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Abstract

As the number of households with pets has increased worldwide, there is a growing trend of accepting pets as family members.
Consequently, the pet food market has seen the emergence of concepts such as “human-grade,” “raw (PMR and BARF),” and “no
synthetic additives” pet food. These concepts not only fulfill essential nutrients but also consider the health and habits of pets,
a crucial aspect that should be at the forefront of our work. However, these types of pet food are prone to microbial contami-
nation and component alterations caused by heat. Current studies and products have recently been developed overseas to apply
non-thermal sterilization technologies to pet food commonly used in the food industry. In contrast, the domestic standards for
non-thermal sterilization in pet food are insufficient. Therefore, a comprehensive review of non-thermal sterilization technolo-
gies, such as high-pressure processing (HPP), radiation, and plasma predominantly applied in the international pet food market,
is deemed necessary. This review is expected to provide guidelines for non-thermal sterilization standards in domestic pet food,
thereby laying the foundation for the safe production of raw pet food.
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Table 1. Current status of non-heat treatment for raw beef and uncooked processed meat products

Raw material Non-heat treatment

meat methods Characteristics after treatment Origin
High-pressure processin = Metmyoglobin decreases up to 300 MPa
Beef 11)30 /520 K/IPa & = Metmyoglobin increases from 301 MPa June et al
(chuck) 10°C. 260 s = Brightness increases in the treatment group (2%03) ’
Storage: 0 /1’ 12/3/4 weeks compared to the control group
8¢ W ® Microbial inhibition for 7 days at 520 MPa
Beef ngh_zge()s/%gg Ir\)/r[([)’caessmg = n-hexanal increase at 600 MPa Schindler et al
(sirloin) 59C. 15 min = Refrigerated storage recommended for 24 hours (2010) ’
Storage: 0/4/10/24 h to 14 days
High-pressure processing = As the treatment pressure increases, the microbial
Beef 300/400/500 MPa inhibition effect increases Lee et al.
(sirloin patty) 25°C, 5 min = Brightness increased compared to control at 500 MPa (2021)
Storage: 0/2/4/6/8/10 days = Redness decreased compared to control at 500 MPa
= 3-9 kGy gamma rays have no effect on pH
= 3-9 kQGy treated was cooking loss decreases compared
to the control group .
Beef Gamma-ray Rodrigues et al.
(sirloin) 3/6/9 kGy = 9 kGy treated was shear force decreased, TBARS, (2020)

and chroma increased compared to the control group
= More than 3 kGy treated was deoxymyoglobin and
metmyoglobin increase

Electron beam

= More than 2 kGy treated was the detection of aerobic
bacteria, mold, yeast, and coliforms reduced compared
to the control group during the storage period

Beef 2/4/60kGy = When treated with more than 6 kGy, detection of mold Tolentino et al.
(patty) 25°C | N (2021)
Storage: 0/1/3/5/7 months and yeast d_ecreases (about 1.1 log CFU/g) during the
’ storage period compared to the control group (about
3.6 log CFU/g) and other treatments (about 2.1 log CFU/g)
Electron beam = When treated with 4-8 kGy, brightness, and redness
Beef 4/8/12/16 kG increases, yellowness decreases, and the degree of odor Yang et al.

(sirloins) Y is lower than the control in sensory evaluation (2022)

Storage: 1/7/14/21 days

= 4-12 kGy electron beam has no effect on TBARS
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Table 2. Current status of non-heat treatment for raw pork and uncooked processed meat products

Raw material Non-heat treatment

meat methods Characteristics after treatment Origin
High-pressure processing = Brightness and yellowness increased in the treatment
Pork 600 MPa group as opposed to the control group Martillanes et al.
(leg ham patty) 10°C, 5 min = Redness decreased in the treatment group compared (2020)

