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Technology development for improving the hygienic
quality of agricultural and livestock products by
low-dose electron-beam irradiation
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SUMMARY

1. These studies were carried out to examine respectively the
effects of gamma irradiation{Co®} and effects of electron beam on
the shelf life of pork loins, beef loins and chicken meats. The pork
loins, beef loins and chicken meat were aerobically packed by
polyethylene films and exposed to a 8co gammy ray source(100,000
ci) at ambient temperature or exposed to an absobed dose of 0, 0.5,
1 and 2kGy of electron-beam irradiation at ambient temperatures. The
irradiated samples were stored together with the nonirradiated

samples at 4+27T.

For the first year(1996), the study was carried out to examine
the effects of gamma irradiation{Co®) or electron beam on the shelf
life of pork loins,

In the case of pork loins exposed gamma ray source, 2kGy
irradiated one showed the lowest level in total plate count, lactic
acid bacteria, and psychotrophs during storage period(P <0.01). TBA
values were apt to increase as storage periods and irradiation dose
increased. Redness(a’ value) increased with irradiation dose and
thus irradiated pork looked more reddish. The results of triangle
test showed degrees of difference were significantly different
between 2,0kGy irradiated pork loin and the others(P<0.05), and
between nonirradiated and 0.5kGy irradiated treatment, In the
results of descriptive analysis with scaling for raw and cooked pork
loin, it was observed that nonirradiated pork loin was higher in

acceptibility than irradiatied, Off-flavor was detected less in



nonirradiated pork loin than in irradiated one,

In the case of the pork loins were exposed to a
electron-beam, as the irradiation dose increased, effects of the
treatments was increased in total plate count, lactic acid bacteria
and psychrotrophs, TBA values were apt to increase as the storage
period and the irradiation dose increased. VBN value of
nonirradiated pork loin was increased rapidly after 7days and them
of irradiated treatments showed to increase slowly during storage
period. Redness(a’value) and yellowness(b'value) of 2kGy irradiated
treatment were lower than them of other treatments as the storage
period increased. pH value of nonirradiated pork loin showed to
increased slowly at storage period. The results of triangle test
showed that the degrees of difference were significant between
0.5kGy irradiated treatments and 1kGy irradiated treatments(P <0.05)
in the cooked pork loin, In the descriptive analysis with scaling
for fresh and cooked pork loin, it was observed that the
nonirradiated pork loin was higher in acceptability than the
irradiated. In the fresh pork loin, off-flavor was detected more in

2kGy irradiated treatment than in the others,

For second year(1997), the study was carried out to examine the
effects of gamma irradiation(Coaﬁ or electron beam on the shelf
life of beef loins.

In the case of beef loins exposed to a gamma ray source, as
the irradiation dose increased, effects of the treatments was
increased in total plate count, lactic acid bacteria and

psychrotrophs. The irradiated beef loins was higher than the



nonirradiated ones in TBA values during the storage period(P
{0.001). In the fresh pork loin, degrees of difference were
significant between nonirradiated treatment and 1kGy irradiated
treatment(P <0.001)}). In the descriptive analysis with scaling for
cooked beef loins, there were no difference between nonirradiated
treatment and irradiated treatments in aroma,

In the case of beef loins were exposed to a electron-beam, as
the irradiation dose increased, effects of the treatments was
increased in total plate count, lactic acid bacteria and
psychrotrophs, VBN values of all treatments were apt to appear
similar level until l4days and the nonirradiated treatment was
higher than the irradiated treatments after l4days. In the cooked
beef loins, the degrees of difference were the highest between the
nonirradiated and 2kGy irradiated treatment and in the fresh beef
loins, the degrees of difference were the highest betwseen 0.5 and
2kGy irradiated treatments(P <0.05). In the descriptive analysis
with scaling for fresh beef loins, off-flavor was detected more in

2kGy irradiated treatment than in the others,

For the third year(1998), the study was carried out to examine
the effects of gamma irradiation(Co®) or electron beam on the shelf
life of chicken meats.

In the case of chicken meats exposed to a gamma ray source, as
the irradiation dose increased, effects of the treatments was
increased in total plate «count, lactic acid bacteria and
psychrotrophs, At 10 days, TBA values were showed the highest value

in 2kGy irradiated one(P <0.001), while VBN values were showed the



lowest value in 2kGy irradiated one(P <0.01), especially chicken
thigh was higher than chicken breast. The result of descriptive
analysis with scaling for raw and cooked chicken breast showed that
off-flavor intensity in raw meat was decreased as the irradiation
dose increased but was increased in cooked chicken breast. The
result of triangle test showed that the degrees of difference were
siginificant between 0 5kGy irradiated raw chicken breast and the
others(P<0.05).
In the case of chicken meats exposed to a electron beam, as the
irradiation dose increased, effects of the treatments was increased
in total plate count, lactic acid bacteria and psychrotrophs. TBA
values of chicken breast were the highest value in 2kGy irradiated
treatments and ones of chicken thigh were the highest value in 1kGy
irradiated treatments at the early storage period. In the cooked
chicken thigh, the degrees of difference were the highest level and
were significant between 1kGy and 2kGy irradiated treatments(P
{0.01). The result of descriptive analysis with scaling for raw and
cocked chicken meats showed that off-flavor were the highest level

in 2kGy irradiated treatment,

I1. These experiments were carried out to investigate the effects of
electromagnetic radiation on the physicochemical and microbiological
properties of Semitendinosus muscle of Hanwoo beef aged at 20C for

35 hr and then refrigerated at 5C for 8 days.

