1 1.95 [1.13; 2.78] <0.001
oo 1 1.95 [1.13; 2.78] <0.001 0.001
Study 95%-CI1 Weight
één;; el él_ (26.22} [1] - 0.51 [0.46; 0.55] 2.5%
Song et al. (2016) [1] 0.50 [0.50; 0.51] 97.5%
Random effects model I 0.50 [0.50; 0.51 100.C
Random effects model | 0.50 [0.50; 0.51] 100.0%
Test for overall effect: p =0 | I I J !
Test for subgroup differences: p = NA 0 0.5 1 1.5 2

9 2-404 20 Z2AA Y] BE U AU CkE Dygk 7% e A3

¥ 2-4-39. = E2dlo| & 2ol tigk WA Aday B4 93 HolEAlY EEA %

WA Z &= N B | EFEA | HAY | FIHR | Ad#
Z A%, kGy 20 2.80 0.49 0.00 3.00 6.00
A4, logiCFU/g 20 2.79 0.53 0.00 3.05 6.77

Zupd | B+ SE, logioCFU/g 0 0.00 0.00 0.00 0.00 0.00
Do, kGy 0 0.00 0.00 0.00 0.00 0.00
Dy SE, kGy 0 0.00 0.00 0.00 0.00 0.00

2440, wujol ¥ o] i AN ApEs) 24 B A £He] Y B4
WAAE B BE sl P Dio %
(kGy) (log10CFU/g) (kGy)
oA Mrityunjoy 5(2019) Salmon 0.00-8.00 0.00-6.73
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2h A7 8ok
O Hs= AAAE W 7Y 7Fs3 Fall vl =l ik AR S (v, AR,
HH(&E37], HAr], 7], 28ar] ) AT 0%E Adsten 2agh
A DudtS o8-8t 99.9% A 9% WA S BEste] AlAlsHYTh
O ¥ EE AR FUREZE ALEH = A5l tish nAEE 999% A&
A WAV F5FAAHEE AR 2y, AR, RAE, S/ S5 " zole
AR, T M= 0.57~9.00kGy 2 VERSLTE
O @Y ARl U@ Wad Vel ANT AE Aw 5o JE R F4, 9
(25 9] ARe] Wy B A A AEelA AT e WEETe] gk,
AR FEA T 7122 10kGy olstel TFEE AL FAT 5 AATH
F 2-4-41 MAEE AT S A7 PAN FEAG
o 2717 A 317] Sarr] LI ok17) o] B
Abmd gl 1.17 1.71 - - - - 1.62
HdAd OB 1.23 1.95 0.87 - 2.79 - 1.23
kT A e 1.86 2.28 1.44 - - - 1.83
2] 2~H| gl o}
| Aol 1.92 1.98 1.74 1.41 - - 1.89
o} | v Bl 2 AlE -2 - 0.87 3.90 - - - 2.85
A 57_
| F22EFYE
. - 8.40 9.00 - - - 8.70
733 2uke A FY 0.60 - 0.99 - - - 0.72
YA Yo}
N e =2 ] 7} - 2.58 - - - - 2.58
w2nlo]d ~ - - - - - 5.85 5.85
2AFm ol g} 0.96 1.35 - - - - 1.32
HAA oA+ 1.23 1.26 0.93 - - - 1.23
K 1.50 - - - - - 1.50
2] 2~H g o}
ol Apo) A 2= 1.38 1.29 1.35 - - - 1.32
PR RPN EUN i i i i i i
A oy
| FE2EHUR
. 0.60 - 9.42 - - - 4.65
7y =Hke AllFY - 0.57 - - - - 0.57
oJYAYo}
AdE 2= E T} B B - - - - 2.58
T2 nlo)g A - - - - - R -
182 _ BIYSE Atz o] s giok O A4t




2) M EE AAAEC A A ZAPTHY ©E fEAE BAT &3 AF

7 A B

O WEEAS T3l 1xA8 o2 =59 vesE AR FA5Q0 ASd it
el Mo Aol Had A48 FoATE ASs] fste] FAHAG

O ol& #3l, A& A A& vAER] Ecoli®t &4 W sEAIE U 249 =7}
=& Salmonella enteritis, WA EA F Ao 2 WA Ao 5L Badllus cereus,
25 T #E W A5 Staphylococcus areus, Listeria monocytogenes®l 3]
WA ZARA e & mA =T W3t 2AREA T

) AE B

O FA #F

Aol AFE3 A EL Badllus cereus ATCC 14579), E. colil ATCC 35150),
Listeria monocytogenes ATCC 15313), Salmonella typhimurium(ATCC  19585),
Staphyolcoccus — aureus ATCC ~ 13565) 2.2  ATCC(American Type Culture
Collection) =2 oA ¢S o} o] &3t

3 2-4-42. 3N HFF AR

n| A& TTFHE Hl 31
Bacillus cereus ATCC 14579 https:/ /www.atcc.org/products /14579
E.coli ATCC 35150 https:/ /www.atcc.org/products /35150
Listaia nnacytogenes ATCC 15313 https:/ /www.atcc.org/products /15313
Salmonella typhimurium ATCC 19585 https:/ /www.atcc.org/products /19585
Staphylococcus areus ATCC 13565 https:/ /www.atcc.org/products /13565
O NEYAEH
- AR ESS 2R E), HALZN(FA), Fa71(7Es), Lare)E AlSolA
T8t AA A S AAsEL APl o] &5
L SBAI)E olgale] Balsky, BAST A nE Wkl EdE 2% )

HAE 7} 6.50~8.50 logl0 cfu/g F%°] =A 3T
N Eo] 459 E48S 5Y SHo 7 =31 A8 AFIAVE o] 83}
(@)

ME 2SS sto] WA ZAF A7R] 4.0C WA BA59 )

2y

e}

Eaok1 e (k) 9 EEBtech(AAM) A 218 245 3l Soll A =4
AP E sFFon, ZAFS 0, 1.0. 2.0, 3.0, 4.0 =& 5.0kGyE 3} o}

ok AYE PCos AHESIE oM, HMAE 10MeV A MR 7S o] 8313t
2ok z2AFEC] AZFE 1~10kGy o2 AR ol ZAZke] &85 o] =glo]

obo] 22 ol g3ke] 0~4TE FAFHLH.
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3 2-4-43. AE AP

AR " AE ZA FHKGy)
Bacillus cereus 0 0.5 1.0 15 20 3.0 5.0
E.coli 0 0.5 1.0 15 2.0 3.0 5.0
Zhvkad
(0~4C) Listeria monocytogenes 0 0.5 1.0 15 2.0 3.0 5.0
Salmonella typhimurium 0 0.5 1.0 15 2.0 3.0 5.0
Staphylococcus areus 0 0.5 1.0 1.5 2.0 3.0 5.0
Bacillus cereus 0 0.5 1.0 15 20 3.0 5.0
QA E.coli 0 0.5 1.0 15 2.0 3.0 5.0
(0~4C) Listeria monocytogenes 0 0.5 1.0 1.5 2.0 3.0 5.0
Salmonella typhimurium 0 0.5 1.0 15 20 3.0 5.0
Staphylococcus areus 0 0.5 1.0 15 2.0 3.0 5.0
) 2ALE % P
O mAEo] AFsta /ME WFZAE =l Arpd == A0S 44 00,
1.0. 2.0, 3.0, 40 T 5.0kGy FFo2 ZASIA AHFFE S TH
- S U Ao AFESAC 2AE e ARSSE] Al 25g3 0.1% peptone
water (PW) 250 mL& A#Z&9(1930F, 3M, Saint Paul, MN, USA)e] o}

stomacher (WH4000-2751-9, 3M, Saint Paul, MN, USA)E 1%z} 23t
43 oA 0.1% PWE 199 vl &2 ZA 38L& 7tA] 4234 HS
o]-&ste] FF iAo ImL #5313 st wpd e 2~ AE-¢22e 30T A,
A, g zHgol, Awndel 3 T8 37C A incubator(WSC-2610,
ATTO, Tokyo, Japan)Z 24A]7+E<k wj ksl o). HEd
colony forming unit (Log CFU/@) 2.2 4F&3}% .

— g}
- =

i T AR

- 370

o] % nAlE &

O 4719k 22 AFE Ad £ 83t 4 F7E A 0%E sk 4o
AP RRD Dyt oFell 41& o] &3t AF=3stith
g = AY Ny~ N
'"AX D,-D
1
D,, value = — —
10 B]
AY = Aol W3
AX = WA zAbEel Ws)
No = Z7] A AR A o] A
N = HZ TAA zAEFAA ] AFES
D, = &7] WA 2AE
D = HZF WA =AE
184 _ BitisE Afm QRHEe| et Yot O G+t



) BA B4
O SAS Proc GLM procedureE ©]-&3l 1-way ANOVAE &3l EA3tAth. H+
ZF tF Hlal= Duncan’s multiple range-testS ©]-83lo] P<0.0591A4 F24 &
A4 st
O 3+ Orthogonal polynomial contrasts testE ©]-&3t AtE W FdL FF9
2 A4 &I (Linear effect) ¥ 344 &7 Quadratic effect)E HA3IATH
mh Fa A
D Zukd zAb) whe fadE DAk 2w AF
O #vbd zAZES We fAAT 55 U §FE AFFE 2AG Ae
& 0-0-000 AAT whsh gov], fAHMTE L FHE Fole Yot =AY
1.0~3.0kGyoll A =5 AFE3A o
¥ 2-4-44. ZopA AR EE A v (Log CFU/g)
= P ZA FHKGy)
0 1 2 3 4 5
A7) Za317]  |7.25+0.345|4.2340.07°| 1.00+0.12° ND ND
walE 2 Ao | BARI | HAIY] |7.68+0.1674.33+0.19°| 1.00+£0.12°]  ND ND
(Bacillus cereus) g7 | "] |7.53+0.22%[4.37+0.05°[1.00+0.28°|  ND ND
28ar] | 8ar] |7.62+0.12%|4.89+0.05°| 1.00+0.21° ND ND
&a17] |7.55+0.19%2.46£0.15°|  ND ND ND ND
- A7) [7.31+0.123.23+0.15 ND ND ND ND
(E.coli) $17] [7.23+0.10°217+0.15°|  ND ND ND ND
22a17] |7.44+0.15%|2.15+0.15° ND ND ND ND
4117] 7.5240.16*|4.69+0.14°| 2.00+0.50° ND ND ND
gl Hglo} mAlolEAls | ALY | 7.42+0.15%|4.74+0.08"| 2.00+0.19¢ ND ND ND
(Listeria mmacytogenes) ga7] | 7.84%0.07%|5.57+0.09° | 2.00+0.23° ND ND ND
2317 [7.56+0.08%5.57+0.16" [ 2.00+0.13° ND ND ND
Za317] |7.54+0.15%|5.06+0.18" | 2.00+0.17° ND ND ND
gmugh go) o Ba)e | WAL |7.55+0.16°|4.95+0.08°| L00+£0.30°|  ND ND ND
(Salmonella typhinurium) | gt517) |7.8340.13¢5.90+0.19°| 2.00+£0.23°|  ND ND ND
2317 |7.45+0.23%(5.21+0.12"|2.00+0.07° ND ND ND
Za17] |7.8840.14%|5.23+0.07° | 1.00+0.12¢ ND ND ND
AT C AT A 317] |7.71+0.26%|4.33+0.19" | 1.00+£0.12° ND ND ND
(Staphylococcus areus) | gt317] | 7.85+0.12°|5.37+0.05°| 2.00+0.28°|  ND ND ND
2 #a17] |7.78+0.12% [4.89+0.05" [ 1.00+0.21° ND ND ND
All values are mean=SD.
*“Mean in the same row with different letters are significantly different(z<0.05).
H2E S-UHE e 2 Zak _ 185



ggste] At 90% st 2o

AR A5 WE Fol
z SAwe ST,
]_

=

A5 Dip#td 99.9% Aol Za ]

- ek Dyt i 041kGy, 222 B A EAY 2 0.58kGy, AR}
Ebo] 9 2] % 0.58kGy, FAEZEATH 057kGy = A= Yt

- 999% At BoF AR FFAFL T 1.24kGy, El2H Eo} RiAlolE
Al 2 1.74kGy, et Bold {8 s 1.74kGy, FMEEAT 1.77kGy =
AHEE A

i
ol

o

o M

3t 2-4-45. R0 HFE vA=E Akl Ddk Pl

o D1yh(kGy)
A&
4317] HA]317] 217 kg 7
HlAl & 2 X o >
reE 2 AP 0.65 0.59 0.87 0.70 0.70
(Bacillus cereus)
= sy
(E.coli) 0.45 0.55 0.32 0.33 0.41
g2Egjo} iAo EAl
(Listaria , ) 0.61 0.63 0.53 0.55 0.58
drde} goluweE
(Salmonella typhimurium 0.64 0.65 0.58 0.45 0.58
G ATt
(Staphylococcus areus) 0.62 0.75 049 0.50 0.57

3 2-4-46. PAAEE 99.9% Aol a3 FAvpd S E vl

e 99.9% Aol a3t F54F(KGy)
b 2717) A 3] g37] oga] -
EISEA PN SN
}éajﬂ/us Lele;) 1.95 177 2.61 2.10 211
Fat
(Eff)h) 135 1.65 0.96 0.99 1.24
Eejo} wiAlo EAM A
‘ﬂ ( [1;27: el M; 1.83 1.89 1.59 1.65 174
A EL—]E] ol st )
(Sflmi Z;,leij@ 1.92 1.95 174 135 174
K e e
(Stam}wx;jar%) 1.86 2.25 147 1.50 1.77

O AmH EAZES] ME FAARE 5Fo) WP KFE WFFE 2T ARE
E 243600 ANT vt Bowl, FHAF L KHE Aol ok, BANY

1.0~3.0kGy°ll A BF AFESS T



¥ 2-4-47. AR AL EE A vl (Log CFU/g)
. AE 2 A F(Gy)
0 1 2 3 4 5
Z117) |7.784+0.14%4.23+0.07°|1.00+£0.12°|  ND ND ND
mhale o Ag e | AT | 7.7520.26°|4.15+0.19° 1.00£0.12°)  ND ND ND
(Bacillus cereus) | gr317] |7.7540.12°[4.37+0.05°|2.00£0.28°|  ND ND ND
$2|317] |7.78+0.12°|4.8940.05°| 1.00+£0.21°|  ND ND ND
417] 6.65+0.29%(3.46+0.15°|  ND ND ND ND
A 317) |7.4140.22°|  ND ND ND ND ND
15 B
(E.coli) 3] [7.75+0.10°| ND ND ND ND ND
$237] |7.72+0.16°| ND ND ND ND ND
2317) |7.02+0.06°|4.69+0.14°(2.00+0.50°|  ND ND ND
cEllol TeAlolsas| FAT7] | 7.02+0.05°|4.74+008°| 20040197 ND ND ND
(Listeria monaytogene) | er517] |8.21+0.072|5.57+£0.09°|2.0040.23°|  ND ND ND
©2)77] |7.28+0.18%|5.57+0.16"| 2.00+0.13°|  ND ND ND
237 |7.6940.35°|5.06+0.18°| 1.00+0.17°|  ND ND ND
A ElojmHale | HALY 843006 |4.95+0.08" 100+0.30°)  ND ND ND
(Salmonella typhimuriun) | gr4171 |8 .83+0.03°|5.90+0.19°| 2.00+0.23 | ND ND ND
22317 |8.45+0.13*5.21+0.12°{2.00+0.07°|  ND ND ND
217) |7.2840.34°|5.23+0.07°| 1.00+0.12°|  ND ND ND
gugegmg | WA | 771016 433+019°| 1.00+0.12°)  ND ND ND
(Stapfylococcus areus) | er517) | 74240320 |5.37+£0.05°| 1.00+£0.28°|  ND ND ND
$2|37] |7.42+0.32°|4.8940.05°| 1.00+£0.21°|  ND ND ND

All values are mean=+SD.