Storage: 0/1/14/21 days

to the control group

High-pressure processing

= Fresh pork hind leg showed no inhibitory effect on

Pork 100/200/13 (11(1)1/300 MPa Toxoplasma gondii at 400 MPa high-pressure treatment Gracia et al.
(leg ham) 600 Mpa = Dried hind leg inhibited Toxoplasma gondii at (2020)
Storage: 0/3/10/20 min 600 MPa for 20 min
High-pressure processing
Pork 200/300/400 MPa = Muscle fiber protein deformation occurred during Jia et al.
(loin) 4°C, 5 min pressurization (2021)
Storage: 0/14/28/56/84 days
= When treated at 3 kGy or higher, odor intensity,
Pork Gamma-ray redness, and sulfur compounds increased compared Li et al
(leg ham) 3/5/7 kGy to the control group (2017)'
& Storage: 3/7/11/14 days = There was no difference in TBARS between the control
group and the treatment group
G ara m Shear force decreased in the treatment group compared
Pork 3/5/7 kG Y to the control group when treated at 3 kGy or higher Zhang et al.
(leg ham) Storage: 3/7/11 /)1/ 4 davs = Calpain was inactivated at 5 kGy or higher (2020)
£e 4 = Muscle fiber fragmentation increased at 7 kGy or higher
= At 8 kGy or higher, brightness and sensory preference
Pork El%c/tlr;)rll(g?m decreased, while redness and TBARS increased Yang et al.
(loin) . compared to the control group (2023)
Storage: 1/10/20/30 days = Microbial inhibition occurred at 8 kGy or higher
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Table 3. Current status of non-heat treatment for raw poultry and uncooked processed meat products

Raw material

Non-heat treatment

meat methods Characteristics after treatment Origin
High-pressure processing
Chicken 250/300/350/400/450 MPa = Inhibition of Salmonella and Listeria to below Chuang et al.
(ground breast) 4-25°C, 10 min 5 log CFU/g when treated at 400 MPa or higher (2020)
Storage: 7 days
= Sequential reduction of Salmonella with increased
. High-pressure processing pressure .
Chicken 100/200/300/400/500/600 MPa = No detection of Salmonella and color stability Cap et al.
(breast) N . when treated at 500 MPa for more than 1 min (2020)
5°C, 1/3/5/7/9 min
’ = No microbial detection when treated at 400 MPa
for more than 5 min
High-pressure processing = Reduction of Salmonella when treated at 300 MPa
Chicken 200/300/350 MPa or higher Chai and Sheen
(ground breast) 4°C, 4/8/12 min = Increase in brightness, redness, and yellowness (2021)
Storage: 24/48/72 h when treated at 250 MPa or higher
Quail Electron beam = Increase in TBARS when treated at 1.5 kGy or Derakhshan et al.
ual 1.5/3/5 kGy higher (2018)
= No detection of total bacteria and E. coli when
Duck Electron beam treated at 3 ka or higher . Arshad et al.
(frozen) 37 kG = Decrease in brightness and redness, and increase (2020)
Y in yellowness, pH, and TBARS when treated at
3 kGy or higher
= Decrease in antibiotic residue and yellowness, and
Gamma-ra increase in weight loss and brightness compared to
Chicken 3/5/7 kG Y the control group when treated at 3 kGy or higher Heydarian et al.
meatbal o . ® Decrease 1n redness when treated at 3- Y,
(meatball) 23°C, 43/74/104 min D in redness wh d at 3-5 kG; (2023)
’ whereas an increase in redness when treated at
7 kGy
= Muscle fiber damage when treated at 5 kGy or
higher
Chicken Electron beam = No s1gr111 1ﬁctant Effect; Ortl I(le taél dl gel?gral Vazirov et al.
(breast) 2/5/10 kGy components Whe treaied at ~-14 KUy (2024)

= Decrease in amino acid concentrations such as
threonine, alanine, and cystine when treated at
10 kGy
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7¥sh, 4317]+= E3] Shiga toxin-producing Escherichia coli
(STEC) 7¥doll, SR 2271+ Salmonella®} Campylobcter 513
£0] Zol F7} Q3 nAYEo|tiLi et al, 2020a).
°olF FHNUL W, ZAPL C} 20°Ce| &= 27