For the first year (1996), effects of gamma irradiation on the

physicochemical and microbiclogical properties of Semitendinosus
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muscle of Hanwoo beef aged at 20T for 35 hr and then refrigerated
at 5T for 8 days. Total bacterial count, TBA value, sensory
evaluation, meat color, shear force value, and pH of the samples
wvere analyzed, Low dose gamma irradiation did not affect meat
color, sensory properties such as flavor, tenderness, juiciness,
and total acceptability scores. The radiation and aging treatments
accelerated lipid oxidation and color change. However, the aging
treatment of beef at 20C for 35hr, low number of total bacteria
counts could be maintained during 8days storage by the 3.0 kGy

irradiation treatment.

For the second year (1997), effects of electron beam irradiation
on the physicochemical and microbiological properties of
Semi tendinosus muscle of Hanwoo beef aged at 20°C for 35 hr and then
refrigerated at 5C for 8 days. Electron beam irradiation did not
affect pH and shear force value significantly but samples aged at 2
0T showed slightly better tenderness than other samples{p<0.05).
While beef samples irradiated with electron beam and/or aged at 20T
showed lower "a” value than other treatments (P<0.05), there were no
significant differences in "L” and "b” values among the samples.
Electron beam irradiation and high temperature conditioning at 20T
could not affect consistently to sensory properties such as flavor,
Jjuiciness, overall acceptability of the beef samples. However, the
irradiated and aged samples showed higher TBA values than other
samples, Total bacterial counts of beef samples stored at 5C after
irradiation reached 10’ after 9 days but those of beef samples aged
at 20 T reached that number after 2 days storage. Therefore, low

_11_.




dose of electron beam irradiation treatment was not effective to

reduce microorganisms in beef samples aged at 20 T.

For the third year (1998), effects of gamma and electron beam
irradiation on the survival properties of selected pathogenic and
spoilage bacteria in Semitendinosus muscle of Hanwoo beef. Beef
samples were inoculated with E, coli 0157:H7, L. monocytogenes, and
S. putrifaciens and then irradiated at 1.5kGy and 3.0kGy of gamma
irradiation and 3.0 kGy and 6.0 kGy of electron beam irradiation.
While E. coli 0157:H7 and S. putrifaciens in control samples reached
to 10° and 10" after 8 day storage, respectively, L. monocytogenes
did not change significantly. Three microorganisms were not
detected after gamma irradiation treatment at both 1.5 and 3.0 kGy.
However, number of E. coli 0157:H7 and S. putrifaciens reduced to
10' after electron beam irradiation and L. monocytogenes was not
detected, These results suggested that gamma irradiation was more
effective than electron beam irradiation in terms of radurization

effect.

M. 1) Project Title

Development of Sterilization Techniques for Tradiational

Agricultural Processed-Products Using Electron Beam

2) Objective and [mportance of the Project

In the food industries, there have been studies on the

-12_



development of alternative technologies and/or technigues to
ethylene oxide fumigation which was the best effective sterilization
method for dried/ powdered food products since it was banned due to
its safety restrictions in 1991 in Korea. Dried agricultural
products are liable to be highly contaminated with various microbes,
and thus they are normally required to be decontaminated by suitabe
sterilization methpds having non-chemical and non-thermal
properties,

Gamma irradiation is recognized as an effective method for
sterilizing and disinfesting food and agricultural commodities, In
this connection, it has been approved in Korea for about Zd food
groups with different purposes within the dose of 10 kGy. However,
the misunderstanding on gamma energy, being emmited from the
radionuclide sources, leads to the delay of its commercial
utilization on foods,

When considered the importance of microbiological quality control
in dried agricultural products, further efforts are needed to
develop new sterilizing means using another energy sources like

electrén beam that is mechanically and electrically produced.
3) Scope and Contents of the Project

The populations of contaminated micrcoorganisms, such as total
aercbic bacteria, coliforms and yeasts & molds, were enumerated for
dried agricultural products including ginseng powders, powdered
spices {red pepper and ginger) and powdered meju, kochujang and

soybean paste, which are known to have problems with the quality

_13_



control in microbiological aspects., Comparative effects of electron
beam and gamma irradiation were investigated for the samples during
ambient storage for 4 months from the microbiological,
physicochemical and organoleptic points of view. The criteria
covered microbial - decontamination, Hunter parameters(L, a, b),
soluble pigments, ginseng saponin, pepper capsanthin and capsaicin,
gingerol, fatty acid composition, electron donation ability,
thiobarbituric acid value, sensory color, odor and flavor, etc. to

pre-establish optimum range of irradiation doses,

4) Results and Proposal for Applications

The sample used showed a higher microbial population, such as 10
5~10° CFU/g of total aerebic bacteria in all the samples, 10°~10°
CFU/g of coliforms in white ginseng, red pepper and ginger, and 10
'~10° CFU/g of yeasts & molds in ginger, meju, red pepper and white
ginseng. Irradiation of electron beam reduced the microbial load up
to an undetectable level in coliforms by 5 kGy and yeasts & molds by
7.5 kGy. Total aerebic bacterial counts were decreased by 2~3 log
cycles with 5~7.5 kGy irradiation. Irradiation at 10 kGy was enough
to decontaminate powdered ginseng and spices, but over the dose was
required for the other samples. Coliforms were most sensitive to
electron beam, followed by yeasts & molds and aercbic bacteria,
which was similar to gamma energy.