““Mean in the same row with different letters are significantly different(z<0.05).

©)

2

A4

17
O+

ZAIFE Ade i3 FolE B8t A 0% ddst=H 2.
AT Dot 99.9% Aol 223 FeAddes AEsth

3

-

- A Ddk2 AT 0.18kGy, el&Elg]ot R Alo] EAIV 2~ 0.45kGy, ARyt
Elo] ¥ H-2 & 0.33kGy, FMEEATH 042kGyE AHEE QT

- 999% Atoll Bad HAAN FHAHE T 054kGy, Bl ZE g0} BirAlol&E
Al 2~ 1.35kGy, dxde}t eoldfelE 099Gy, FHEZEdT+ 1.26kGy =
A= E AT

M2y GV LE 3 A



F 2-4-48. 570l HFSE vAEE FAA] Ddk Bl

) Ay B Dio#t(kGy)
Aa17] R 217] 7] Qa1 yF
HpA 2 2~ Al -2
}( Balﬂus ]Cele;) 0.63 0.61 0.67 0.70 0.68
o &
(E.coli 0.32 0.14 0.13 0.13 0.18
~Felo} Ao AN
ﬂ ( alqu: il ]L; 0.43 0.40 0.38 0.58 0.45
}é—EI_L—]E] ol 3 = o)
(Sdnmz}]aiqufjgm?wg 0.38 0.29 0.34 0.31 0.33
FAE=ATH
(Staphylococcus areus 0.49 0.30 0.49 0.40 042
3 2-4-49. WA EE 99.9% Atol g F4AE v
oA g 99.9% Ahetell a3t F54FH(KGy)
= 23171 5] g7 oo 1] a7
a2 2~ Al g2~
}(Baji]]us ]Cﬂ]'e—'u_s) 1.89 1.83 2.01 2.10 2.03
o
(E.coli) 0.96 0.42 0.39 0.39 0.54
P B NEA N E PN
‘ﬂ ( lzl;jz; tel TL? 1.29 1.20 1.14 1.74 1.35
EEEENEEERE:
(Saznmez Z}ﬂljjmﬂn;ﬁ 114 0.87 1.02 0.93 0.99
FALE YT
(Staphylocaccus areus 147 0.90 147 1.20 126
A A3 89
O "AF9 7I& % 74, oA A5 2 I 7hEFeA dgsta e
Ao Atz FUARS dESe Tl 74U 74 =2 HAE 5,
-, 2ol RirAlo| BEA 2, ST eATHE, vhael s AlEg2)d 9
ek BARA S (A, AdAbd) 2 2AR ] whel Bak B3E vla 2ARKIT
O WA, HIAE, £F TR wt Aole dled, 1 W= 054~2.03kGy 2
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kl

3) WEEE AR T FAH AP BE ZFAZZAA Hloje 2
2gs 53 4%
M AY =A

O

_

o7} o) 2} :(H5N1®) ol <)@ 1oko

1eo] YAAE ) WHUY 2RAFT
2ol HER(F D] 5) AEA 2T

o

I}

HAF AFLE QI3 WMEFE A A
Q1EZZalA} upolg 29 Hal Faio

O WY WATE YHAE 5 FEY @MU PN 24 AR dude
5 f8 AF Bl FHE T 9] Mo 2RAFTTAR ol 2ol B
WA 24 He] 7% sgol Bast

O wed, B AGAME Aol WIs AN AFHel Ee 2F ABTAR
holei ol Olg WA 2 Ae W B A1 AR e e SaEct

b AE P
O FA whol#) 2

- ATCC(American Type Culture Collection) SH=A| - oA A ZFAZFAA

Hho] 2] ~(H5N3) & £ ot o] &3kl

AT FAZL B 194 ZRAZTZAA vlol B 2HEN)o Y, 1H YUY 27
EFAA welB2HEND) o, T2 A 2 fAe] Sl AMYd 2R
Z =9

=FAL vl A(HEN3) = tiAst] ST
F EFAEFAA ol as AR JIESFAA|H AR HholE 2 Rl EA)
e 74 B4 wel HI~HIeZkA EAske, 23 ohald S0 e}
NI~-NOZ otg& FEsh=dl, ddotd2 w9 wal Wol7l gA dojvtar 7
olgd B A=l Aol= e F dou, dHHA 7= 5

He
YA 2ol WE BAF T3} wlae] AF oldx TR "at

N

SARR=)

T
g3
0

AoZE HyuFEI Ao}
AAZ HAA uAE FaF G438 A4 S L FEHILE 98 HYA
AE 2 olgdlz FESIY MEHoZ FHAF S AASHA ¥ AxAaY
NBRAHA(CEEZAAGER T4 A2018-163)0) we}, MeHdozm ZFAZTZFqA}
o] 22 AFL AAXsty TZH o7 =283 Q)

NPUERE 2817 AZoIA TYste Adol o] g3t
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A& st om, ZAMFE 0, 5 10, 20, 30, 40 T+ 50kGyE 34 th.

- Zupd dhe PCoE AREEHOH, AL 10MeV HAA7HE7]E o8-8k

- ok AR E O] AZMY 1~10kGy o2 AR Eloll AAZko] 485 o] Eglol
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O SAS Proc GLM procedureE ©]-8&3l 1-way ANOVAE &3l EA3tAth. H
' ©% Blial+ Duncan’s multiple range-testE ©]-&3t P<0.05°A4 o4&
7788kt

O 3 Orthogonal polynomial contrasts testE ©]-8&3t] ALS W FY4& FFol
W2 2412 G3(Linear effect) ¥ F412 &3 (Quadratic effect) S A4 33T
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3 2-4-50. YA ZAPA ] 2 2R/ JAEFAA vlo]E 2 7S HlAL (Logi ElDsy/g)

2 2k
BANE | R =A TGy
0 5 10 20 30 40 50
S$a7] 413 3.22 0.78 NT NT NT NT
Zropd
L8] 4727 3.39 0.84 NT NT NT NT
a7 5.32 3.14 1.78 NT NT NT NT
A=A
L2 2ar| 5.28 3.21 1.62 NT NT NT NT

All values are mean=SD.
“Mean in the same row with different letters are significantly different(z<0.05).
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2l 782 PRISMA(Preferred Reporting Items for Systematic
Reviews and Meta-Analysis)oll AAE AAZ £ 123 B x| wz}
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o
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AR B, AT IES vEA AASH AIE FE ®3E o) FAEA
FEFS FAA FEF AASFROH, WA A 99 FIHAR] AUt A=
A o8 ¥ERE 7EFAY
- A7 DB AAS H3 AAE, ERAE, =BAE, YA AF, A E,
25 F7/, 2F=(pH), SA(CIE L, a, b), AW2to =(TBARS), @A W%
(VBN) & 7t Rbg¥ed EEHaHEs ), e 9 A3V 55
F=3HATh
o BA &4

L &R oy Fob 7k A WEe] A7

R-software(R core Team, 2023)E ©|&3to] WElEAlS F335IAT
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Identification of studies via databases and registers

Identification

Records identified from™*:
Scopus (n = 1058)
pubMed (1 = 348)
WebOfScience (1 = 555)
Through reference (n = 12)

Total (n = 1973)

Records removed before screening:
Duplicate records removed

(n =904)

Records screened (i1 = 1069)

Screening

Articles excluded on basis of title and/or abstract (n = 884)
Out of purpose: 840
Inaccessible: 19
Literature other than journal articles: 11

Review paper: 14

Records screened (n = 185)

Reports excluded:
Absence of gamma irradiation (n = 65)
Absence of parameters of meat quality (n = 66)
Absence of factors of interests (n=13)

Absence of parameters and factors of interests (1 = 6)

Records screened (n = 35)

]

¥ ¥

Included

—

Records included for pH
(n=10)

Records included for Hunter color

(n=14)

Records included for TBARS
(n=19)
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Identification of studies via databases and registers

Identification

Records identified from*:
Scopus (1= 1058)
pubMed (n = 348)
WebOfScience (n = 555)
Through reference (n = 12)

Total (n = 1973)

Records removed before screening:
Duplicate records removed

(n=904)

Records screened (n = 1069)

Secreening

Articles excluded on basis of title and/or abstract (n = 884)
Out of purpose: 840
Inaccessible: 19
Literature other than journal articles: 11

Review paper: 14

Records screened (n = 185)

Reports excluded:
Absence of electron beam irradiation (n = 136)
Absence of parameters of meat quality (n = 21)
Absence of factors of interests (n=4)

Absence of parameters and factors of’ interests (n = 3)

Records screened (n=21)

¥

v ¥

Included

Records included for pH
(n=19)

Records included for Hunter color

(n=17)

Records included for TBARS
(n=11)

Y 2-4-28. HAAA ZAbo] ok PRISMA &8 A A &
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=
5 SIS = = = 1 S 15
P A% AN EFHIY] 95% AFHFRE p-#X -2k
AFE(pH) 13 -0.08 [-0.59, 0.42] 0.747
A7) 6 -0.54 [-1.31, 0.23] 0.167
H A 217] 4 -0.27 [-1.10, 0.57] 0.530 0.026
Sar7| 1.36 [0.18, 2.53] 0.024
™ = (CIE L*) 34 -0.03 [-0.35, 0.29] 0.850
A7) 14 -0.08 [-0.59, 0.42] 0.744
2] a17] 15 0.07 [-0.41, 0.56] 0.762 0.840
a7 5 -0.17 [-0.92, 0.59] 0.666
HMZ(CIE a) 28 0.32 [-0.05, 0.68] 0.086
A7) 14 0.00 [-0.51, 0.50] 0.985
A a17] 9 0.95 [0.27, 1.62] 0.006 0.086
a7 5 0.26 [-0.59, 1.11] 0.548
A S (CIE b*) 30 -0.47 [-0.81, -0.12] 0.008
A317] 14 -0.49 [-0.98, 0.00] 0.049
H R 317 11 -0.25 [-0.86, 0.36] 0.416 0.603
Sa7] 5 -0.77 [-1.58, 0.04] 0.062
A ¥pAkg) & (TBARS) 34 0.97 [0.62, 1.33] <0.001
Aa17) 17 1.48 [0.88, 2.08] <0.001
H A 217] 2 1.27 [0.17, 1.10] 0.077 0.086
a7l 15 0.63 [-0.14, 2.68] 0.008
Standardised Mean
Author Irradiation (kGy) Difference SMD 95%-Cl Weight
Rodrigues et al. 2022 [1] 3.00 —ig— 058 [-0.86;2.02] 125%
Cap et al. 2020 [1] 0.50 —a— -2.39  [-5.09; 0.31] 3.5%
Cap et al. 2020 [2] 2.00 _—s——1 -2.82 [-5.83;0.20] 2.8%
Ayari et al. 2016 [1] 2.00 —— -1.60 [-3.75; 0.56] 5.5%
Mohamed et al. 2016 [1] 3.00 —E— -0.25 [-1.87; 1.36] 9.9%
Mohamed et al. 2016 [2] 7.00 —E -0.33 [-1.95; 1.30] 9.8%
Bénéva et :;I.:éf)éT 1 0.00 —8— -1.10  [-2.98; 0.79) 7.3%
Benova et al. 2021 [1] 0.00 -0.25 [-1.87;1.37] 9.9%
Kim et al. 2020 [1] 10.00 -0.07 [-1.67;1.53] 10.1%
Kim et al. 2020 [1] 10.00 012 [-148;1.73] 10.0%
le;s-:sahzédeh e;.a.l..201? 1 2.50 e B g 1.60 [-0.56; 3.75] 5.5%
Hassanzadeh et al. 2017 [1] 2.50 88— 1.60 [-0.56; 3.75] 5.5%
Hassanzadeh et al. 2017 [1] 2.50 —+8— 1.01 [-0.83; 2.85] 7.6%
Random effects model <> -0.08 [-0.59; 0.42] 100.0%
Residual heterogeneity: 1% = 0%, t*= 0, p = 0.56 ! J ! ‘ !
Test for overall effect: p=0.75 -4 2 0 2 4

Test for subgroup differences: p =0.03

19 2-4-29. oA ZAF &7/ pHOl A= 9
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Author

Asghar et al. 2023 [1]
Asghar et al. 2023 [2]
Asghar et al. 2023 [1]
Asghar et al. 2023 [2]
Asghar et al. 2023 [1]
Asghar et al. 2023 [2]
Asghar et al. 2023 [1]
Asghar et al. 2023 [2]
Cap et al. 2020 [1]

Cap et al. 2020 [2]

Ayari et al. 2016 [1]
Waje et al. 2008 [1]
Waje et al. 2008 [2]
Waje et al. 2008 [3]
Rando effects mode

Benova et al. 2021 [1]
Benova et al. 2021 [1]
Hu et al. 2021 [1]
Kim et al. 2020 [1]
Kim et al. 2020 [1]
Sinanoglou et al. 2009 [1]
Sinanoglou et al. 2009 [2]
Sinanoglou et al. 2009 [3]
Song et al. 2009 [1]
Song et al. 2009 [2]
Song et al. 2009 [3]
Song et al. 2009 [4]
Waje et al. 2008 [1]
Waje et al. 2008 [2]

aje et al. 2008 [3]
Random effects mode

Brito et al. 2011 [1]
Brito et al. 2011 [2]
Waje et al. 2008 [1]

De Azevedo Gomes et al. 2003 [1]
De Azevedo Gomes et al. 2003 [2]

Random e

Random effects model

Irradiation (kGy)

2.50
5.00
2.50
5.00
2.50
5.00
2.50
5.00
0.50
2.00
2.00
5.00
0.00
5.00

0.00
0.00
2.00
10.00
10.00
1.00
2.50
4.70
5.00
10.00
15.00
20.00
5.00
0.00
5.00

0.32
4.04
5.00
3.00

Residual heterogeneity: 17 =21%, ©° < 0.01, p =014

Test for overall effect: p =0.85
Test for subgroup differences: p = 0.84

a9 2-4-21. ZruapA

ZA7F

Standardised Mean
Difference

:

L éﬁﬁ%

—
——
—f—
&>
4
1
-5 0 5

% WZ(CIE LYl "A& 4

SMD

-0.25
-0.74
-0.05
-0.16
-1.49
-1.40
-0.27
-0.98
0.65
0.12
4.84
0.34
3.25
4.13

-0.89
-0.35
-0.26
-1.74
-0.63
-0.60
-0.79
-0.36
0.53
0.98
2.64
3.96
0.76
1.72
1.66

-0.20

0.22
-0.86
-0.79
0.67

-0.03

A2y S WE

95%-Cl

[-1.87; 1.38]
[-2.47; 1.00]
[-1.65; 1.55]
[-1.77; 1.45)
[-3.58; 0.61]
[-3.45; 0.64]
[-1.88; 1.35]
[-2.81; 0.85]
[-1.05; 2.386]
[-1.48; 1.73]
[0.16; 9.51]
1.29; 1.97]
0.11; 6.60)
0.05; 8.20]

&
[
[

[-2.69; 0.90]
[-1.99; 1.28]
[-1.88; 1.35)
[-3.99; 0.51]
[-2.33; 1.07]
[-2.29; 1.09]
[-2.54; 0.97]
[-1.99; 1.27]
[-1.14; 2.20]
[-0.85; 2.81]
[-0.24; 5.51]
[ 0.03; 7.90]
[-0.99; 2.50]
[-0.52; 3.95)
[-0.54; 3.86)
I 41 ).56]

[-0.35; 0.29]

&F

Weight

3.9%
3.3%
3.9%
3.9%
2.3%
2.4%
3.8%
3.0%
3.5%
3.9%
0.5%
3.8%
0.9%

6%

100.0%

=]
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Author

Asghar et al.
Asghar et al.
Asghar et al.
Asghar et al.
Asghar et al.
Asghar et al.
Asghar et al. 2023 [1]
Asghar et al. 2023 [2]
Cap et al. 2020 [1]
Cap et al. 2020 [2]
Ayari et al. 2016 [1]
Waije et al. 2008 [1]
Waije et al. 2008 [2]
Waije et al. 2008 [3]

2023 [1]
2023 [2]
2023 [1]
2023 [2]
2023 [1]
2023 [2]

Hu et al. 2021 [1]

Kim et al. 2020 [1]

Kim et al. 2020 [1]
Sinanoglou et al. 2009 [1]
Sinanoglou et al. 2009 [2]
Sinanoglou et al. 2009 [3]
Waje et al. 2008 [1]

Waije et al. 2008 [2]

Waje et al. 2008 [3]

X 10¢

Brito et al. 2011 [1]
Brito et al. 2011 [2]
Waje et al. 2008 [1]

Irradiation (kGy)

De Azevedo Gomes et al. 2003 [1]

De Azevedo G

Random effects model

mes et al. 2003 [2]

2.50
5.00
2.50
5.00
2.50
5.00
2.50
5.00
0.50
2.00
2.00
5.00
0.00
5.00

2.00
10.00
10.00

1.00

2.50
4.70

5.00

0.00

5.00

0.32
4.04
5.00
3.00
4.00

Residual heterogeneity: /2 = 23%, ©° <0.01, p =0.14

Test for overall effect: p = 0.09

Test for subgroup differences: p = 0.09

O 2-4-22. Zepd 24P}

HIZES AR QRN

‘_Er

-10 -5

[e]
Ay z

Standardised Mean
Difference

:

’[Fq]%"

o
()]

10

0.84
-0.14
0.27
1.35
3.39
5.59
2.02
0.77
1.50

0.32

95%-Cl

[-1.32; 1.92]
[-1.02; 2.42]
[-1.24; 2.04]
[-1.26; 2.02]
[-2.44; 1.01]
[-3.69; 0.58]
[-1.73; 1.48]
[-2.86; 0.83]
[-3.62; 0.60]
[-2.27; 1.10]
[0.28; 11.03]
[-0.44; 4.33]
[-1.67; 1.53]
[-0.17; 6.10]

[-0.93;
[-1.74;
[-1.35;
[-0.66; 3.37]
[-0.08; 6.86]
[0.27; 10.91]
[-0.41; 4.45]
[-0.98; 2.51]
[-0.60; 3.60]

2.61]
1.47]
1.88]

[-2.56;
[-2.66;
[-0.33;
[-0.98;
[-0.78;
[-0.59;

0.96]
0.91]
4.92]
2.50]
3.02]

[-0.05; 0.68]

Weight

5.0%
4.5%
4.9%
4.9%
4.4%
2.9%
5.1%
3.9%
3.0%
4.7%
0.5%
2.3%
5.2%
1.4%

4.2%
5.1%
5.1%
3.3%
1.1%
0.5%
2.2%
4.4%
3.0%

4.3%
4.2%
1.9%
4.4%
3.7%

100.0%

HAZ(CIE a9 X E P



Author

Asghar et al. 2023 [1]
Asghar et al. 2023 [2]
Asghar et al. 2023 [1]
Asghar et al. 2023 [2]
Asghar et al. 2023 [1]
Asghar et al. 2023 [2]
Asghar et al. 2023 [1]
Asghar et al. 2023 [2]
Cap et al. 2020 [1]
Cap et al. 2020 [2]
Ayari et al. 2016 [1]
Waije et al. 2008 [1]
Waje et al. 2008 [2]
Waije et al. 2008 [3]
% 1aom e’ S olsl:

Benova et al. 2021 [1]
Benova et al. 2021 [1]

Hu et al. 2021 [1]

Kim et al. 2020 [1]

Kim et al. 2020 [1]
Sinanoglou et al. 2009 [1]
Sinanoglou et al. 2009 [2]
Sinanoglou et al. 2009 [3]
Waje et al. 2008 [1]

Waje et al. 2008 [2]

Waije et al. 2008 [3]

Brito et al. 2011 [1]
Brito et al. 2011 [2]
Waije et al. 2008 [1]

De Azevedo Gomes et al. 2003 [1]
De Azevedo Gomes et al. 2003 [2]

Random effects model

Irradiation (kGy)

2.50
5.00
2.50
5.00
2.50
5.00
2.50
5.00
0.50
2.00
2.00
5.00
0.00
5.00

0.00
0.00
2.00
10.00
10.00
1.00
2.50
4.70
5.00

5.00

0.32
4.04
5.00
3.00
4.00

Residual heterogeneity: /2 = 14%, 1 < 0.01, p = 0.25

Test for overall effect: p < 0.01
Test for subgroup differences: p = 0.60

198 2-4-23. ZFulA ZA7}

Standardised Mean
Difference SMD

=
— &
L
0.37
§ 0.12
-0.60
—B+

: -1.78
—&i -1.66
-0.32
1.80
7.39
-1.86
1.10
2.71

-0.81
-0.55
-2.33
-0.61
-0.48

-0.47

of

A2y S WE

95%-Cl

[-1.74; 1.47]
[-0.37; 4.88]
[-1.79; 1.43]
[-2.30; 1.09]
[-1.64; 1.56]
[-3.83; 0.54]
[-1.65; 1.55]
[-2.84; 0.84]
[-2.16; 1.16]
[-2.67; 0.91]
[-1.89; 1.35]
[-2.36; 1.05]
[7.23; 0.04]
[-4.84; 0.35]

[-1.27; 2.00]
[-1.48; 1.73]
[-2.29; 1.09]
[-4.05; 0.50]
[-3.86; 0.54]
[-1.94; 1.31]
[-0.49; 4.00]
[ 0.49; 14.30]
[-4.19; 0.47]
[-0.79; 2.98]
[-5.64; 0.23]

[-2.57; 0.95]
[2.23; 1.12]
[-4.98; 0.32]
[-2.30; 1.08]
[-2.14; 1.18]

[-0.81; -0.12]

AT (CIE b¥)oll mA+= F&

Weight

4.6%
1.9%
4.6%
4.2%
4.6%
2.5%
4.6%
3.5%
4.3%
3.7%
4.5%
4.1%
0.9%
1.8%

4.4%
4.6%
4.2%
2.3%
2.5%
4.5%
2.3%
0.2%
2.2%
3.3%
1.4%

3.8%
4.2%
1.7%
4.1%
4.3%

100.0%

m]
3z

b
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Author

Asghar et al.
Asghar et al.
Asghar et al.
Asghar et al.

Asghar et al.
Asghar et al.
Asghar et al.
Asghar et al.

2023 [1]
2023 [2]
2023 [1]
2023 [2]
2023 [1]
2023 [2]
2023 [1]
2023 [2]

Irradiation (kGy)

Cap et al. 2020 [1]
Cap et al. 2020 [2]
Dini et al. 2020 [1]
Dini et al. 2020 [1]
Dini et al. 2020 [1]
Ayari et al. 2016 [1]
Lacroix et al. 2004 [1]
Lacroix et al. 2004 [1]

Lacroix et al. 2004 [1]

cts mode

Sadiq et al.
Sadiq et al.
Sadig et al.
Sadig et al.
Sadiq et al.

T
2023 [1]
2023 [1]
2023 [1]
2023 [1]
2023 [1]

Sadiq et al. 2023 [1]

Bhoir et al. 2019 [1]

Bhoir et al. 2019 [1]

Hassanzadeh et al. 2017 [1]
Hassanzadeh et al. 2017 [1]
Hassanzadeh et al. 2017 [1]
Gomes et al. 2006 [1]

Gomes et al. 2006 [2]

De Azevedo Gomes et al. 2003 [1]
De Azevedo Gomes et al. 2003 [2]

Cheng et al. 2011 [1]
Cheng et al. 2011 [2]

Random effects model

Residual heterogeneity: 12 = 10%, <001, p =0.30

Test for overall effect: p <0.01
Test for subgroup differences: p = 0.09

9 2-4-24. 7Fv}A
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2.50
5.00
2.50
5.00
2.50
5.00
2.50
5.00
0.50
2.00
2.50
2.50
2.50
2.00
2.00
2.00
2.00

2.00
2.00
2.00
2.00
2.00
2.00
5.00
5.00
2.50
2.50
2.50
3.00
4.00
3.00
4.00

5.00
10.00

Standardised Mean
Difference

y

P

Tirie

n

SMD

0.94
4.39
-0.31
2.50
2.14
3.83
0.50
1.81

95%-CI

[-0.87; 2.75]
[0.09; 8.68]
[-1.94; 1.31]
[-0.28; 5.27]

4.76
4.74
1.30
4.93
8.06
6.07
2.60
0.95

1.19

1.25
2.52
1.60
1.60
1.99
1.60
0.00
-0.07
0.34
1.37
2.41
0.20
-0.05
0.20
-0.05

6

.
@D O
kO

0.97

[-0.38;
[ 0.00;
[-1.16;
[-0.49;
[0.15;
[0.15;
[-0.69;
[0.18;
[0.57;
[0.33;
[-0.25;
[-0.87;
[-0.74;
[0.88;

[-0.71;
[-0.27;
[-0.56;
[-0.56;
[-0.42;
[-0.56;
[-1.39;
[-1.46;
[-1.29;
[-0.66;
[-0.30;
[-1.41;
[-1.65;
[-1.41;
[-1.65;

[-0.84;

[-0.54;

[ 0.62;

4.66]
7.66]
2.17]
4.10]
9.37]
9.33]
3.28]
9.69]

15.54]
11.80]

5.45]
2.77]
3.11]

3.21]
5.32]
3.75]
3.75]
4.41]
3.75]
1.39]
1.31]
1.97]
3.39]
5.12]
1.81]
1.55]
1.81]
1.55]

2.85]
3.83]

1.33]

Weight

3.9%
0.7%
4.8%
1.7%
2.0%
0.9%
4.6%
2.4%
0.6%
0.6%
3.2%
0.6%
0.2%
0.4%
1.6%
3.9%
3.4%

3.3%
1.6%
2.7%
2.7%
2.2%
2.7%
6.6%
6.6%
4.8%
3.1%
1.7%
4.9%
5.0%
4.9%
5.0%

3.8%
2.7%

100.0%
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- O gar]e) A9 §oAd FHHe &3 r(A.0hE AR AT FT)
mel fFojFo 2 FUFSHH O WHp<0.05), AT Z 3 B4 A32 BU)s
o3& Aow AdHAT}

o = ) WSt A AR ZAL] ©E fold WsF FEEA Foth

O HMEZ(CIE a) W3E AR A7 AR d7s 3 742 AAd 24
of Wzt W=7 fFelHor Frlste A& EHidd

- A7) E E337] 1862 fFHoE Hagh WHH((p=0.012), A7+
a337] 1.352 fFoF oz F718ted(p=0.00) A= 4utel A3}E HYTh

O FAZ(CIE b) WstE AR AdFE F 3BME, &9 7= 037, 95% Al
T7H [-0.81, -0.12]2 AAA =AMAE STkl wEt foF o2 FTleke AdE

1 9 tH(p=0.008).

- 2T)AE BAA frelAdo] uehbA ek wim, SR04 frel A2l K+
B9%3710.54)F WEFATHP=0.02D).