o
A 300 MPa o]43e] 719Fe 23715} 92 77]e) Hrze} 4
A, AR A, Tela pHoE B2k, B v,



A AFS AR kG A AL PH: 20 WA 161
Table 4. Current status of non-heat treatment for raw fish and uncooked processed meat products
Raw material Non-heat treatment Characteristics after treatment Origin
meat methods
= Increased brightness compared to the control group when
High-pressure processing treated at 300 MP.a . .
Pollock 150/300 MPa = Increased water-binding capacity compared to the control Cando et al.
(surimi) $°C. 24 group when treated at 150 MPa (2015)
’ = Increased elasticity compared to the control group when
treated at 300 MPa
High-pressure processing = Increased viscoelasticity and breaking strength compared
Fiying fish 40/80/125/200 MPa to the control group when treated at 40 MPa or higher Moreno et al.
(surimi) ~15°C. 10 min = Improved protein structure compared to the control group (2015)
’ when treated at 125 MPa or higher
= [ower incidence of sulfur compounds and ketones during
storage compared to the control group when treated with
high-pressure
Salmon. High-pressure processing = [ ower detection rates of microorganisms (enterobacteria,
Flound ’ 500 MPa mesophilic bacteria, psychrotrophic bacteria, Pseudomonas Castrica et al.
ouncer 4°C, 2 min spp.) compared to the control group during storage for (2021)
(fillet) > Pp p 1 group 2 2
Storage: 0/3/6/8/12 days up to 8 days when treated with high-pressure
= Increased brightness and yellowness, but decreased sensory
color and texture compared to the control group when
treated with high-pressure
® In fresh Nile tilapia, Enterococci (0 kGy: 3.47 log CFU),
Staphylococcus aureus (0 kGy: 2.51 log CFU), yeasts
(0 kGy: 3.9 log/CFU), and molds (0 kGy: 1.84 log CFU)
Nile tilapia Gamma-ra were detected at 2 log CFU or less when treated with
(Tilapia nilotica)/ 15/3/4.5 kg 3 kGy or more Al-Kuraieef.
Smoked Herring/ 2—3°b il“é 30 ilin = In fresh Nile tilapia, peroxide value, acid value, and (2021)
Smoked mackerel ’ TBARS values increased sequentially when treated with
1.5 kGy or more
= In fresh Nile tilapia, sensory evaluation scores decreased
when treated with 3 kGy or more
Gamma-ray = In fresh largemouth bass treated with 3 kGy or more,
3/6 kGy both gamma-ray and electron beam increased the acid
0-4°C value, peroxide value, and TBARS values, and the
Largemouth gamma-ray treatment group showed higher values than
bass the electron beam treatment group. Lietal
(Micropterus Electron beam = In fresh freeze-dried largemouth bass treated with 3 kGy (2020)
salmoides) 3/6 kGy or more gamma-ray, the acid value, peroxide value, and
0-4°C TBARS values increased, and the fresh treatment group
showed higher values than the freeze-dried treatment
group.
= Increased TBARS values when treated at 2 kGy or higher
Salmon Electron beam = Increased amino acid content and shear force when treated Yu et al.
(fillet) 0/2/4/7/10 kGy at 7 kGy or higher (2023)

= [ oss of vitamin A when treated at 10 kGy or higher
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o] pHe} E2442 200 MPa o)} x|2] A| ti27FH 2 3t
S YEPNSATHDong et al, 2021). H7}54e] B4t 7h
52 100 MPa o]a} 22| A S71s3l 1), 200 MPa ©]
& Al Al SRR Hashes AS® UERtHMarusic
Radovéi¢ et al, 2019). 7}FSolx FYsjjof & myEL
Escherichia coli, Listeria, 18] 31 Salomonella7} )01, Eal
719} Az A5olA Salmonellac) 213+ 2 HE 53]
Set Aoz FETHL et al, 2020a). H7HEARS 15°Co)
X1 450 MPa o|Ato & 58 2] A Salomonella typhimurium,
Escherichia coli, 1|3l Listeria monocytogenes7} 144 2] %
& 717k &2t 4 log CFU/g w|vt AEHo] £& oA &3
= VERHQITHKruk et al, 2011). Sheen et al. (2015)-& &34
g SV 450 MPao| A 153 A ] A A=rdzte] Fn
7 FROA AE EAgo] BT o2 veRgth Chuang
et al. (2020)8 F2) Th17]2 25°CojlA] 400 MPa o] A}O 2
105 28] A] Salmonella spp.2} Listeria monocytogenes7} 5 log
CFU/g m9te] AES Yepf i

olE T3NS W, 292 25C ol 2= F7
A1 200 MPa o]’Fe] 7t 759 WEet HE, X4
Al pH, 28] B4 St FFS miAoh v, B
T 7HEFES 200 MPa o] Ag] Al sk Ao
2 Uepsdth 7FaSe] 23890 At 1525°C 2% 279
A1 400 MPa o]A}o. 2 58 o)At A g]sk= Ao| Salmonella}
Listeria, 12|31 Escherichia coli®] Ao @32 d Ao
Ao,