In physicochemical studies, «color, pigments and quality
indicative components of the samples were stable or changable when

exposed to 10 kGy and/or over, At the same dose levels, changes in
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organoleptic color, odor and taste were negligible or sisignificant
{p<0.05) depending on the samples. However, considering both the
legal stangards (negative in coliforms, < 10' CFl/g in total
bacterial counts) on microbial loads of the corresponding foods and
focd ingredients and the above results, 5~7.5 kGy are suitable to
be applied for the practical purposes,

Currently, the domestically-approved doses of gamma irradiation
were 7 kGy or 10 kGy for these kinds of items used. Furthermore,
electron beam showed a very similar to gamma irradiation in its
ability to decontaminate powdered-food products at a given dose and
its safety on food (less than 10 Mev) was endorsed by FAO/IAEA/WHO
and Codex standards. Consequently, the results are expected to be
used for both the revision of the Food Codex on food irradiation
regulations and the documentation of relevant data on commercial

food irradiation in due time.
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(E%, 5, 7A%)9 9143 A4 71e /del cidt A7 WAt
Azl F ZAA HE ZARE 283t A & & 0.5k0y, 1kGy, 2kGy
+EO8 A5 ojof whE AAVIZHE v|AE AR AAEzte] v]AE=
darat Agarsl, ©iA H4g, pH, 4 H35e oAU 54 2
A1318] F= & WESPIAYE BeHU BEEES ZAMeEol ulel Aapd,
Zupd AzlE A -2 uiRTe} vlaEAshach 1xbd=(1996) 0=
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MAERS ol &3t Axpd Ao} Ztubd XA AMER] vAE @
ol chsted BA3taaL, 2apd o AL RE 0|83t 2la 32

i

EldE AAARE o83t AR o] FIiie] wel njx: g%
& E43ich olof wiel Yol A&Ho R HMESR, UMLK, UMA
£ APEE AFAE + A= Avbdzapel Azpd R AP+EH
& AFsted 3 B3E F3 ey, PEIMUIFANEFAEETY)Y
31718 1254o] zupdolu} AxpdRAL o]-RA] ulx= ¥ A%
AFE d8Hes g 254317 st Yupdont A £
Apeh 242 A=}yl wbapd(electromagnetic radiation)& o] -§-5ho] 12t
el #2718 4403 e 36y F4& Y477 s, 14
dxolle Zupd AHelF 24480 44308 ngdEY oA F=&
22, A5 5Y, 35 &FoE #Asio FAE HF 9 Fvl
Zojl Ay Zupd Ay 442§ Ayt sY=HAch 23
Tolls Ao AxpHE ZAlst] 12 <4 e Bl - ¥
g njgEYa E4g PESI 2] Ut =539 46l U=
27§48 AUstn, LuHAHEe] ZFEAS Roj: Hile FHY
of 2j3t ziupd AL tiAE = e AU UK AHepbis A
Wt} stglen, 3xpdEel 13}, 2xhdx AFAIIY 2248 EdE
ste] ziopd Q Axbd = 984 EAE oY + Qs E coli
0157:H72} Listeria monocytogenes 2 F2 H4Ad w45 Y Fuju]
B} Aol uixl= AAE zAMSHACE

A7 AH)Y AANE o8 VE wsTE AFIE A
dof At Ao AxPAE ol &3l U4 W F3] $E4F 2ol
A uAERY Eazeo @2 oAE F2 Y uEY AF A
ZEA AMEY, PAE I3/4% £YU, FFEU T Yo A2
& AFPHY &3 a8 st
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A1 E A FE AN AEE ol gt UM
=5 AdA] JF zA-E95]

1.Zubd A5 ol g3te] HUES A AR 2A4F HY
7h AFUE o Py

1) 4%

HEAEE AFoM AEs E12 SAFHAE olg3tden, S
< 883 AAsIAT, dBY Z7(FA 102 PPt Hupd =
Aofl o]-&steirt,

2) Zupd =ab g A

AgAgze Zubd ZAe 3714 200N Selojdsl gos %
stof RrZUAIFATA U MY 100,000 Ci8] o upd ZAAJHEE of
g3l Aol AT 1kGyd] YFEEA 0.5kGy, 1kGy, 2kGye] % &
+ALE LESH sidth. 3 FHABY o3 theg@on] zupd
A E® ARE ulzA} hRARS A 42T YANEIE A st
WA Adol o]gstgch