O AT WEls 2AE AT & 267)0]W, &= 0.80, 95% A2 ke
[0.62, 1.33], p-#< <0.0012 Ho)zoz =759}

3], AWl we A1) a3 3r|= 148F =X r] W Farr]e] H]
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¥ 2-4-49. AR ZAVE 1719 4tx, Al AHAlg s v X g3 3] 9 AlF 7

= =] O = A=~ = 1 ‘3‘]‘—?’] 1%
) B s AFASFE E&HR=T] 95% AF T p-%X -3k
2+ % (pH) 11 -0.03 [-0.60, 0.54] 0.920
A7) 3 0.02 [-1.07, 1.12] 0.966
%] 117 7 -0.17 [-0.85, 0.51] 0.630 0.126
2317 1 4.04 [0.04, 8.04] 0.048
W Z(CIE L) 39 0.12 [-0.29, 0.54] 0.561
Aa17] 9 0.57 [-0.40, 1.55] 0.247
0.314
H A 17] 30 0.02 [-0.45, 0.49] 0.933
37 0.80 [-0.05, 1.65] 0.065
M Z(CIE a) 2317 7 -1.86 [-3.31, -0.40] 0.012
0.001
A 17] 30 1.35 [0.57, 2.14] <0.001
35 0.37 [-0.03, 0.76] 0.070
Aa17] 5 -0.46 [-1.50, 0.59] 0.394
0.088
AT (CIE b) H A 17] 30 0.54 [0.08, 1.00] 0.021
26 0.90 [0.46, 1.34] <0.001
2117 6 1.57 [0.62, 2.53] 0.001
H A 27] 19 0.66 [0.20, 1.12] 0.005 0.041
2 923 =(TBARS) 317 1 7.84 [0.54, 15.13] 0.035
Standardised Mean
Author Irradiation (kGy) Difference SMD 95%-Cl Weight
éh.(;.lrl el.l a!I. _2023 [1] 3 —H— -0.56 [-2.24;1.12] 11.6%
Chen et al. 2023 [1] 3 &= 1.52 [-0.59; 3.63] 7.3%
Chen et al. 2023 [1] 3 —=— -0.70  [-2.42;1.02] 11.0%
Chen et al. 2023 [1] 3 E: 0.54 [-1.13; 2.21] 11.7%
Garcia-Marquez et al. 2012 [1] 1 045 [-1.20; 2.10] 12.0%
Garcia-Marquez et al. 2012 [2] s —=— -0.94 [-2.75; 0.87] 9.9%
Kwon et al. 2008 [1] 5 —@ 151 [-3.62; 0.60] 7.3%
Klm etal, 2018 i1] 5 0.35 [-1.98;1.28] 12.3%
Kim et al. 2018 [1] 5 -0.33  [-1.95;1.30] 12.3%
Kwon et al. 2008 [1] 5 @a— 356 [-0.05:7.18] 2.5%
k;a\;én ét éi.éoos:fi'j 5 e 4.04 [0.04:8.04] 2.0%
Random effects model * -0.03 [-0.60; 0.54] 100.0%
Residual heterogeneity: 12=24%, <001, p =023 !
Test for overall effect: p = 0.92 -5 0 5

Test for subgroup differences: p =0.13
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Author

meatType = beef
Cheng et al. 2018 [1]
Cheng et al. 2018 [2]
Cheng et al. 2018 [3]
Cheng et al. 2018 [4]
Kim et al. 2018 [1]
Kim et al. 2018 [1]
Yim et al. 2016 [1]
Kim et al. 2002 [1]
Kim et al. 2002 [1]

Rar s model

Kim et al. 2014 [1]
Kim et al. 2014 [2]
Kim et al. 2014 [3]
Kim et al. 2014 [1]
Kim et al. 2014 [2]
Kim et al. 2014 [3]
Shin et al. 2014 [1]
Shin et al. 2014 [2]
Shin et al. 2014 [3]
Shin et al. 2014 [4]
Shin et al. 2014 [5]
Kim et al. 2013 [1]
Kim et al. 2013 [2]
Kim et al. 2013 [3]
Kim et al. 2013 [1]
Kim et al. 2013 [2]
Kim et al. 2013 [3]
Kim et al. 2013 [1]
Kim et al. 2013 [2]
Kim et al. 2013 [3]

Garcia-Marquez et al. 2012 [1]
Garcia-Marquez et al. 2012 [2]

Song et al. 2009 [1]
Song et al. 2009 [2]
Song et al. 2009 [3]
Song et al. 2009 [4]
Ohene-Adjei et al. 2004 [1]
Ohene-Adjei et al. 2004 [1]
Kim et al. 2002 [1]

Kim et al. 2002 [1]

Random effect o

Random effects model

Irradiation (kGy)

0.70
1.50
2.50
3.50
5.00
5.00
2.00
3.00
3.00

1.00
2.00
4.00
1.00
2.00
4.00
2.00
4.00
6.00
8.00
10.00
1.00
2.00
4.00
1.00
2.00
4.00
1.00
2.00
4.00
1.00
2.00
5.00
10.00
15.00
20.00
1.0
1.0
3.00
3.00

Residual heterogeneity: /2 = 46%, t° = 0.65, p < 0.01

Test for overall effect: p = 0.56

Test for subgroup differences: p = 0.31

a9 2-4-23. AAAH ZA}

Standardised Mean
Difference

&

SMD

3.00
2.94
1.24
1.93
-1.54
-1.31
2.99
0.45
-4.33

A2y S WE

95%-ClI

[-0.16; 6.15]
[-0.17; 6.05]
[-0.72; 3.19]
[-0.44; 4.30]
[-3.66; 0.59]
[-3.30; 0.68]
[-0.16; 6.14]
[-1.20; 2.10]
;-0.08]

1.55

[-3.50; 0.63]
[-1.98; 1.28]
[-3.55; 0.61]
[-1.39; 1.83]
[-3.23; 0.71]
[-4.96; 0.33]
[-1.93; 1.32]
[-4.21; 0.46]
[-2.32; 1.07]
[-3.92; 0.52]
[-4.12; 0.48]
[-0.51; 3.97]
[-1.27; 2.00]
[-1.31; 1.93]
[-0.45; 4.25]
[-0.47: 4.15]
[-0.87; 2.77]
[-0.67; 3.35]
[-1.16; 2.17]
[-1.05; 2.37]
[-0.60; 3.62]
[0.01; 7.71]
[-1.71; 1.49]
[-0.91; 2.66]
[-0.44: 4.31]
[-0.19; 5.89]
[-8.92; -0.11]
[-3.71; 0.57]
[-1.73; 1.47]
[-2.71; 0.89]

[-0.29; 0.54]

Weight

1.4%
1.5%
2.8%
2.2%
2.5%
2.8%
1.4%
3.4%
0.9%

2.6%
3.5%
2.6%
3.5%
2.8%
1.9%
3.5%
2.2%
3.3%
2.4%
2.3%
2.4%
3.5%
3.5%
2.2%
2.3%
3.1%
2.7%
3.4%
3.3%
2.6%
1.0%
3.5%
3.2%
2.2%
1.5%
0.8%
2.5%
3.5%
3.1%

100.0%
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Cheng et al. 2018 [1]
Cheng et al. 2018 [2]
Cheng et al. 2018 [3]
Cheng et al. 2018 [4]
Kim et al. 2018 [1]
Kim et al. 2018 [1]
Yim et al. 2016 [1]
Random effects mue

1] ] tiype = pork

Kim et al. 2014 [1]
Kim et al. 2014 [2]
Kim et al. 2014 [3]
Kim et al. 2014 [1]
Kim et al. 2014 [2]
Kim et al. 2014 [3]
Shin et al. 2014 [1]
Shin et al. 2014 [2]
Shin et al. 2014 [3]
Shin et al. 2014 [4]
Shin et al. 2014 [5]
Kim et al. 2013 [1]
Kim et al. 2013 [2]
Kim et al. 2013 [3]
Kim et al. 2013 [1]
Kim et al. 2013 [2]
Kim et al. 2013 [3]
Kim et al. 2013 [1]
Kim et al. 2013 [2]
Kim et al. 2013 [3]

Irradiation (kGy)

Garcia-Marquez et al. 2012 [1]
Garcia-Marquez et al. 2012 [2]

Song et al. 2009 [1]
Song et al. 2009 [2]
Song et al. 2009 [3]
Song et al. 2009 [4]

Ohene-Adjei et al. 2004 [1]
Ohene-Adjei et al. 2004 [1]

Kim et al. 2002 [1]
Kim et al. 2002 [1]

Random effects model

Random effects model
Residual heterogeneity: 12 = 56%, v =2.22, p < 0.01

Test for overall effect: p = 0.07

Test for subgroup differences: p < 0.01

8 2-4-24. AR A S
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0.70
1.50
2.50
3.50
5.00
5.00
2.00

1.00
2.00
4.00
1.00
2.00
4.00
2.00
4.00
6.00
8.00
10.00
1.00
2.00
4.00
1.00
2.00
4.00
1.00
2.00
4.00
1.00
2.00
5.00
10.00
15.00
20.00
1.90
1.80
3.00
3.00

Standardised Mean
Difference

=
—s—
(=5 ]
-

»

&
T T 1
-10 0 10 20

==

SMD

-2.23
-1.62
-0.60
-1.19
-2.52
-2.16
-4.63

0.00
3.24
1.67
3.75
2.46
-2.58
0.34
0.49
-0.06
-0.86
0.23
5.34
4.08
3.70
6.61
2.19
-1.74
6.31
9.16
10.65
-3.95
-3.66
2.42
5.88
6.49
10.58
3.36
3.32
0.21
221
1.35

95%-ClI

[-4.81; 0.35]
[-3.79; 0.55]
[-2.29; 1.09)
[-3.13; 0.74)
[-5.31; 0.27]
[-4.69; 0.37]
[-9.12; -0.13]

[-3.31; -0.40]

[-1.60; 1.60]
[-0.11; 6.59]
[-0.54; 3.87]
[-0.01; 7.51]
[-0.29; 5.21]
[-5.42; 0.26]
[-1.29; 1.986]
[-1.17; 2.15)
[-1.66; 1.54]
[-2.64; 0.92]
[-1.39; 1.84]
[0.23; 10.45)
[0.04; 8.11]
[-0.02; 7.42]
[ 0.40; 12.83]
[-0.36; 4.74]
[-3.98; 0.51]
[0.36; 12.25]
[0.69; 17.61]
[ 0.85; 20.486)
[-7.87; -0.02)
[-7.35; 0.03]
[-0.30; 5.14]
[0.31; 11.486)
[0.38; 12.60]
[0.84; 20.32]
[-0.08; 6.81]
[-0.09; 6.74]
[-1.40; 1.82]
[-0.36; 4.77]

[-0.05; 1.65]

3.8%
2.6%
3.4%
2.4%
3.0%
3.0%
3.8%
3.8%
3.8%
3.7%
3.8%
1.7%
2.2%
2.4%
1.3%
3.2%
3.4%
1.4%
0.8%
0.6%
2.3%
2.4%
3.1%
1.5%
1.4%
0.7%
2.6%
2.6%
3.8%
3.2%

100.0%
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Author

Kim et al.
Kim et al.
Yim et al
Kim et al
Kim et al.

VD

Kim et al.
Kim et al.
Kim et al.
Kim et al.
Kim et al.
Kim et al.
Shin et al
Shin et al
Shin et al
Shin et al
Shin et al
Kim et al
Kim et al
Kim et al.
Kim et al.
Kim et al.
Kim et al
Kim et al
Kim et al.
Kim et al.

Garcia-Marquez et al. 2012 [1]
Garcia-Marquez et al. 2012 [2]
Song et al. 2009 [1]

Song et al. 2009 [2]

Song et al. 2009 [3]

Song et al. 2009 [4]
Ohene-Adjei et al. 2004 [1]
Ohene-Adjei et al. 2004 [1]

Kim et al.
Kim et al.

Random effects model

l-261é-[1-]

2018 [1]

. 2016 [1]
.2002 [1]
2002 [1]

Random e

2014 [1]
2014 [2]
2014 [3]
2014 [1]
2014 [2]
2014 [3]

. 2014 [1]
. 2014 [2]
. 2014 [3]
. 2014 [4]
. 2014 [5]
2013 [1]
.2013[2]

2013 [3]
2013 [1]
2013 [2]

2013 [3]
2013 [1]

2013 [2]
2013 [3]

2002 [1]

2002 [1]

Irradiation (kGy)

5.00

Residual heterogeneity: 12 = 49%, v = 0.31, p < 0.01

Test for overall effect: p =0.07

Test for subgroup differences: p = 0.09

Standardised Mean
Difference SMD

-15

-10 -5 0 5 10 15

A2y S WE

95%-Cl

[-1.23; 2.05]
[-1.29; 1.97]
[-2.59; 0.94]
[-16.14; -0.80]
[-4.28; 0.45]
[ -1.50; 0.59]

Weight

4.7%
4.7%
4.1%
0.3%
2.5%

0.7%
0.4%
0.7%
4.5%
4.8%
1.8%

100.0%

a9 2-4-25. AR Z=AE §4 F A E(CIE b¥)oll A= FF
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Author

meatType = pork
Chen et al. 2023 [1]

Chen et al. 2023 [1)

Chen et al. 2023 [1]

Chen et al. 2023 [1]

Kwon et al. 2008 [1]
Ohene-Adjei et al. 2004 [1]
Ohene-Adjei et al. 2004 [1]
Ahn et al. 2000 [1]

Ahn et al. 2000 [2]

Ahn et al. 2000 [3]

Ahn et al. 2000 [1]

Ahn et al. 2000 [2]

Ahn et al. 2000 [3]

Ahn et al. 2000 [1]

Ahn et al. 2000 [2]

Ahn et al. 2000 [3]

Ahn et al. 2000 [1]

Ahn et al. 2000 [2]

Ahn et al. 2000 [3]

Random ¢

Cheng et al. 2018 [1]
Cheng et al. 2018 [2]
Cheng et al. 2018 [3]
Cheng et al. 2018 [4]
Yim et al. 2016 [1]

Kwon et al. 2008 [1]

andaom ¢ L noael

Kwon et al. 2008 [1]

Random effects model

Residual heterogeneity: ?=19%,t°<0.01,p =020

Irradiation (kGy)

Test for overall effect: p < 0.01
Test for subgroup differences: p = 0.04

9 2-4-26. AAM EATE KF A

3.00
3.00
3.00
3.00
5.00
1.90
1.90
1.50
3.00
4.50
1.50
3.00
4.50
2.50
5.00
7.50
2.50
5.00
7.50

0.70
1.50
2.50
3.50
2.00
5.00

5.00

Standardised Mean
Difference

SMD

2.52
0.26
-0.05
-0.21
-0.21
0.80
-0.03
0.00
0.80
1.60
-0.80
2.39
3.19
1.20
2.39
3.19
1.06
3.72
6.38

0.66

4.38
2.26
0.63
1.06
3.19
1.99

7.84

0.90

I
-15

-10 -5

95%-ClI

[-0.27; 5.31)
[-1.36; 1.87]
[-1.65; 1.55]
[-1.82; 1.41]
[-1.82; 1.40]
[-0.96; 2.55]
[-1.63; 157
[-1.60: 1.60]
[-0.96; 2.55]
[-0.56; 3.75]
[-2.55; 0.96]
[-0.31; 5.09]
[-0.12; 6.50]
[-0.74; 3.13]
[-0.31; 5.09]
[-0.12; 6.50]
[-0.81; 2.93]
[-0.02; 7.46)
[0.37; 12.40]

[0.09; 8.67]
[-0.34; 4.86]
[-1.07; 2.32]
[-0.81; 2.93]
[-0.12; 6.50]
[-0.42; 4.41]

[0.62; 2.

[0.54; 15.13]

[0.46; 1.34]

Weight

2.3%
6.3%
6.4%
6.4%
6.4%
5.5%
6.4%
6.4%
5.5%
3.8%
5.5%
2.5%
1.7%
4.6%
2.5%
1.7%
4.9%
1.3%
0.5%

1.0%
2.7%
5.8%
4.9%
1.7%
3.1%

0.4%

100.0%
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W3l 55 AR
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O ANFLES

- ARAESE 2 HAF- e YuIE AFAA ISt APl ol 8t

- FEAVIE EAF T FY SHOE ST A5 JAFEVNE NE RS
i AR A A71A] 40T W EaEst

O WAk 24

- S AAEATAF ) 2 @ArH AR oA RE 2R B Sl WAL 2AL
Ae) S ston, 2AMFS 0, 5, 10, 20, 30, 40 =& 50kGyE 31 th.