(@]

=2 =0t H|E A7 M2

offe] 238 AEle WM, A= 7L B4y A A
Abst £x1, i ks o] 9] o]sheha wshr) vet
T AUk Aojet 7Erp] oA 500 MPa A 2= pH S7}ol
FS VUER)QITHC Castrica et al,, 2021). %379} ]38k o5
% Wshks FA| ek HEjoll A 200 MPa o] 2] A]
7} Z7FaFdtHMatser et al., 2000; Cando et al., 2015).
o]¢} 7EAtmle A= 500 MPa o]} A Al xR &
=9} sz o] =712 KW rHCastrica et al, 2021). Yolj=
100 MPa o] 2] A Wieh A4, a2l FAET 5
7Vehe Ao 2 el tHSequeira-Munoz et al,, 2006). 23]
= 40-125 MPa o]/, WEj= 300 MPa o]’ A 2] A] iz
o detet A2s 7l E Ao ® U tiCando et al,
2015; Moreno et al., 2015). Hoje} = 111 MPa o]} *]
2] Al 748 Zeko]l F7FSRAAL —20°CellA] 193 MPa #] 2]

Fl 1o o2 wf
i o

78k

=

A hardness€} cohesiveness”| 57 }3}$3 THMalinowska-Panczyk
et al, 2014). & A5e] WBl= 9Jojo]A] 100 MPa, 155
oA} g Al EFxF-Hth =718 tHSequeira-Munoz et al.,
2006). o]i= 2%k Aol ok a4 WEI g o] &
Aol o]et Aoz el tHSenturk et al, 2013). 37}
)3t o o] MAYE oA Tk ofelsh 2Tk 500 MPa ]
25 dojs} Al A% 717 89 A HlETRT 4
WA+, =43, KA, Pseudomonas spp.7} A=A
THCastrica et al., 2021). 5CojA 1087} 150 MPa =|2]3}
3 7k FA(50% 0,450% CO,)TF Aole] 739 Shewanella
putrefaciens®} Listeria monocytogenes, “1¥| 3L Salmonella
typhimurium @] Ao @3 0 2 e}y THAmanatidou et
al, 2000). 3] Z=o]9} A ©] 7)o A] 200-600 MPa, 1-5%2 =]
| Listeria monocytogenesS- 6 log,, CFU/g o]4e] 7IAs
U ER A THMengden et al., 2015).

o|2 AL 1, %] 2T HE 100 MPa o]
b AR A WEe MR, 22T PAE Sl AT
w3tk Eal, Avkels TBARS 248 271417 o1& 1)
AE AAE 98k 27L& 200 MPa, 103 oY A 2lsh= A
o] Listeria, Salmonella 5o €34 7o 2 FActe