3) BIF+ AF
APHA(1985)%] Swab contact methodE A3l AlFoA vjEEL 22



stach. 3o 10 FHUE ol E5ATt 27F 524 Fe: HY
Al£e 1o¢S Aerobic Count Petrifiln™(Microbiology Products 3M
Health Care:;ADAC, 1995)o] B-33to] 37TolA] 247t ujist = Zets
Astach.  3abdg 5.5% Lactobacilli MRS broth(DIFCO
Laboratories, USA), 0.0002% sodium azide{Showa Chemicals, Japan),
1.7% Bacto-agar{DIFCO Laboratories, USA)E AN aAjsnhufxio] A]
B IntS S5 37ColA 24 videt F Apsider.  fEdPR
L F2M4FF nprlxlE Aercbic Count Petrifilmm(Microbioloy
Products 3 Health Care:AOAC, 1995)e]l Inl& FF31o 412TolN 3F
(21) 2 wiBY F A3t

4) oYY F WY

Z}) TBA

Aol AA F AW AEE AP A TBAZHE Witte &
(1970)8] ¥hH & o]l TBARSYPO S &5ttt Thiobarbituric
acid& H7Iste] oA 1542t WA UV-Spectrometer& o] 851
530nmoll M HREE FANAR, the Aol oA ppokidlE Hibsiad
c}.

TBA(ppm) = Absorbance X 5,2

) S

Chroma Meter(Model CR-210, Minoita Co., LTD., Japan}& A}&3}of
E&9 CLE system?] L' a°, b'ZS SAstgct M2 (total color
difference, AE')& thazl e A2 o]&sio] JHHY F 4 alojo £
§3Q xjol& FA3sl4ch

= V (L1~ 12+ (al"— 2" + (B1"— B")?
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ThH) pH
pH meter{Model 5985-80 Digi-Sense® pH wmeter, Cole-parmer

Instrument Company, USA)E of-&3ld & A3t

5) #53 54 ¥

Hsdrbs 10~2089] Aeado] osiy 4y Htriangle test)2}
M grAE A Y (descriptive analysis with scaling)& XM=& xg|
I ES(AHFEE 70C)S s HdASUTHA# S &, 1995). o3
Hrbe 22 F AR T8 B ARE A F2 o A& Fie ¥
Aeom A¥ste] npd RARNY A Fo ££& Yoty sirh
HegARRMYS Mg Z¢ 4, g7, EH#3, 724E, xR
A ¥l Bu, 843, dx 4, 7134 & AT

fr

6) BAEA
A 24 o3 91y AE-S Uty sigon], SAS(1995) BA =
2I8S o]fste] B4HEA 2} Duncan test§ $8stedch

o d3xdzt 9 a3

1) o] dE WY

AR obF HFY ulZEY It ¥ 5 A7 diEe] ¥ LE oY
ol A zto] ZUTR uBEY 4FL F7I5HA "ol 28 27|
nBE f£Fo] N7 Te] W YL uX 2R Zupd g APt 27|
NS 28 BAAFLEN ARVTE F7A 5 AL Aoz oy
Heh

Hopd-g zAR ESQ 3013 2479 B Figure 1o Uehd



A3 ol ZAupd s 2AY ¢ ndEFES Uupdg Rapsia] g2
Aol M &2 £F£o2 Yeldrh oigt 10%FU(colony forming
unit)/aio] o] $EL 2 HEo| HALy ol= 22 7L} uaE o
K ofzt 52 sFolet & £ Arh I AL Zopd mApsA| 4L
E8ollA Lebepe5(1990)-& 10%CFU/ari 7} @t E]Q 3, Mattison 5(1986)2
10°CFU/cd uimte] ZA3pE Rastech 27| Pold Zapdate] wolas
S oY L A= IA JUetuton, AGysESR ZARE F 9o
= A A& R 9olth Lambert$(1984)2 Campylobacter jejuniE A
FAA Sl Fupd g A £E02 A Ed, 2 A 24}
0| ¥&TF Campylobacter jejuni®] Z47} ©] A uUelydris &
Attt A7 te]l FESFE v EY £ JslFeAE S5
oo Ynt HFo gt Euf£Fel loge?. 00 (10) CFU/miol E@tdbs
ol Zubds x=apstA] g Ffole 237t AR, 0.5kGyE A 7
ol 3771 Ao 1kGyo} 2kGyE ZAIE #H-Polls 1 o4ty F|Zto]
£0% ZHog oafo] oz}

Figure 2= 3Atde] HRPSE Uehd 2oz Fitgol] 23t Buj
422 log8. 00(10°)CFU/adol] E@ste 7|2te M Ed 337} 2Urts
HupdE ZARE FeU ZARlR] U2 A BEFR SUsir] E3he e
2 UElstth. Lebepe 5(1990) 2} Mattison 5(1986)2 X7jof Ztupd =
Absia] Qle Egol %y I 10'CFU/aivlste 2 JebytA|nt, 2
it E80 Ffole olBrl Rl £ £FO08 eyt

Figure 32 4o MMtz ity os YA 2oy F43}
AE2 HHE ABE Zolrh. Il % RuieFe dubzom
log7.00 (10")CFU/ad 2 al= 2l Ouj(Ayres, 1960 Hanna %, 1979), &
A7 Azjoll ostd Zupd g RalslA] 4 ZRols 1~2FAjolof Huj4
E7H st e 0.5k6yE ZARE AlRY FPolles 237 AupAAM P

sf3o Wt 1kGyS ZAE 399} 2kGyE RAE AL tfel

—_—

rr
8
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1~237} o 2yo} Luj5Fo] T A2 oito] HojRc]