- Pl AEE PCos AHEEFG oM, AR L 10MeV HAATHEZE o] &3HATh

- Znkd zAREEE O] AIZMY 1~10kGy & AR ol AAZko] &g 5o =gto
ofo] & o] &3t 0~4T=E FA ST

=

o
“Eﬁ_
-5 hEES Sl YNRB(FR, 2eh, 24, FeH), pH, {4, BEEL

1 -2 Foodscanner(DA 6200, PerkinElmer, Waltham MA, USA)E ©]-8-3}<

- pHe #4815 4¢3 75 lomLE EF-72 33t pH meter= 53833

- SAle g R 71 O], E7FRS colorimeterE ARESF] ™ (llghtness CIE L%,
A 5 (redness, CIE a*), &A% (yellowness, CIE b*)& 433, TF42

- -

E L* +97.83, CIE a* -0.43, CIE b* +1.98¢] WAl FZ=3S A}%—o}%v}.
+ B8 paper presstlS §83t 5 AZE plexiglass plate S &l o 3
Z(Whatman No. )& ¥3 7l<% 03gS 443 ¢goz 383 43z

< 1=
T 53 9 $E AHE planimeterZ2 7331 AHE3IATH
= o) J

<

Ol
&& 1

- AR ZAL] mE A B =" WsE HlazARek] fste] A d A tskE Tt
(TBARS) % T AWHA =(VBN)E

M2y S WE H 24 207
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- AA I} ETE 7SS 10g3 10% perchloric acid 25mL< &3 A 3s)gh

%, 25mL S/ 03% BHTE FH7F-EFstth. o 34 (Whatman No. 1)&
o3t oI}z TBA €98 1:12 &334 100CoA 10827 vH-A|FH T ¥

%o spectrophotometerE ©|-&3} 532nmolA FFEE S5

g AEAEE JES 10g3 90mL  FRFE E-TAsly oA

(Whatman No. 1)2 %3ttt o # ImLe conway &7] Y4 ¥ &
WA ol= HsBOs9t conway A|AISFES Eal 3ty o] F4te] 2XEHE A4 4
0.01 N HCl §do 2 HAgsto &3t

AR AL 7 BE Aste] MAE GFE =AY el AAtm, AAHE

ot A8 Y 242 AAkE Al2El(electronic tongue, Astree, Alpha
o A3t o, 77kA AlA A8k AHS, CTS, %5k NMS, %5k
PKS, @8k ANS, 28k CPS, SCSE 7o 2 A3, Bt
AA 245 0~129 indexS 7|F o2 gk 23702 W3] YT

=
- S/H7F THE & 42 AAE Al 2=El(electronic nose, Heracles II, Alpha Mos)<
el =]
=

ZReted S £A8tH L, Kovat's index libraryE 7|5t

| Z3+H AroChemBaseE 3l peak A& <13t AlphaSoft®

o 1
24ANZE ¥hg ¥, WgES et dEAA AdE SF 2 2uwWE s
2487 o8, MW I3} 2o G FAG] 238 TAAT

2h) A &4

O

SAS Proc GLM procedureE ©]-83t] 1-way ANOVAE 33l X3ttt B+
2t % Hlal+ Duncan’s multiple range-testE ©]-83F] P<0.05914 o8&
AR

T3 Orthogonal polynomial contrasts testE ©]&3te] AR W Fd4& T3
W2 242 3K Linear effect) ¥ 3412 &3 Quadratic effect)E G353



]_
g arz]el AM=

T 2-4-50. WA ZALO] BE §4 W3

AR A BUGY)

0

5

10

20

30

40

o0

CE L’
CE a’

Aa17]

*

CE b

36.46+0.74°
13.54+0.21
6.94+0.47%°

36.01+0.78°
11.21+0.85
7.63+0.86

33.91+0.32" 33714059 32.81+0.67

10.45+0.73*
7.51+0.23

10.22+0.52*
7.10£0.26

9.91+0.66"
6.10+0.48%

31.35+0.83¢
9.59+0.72%
4.31£0.91°

30.84+0.43¢
9.27+0.37
4.13£0.84°

CE L

X117 CE a’

*

CE b

50.81+0.53"
13.78£0.83"
3.95+0.67°

50.55+0.26
13.53£0.08"
4.39+0.71°

50.48+0.89°
13.07+0.10"
4.79+0.61™

50.08 +0.43*
12.51+0.23*
5.13+0.69%*

48.69+0.87°
12.21+£0.52°
5.89+1.13%

47.76£0.16°
12.10£0.59°
6.0940.58"

47.27+0.49°
10.49+0.51¢
6.26+0.85

CE L
CE a’
CE b’

52.42+0.26
11.35+0.21*
2.26+0.21

52.13£0.74°
10.80£0.63"
2.33+0.12

51.84+0.73%
10.70£0.61°
3.13+0.47°

51.06+0.32™
8.50+0.24"
3.50+0.12"

50.530.66°
8.42+0.36"
3.94+0.58%

50.39£0.58°
7.53£0.81°
4.13+0.26

48.38+0.82°
6.55+0.68¢
4.20+0.48

CE L'
CE a’
CE b’

35.99+0.61¢
16.44+0.54°
1.51+0.11¢

36.48+0.65¢
18.41+0.47¢
1.60+0.43¢

37.03+0.85%
19.62+0.67<
1.70+0.42¢

37.97+0.61™
20.33+0.78™
2.70£0.47°

38.30+0.26"
20.85+0.88"
2.90£0.30°

40.08+0.95
21.12+0.49%
4.15+0.61°

40.82+0.69°
21.50£0.33*
5.79£0.55°

All values are mean =+ SD.
*®Mean in the same row with different letters are significantly different(z<0.05).

O §#F A%=(pH
HYo}, 1

\Fﬁ

rE

H} /\]. A

3}

L=

2 34

ZAA 2

| I

(e}
skt

7t wel woF o=

A2y S WE

=]
=

21+ _ 209



¥ 2-4-51. WARA ZAb] whE pH W3}
Dose (kGy)
Traits 0 (Contra) 5 10 20 : 30 10 50
7] 5524000° 554000 556+000° 5574002 558001 5634005 566=0.00°
GAIL7]  575+000° 5790000 580+000° 583+001° 585000 586000 587-0.00°
g 5954000 596+00°  596+000° 60040000 6.001-0.00° 607000  6.11%0.00°
03y 5924000° 592+000° 59240000 5954002 597001 5974001 599-0,00°

All values are mean + SD.
a\ean in the same row with different letters are significantly different(p<0.05).

O HFY FES BAT 5 Ut 5HL Urhls 55l Yol WA 2Ap
2% o) feldom grase AL BAT 5 YT
O 10kGy oldolH SEo2 Zadtglon, ol P 2Ae] BE AR 2% 3
2 5E §E 5ol /198 oz AnHn
E 2452 WA EAbe) @2 B W
S— Dose (kGy)
0 (Control) 5 10 20 30 40 50
A7) 66.77+0.59% 64.20£0.91" 57.67+0.91° 55.20+1.24% 54.70+0.34% 47.78+2.72° 46.39+1.49°
A 227] 66.11+1.51* 64.08+1.89° 59.01+1.18° 56.43+0.94° 52.99+1.08 52.21+0.47° 51.28-+0.38°
=i 73.93+0.69° 70.47+0.94" 64.44+094° 61.88+0.947 58.71+0.26° 55.55+0.26" 52.87+0.77
Qg ar7] 72.90+1.11% 72.76+0.88° 67.92+0.88" 66.75+1.41> 59.72+0.67° 59.72+0.67° 53.51+0.65

All values are mean = SD.

a\ean in the same row with different letters are significantly different(p<0.05).

O 7Y F4 W3l o7& Ueie 39 + e 78 A% AAdH4stE7)
2 G d Wi o] Qo= WAL AP HYA FYHoRE FUtetAY STt
sl AES B A THp<0.05).

O 7/ Aol= U 10~20kGyollAl FEASI7E dojtom, WA A 29
Qo] BxsA B IR Do)l WAd AL FAT 5 AAG

¥ 2-4-53. A ZAbol W | W #4tsHE7HTBARS) s}
Traits 0 (Contral) 5 10 Dosezc()kGY) 30 40 50

Aa17) 0.10+0.01° 0.11+0.01° 0.11+0.01* 0.12+0.02> 0.12+0.01° 0.12+0.01° 0.14+0.00?

2 317] 0.0420.00°  0.05+0.01° 0.05+£0.00° 0.0720.00° 0.08+0.01° 0.0940.01°  0.1020.01*

g7 0.0320.01°  0.03+0.01° 0.03+0.00° 0.0520.00° 0.05+0.00° 0.06+0.01° 0.10+0.01®

28317 0.0940.01¢ 0.1040.01° 0.114+0.01* 0.12+0.00° 0.12+0.01* 0.12+0.01° 0.130.00°

All values are mean *= SD.

a\ean in the same row with different letters are significantly different(p<0.05).



T 2-4-54. A ZA o) wE gl d WA =(VBN) #H 3}

. Dose (kGy)
Traits
0 (Control) 5 10 20 30 40 50
A7) 063£017 064+011* 0.75+036*° 0.78+019" 0BX056*  0.93+042  1.05+0.55
HA] 37| 060017  075+013F  090+011° 1164023 1204025 123034 1754013
a7 105+006° 106+019°  112+000° 1314006 1314017 1344019 25840307
27317 0934006 0980237 1200199 13:4+011* 1424013 153+006°  1.65+0.14%

All values are mean *+ SD.
aMean in the same row with different letters are significantly different(p<0.05).

@ WARA FZAMH ) O E §&F |2 x W3

O WAM] ZAbe| W& §7 ¥ W ARE AR A3, §7/F TR/ we FX4
ztol= AR, WA AP ETE SUHE wEk Ant, Algto] {ojFo =
SVt AY Sk AEE R o, 30~40kGy °l4FEH tET< 0kGyel
Hl8 93k zol7F 2= At (p<0.05).

i

O WA ZAbe| WE S/ &F W3l AFE AR 23, §7F T/ w2 Aole

‘O;lolJr PCA= 5, 10, 20kGy°ﬂ A AN E7F 7 =2 PCIEBT.627%)S 71+o2

229k 91(-4,000~6,000001 $Aet= o= Ho} 5, 10, 20kGy= HId SHe=
23S 7H Ao E AdEH Qo

O 30, 40, 50 kGyollAl AlE=7F 714 =2 PCI87.627%)<= 7|22 HI3F HY
(700~-15,000)° #x]3t= Ao 2 Ho}l 30, 40, 50 kKGy+= HlIx = 24
7H Ao 2 FAE

O thx7<l 0kGy7} PC1& 7|+ = & A3 H7t SHEA &ok, Ag7ee

2 FTHE UEtE ASs 9rjsta, A ARl AR FHE W Ae
Aoz AR,

O Az ¥z BAL g #Ad qualitiveE 7|02 A8 & o)yt §AZ £
A= A FFES AN, I3 19.629] o 33HE-S Methanol(65.45%),
Methanethiol(65.43%), Acetaldehyde(65.11%), 2-Methylbutane(63.83%), Trimethylamine
(43.48%) So=2, 9= 22.439] 973 s3=< Propan-2-one(94.27%), 2-propanol
(92.84%), Propanal (91.70%), Dichloromethane(91.23%), Dimethyl sulfide(41.47%)
o2, 137 47019 od sRMELS 2-methylthiophene(98.59%), Methyl 2-methylbutanoate
(97.21%), Methyl crotonate(96.18%), Methyl but-2-enoate(96.05%), 2-methylpentanal
(95.30%) 5o EAEAT.

O 53] thxz7¢ A3t ztol7F wol Yehve dA 47019 4¢ 1% 9
el = 2-methylthiopheneo] &% 3tt&EE A=, A H2le 133
7N AoR A==, WAMD ZAR o3 B sl 8 3y o eh
AskskEo] AR 7)o WA FA FABA FFS P A0 E ZALH

o

-~

09,4 2.;
ol o

e r

o},

%

M2y S g = 2 21



a) &a17]
CTS (saluness)
10
o NS (umami) b e B
(bitterness) y i < 4
0kay salt ® 0 kGy
sicy 45kGy
—10 kGy + 10 kGy
Ry ' ' + ‘ * ¢ 20 kGy
Pics —30 kGy 1 2 3 4 5 7 8 +30KkGy
(wvectness) AHS (sourness) ey Sour » ka
ek 50 kGy
b x— ; :
4 5 6 8
Umami
CPS (standard) SCS (standard)
b) HA317]
CTS (saltiness)
10
4 5 6
e Salt *0kGy
5 koy 45 kGy
—10kGy + 10kGy
s % ; . ! . : 520 kGy
—30kGy 2 3 4 5 6 7 +30KGy
=8 AHS (sourmess) Shis
(swestness) vy e
N X 50 kGy
' + + o
4 5 6 7
Umami
CPS (standard) SCS (standard)
o) Havl
CTS (saltiness)
12
10
N T NMS (umami) i + ™ 7;
4 5 6
vkoy Salt ® 0 kGy
$koy 4 5kGy
e *10kGy
—20kGy ® 20 kGy
—30kGy 2 3 4 5 7 8 +30KGy
it AHS (soumess) S
(swertoess) ey e
o % 50 kGy
4 5 6 7 8
Umami
CPS (standard) SCS (standard)
d) 2817
CTS (saltiness)
10
i NS (umam) * - + 4
5 6 8§
0kay Salt ® 0 kGy
5kGy 45 kGy
—10kGy * 10 kGy
—wicy " . ; " I y »20kGy
—30kGy 1 2 3 4 5 6 7 8 +30KGy
PO AHS (soumess) SouE
(sweetnes) oo I
— X 50 kGy
4 5 6 8 9
Umami
CPS (standard) SCS (standard)

39 2-4-27. AABE 0| &3
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a) &a17]

- ZAk5 PCAPCI: 96.654%, PC2: 2.753%)

- A1) PCAPCL: 71.782%, PC2: 26.187%)

8000
7000
000
5000
4000
2 %0
& 20 =

g
& 1000]

1000 |
2000 =

3000

4000 /

80000 50000 40000

L) P19 854%

10000 20000 3000

b) S 77]
« 1A= PCA (PCL: 95.065%, PC2: 3.258%)

- AA}s] PCAPCI: 84.570%, PC2: 8.169%)

2000|

8000 600 4000 2000 2000 4000
Fot %

s

L]

6000 6000 10000 12000 14000

16000 18000

0 ]
- A== PCA (PCL: 99.935%, PC2: 0.044%)

- AA}s] PCAPCI: 82.416%, PC2: 14.431%)

200

= ~ B,
v = e~

< 5

~

\ »

d) 2817
QA= (PCL: 99.980%, PC2: 0.012%)

- AR5 (PC2: 44.879%, PC3: 38.031%)