o MA WZC B HAMM H|Y
AF H 2

207(ef =fjX[7]9] SAKM HIE &7 X2
WAL S &ar7)9h siA| a7 o] A e, 7R
UAE oA 5 olskstd Qg njAlch Leh} 477, o
2)3271¢] pHE 2.5-10 kGy?o] WARA(ZrbA 3t A xpd)ell A
oAl gk W] gkt Ham et al, 2017; Rodrigues et
al, 2020). ARAGAAEDO] o] 2371] e 4 kGy o
A A2 A s AEE AL PR 271
ATHYang et al, 2022). WpARA ol 9]8F 2~a17]e] HAE 7H
Ak Fe*e] o] &3l2 <13k methemoglobin®] 345} 218 2
vjzre] A Sol o) WA RTHBlzyuk et al, 2023).
APIGRR, AApDel o] gk six|aL7]e] A2 3 kGy o]
& A Al AN EE S7FSIAAL HiEe AAskATHL et
al, 2017; Yang et al,, 2023). A&317]$} =j=|a17]¢] A& Aksh
£ 47 KGyo] ARG BAIN fol4e) Qe
& W) 9kQhTHLi et al, 2017; Yang et al, 2022). &k A3
719} 17 271 247} 9 kGysh 8 kGy ol 4F 7|2 A] TBARS
Zko] 7+2~3}9 thRodrigues et al., 2020; Yang et al,, 2023). A&
wolsh AT A% 2 2l e $74REC o)
3 A S] v AR o)A EIR= 216 kGye] M IoA] AT
Atk A37)19] F nAE AYEStotal viable count, TVC)
¢} & AHF5(total coliform count, TCC), &= & 2
sgo]<(total yeast and mold count)= 2-6 kGy A} A] TR
Xt} z+zF 091-2.79, 1.14-1.62, 1.24-2.10 kGy W= 745}
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S tHHaquea et al, 2017). T3k ThRl Aa17)d)] k4akslA| el
Heuagst BE BROMRES, 1T ojsnen
AhE A7bste] WA AR AL ARIRE ZARSE A 2GR
t} E. coliS} Salmonella typhio| et & a7t F718F 4
© 2 e} THChiasson et al., 2004). BjR]327] oA HEARA 2}
kiAo W2 kAl 7| EA 7HENAE, A &
&, TN 225, 183 D-sodium erythorbateE 3 7}
o] 1-3 kGye] A A gko| A TPC2} Salmonella typhimurium,
28] 3L Staphylococcus aureus®] A E#H=E el tHHu
et al,, 2021; Chen et al., 2023).

ol2 ZEHAL W, 11 kGy olste] WALE 2379}
SA3719] pHol §r9159] Gge x4 2gieh 34 kGy
olgel WA Al 2wlsh HA el S wal
AZRom a7 AMET) 7Hag Wi, siX] 7= St
3T 89 kGy ol4-& 47719} $jA 71| TBATS 7 %
7holl FEE mAIH, 2 kGy o]delA] wAE oA BHE
HERA AT

IR WA Bl &R Hal
WAMLS TVEFel A A\ As) oA oAl B o
g v 4 Ack 22} 210 KGyel BARZH S A
Apae pHot 7148, QuHE Sol feldel dge
"R = Ao w el tiIslam et al, 2019; Vazirov et
al, 2024). Aol 79 "3t eear]elA 3 kGy o A
2 A A4 skt deitent, savle) A WEE @
Ahow Frlegon Aunsh e £AHsl 7t
2 el 9t Heydarian et al, 2023). WA o]t
e8lar7le] A Aksk= 1 kGy o A2 FE xR
TBARS gho] Z7F515.00F §-91219] ke 3 KGy o] A
HE velytthIslam et al, 2019; Arshad et al, 2020). —
eut vizeb] 171e] A9 15 kGy ol HeRe T
st} §2) 52 TBARS 2he] 2742 LhEhyglom, o] o)
Tl 2l A F EXSRRe] 75% oY e o]
Ao] BAR o] FaFol] WIzkeE Zlo 2 vkl tiDerakhshan
et al, 2018). WALA Y] 7125 U HAE dAE WA o
= A Wk ope} ksl A HUFE W A B
o] XY=L vk WA w5 Ao A9 Havleh ¢
oA A 1 kGy o)A 8] A] Salmonella enterica
¢} Campylobacter jejuni7} 5 log CFU/g n|¥to 2 AZ%9] 4,
2 kGy o] A8 A m7AZ FJrtHMahmoud et al., 2015;
Gunther and Nereus et al., 2019). 2] 377]+= 3 kGy o)A+ |
2 Al T thdto]l AEEA FUTHAshad et al,
2020). AR ZAL9} kS EHS RS ok &
E& A7HE AT Al 2 kGyo] Mz 3714 mA
=3 thdatol] tigk As a3t veht A kst A
2 AR AL Fox ks 350] S o U
(e}