3713 5247, AdFe W4T BF X0.01eEoN 8 S
Uehi 2ol 2 #% 25 Zupde] uzstA wgE o 71 Qch
Stx|ut 237 A UHEA 0, 5kGy$F 2T A ALl F48 njgEY
BB S sl Zupdg ZAEA] & F9-9 xjolzt A Yelux] o
3 ASS o+ Adck FAg IFH o= 1kGyo| & ZAME F9of njAd
£ &0 xol& uUehi etk F 1kGyo| 4o ALY HPol: X
718 F24%, AdFe, WEEITE Ioyn|ne g ZABHAU 3|

U2 BETE WA {AU ol YRS F7AE 4 Ak

Logie CFU/Cnl

Weeks

Figure 1. Total aerobic bacterial numbers in nonirradiated and

05, 1 and 2kGy irradiated pork loins during storage
at 42T,



Logio CFU/Cnf

weeks

Figure 2. Total lactic acid bacterial numbers in nonirradiated and

0.5, 1 and 2kGy irradiated pork loins during storage at
4x27T.
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e

O MNWhLrOTONO OO

Loato CFU/Cm3

Figure 3. Total psychrotrophic bacterial numbers in nonirradiated and

05, 1 and 2kGy irradiated pork loins during storage at
4£27TC.

2
Aty o Zinpdzabe o 7HA] thE HeElY oyzx] Aol iiehd
Aqb A Fol] ZRASHA W F2 Compton &}7} Llepdti(Stevenson,
1992). A %ZFoll 5ol &3t AYAEol BIMHAAN A4=HE o
g 712 B EE S04 malonaldehyde®} 2-thiobarbituric acide} ZAY
sto] BPdE= F24 complex®] ZE& UV-spectrometerof 2J3j 33t
ULR Jlo] 3 Z+F ALt gol dolwt-SS oujRlic). Figure
4= Ziopd ZApadate] uwlE TBA(thiobarbituric acid) valued] H3}E
LEids 232 A Zobdg AR A3 A g2 2 BE A3

Zto] ZolAF TBA valuew F718H= & o 4 Qlth ER o



ol F7/ES4E ZIlo AYAHFEEIL 2 ALes: UEIKITHP0.05).
Lebepe'5(1990)2] HzjolM = X7jo] Zupd zARHA] b2 Zo] of 34
vielsttie R astglct spARt 0.5kGy e} 1kGye] F-f-oll= 2318 0.5kGy
& ZAIRE 2|87 ¢ &2 TBA valued UER|R lojA], AL =4
g Fgols APl WL ¥ vlAA] de Aoz A2y, 2§
ZAU ] gt xolo M= uetd 7} olct ZHupd S zAL
o F 1F7E AW 22 3A dHs govt 2Rt HEA 24
SHAl 2hatsirt dojuAl He A o 5 rh

0.2
0.18
0.16 1
0.14
012 r

0.08 |
006 T
0.04 |
0.02 |

TBA absorbance
[w)
Oy
[ ra
X4

--%-- 2kGy

weeks

Figure 4. TBA absorbance changes in nonirradiated and 0.5, 1 and
2 kGy irradiated pork loins during storage at 42T
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3) |4As

A Fo] Mol Fo¥ olRLE BE MAY AFo] 2R/ A& X2 A
oo, Zt AEge Y, 27, Ful B2 YAl LujGe)] o3 UolEA
A 4 o A8 54 HAsta oy] fFoirt. YutHo oW H
BHE i AL AY3 Luixbgo]l Zx A A, F-fl
uid e HAE $fA old FERFR 4L 7 2= AsA "ol o
2t A g 42 1 AFo titt 2uxEY I ZHo] Y s o)A
t ade] v EF I AEY §IL FAF}{E: FaYy Joo Hel 2
HEE, Anpd b A-Fob hopde] 2 HHNE AvEE A2
uf-¢- Fa3ich

L' valuel: HMES Yehfs x|®ojt}. Figure 5& L' valued] A%
F #H3E Uehd Zojth. Aty os AArzto] &Yl wmaty L
valuel:= ZtAst= Z8o] ypeluba glth skx|gh, Luchsinger $§(1996)2
A7\ ztof wietA L' valuer?t F7isicia Basigdct. §3] 714 X
e 3 Ao HAZ 3718 Bastgr] a' valuel: HMEE vehd
£ A2 Figure 6] ViEhd A2H8 Alvind 2723 Fof w2 3
updato g zApgh Aol shA] Y& ARl vl &2 £28 vehjlch
Aazizto] AW wely FHEE Lk FYE Jehlz gt
ol Luchsinger 5(1996)2} f-AH%t %S uehiz vk AnkddE
EA MEeE B §248 g Red yepded ok, 1~2&GysE
28 A A9 BR8] Kol o Hol 4ujzHgo] Folgitin §&
% gith b value: BMEE Uehd: 2$2A a' valuett @A A&
Ae FAAs=Y F28 AUE k. AR/ NF] U Avird 7
Az] EXEAY Aol HAYo2 Frbste AUS UL 1, %Gy
g ZAE AL 2R ETAE £ gdasicirt 2 ol¥E FIhst
£ A& JehddcHFigure 7).