1000

1000 ~ |

100000 80000 60000 40000 20000 0 20000 40000
(ST

60000 80000 100000
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O in vitro N@E& T3l WA ZARAE O OE dE, 29Wd 43ks WH3E v
2R A, P 2RI 274l ohek 218, 20w gl felF
o2 ZrastAn Zashe 3PS BATHp<0.05).
O 7Y Zole Adou, 30kGyeld AeAl thz7< 0kGyell Hls) agk 2
o7 Yehgow, ZAZO -(012~ -474%E SAZCE o207 AP o)
&g tsd FEO2 vehy
W 0-4-55. WA ZAbel e Yds 45HE s
HARA ZAPAZHKG
Y SARIC) SEM  P-valte
0 5 10 20 30 40 50
7] = 93.46*  93.13*  93.01* 92.71* 91.81*" 91.35°  90.84° 1.28 0.043
DR LS
Zohala 91.54° 91.21* 91.45°  91.22%*  90.01° 89.49°  88.27° 1.07 0.048
= 92.96* 9258  92.15*  92.01* 90.11°  91.35°  90.84° 1.03 0.013
A 37]
Zohd 90.34*  90.11*°  90.25°  89.53*  88.01°  87.67°  86.45° 1.01 0.023
o] = 96.73*  96.75*  96.23*  94.25®  93.10° 92.78°  91.99° 1.54 0.015
1 1L
" Zohalz 9374° 9352 93.60°  92.15®  91.20°  90.93*  90.15° 0.97 0.041
o817 s 95.15*  94.75°  94.23*  94.01®® 93.08"° 92.08"°  91.13 1.21 0.045
=S Al
Zod 92,04 92520 91.60°  91.15®  90.20°  89.93>  89.15" 1.11 0.036
All values are mean £ SD.
““Mean in the same row with different letters are significantly different(z<0.05).
a) &317] b) =A317]
o) Havl d) 2g37]
9 2-4-29. A EAOl GE F¥A 23kE Wt




Ay Az 2ok

©)

A Aol B welEE AAARe FARY &xv], HAT], H37),
o mrlel tig Belolsiety = in vitro ¥4 £5E WHE 24
sheic

7 Zelol5sa 540
A AT 24T
AskEs o] =i,
AR, AARE oG8 Fu) Wse] YoMt AW, A% Fo] WAM EAGE

oA A, pH, E5E, AR E7}, FHEA
T 2ol AR Y 10~20kGy ©]/doll A FHo]

we} oo w FUVeRal, 53] 20kGy o dellA iz tiv] & HEES Btk
in vitro N @< ©| &% A&, 2dWd 5 YL 438 FA 30kGy ©]dol A
o =+ 1‘411ﬂ1—()59~—474%«l TAaE OiE}

PAL Aol ek 5ol §21 s} alsglon, elols £4 9 Fu

Sl glojAE I Wste 8 @ FEolon, By AR E BuF
gl AN G AR el S 9 1, of (R o ARl WE 9 A

o A 7120l A AL e v EEe] WA =AY 7129 10kGy ©]
stoll e W glas AT 5 AT

ok ZAM R BAANY R EAA HE

©)

YA AR AR EE AEO 24 oRE BQlsE Qe BUF, s,
et Pl gk,

1) 229 By

©)

©)

24 olls EFFEAH(TL, Thermo-Luminescence), 33037 EFH(PSL, PhotoStimulated
Luminescence), AL~ HIEATH(ESR, Hectron Spin Resonance) 5©| 1t
TL W2 AFoy AR & - A% - 75 3AH T Ed8 &
=2 Pl F 7] (silicate, feldspar, quartz,carbonate 5)°] WARdol| 23|
7](exciting)=o] L4AT A& wow TA 7] A E (ground state)i =02
A HlEEE do] oks Sl WHoE Ay, AZX AL
o] dEFitE &85 A

PSL2 T3 p7IA 2 A Folu 4 F dAE T 234 Foly ol&Z
HH < l'f*ﬂ’,g_(silicate, feldspar quartz, carbonate F)°| WARH] ofsf 7]
(exciting)d el oll A= A7 AHAH o2 AS3sle] HEH= U
W ol o

Al=el MAErE Bagle Hay 74/\}340 /\]leﬂ"ﬂ o2 ANEE A
T AL FHE AHI A o,

Zro] - AHScreening test) & == W%OPHI %P% T Atk Aol AR Al
sAE wA = A3e] AF=T7F o= @Rl 3

ESR R 2 WA A Al WA d77F EA2 T2 J,] ANA APdE At
2} Z (free radical)e A A+ HAHZS &3 ¥t @& AZF Wl
A ZaHAT Wy g, Aot 53 e dddt AT A= AEAA

A\
¥0, ot
XE
i)
e
u

lo
o
b
i
|\
2
ol
rlr

A2y g LWE 3 20 _ 215



ok T30l A7 AAHERE F2 §F, olF U Ay g wy HHas
ek 2 FlA WA ZALel o3 AAE A BHZ FEE SAsY A
e WMo R &gty Ytk

2) skt why

O 3t8A WHo = AEf AEodA HAEHE AWE4HEQ hydrocarbon 79}

2-ACB(Alkyl-Cyclo-Butanone) /& 7F23Z0EIH I (GC) ¥ GC/MSE £4
st= WHol St

Hydrocarbon® #41H 2 Nawar groupdl 23 Mo Z AZHI, 27|
e e AR oA o] TARdel ofs AEAY ghaAbole] Aol
Bol A Aol AEAts, T 2 AT 2 wkge et oy TR/
WA ZAF AbE(radiolytic product)E©] A==, triglyceride= HAMS AL
oJsl CO2, CO, H2, alkanet, alkene¥, alkyne, ester-r‘:ﬁ'-, aldehyde¥, acid¥,
2-alkylcyclobutanone &°] A4EH, LA =S tiF&e 4F 712
Agakel 24 Zlet= Aom dHA U

A e AuEe WA 2AAZ S W triglyceride®] a $1219] Ajtol 2o
AW acid®7} b 91219 Aol #oA™ aldehydeR™7t, ¢ X9 d #1219 Aol
#oIA ¥ alkanef, alkeneT % alkyne®7h e 91X19] A¥o] BAAH esterF7t
AdEH.

WA AR FS 3t Aol o] 85+ WA ZAH(radiolytic) 3}etE<]
hydrocarbon® 9] A7 2 tha# 220, Palmitic acid, stearic acid, oleic
acid, linoleic acid 59 & 7R A4k 2A4S Yl AWd 2 F
WA ZARA S W, triglycerideW carbonyl group®] a®td(c #1X)9 BEA
(d #A) HAAANA AFo] oA defo Aat By g7 7] 42 Cn-l
hydrocarbon¥, ©4&F7F 27] oA A WA @i X o A2 o|FHATS
7FA&= Cn-2 hydrocarboni+7} A4 43 T

ol gt A|H4kel #3 ¥ W}t palmitic acidZFE pentadecane (C15:0)3}
1-tetradecene(C14:1), stearic acid=%E| heptadecane (C17:0)7 1-hexadecene
(C16:1), oleic acid=F-E| 8-heptadecene(C17:1)3 1,7-hexadecadiene (C16:2), linoleic
acid2F-¥ 6,9-heptadecadiene(C17:2)7} 1,7,10-hexadecatriene(C16:3)°] A A3 E .

3) A=t Al

O DNA comet assayv WAMI ZAMA o] @& DNA 7lHe &4 FHE

she WHOo R, WA ZRAbe] 93] &4" DNA 719 A9 o] &
AAZHE] +(anode) WFOE EE= DNA AH Zo|rt Zojxa,

qr b
2L i o

2 e

Fol dHE2 Hyl A ol wet &4 (comet) E¥S WA H. =, comet
= BAToEN YA A RE

o do], g o] A<l DNA 4%
A3 & 4 9= "o g =

o= = ZA =
=TT, TIT o =2Tr

He olrl

of &&= Ut

I‘ o\ﬂ

O 78} 2152 WAIZAL o5 A S ST B=SH2 WRol= limulus amoebocytes lysate

(LAL), direct epifluorescent filter technique/aerobic plate count(DEFT/APC) &°] Ut



vl g FE AAAR i PAR ZARA () 2 oY IF &4

O dY & 5o 7 2 74, 9 [EE 9] ARY Ee 9 A A 7|Ed g=29
HEsE AAARE X HATELE AR HAH A AEE HG
10kGy = AA = o] gt

O 18y, Hpol# o] A
20~30kGy°ll Al =& 35 +=
Hiolg 2~ ™ A =4
ojatol A= ZFAZEFAA vtold

O E3], ZFAZFAA vlo]lH e 20ToNA 4~793F =3I
75CollA 5%, 80CellA 13 It AAlelstd APdshr] wfigel dukziQl 4 SFE AR
NHe Zde F-2817E dESE ALSHEgE IA EAVF HA A
A SAA Bz AESH] WEe] WA s FHE Ax-FsHE v sE
AR g A= AV 2 5 AT

N
@)
(@)
K3
By
W
(@)
it

—QE|L{E AR M2 518 T|E—

EHM;L =E oA EX}/
E wyz | | |aaz]  |oRis
JLE S i
M8 | 05-3key| 1- okey | 5-10kGy | 10-20KG¢ | 0%y
‘_QF". | i [ an,

EB | sl R 1 odHERE | MFEX

|
|
| | I
Modet | ElNE Exotaxin i o=t S
Ei
|
|
1

|

|

|
e ,
HIF0| S | HEIZAR | EEHTRS| 2HOIS S |2EHI0A
REOHET |2lAHRI S| 2EEYO

a9 2-4-30. 3, P E F utole o iy AR AbE A

O WA, Dol Hksht AL BHAA BT YT & dE ZRATFAR
Hpoll 29 54 mEstel 44 $EE o848 YJUFES AR F 2RUET
A wlolel2: oA o8] Fo FRE ABKOE AGHE YAABE

M2y S WE H 2 217



[23

=<

NARDH

7}

u}.

A}

o},

4. NEEAAES}E O 71ES

L=
Rk

THEsloof stk

7522 Ast= 78 5=

275153, TAE 59 71 ¥

A3ZANZ(A I EFE) - AT (NH&F5E)9]

AR, stEolnk 3k ko

ZAA ol o] & F e AT Tukk

Ee Aoz 3t

Zrupd s wEsle Adors YCos AR
AL, WA i =

5 2~
Bé]- T 9

AR 7447]

o,
B,

AAMNENE ol gl ZANYE T FS

10MeVolstoll Al z=AbA E] shofof shm, F<¢
AL 10kGy(N B E5F ALBE 50KGy) °l3

LN W

ol o] o} .

ZAAE = 7S] 28 AR dsho
YA oZ HF - BHiE Aot AANE
slom, wotofq], 4, 4F EE S22
ojeje] FHomE AT Tles ARSiIAE
oty Hr.

sl =AM E G AARE O ZABI A=
ofu = m ZARALS(rradiated feed S YEE
AHEBte] Az ARE T ARSI A &
oty #oh.

o=l ZAAZR AR sES AZYAL
dashs zAR O] A3 SHACTAZHA
71%] HA A4z 2ADE FYAEHA
7|2l AlFdtof at1, HEAF U 2A
A7)z F5E Folwt £4 3 A
©E&H 5ol 7hestt

E2AEE 8710 BAY Ee A% ¥
ol - FFsteiol s, x4 8l 87 5ol
EAARE WEEA] SEABIoF FHRCERE 15 32

pd % _—

g PCool X WEHE Hukd oUAE AL

745 FeAdEe 10kGy elstolofof it Tk,

g, 28 5 7l 50% ol sk A4

E2 AHEE ofEES AR M=

20kGy olstelofol stal, APEEE ARe
50kGy oJsfo]ojo gt

ARANEIE o gdte] 2T T A
10MeVelshol 4 F5A4%  10kGy(AE § 58
AEE S0KGY) ol5HE EAHH elof
g, 28 5 7hEge) 50% ol Tt A4
SE2 AgE ojgEES AEe] S
206Gy ol3hz ZAAe] telof k.

prd %_ _——

e EE AAAR AIRS 3
ZAAE 7]Eo] 50kGy°late] i, Z
JE WA/ WsIH BEsE AR

6% ©]7

Ml O off
o

)

=2

=2



A 3% A

7HES< 50% old IRt wEsE AYAIRC T WA =AAF 20kGy olstE
FAA Y A

O WATE YAAE

of thd WA 2AHE Z1Ee Wa AR 5o 71 @ 74, o
ME 9] Amol WE R A A oA H%%a% MBS A5 2AH o]
A 10kGyolskel 2 #ASE, B 28 5 R 50% o1 FHskn 44

o
EE2 AR s E8 ARl FsliA= 20kGy OIO}E AR & A Al

> o & & AR i WAA =AA Y T E
A

NE A 25 50% o B

] L = = hm

?':'_E]__ OH%OE% /\]'—‘EJ— }\g{g’_g_ OH%%% /\]'_JE_L.
7o}l “Co

X ols Xz ols

wa | AR AR I0G el A 20KGy elst
SO (10Mev o] 8

Bed 5 o5y A AdE T wEes *@*‘A}Eoﬂ 4 7Hs 7ol
e, g, g 2H ok Bl Aol EAY 2, A4
T2 52 10kGyolshe] WA =AM E F 3
g

- HE AV HAW 2/ AEFAA vtelH 29 A9 20kGy U €] ol A
2 A Y (EIDsp)= dAste ASE UeHo
- B EE AAARY] F- 9 71556 lojA = 20kGy oldt FAF A gl A
HFAAQ o] gle ASE YEYT
- ZF AEFAA vlolg 2 T AR A & A Edo] H2 utole 29 aA
o5 #sll Al 20kGy 01'8}°M ZAE Bavt At

AR 2T 71ES Bol Aud ASAgEA, oA =
A vlolels ol 28 AE5e :
]_

Q,

.

|

O
AT I )
=

& T8, vrEFE A = FA I FE AXs= WHHEEAR
AzGA A HACCP 53 £ F4-AA #AGAA 75 2L 9 7s}slofof
g Aotk

M2y S0 L 2 20 219




ALE A XA A

o)
=

518 ¥x WPAA v

=
=

1) PA =T

5. W2 S EAL R

5 2

olp

=g

A A

1l
™ -
) B o o BK
(e —_
P 54 7o B *
‘ - o ) <
bl x| B E Mo T g
TE g | S e T = ; F
. " _ T o % Ho
op | MoK o] v < | B | o A c],_ < = mw i
= | o M A e | s | T ug A
S lw TR R e il I ia LT
L =) ~ —_—
| M bmlm| | E T o ¢ | A
" PG| T e i NRAE
w2 o i T |
QO 0 = R < - T
P | B [0 < X A
Ola = I
HEETE M| ' <
MM YT S M I
22 2x 5= 222 2 N S o o
X |X 1 T | T = N N g
| |Em = @ | wm| om < g8 8 13 o Mo
B I T < =2
T < = S| |x
< X 83
X X G
T | B B N
v X =3 £
& e %%@W e Iy -
= ; ) 2l T & = =
N | %o ur m_wr = & K| A = ~ S
B Ml X X 4 XiENz X o S
7 > g MR G i Ak : s XX
“leHal o pm RRT L ° DY
R il dopn S I i B
20 | = X = < —_ — i) B = < < —_
0% |%0 R} 3 T ™ | | e (x EF XX
Mo | = 1 - <R TR mE| T BT " M
_,WWH gl o Wﬂ A _ZT.H_ODM_&“ &Mwﬁﬂ ﬁmﬁﬂwﬂﬁ < ﬂﬂrﬂ
0 ~ 0 . A ) J X J = —
T < | | T e i S AL AP L %/ o
e | B EEE R ol
< o | i M rir | o o o8| - 5P
= X . X
s | 2 |Tls| £ -
= o o e | O = X D {
G| om e | E @ <5 N
T o) <
zh = gl T ny © T mu zﬂ mm.*
X X0 Ml < —_ X0
. N o
%o ny B "
N =
e
=

201; i]’H g
J . ]6 7 1H,Q‘
2 olx] 2 % 7:‘ 7H —[L )] . o=

2.