(Sadiq et al, 2023). EE, T4 PSR F719 24

bl

)

k)

at

I Algddste| =, 28]al of AT 2B F24 g
24 A E tigt] =& A axE Jepilen,
S8 TR Agdd e, of~A g H At
2 =7 YePdtHAyar et al, 2016). ©]9]o| % phytic acide}
tea polyphenol, 72]3 A 5 FAtsAle] H7bs WA
ZAF Al HAE Al a9E £ Zo2 YEPgTHKhalid
et al, 2021; Long et al, 2021). o]&|gl &akslA] HA71= W

My oo 2
o™ rl

A A Al §327] W amoxicillin, doxycycline, ciprofloxacin,
enrofloxacin, oxytetracycline, ~22] 1 sulfadiazine 5 ZH5 Ay
Al 7HAlsager et al., 2018; Heydarian et al., 2023). o]= WARA
ol ©]& hydroxyl radical 440 2 pAAle] B8 27} 3
)50, shst 727} B 42 hydroxyl radicalol] 282
7HZ1 tH Alsager et al., 2018).

1% FHAUS M, 3 kGy ol¥l WA A A
3} TBARSS] JFL )ALt /H359] F8 455 #2
RS, PSR} g Helz Do AP 2E Uk

gk 7 kGy ol4e] MAM AT kg ) B A
£ 743 & Uk
o152 WA H[E Ao X2

B2 Folt 3 kGyel bl A2 A tETRT BE
7 FAelE Aamel FAEE ZAselrhDvor e al,
2005). Moini et al. (2009)%} Oraei et al. (2012)& =27 4
ofol] 1 kGy o]’¢¢] b Ae] Al thx71ot pH7tE S7F
ato], WA AR of59] pH S7tol %S FE AL
= BOET. A9 7 kGy o} M@ dojolA vz
TR Ve A2 YERYTHYu et al, 2023). B3l tf
AME 7hergeloll 15 kGy o) de] Zpd A Al 5
T} hardness7} Z715h= 21 2 LERHTHMbarki et al., 2008).
A Aksh= 2 kGy o] 22| gk ddofollA] TBARS Fte] &
7Vsh= Ao Z YERGTH YU et al, 2023). Mbarki et al. (2008)
© NG Fitgolol 15 kGy olate] kAl Alg) A T
ZTRT FAElETPE Sk A 22 YERTE Li et al.
(2020b)2- 21243k EQJuj2=ol] 3 kGy o]de] Zrpiat Az}
W 28] Al AF7Hacid value), 3H2FaHE7Hperoxide value), L
2|3 TBARS gho] S7tsti o, ofwf Zhepid Ae]+7F -
2 AR 22 7S YERITE Bd sAAxe
Y Aot Al E9dul s AR e A
7Y, #irsE7Y, TBARS s UERlQIT: ofof] Wb &
aar7)eh A A7), 2ela §arieh § of s AE 4k
st F3o] GEFE vX= AR Ak AR AR
o]S-9] #% B} appearance, odor, colour, texture, taste 3}
oA 1-10 kGy ool WA Aejgk FA 7 Fof, 92t



sol, 43, AFe ol BalolA tlxTel 17 Aol
= JehlA] ekt Abu-Tarboush et al, 1996; Chouliara et
al., 2004; Moini et al., 2009; Oraei et al., 2012). HIAPA 2] o]
5 TAE oAl B3 F 57149 493 KGy o))
7l 22 A 1509 AA 7]17F S¢F 2 log CFU/g )35}
2 74439 tHOraei et al., 2011). G338 Tnjike] =g+
L 13 kGy9] 7dmpA A 2] A] | ZFHET) 1.8-3.2 log CFU/
g 7HA3AtHChouliara et al., 2004). Shewanella putrefaciens
8} Enterobacteriaceae, Brochothrix thermosphacta, ~12] 3 lactic
acid bacteria’= 3 kGy A #]FrollA 1449l A7 717 Fot
2 log CFU/g mwto g2 AZFUT) 1.5-3 kGy2] 7dmpA A
2] 3t "gglyjole} M= Yersinia®} Campylobacter 2%
o] &30l FAo & Vet Abu-Tarboush et al, 1996). T
3, 610 kGye] 7ok Aol Aeqd e Ezol
Aoy, W ds H7E A4S EUdTE o]o] Abdeldaiem
et al. (2018)& &3ojof 0.5% Z=nulg] oAl oS FH
7Vt & 1 kGye] 7ZhwlA-& x| 2)dte] Enterobacteriaceae}
Staphylococcus aureus, 1231 Bacillus cereus A 2 Vibrio
pp. Al EHE Uehigleh w5 22wl oad 29
S A7 3 3 kGy o|A}e] 7hubA X 2] A Salmonella spp.
¢} Bacillus cereus 2Fd- 28] &35 2tk