ojal§t Ay ulgEo] FAYo] wiety ul B o] Lol @



F7U pHE 'HEAIF ayoglobing] A¥E FZA|F|3, hepe 49
globin¥-2& &3t} myoglobine] ME ZMog WA st 4§
Bgste] HAMubESo] Pdsne Mo AMRe] Mo] ZAyog
HetA "ok gety Sds, Hder) ZastAl Ha, olo] wiy b
valuet= X2 F7181A HiE Ao Agzis ojaic)

Figure 5 L#* value changes in nonirradiated and 05, 1, 2kGy
irradiated pork loins during storage at 42T
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a+~ value

10 - —e— Control --0--0.5kGy
i - 1kGy  --%-- 2kGy
8 | .
0 1 2 3
weeks

Figure 6. a* value changes in nonirradiated and 05, 1, 2 kGy
irradiated pork loins during storage at 4£2T



h* value

4 F
3 | —e—— Control ~-0--0.5kGy
o 1KGy - %= 2kGY
2 1 H ——
0 1 2 3

weeks

Figure 7. b#* value changes in nonirradiated and 05, 1, 2 kGy
irradiated pork loins during storage at 42T

4) pH ¥H ¥

dutdog AMd8e] HF pHe cft 5.4B 8 d=ix ch Zopd

AR pH HEHE= Figure 8o UERL Qlth RF Flol pHe ZAshes
kO

=
e Vel i, 3 o2 HA phe FUPhe F¥E Ul

At o R xFFol AR Fold+E AR pHe olXE Y
o] glem(Holley &, 1994), & AMHolAME AL F¥o] Lietyic). 3t
A7}, VWeakley 5(1986)2 MUFZAA] 28U7HA] Aol Ao whE pH
el 727t de Reg HEIsgch
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pH value

5 —o— Contro} =0~ 5kGy
---® - 1kGy v 2kGy

.
4.8 ! - [

weeks

Figure 8. pH value changes in nonirradiated and 05, 1, 2 kGy
irradiated pork loins during storage at 4=2C

AR A Triangle test)= Bde] =8 Szl 0.5 1, 2kGy Zopa

ZAME =& 5418 2284 #(0-0.5, 0-1, 0-2, 0.5-1, 0.5-2, I-2)&
2 2ol & 6 2L vjasigch o|Fo Zt Z{holA AR XolE
T2 BT 100]48e Aol M AEYTE TS, et 2 A

Al
Hle=  Wo(slight), HXHE(moderate), W&(much), oi-¢ WS
(extreme)ol] 2t2t 1, 2, 3, 4AE& Fof

ol A& AA & Al 2 Lol £ stdch dE=
7o 2% e g FEHY 5 Udd A

of gld Zatedde] & e o2 FAHrHTable 1).
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Table 1. Degree of difference and acceptability in various pairs.

Pair Degree of difference Acceptibility
0-05 1.29 4:3
0-1 1.42** 6:6
Cooked |  _ o 1.70° 8:2
pork )
loin 0.5 ~ 1.75 4:0
05 -2 2.56 3:0
1 -2 2.20* 7:3
0-0.5 2.00° 8:2
0-1 2.33 8:1
Fresh |4 o 2 50°** 16:0
pork X
loin 05 - 1.29 6:1
05-2 2.92*** 12:1
1- 2 2.20* 7:3

* Significant difference at 5%

** Significant difference at 1%

s*» Significant difference at 0.1%

A}
=

HAA A3, 6712 2YFolA Red EF FHY 2% 0-1, 0-2,
1-2 2 AloloA], A E& T4 Z% 0-0.5 0-2, 0.5-2, 1-2¢] ¢
of 214 o AE Al ol AAE TAsle B, Table 1044

B ujel o] AEAEE XA} &7 AoV} wol Y& 2 e
ZARRY Azt B¢ Pz
=% A2 1kGyolde 2 Zhupd ZAMZ 5 B4 Alojo] HA 3
. Zupdo] o4& MEEE Ssle A ¢+
ER AT ES B Beols FAE £ S42 0.5, 1, 2 kGy o}
A 2ARY B8 Ao A=) 72t 2.00, 2.33, 2.5028 FI1¢E

olch

_53..



o 4 cod, Y ES 5SS ol&sid & AR} AEsrt
A Ueldsd ol Ze2tFFol Zvbddl 23S nixe FulEE
o] #uElr] diEq Ao Az M}

A ELRS  o]23t AggalRAf(Descriptive analysis with
scaling)ell &J%t ZA 27} Table 20 ueh} Qlth ¥7l: A ety xpol7t
A8 vEhbx] Eoa(P0.05), EFMA = Zutd ZApdRe] mietx F7t
e Ao LERGTHP.05). MM ESL] {40 sxeEolla R4 E&E
UehiE Ao ABEUCHPO0.05). FHz] E4& 713 A3sigds o
TS o8 0.5ky 228 RAM A8 E H3ste e vehdch

Table 2. Descriptive analysis with scaling* of nonirradiated and 0.5, 1
and 2 kGy iurradiated fresh pork loins.

frems Aroma Off-flaver Color** Acceptability
Dose
Nonirradiated 5.00+1.58 3.18%1.91 5.15%1 46" 5.02+1.75
0.5kGy} 5.62.t1.78 4.53+2.53 4.68+1.11* 4.76*+1.55
Irradiated |1kGy 544%1.89 4.32+2.48 3.85%1.06° 4.44+1.39
2kGy 5.941+1.89 4.88+2.32 4.88+1.66° 4.52+1.76

* 0 very weék, not accetable, 10 very stroné, acceptible

«* 3 significant difference at 0.5%

Aldew 70T © wizlx] B L% 200CE JId3 ¥ Jr RAEY
2] A Table 39 LofElo] Qltt. dx9 tiFgollA F2go] el
o m(PC0.05) 0.5kGyE 713k M2 st 2kGyE A3 shA] ¢dalct



Table 3. Descriptive analysis with scaling* of nonirradiated and 0.5, 1
and 2 kGy uradiated cooked pork loins.