T

® (hsaenady



=

H

&

%)

_

-

<]

[e)

]

oK

AEe] F4

oy
Ho

=

]

‘A

§]I

s

R e

E4]:

F%, pA7(AP)AS

YA A 7]

1
o
o |
L - 5
D
5 w._ RALL o
) 4 I I
) Ko g =3
R ol nlﬁr. RO
1/ 3 A
- Ho e fed
B 3 ixo Y
Ko — .Anﬂa =<
©| [x] 2| BE ®
2| [&] | ™o w
Ho O
— m |
AW
I+
o % y -
IA
= K R )| |53 | |33
o A o R L
- » | = i <+ T
Ho | &
> (-
%o _—
W
¥ & —
A o Es
badl|
ok L
= | Ha
ol | g
. 3.
e i .
: i@ N
r N |2 <
D :
“u € =12 0
e @
© % & o}

=
aQ

A AA

=1}
=

3

a3 2-5-1. a3 A}

o

bo

Fa e A=

E 7|dto 2 3§

goltt.

W
ol
L._W

[e)

o= o QA

5

W™
FINT)
w.o
= H
™ o
DL
o <
X T
o oW

H o] yAA AL 20233 12

=3 P AR A =Rl e AR Aes 9
=

©)



— S
= [ w EE - =
& o ol 3 T oo
S D U o Cll B
— RI: %0 = o o =) | |
A EIETE o we o . -
el Ho® o & N EEE | i i
EU IR = I - o =T | T3 |[# 205 7 |
Lw” mr”_ ~ T (I — . Mﬂ = 1o o .Mﬁ = |_N.ﬂ 0 2T
= Ao TR Bal R L = B
oo < < i = H N i
_ WoM EA 2= | [F g P R |
= ol I an X b S Ho =
o < <r <H 3 ~ oF __._d..._. ||
i o & @ @wm I E
“““““““““ :
of IEL il 30 = |
N- — M B CH | | o = R I3 o W E
LA = 15[ s |es Y | E* w0 M WoE EE G O .| = o m
< sl 2] s |8 o % = = R __ K_I[¢ ol o= T = o g
= | ID © L2080 < R o) | 0 @ B M¥es 3 I g 4 R
R ﬁ%@ﬂ e 2 las o> FC=88|g ™ |0d w5 = oS | o |
< (10l & s B RO N | I R e 0L o 3 51 S Ho|f
= |ob Tl =@ RY H B K = ] E] ey A= 5
Ho IR = |5 -3 m.._ﬁ.u oF B = Nm.w E 2 2 7l 2 U= g
s | 0]0 LH | KH (| [ M i i  |E Q! 8
M = pal <] |&o Nl g — o o Tl -
0 ._ﬂ_. _._._| . — A
— : X0 - u _z —
mﬁ o R | el {50 __ﬂ . w L o % [
|0 <1 B & |8 ST Rm A I |
STl E [ _c3APE B (fn LF :
—~ =1 P 1] B S -5 K mor I STdllmg: =
o ﬂ o %0 m-; o] ol = ) EoF n = H.HA_u6 mn%_n_aoa KRl | = M_u%.%wm :_ou_m..__
S |=| b= [ [ of =3 L k= TR H D |2 o1 a || [ |
e = o] E=o gl & gl |k |2 R 2 Bl oF R W |
<J = = ol 0 0 z F RHED |igp| < i
= | B | I oF ol Rl [ £l ~ ~NE o ||
©l|od| | & <Ol o0 [ |9 il oF < K | |
ez i 2 <0 [0 N -
ETu H__._._ | | FO| — . ™ [ |
— = ] I I
il b o oF A a0 o o} F
o | < i i RO < R | 1 i = T i
s | [HO <0 oo | PR el | BT I K A LT H
~ 7= = |0 ~ ¥ R sl = <[] 2 18
T | S L ~ A2 = |5 ~ 1 el RO — Ol — AL - _u__._“_\) I
TR oF s O | Ll R s Pl S S E S v SR =
N ot O |fmls © A Y| w  Hlzr S D e Sl
03 ujo oH R0 M o [ED b N o\ S A== =K ___r_m,rm o Ko< 1
-~ N o = — |~ =1 |° = (A
Wl ~ = M i) m_ﬁ N Wo o 8 ol .xM + W | | |_
* o HEH EREE A S T pla g o= I i
<l wEE AW I H T i
Mo mmAEmmso s | [
I RVRS W o KH & % ol of Hii = R0 o o
_ W_o_n_mwﬂ,;olrﬂol_g.ﬂaﬂ —_| | - K K = - e . i [ |
0| B! Hu M T MO uo Ha R Ho 0 =<l S @oqp no ki W = K &+ o | o W K @ B
B STTFTATAIRIA I e nBEEL B GET n R % |0 AR sk B
it il w0 3R 20 BN = —i 9K W < H g _, ol mi_
| 0] el 2 o e o1 i e = VIR a5 SR K A_EUHV A 3 g | 3 L %%WE_._M-
oF ﬁmom_ﬂoxtﬁﬂﬂ.ur._moﬁi = B0 =T o_uGEAﬂ =S E|d| (RS = M) <G oK = W= =l B
kot b = = 1 o =3 [ S O - O R O S S T RS i R = WO wmlL K
B T = [ 1 o e} O [
. N R RIR]H s o= [ KU [ W E ; = 5 = o[
- = ok = 0k K m A_| % =< |RT Roim [ |
== - = K — T <t ® o owm K B
gl |




b_ 223

Mom_m__._._o m_u_w_lml m (<] - fu
_ o o XX ) 1 o3 AR < =
o | B S8 IS =SS I W I 1 2 o of 0 4o REY o o ) —
Ul Zor ol EﬂAoAE ol . )] ' S B0 Mo < " T PoEwr WS oK —
of mMEu wuwa.rr_ouAr c_ou_._._r < _ W ok R0 — U B Mzoﬂ = K| © nl N
o M KL g = o MK of o I Huy = [olmliy ir oo, W i
© o T K mE ﬂ_i = | RCmR w__;_.lxxa_%%wﬁwmmwrﬂ% oK m0|=[1 - = Iﬂ Sllzok
= Of] M s I = [ 1 AR o R Oz | = = = Ho|| Ho
sl B ujo ik ol3 ] = T M= " K "y 8 ) I o {
R h S O P ) N O R K o i L mzr s IR
_ oplmEo ey S (X e - 4! , _ A e <k
o = mesl gROF= T [ >
il =05 Ol ok sk e |OH
= =R =3l HT 21 T
KWl ool mAlker 30N o 7 or
o | 0F opmiKo© T 0/0 E —
|_._o e} x o+ mE._ ] o H - = p—
He g ome pulldls G R gEs o3 i =
I s kil | & "R 7= | [ & 0 u o | z o0 Y o
) weilllell |8~ % || & L = z 2R Rluo |y E P v
it ol | 2= @ = — o =| [ [ol e R o i z = | [
T - =< b 0 S I ] g E | Bl X | 0 EUT
N I ._.opoA__o._._u: gl S O K0 iy o= ¥ =
ol W ; = bl MRE S R T RS N e s e | S TR B
ol ¥ o3 = | & (R R RIT H | (& o T r<g oF Th e e S w0l
= = K . 21 H o ol I T o000 |4 = om 3|6 R 1 ) I B -
| © o A H H o R For||H = i S K= | L Al
IaY - © <l o | ool o B = Ho S RO Ho N H o= © ~
o © W Kk <1 o = oA ol
K ujo| | — w0 R A
oE — y
L Ul op T Ho
ol OF|| = g K1 K4 @I_‘ m.ﬁoﬁo
oF N — il _ {F<FWXIMo ER
oju|| oF ol 11 o ﬂ R of
~ ook N = g HOw |[Ko e N )
P._ < < |.m=. — ﬂ._“_ xoL ).anmE%._m_xl M_.H__u K %E_.Ao_ﬂ_._ Hﬁ
~ Ho|| kD . n TR0 KT <) — 1 i ERUES _“Emlm <T(oH
BalEl |8 REehhzAT el RS oK (v
e — R . Vil WO N -~
ol < H a1 £ om0 FR g |
N z||Hl | | o L TIREEE A
nd =||RO = D.l_ i .
= TSl |5 [ %
NIE: oF m.“w_ el up N
El sl W T 7 o .
ol © ol A o L AL ™ g0 < Ko
w © = IR ) - 3 mer =z Mo < ol _ L
wn 2| e BE,_Wur ®Z ~ mlUs V) e ey | | A W o in
0 = [ WS HETF N = Ko oF —~ & N e e | =T || P e L
wr ol B Koy SEuwpmal | & FES T xR SO [ e s
5 z)| ok = n ] Al | 1o SRl OF = Do gz It K| =S
ok 8| ol [T PR naE L o) S i il I e C
Lo & ___® B Wz K 0 o7 W K O o s Kogy oK 5= al®
o HhOO@REIE Wi L oIN N gl AR 0F Rl R *om
T o EmegngE @ 2 e =
S| SIROKON elulo RO 20 3¢ " 0
o X %_&ﬁm&%%%mﬁam_w | # K T e : TR
— 2 Zloldl & v I olol K4] 2 o...on)k_lw K1 oI < =y = = = oy — U0
53 fuamizoziir B EREE SN G otasi 0| BREzEs | B2z .
20— TR M oo = 3 0 K k16 g0 R o7 3% (= [V Lz f S
0 A o oF T <7 0 |1 =20 SR &0 hENCE oz k) T SB[ R P
A erlﬂz 20| {5 | 2E = Wu%ﬂwmo M| =R %
& =7 ° xon_JPHﬂmowL o = o e foe oo = Ho FRK o
= olzr{zroe ™= (o8 ieg B0 2 31| TR K PR SDwy L] | TBZ —
) ) i o 20 o (L 14 o ™ o 5 ) 6 1 SHYT ERT gl 23 Dok
ERY 0 =| o mﬂnioﬂ%ﬂm_uo@ﬂmx R B H&@ENE Mﬂ%myﬂm_ m_u.n._.mu_umxaof L. . Hﬁ:_o
oH| [B0 e H o4 0 01 e mr| TR yo - g S & fpy U0 K R0 Su_ Bl Nl
<0 = o_n_.__u M_._Wl.Aor._[ _-oklu_.n_ EE K KH_ _._.___o_A <o E_.m:_oM.o._._oM_u HMATAT XOAT._._OM_uHV W_Hu ou%_u_ﬁ_
> T3 D (1< ifr2y _._A_M_.ﬂ,_o._ ATM:ﬂﬂﬁeﬂ B O ATu%Olm
o ©




* 22 AFol ek F¢AA, 202312, AFIGFET G FoFLHSH L p.123.

3

IS - TidE HRUAIOKY 3=

HIAIXIAleE 2023.12)

O ¢ ¥FadE 425 A

F2 35 WHAMet

)

Q154 AlH] S/BS0| hEH (
o3 X|2f 2 £}
HAH 2oPAS B2 015 (Of!

- 454 7RIS 55
- 27 AW BT Y 4B 35 7IA
- UEE Sot ol HEY 57}

O Aok 978w

- M3l e t| T FT| AY A SE
- BHEE7 |0 ht BAIZ gl 7|2 HETE of
- oIxjol 0| X/ SI3Y BF B8 015/ vl

- 9l AlojorE Hae, Ba J|Y 5 HE

(=] 5 = =
LA MES

[=]

=t M2} DEx} QIE|R S SX
AHIAFO| 2 ¥HS U HBLIE| U SNS Bt

S| Lago] 01Tt AtK ChS LIS HIEE =Y
Aobx| ErEiRt 913t vs 9% HE T} vs ElsX 2F =9
- #2l] o x| chy| AokH ThS LHE blm
- OIS AF / Al S / QIS Waist AR 5 mafey

Ol AJX] 2px|

—

8l S)

71 wE WAIA A=

L
Lt SHIE
Ay olx|

s
CSEX 2

ojojx| &i%
H|AIX]

A 21718 F o 9171 HE 7IE HAE 171 &g HAX] HEf
g+ 2H H| AL Biglof |
- NO | 71 EH 7tsd CHst 7|.|:+-c',-f>o|.|_H ;-|E|§ o Sifg £A Bl ok [HE
77l 5= gl 52 0o oo - ZHOIX| ZX 5 A2
=lys 7|.ik|o| IS} -
1 = o — —
AE7H - QTIUH ThHsA| . 917| HEol e AN
Fsd o%) | ves | 7} HE x| 2 £E CISEX|0f « e PA S CHO TR
. CHe EHAl T | O3 BIAIR] HY
- xS . Q7| HH It AlOFX] K| AP0 CHsH - —
27| A= NO T 2= o 7 < Sl e AtStEZA HEXIZE HYE
, | wH 7o) § % wexiE 5 Xz npgal < SEFE SEME
F=7t vEs | SIZIEMIE EH| . QIEBE Ol By T . A=) W BAIX]
(7rs4 A7) Hsy B o4 HFLAO|M FH| | FH|
o) mmgel | B |+ P70 =F | 7MY, QYRS - FACT B4 Oln
T O—CI>— [
s ==
Bk 23 TE L evloa Zet | . =3 2wy oy | C DL SN SE S
of thAof | & S0 2573}
OIE7|- N XI_I:II-I'| %E” SH &= Xl'o:l _
3 - 42t |- erimel Bt T g B S oA - CHRE AT 917] el
97| HAIX | NO |- 917148 Fst |« 97| WHME RE | . J|E HAK LBY ot
B EXOE I o[- 28 MRS | . R LIXE vileh oiAR]| .« EF2 SFEE A, BN
=88k et olst HAIR| Bigt  H= 9 oA £8 HEratajol Chgs
19 254 SI7IGAE A8 oS WAIA A



A H ARGAAA (L)

N sEARS #™ete Agdd 2XE& € F Jde ¥y ZAE AF3 7
A3 vl ey o9t #HAS AT L A Ht 52 AAE B o
AT rHe ARQEA

3
A AR Mw% A *1—3}1, AFQRAANEETH FAT NGNS B
o
=

(€4 1]
AndETAREES

4% AFALY 1 20

il A & A
HIgHo| &

AR QHAALZE Qo] Fuid FEe Agel FdE fla7t HAsAY wAE ST e
A% @ 8 23 44 o A8 ARl ogeiAY Hasterl s 27
AR 2 AF0eT & At AAE FEe] g dAAS FHaE FH, B Ardds D
222 $2E (918 FAO/Codexel A A4at ALE 9 A xA

1%

4 % 3889 5o Az
A

El 3
F2) Mol AT F Y= WA TAF L, A e A e

TREX
hoAT sbrsegre ARdAUeE
W AR S ohHA StEel HUEE FR AN Ys] fdte] FUFAHFLLR 20w
FYARGAYAIIHE T, A EAL T FUANAG £S0E AYARGAYY
delalg Ful, 1 A9 FA - ggol BE AFS HEHE A1029),
o AE ARE Aste] $EF EE TUAG FUE A&7 TARAL BT Seint

Ae 2F =W diF AHE Abde] sty Haztetr] HEte w8 e F

a9 2-5-5. A5 A (2

o
o
>
N
S
r
©

mﬂﬁ
ko on
o o
AN
>
g 15
S o
rO
of I+
)

T
do iz fr

M2y S0 L H 20 225



%)
offt
i
2
()
_‘>;
£l
of\

Alg etE AL

SAH=2F
Control Tower

S2ARH 2N

e=AIRRIE BB (Ad)

{

228 IAE)

dmae/sFnsSy

(SMEmaR)

pEdse

(CH & gl)

' oy L

[=]=
L

HURESEEE

<HIR>

b G2 A
=R

= R —

e~

BIOSHE
(H2NE)

SEOHE
()

FHEIIE
(22ANF)

EZI¥E
(Han®)

Iy
MR 4

Al -

. E=}W,

<EE>

=,
ZotEs I
RAR, FHEA,

2EAA

s NB+H &

<EIR>

e A IT B
SO s

. GhE
& EHE =
2=

= = i &
ZHNEEEE

=l

» =AlRD

<BH>

. &+Gt

(K

Ja =g
BMROAE
HHSE P HT O}

<E B>

SHNRD S

226 _

19 2-5-6.