olg FHHUS ©, o}e] WA M= 13 kGy o]
2} A)2) A pHsh v, A 4k}, 227 WEst 2716
Ao W, Auwe} PAEE gasks Ao® Yeh,
1-6 kGy2] HkAlA 28]+ 35 37} appearance, odor, colour,
texture, taste oA thTtob AR HEiks UERASL
th &3k 3 kGy oA AHEE & 3714w Salmonella,
Campylobacter, Listeria, E. coli, Shewanella putrefaciens,
Enterobacteriaceae, Brochothrix thermosphacta, ~1¢) 3. Yersinia
T S AAl B Y AoR AdH:

o (o]
il =
MEEE AP 9% A1E 19 71 3712 Qs

s 9o, 2022 71FEoR wEEE g st
AA 2] 254%E A FI Yok WES XA 71F w2 A

Adshe FEo g, 2020d 7o s 2 N E Al
o] oF 70.94%E Ak AFES F8 YR Hal,

2317], 4o Fo] dom, 53] A Alge vAE AR

o Fofatrt. ol& sAst] sl WA, 23 T BV
b AE] Wo] AFE k. 53] WA 2ANE 25
kGyol|A] A=}, glzdgjol, S THX =2 A
at, A F4 WSt Ak 2y Sy Sl s
H|7FE At 71552 oF4] wulele] F7t AtrF Qs

29 5°Ce} 20°Ce] &% Z76)4] 300 MPa ©]¢<]
71QF Al 251718} =i 571 ¢] WEe A E, 24 4ks) pH
7t S7FHAIRE, By a A, nAlE HEES At

164 wojnl - A8t

% e S s 7l 4 Al w2 49
SN Aol Az} tepteg, olstet @ ﬂ-‘a—@sfa
S5q 29 20 B R/ A7 Bashh 1 k
olshe] WAMHS w79 S )9 pHol fo]%] oL g
G A7) ek 34 Koy ols] WA ARlE 277]
oF x| 371e] A WMSIAZIH, 207 AX =L A
skl x| 7]= F7Heh 89 kGy o] dellA= TBARS 3t
ZS7F7F e, 2 kGy o] oA plAE A 37t &
Aoz ycheEh

TFEROIAE 25°C 0]ate] L% Z7104] 200 MPa o]t
o U Thaskel Bst A A4 A9k ph, el
20] F7lol YL PR neds 2jRSEe 200
MPa o] Az Al 7hagich o]o] 7ha&e] st At
L 1525°C &5 ZZ9A 400 MPa o]0 2 S5E o] A
gate Zlo] mAE AAl 23t & Ao AdH:
3 kGy ol4Fe] WAL el Ak TBARSS] Jakg vl
U rlEse Fa 45 22 oAy, P §Y
AR B2 NS 9T 2 Sl

o189 A9 100 MPa o2 Hje] Al st A, 54
., 7%l 3} TBARS 27}l 205 v]21ch 4, 200 MPa
oA 107 o)A 2e] A] Listeria®}t Salmonella 52 25=
SAE ool FnHY Aew WekAL: WA 2AL
13 kGy o]/ Ag] Al pH, A&, A b3}, s F7t
AI71aL, Aot A Zhael] JIFS wRIt: B3 1-6
KGysl AR A2l B Bl sk SAkE A
£ Yehi L 3 kGy o HdE o& Ul nAE Aol &
FHd Aoz FokHch

7I-A|. I

B ATE $2033 “FAI LRI ATAY
(FAW S RS-2023-00231378)"¢] P02 Fa) =5 T
AT ol £g-& TN BARITH
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