Item
b Aroma Flavor Ofi-flavor | Tenderness’* | Juiceness*** Acceptability
0se

Nonirradiated| 4.85%1.46 5.47£1.27 3.00£1.97 | 6.74%1.46" 597+1.70" 5.44%1.22

0.5kG
y

5.41+0.87 5.68+1.32 3.32£2.30 | 553%1.50° 5.06%1.65" 5.65+1.88

Irradi

ated 1kGy | 5.62%1.34 5.70%1.40 3.47£2.24 | 5.82+1.84" | 526151 4941169

2kGy | 5.29t1.58 5.21£1.56 3184224 | 4.79£1.47° 44111.3¢° 4.68%1.29

= 0 : very weak, not accetable, 10 : very strong, acceptible
** 3 significant difference at 1%

s*s g significant difference at 5%

ool Ag FUN EY, 2kGyE ZASHA =W 27| n]PE £Fo
223 Astsof A7zl FIHES AL, KM F9E 3F Xt 7}
vt o2 Hyrigdct. ARt AsAAL A2, YAAHHE HA
A 517 o Foll 71 TAgo] BolA: TS 7HAI gtk A4% WY e
|2 BFolE RFAISHA FA% EH9 71Tg0] 71 3t o}
2hA 2kGyol o2 TARITH: AL AX7I%Y FAE AR Kalst
2 Aoz AeHA Fgol wol "ojch whebd 1,0kGy~1.5kGy
TELE ZAIY FF Y &A gol AR FItAAE vEldS

T

32

.

2. Axpd =2k ol g3te] AMUES AFA B 2A4E HY

7h A8 2 gy



1) ddxs

YA E AFodA AEE E5 FAFHE ol&siden], §x)
W2 dAs AASAL, Y AV(FA 102 AL A 2
Aol o] §3tgirt.

2) Az zA 9 A%

A g AN 2AR= 2713 20 Feloud gEes
ZAst] AEFFH(F)FREF4E W AR JH471E o] 831
A2olA 1 MeVe] oz} +F07 F Fd3o] 0.5kGy, 1kGy,
2kGy2] & F4MTYE G=F dtdct. dAde £33} Zolst 4m
ol7] W&ol i} offHE z}z} 13 ARt Mz =
AL Al AR H|RAL RAE A 412TY JPLEIR
A ZstdEA Agof o] &3t

3) B+ As

APHA(1985)2] Swab contact methodE A3l AlRojA v]BE-S 23
stoich HAo] 10l FH & ol 83Tt 2IY F&4 5= 99
AlE% 1nfS& Aerobic Count Petrifile™(Microbiology Products 3M
Health Care:AOAC, 1995)ofl &-F3lof 37CollA 2Ut wjeddt ¥ FetF
A4stget.  #alg4E  5.5%  Lactobacilli MRS broth(DIFCO
Laboratories, USA), 0.0002% sodium azide(Showa Chemicals, Japan),
1.7% Bacto-agar(DIFCO Laboratories, USA)® FAXH A shufzlef A]
29 1m0 & SF8l 37CoA 292 wjFY F Adtachk AEEF
& 224349 ubusIXE Aerobic Count Petrifilm™(Microbiology
Products 3V Health Care;AOAC, 1995)¢] 1ml-S& B335l 42Ty 2F
(149) 2 wjddt ¥ A5t



4) olzjstx 4 2

7}) TBA

Az AP F AP BEE ZARI] sl TBAZLE Witte §
(1970)8] WY& ol§slo TBAFEYLE ZFHsHrh Thiobarbituric
acids H7Istol AolA 15417 YA F UV-Spectrometer§ o]-£-3}of
530mmofl A FBEE FF3AR, the: Ao M ppottel 2 Bileg
th

TBA(ppm) = Absorbance X 5.2

1}) VBN

chiale] Hyf & ARSI #sto] Hud dolef A4 E Conwayl
(o]} 24, 1989)& ol&sl At IVAEE Sg FAYE FAA
& bm¢, 2 AYH A anf, 0.000IN HS0,2] EZ¥ 7|48 fejz &
o, thS4joll oj&jA VBNZLS 4t&sieich

VBNogx(ng/100g sample) = —(@—B)X/x0.0001x14.007 $ LXI07 300 100

th &4
Chroma Meter{Model CR-210, Minolta Co,, LTD., Japan)& ARR3s}o]

E£9] CLE system?] L', a’, b'yS& ESAsidct Ma2M(total color
difference, AE')-& tha3t 2 A& ol8sio] &AM § 4 xjolg] &
33 Xl & E44stact.