E
oft
N
By
40-@




* EA: HAFARUANAEY, A nBAYFAASL AT, 2020, p117. <1 123> &

dsjas U As AESE Atz A (A= E7HH 2 - ales
B 292 R HEdlds TEYES 3
HESHS
(528 %95 Ms-5a35
7ol Oj8=-F8ll BSA=T )

O g © Yozt 1,5008F wheQlFetes SAIVE TalFRe] W s EAIE S hHS
A=rz #AAle|BR A F3 AAd AEFAUy e 2 x2S LIt vy
SEALR b A3 AEHE AFstoor & HaAo] EAst= v, olE 4
ERNAFEARIAARY S THeYSE WA BAE v 0B £da
Al Ag7HES ABE FaAo] EATH
FoedAEorELEZL O @ om0t uzozUe | AZoAZoN | STANLE | L2 B | BBHOEH

OL0 2100 | s
NE-od sy Az-@e  memw  wd-as =
AL A=t Qo Faod o gomue: AZorHLz} Mg HE2P| »

AR HHOIE £i=
AZoREEE S e IE=Y

RSSAHIS
A A4, Tufel MEQTEA,

340} 5% 48, B WL S
2671 - HBLICE

RSS AH|A HE2T}7|

X
AHAF E Fev?d
g xq

E@ o2 )88t &
-

E
=

M2y g LE 3 a0 227



=
AH
w
1|

—~
file)

a
N

Gl

)

el

R

o

Ho

o

i

Gl

e

_EE
B

o

Y e g

0]

A7k wy

71 %

S

1

ks)
pi

L @3 Al el oA Tl

]o
Yol S

PAY A2

S

(S

S

Holl 2A7H8< vk

.

=k

Gl Ao,
-s)

A102=(x1

Aol el

=
=

)

s

)
%

o

35 W s=ol o

K

00

g

1) FyEESEA R T

__o.._

Aol o

o
Ho

gl

G

d

.

2%}

=0l

o AAE wt= gla FHZoll AA

71E
FEf ol

o

0

o

T—
T

st

Al

N
o

Hin

sk A

AT E

O AAAE]

Fo]

S

9 th= Fas AA

file)

N
o

==
| LN

]

7

Oo]:

K

i wl=r3 EUS

9|

g 9

<5

i A

0

71 4

°©

2 HF3 BUS FAA FF0 =S

- 9] A9 AAFCOOA ‘79t a1%Fo] AR 9] o

O w=3 EU

ox

!

—_—
file)

O
o
N



- EUY 7% FEDIAFo|A NRCH|°|HE HANXOZE HEZS 7|& Aol 3 £
Z AL vlgEo R AZHAE 3 ‘Nutritinal Guidelines’ & A A3Fal T}

* Z2: AFFCO methods for substantiating nutrional aduquancy of dog and cat foods

_ o 212 AB|(NRC)= 7H2 AAFCOE (2006 NRC)2| &
AAFCO<TISL TR0| WY FET Aggals s | |17 =0T AEAANROS A ) S0 ool asrco Bota
Y00 AL TS SR on2nge -

AR EYA ZEDGY; U o rE 2 Y40l E5t0

O

R (200541 NRC2| £2¢2| 0]y
TIYO| AtE FYL Z2OY, 8 +H Of chEt AT AfEE 28 2 4d)e| HEE na

1990 / 1996 / 2008

1992 ° 1993 2006 2007 .\
HOl[A BIEHRIA 2Tf 55 YH0IE

2008 FEDIAFO| A ZHSH "Nutritional
Guidelines for Complete and
<AAFCO MIZC 9|9A%|> 9| $AR0| <If2 0| Y HE7| o
Complementary Pet Food for Cats
29/918]>2 51013 YWHOR N8BS KRS HFO2 T and Dogs; ZE817 1212t
DY0| AR YYL T2, S +YY #S 92| AAFCO7IET) Tl RS ol
% 2-5-7. v s WEEs e AA AA

O F=re] 75 oled W= EUY 71%% skl AR a2 Agste] =
7o AMgstal 3 A A W= AAFCOS) 7Ee ETsditte A<
AEHOR FASE A 61%6}% FHE oA F4E F83tL Ao

O AAHo =3 {7 A BF NRCO HAHE 7|FO2 ojit; g2 FF

AM wlsiolsAl Z1Es Asta gl= vk W= EUZE AARE Z1ES weh =
el dg71E= AAshs Aol nhaA st

O owt "= f19 dY7Iee BF WERA AAY = 4oz A" A
°] ohuet lﬂﬁfzféﬁﬂ Zhol =il FEl R AR Adnt 2yt oS =Y
FHANA WAz mEstE T dAd Aashy] Hos 9 s AA
F oA %Xé% HEs AFl Hsted JAFEANE T FUAES sk FH=E 9

al

O HIsE¢AAR

- WS ESHALEE v]=19] completed and balanced feed?] A& 3aste] ‘Hx o]
FEFT flo] AFAGAE vt s EY ddE TS BF FIANE F AESE
FEEAHl FAEHY e MEHFEAEE YT

- HaEe u]u? AAFCO$}t #3 FEDIAFS] HA7|ES B5E JHE FEo=

M2y g e 3 20 229



n|23 EUS 7]%S BF ASEE 3] ojn Zylo AL}
1 | AF-3 ol A

o
i
i
N

o

o

Minimum recommended nutrient levels

= Dog and Cat = Growth & Reproduction and Adult = DM and ME based

= NIAS dog food nutrient profiles based on dry matter (unit per 100g, 4000kcal/kg)

0 . . Growth and reproduction Adult

- Protein and Fat o i FEDIAF AFFCO NIAS  cited FEDIAF AFFCO  NIAS  cited
Protein g 20 225 20 F 18] 18| 18 A=F
[Arginine g 0.74 1 0.74 E 052 051 051 A
Histidine q 0.25 044 0.25 F 0.28] 019 0.19 A
lsoleucine g 0.5 071 0.5 £ 046 038 0.38 A
Leucine g 08 1.29 0.8 F 082 068 0.68 A
Lysine g 07 09 0.7 E 0.42] 063 042 E
Methionine g 0.26 035 0.26 F 04 033 033 A
Methionine+cystine g 053 07 0.53 F 0.76] 065 0.65 A
Phenylalanine q 05 083 0.5 F 054 045 045 A
Phenylalaning+ tyrosine g 1 13 1 E 089 074 0.74 A
[Threonine ] 064 1.04 0.64 F 052 048 048 A
Tryptophan g 0.21 0.2 0.2 A 0.17 016] 0.16 A
[Valine g 056 068 0.56 F 0.59] 042 049 A
Fat g 85 B5 8.5 A=F 55) 55 5.5 A=F
Lioleic acid(w-6) g 13 13 1.3 A=F 1.53 132 1.1
Arachidogine acid{w-6) g 30 - 30 F [] A=F
Alpha-linolenic acid{w-3) g 0.08 0.08 0.08 A=F 0 A=F
EPA+DHA(w-3} 9 005 005 0.05 A=F [ A=F

Minimum recommended nutrient levels

= NIAS dog food nutrient profiles based on dry matter (unit per 100g, 4000kcal/kg)
- Minerals and Trace elements

Nutkent Growth and reproduction Adult
FEDIAF AFFCO NIAS cted FEDIAF AFFCO NIAS

Minerals
Calcium g 0.8 1.2 0.8 F 0.5 05 0.5 A=F
Phosphorus g 0.7 1 0.7 F 04 04 0.4 A=F
Ca/P ratio 11 11 0 A=F 111 11 0 A=F
Potassium g 0.44 0.6 0.44 F 05 06| 0.5 F
Sodium g 022 03 0.22 F 0.1 0.08] 0.08 A
Chloride g 033 045 0.33 F 0.15 012] 0.12 A
Magnesium g 0.04 006 0.04 F 007 0.06] 0.06 A
Trace elements
Copper mg 1.1 1.24 13 F 0.72 0.73] 0.72 F
lodine mg 0.15 0.1 0.1 A 0.11 0.1 0.1 A
Iron mg 8.8 88 8.8 A=F 36 04| 0.4 A
Manganese mg 0.56 072 0.56 F 0.58 05 0.5 A
Selenium ug 40 35 35 A 18 35 18 E
Zinc mg 10 10 10 A=F 72 8l 7.2 F

4) 2024. 7. 3. W RAlRE dYBREAY
B RS IS = e LI [ B i T
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Minimum recommended nutrient levels

= NIAS dog food nutrient profiles based on dry matter (unit per 100g, 4000kcal/kg)

- Vitamins
Nitient it Growth and reproduction Adult
FEDIAF AFFCO NIAS cited FEDIAF  AFFCO NIAS cited
Vitamins
Vitamin A 1] 500 500 500 A=F 606 500 500 A
Vitamin D U 50 50 50 A=F 55.2 50] 50 A
Vitamin E 1 5 5 5 A=F 36 5 3.6 F
Vitamin B1(Thiamine) mg 0.18 0.225 0.18 F 0.21 0225 0.21 F
Vitamin B2(Riboflavin) mg 042 0.52 0.42 E 0.6 052| 0.52 A
Vitamin B5(Pantothenic aci{ mg 1.2 1.2 1.2 A=F 142 1.2 1.2 A
Vitamin B6(Pyridoxine) mg 012 0.15 0.12 F 0.15 0.15] 0.15 A=F
Vitamin B12(Cyanocobalam| ug 28 28 2.8 A=F 335 28 2.8 A
Vitamin B3(Niacin) mg 1.36 136 1.36 A=F 1.64 136 1.36 A
Vitamin B9(Folic acid) ug 21.6 21.6 21.6 A=F 25.8 216] 21.6 A
Choline mg 170 136 136 164 136] 136 A
Minimum recommended nutrient levels
= NIAS dog food nutrient profiles based on calorie content (unit per 1,000kcal ME)
- Protein and Fat
et it Growth and reproduction Adult
FEDIAF AFFCO NIAS cited FEDIAF  AFFCO NIAS cited
Protein g 50 56.3 50 F 45 45 45 A=F
Arginine g 184 25 1.84 F 13 128) 1.28 A
Histidine g 0.63 11 | 063 F 0.58 048 0.48 A
Isoleucine g 1.25 178 1.25 F 1.15 095 0.95 A
Leudine g 2 323 2 F 205 17 17 A
Lysine g 175 225 1.75 F 1.05 158 1.05 i3
Methionine g 0.65 0.88 0.65 F 1 083 0.83 A
Methionine +cystine g 133 1.75 1.33 F 1.91 163 1.63 A
Phenylalanine g 1.25 208 1.25 F 1.35 113 1.13 A
Phenylalanine + tyrosine o] 25 325 25 s 223 185| 1.85 A
Threonine g 16 26 1.6 F 13 12 1.2 A
Tryptophan g 0.53 05 0.5 A 043 04| 04 A
Valine g 14 17 14 F 148 123 123 A
Fat g 2125 213 21.25 F 13.75 13.8| 13.75 F
Lioleic acid(w-6) g 3.25 33 3.25 F 327 28| 28 A
Arachidoginc acid(w-6) g 75 02 0.2 A
\Alpha-linolenic acid(w-3) o] 02 01 0.1 A
EPA+DHA(w-3) q 0.13 0.13 F
inimum recommended nutrient levels
= NIAS dog food nutrient profiles based on calorie content (unit per 1,000kcal ME)
- Minerals and Trace elements
Nifriont nit Growth and reproduction Aduit
FEDIAF AFFCO NIAS cited FEDIAF AFFCO NIAS cited
Minerals
Calcium g 2 3 2 F 1.25 125 1.25 A=F
Phosphorus g 1.75 25 1.75 F 1 1 1 A=F
Ca/P ratio 1:1 11 0 A=F 111 1:1 0 A=F
Potassium g 11 1.5 1.1 F 1.25 15| 1.25 F
Sodium g 0.55 038 0.55 F 0.25] 0.2 0.2 A
Chloride g 0.83 11 0.83 F 0.38 03] 0.3 A
Magnesium g 0.1 0.1 0.1 A=F 0.18 015 0.15 A
Trace elements
Copper mg 275 31 2.75 F 1.8 1.83 1.8 F
lodine mg 038 0.25 0.25 A 0.26 025 0.25 A
Iron mg 22 22 22 A=F 9| 10 9 E
Manganese mg 14 1.8 1.4 F 1.44 1.25] 1.25 A
Selenium ug 100 90 90 A 45 80f 45 F
Zinc mg 25 25 25 A=F 18 20 18 F
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Minimum recommended nutrient levels

= NIAS dog food nutrient profiles based on calorie content (unit per 1,000kcal ME)

- Vitamins
Growth and reproduction : Adult
FEDIAF AFFCO  NIAS i FEDIAF AFFCO  NIAS

Vitamins

Vitamin A U 1250 1250 1250 A=F 1515 1250 1250 A

Vitamin D 1] 125 125 125 A=F 138 125). A28 A

Vitamin E U 125 125 12.5 A=F 9 125 9 F

Vitamin B1(Thiamine) mg 045 0.56 0.45 F 0.54 056| 0.54 F

Vitamin B2(Riboflavin) mg 1.05 1.3 1.05 F 1.5 13| 13 A

Vitamin B5(Pantothenic acid) mg 3 3 3 A=F 3.55 3 3 A

Vitamin B6(Pyridoxine) mg 03 0.38 0.3 F 0.36 038 0.36 F

Vitamin B12(Cyanocobalamin) ug 1 7 7 A=F 8.36 7 7 A

Vitamin B3(Niacin) mg 34 34 3.4 A=F 4.09 34 34 A

Vitamin B9(Folic acid) ug 54 54 54 A=F 64.5 54| 54 A

Choline mg 425 340 340 A 409 340 340 A
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