4B = V(L1I* - L2')2+ (a1~ 2"+ (31"~ 82°)°

e}) pH
pH meter{Model 5985-80 Digi-Sense® pH meter, Cole-parmer

_.57..



Instrument Company, USA)E o] &3l A stqir}

5) #53 549 H3

B b 10~2088 #sadel A 4P AHtriangle test)o}
Mo BAHEM H(descriptive analysis with scaling)& AMERK2} Re]
B ER(AUF2E 0T)E YR HASIATHA RS &, 1995). 4
FAs 32 5 AR Ul # ARS ¥ 323 o A& G W
Aleg A¥ste] Axpd A e el £E& Yol stqrh
A RAEMEE A A A, 87, B4y, 734 &, 28|
AMe B2, Bu, 843, 45, tiEd. 7134 & 2absiqch

6) BAEH
B4 BMS o Y AES ke ysigon, SAS(1995) BA =
WG ol gsto] E4AHEAM 3} Duncan testd $¥siqic,

L ddy g a3

1) A4 83

AR S ARG B 54 A% § 395, UEEE, Ad=a W
3= Figure 1, 2, 3o 24z} vehfgch Figure 10]A4 Bi=upe} ol 3
58 Aol AF 109 sof A S 2APHA] U2 EX T4l ¥
712¢l 10CFU(colony forming unit)/cm’(Ayres, 1960:Hanna%, 1979)%
delon Axtde upde] ulsie el yrin B uEa gitdl
(Hayashi, 1991), A]%¢] Z-9of ulfEo] 28t 22 HEHoj F=2 o
Foix]7] wj ol At xjof A vjdE] AHH £ 4% dNR
2+& yehdz qlck stAigt, EX S-S o8¢ U F(1997)9 A
vlzs] & of, upd AR P Bt o At E o= Ui



th. EY Gotoh T2 upda Axpde g RS dlIdded =4
H ¥ NP Fof ujdEY 4L Al Yuh Axpd A
oA o wi=cia R asieict

WA E =AM R 2013 F24F HAH: Fig. 1o vebd 2y
ol AxPAE AIRY ¢ njBESFES IS XA E/FHY F

(=]
By

10’CFU(colony forming unit)/ca’ugte] AzHE Mol ¥id AxMS 2
AsHR] o}e ERS4L 10%CFU(colony forming unit)/cn’S Z}ste] 7}
Z ¥ &5 Uehiodch. A7 F¢ Axpd Ao Yold 4 F
ulgEe] ULPEE A Jeldton, Ay £E2FE AR A foi
27174 79 M7=x] 10°CFU(colony forming unit)/cn’n|gte] -"r"é% +
s, HPrnEt AH G2 ugETEL Bk 0.5k6y2} 1kGy
FEE ARINT 7dHe] 0.5kGy FB2E  IAMt EKFAH]
10°CFU(colony forming unit)/ca’o]4t22 1kGyRA} 48T} wetonl
ANt X719} 10~14Yoll M= 0.5kGy7t o WiUrCl, Luchsinger &
((1996) Hxpd ZAIR B8-S 3T, -17CofA 4 H33io| 4mE
Az AP 3T, -17CoH RF A=A Rapdgo] gotd4& ul g
Eo A3AMEAI wcin Rasigct Fig. 28 43 HYE
A gty es YA FA e v|dE HAHE 4 Zolrh
ol ot Bof4FES UANMAOSE loge 7.00 (10)CFU/cn’S ¢4
= olonf(Ayres, 1960: Hanna 5, 1979), & Q3 ZAzjo olstd 37|
ZH 104 o] A= BRE A7t FH4-ES dA Ao, 2 o Fo=
Axpd ZAE 1A 4L A 8% IkGyFELE AP xAlst ER B4
o] AL F£ENA] costaon], 0.5k6yE A AR FPolis
140} AUpHEA ool =3t 2k6ye] F-folle thef 37|zt
1SUB =7t zivjol Roir-Eof Tt J2 g of4do] HojHrt Fig. 32
AdFY HHRFEE Jeid RoeH FAiddd AP RsEU logw



8.00(10°)CFU/cn’el]l Edsh= 7|2te Amed A7t 14d0] AUE
A2 ZARRE AU 2AEA] UGe 9 BF s93iH] Bt Ao
2 ueiyrh o] Azt ul $(1997)8] Zupd Rajol 2j%t MMESRS
it H3tel fasiA veldch ARA7ER RE ARE O3
F7HRAE B4R, 2% AAd ZAE A g2 Ef F4Y A 2
1 AabF47E 10°CFU/en’ it JhR wotR, AAZ|zEEet AMxpd
ZAE B ARERT & uE £E& Ul At & 0.5kGyol 4
o2 AR F ol 74 F243, S, E4ETE A
A ZARS S| 42 ZeRch dubFoR WA {H = ol AR
g F7HE 4 Qi
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Figure 1. Changes of total plate counts of pork loins irradiated with electron beam
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Figure 2. Changes of psychrotrophs of pork loins irradiated with electron beam
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Figure 3. Changes of lactic acid bacteria of pork loins irradiated with electron beam

2) o|xet W

7h) 2 aket

ArPd z2Ae Aty o2 i el oiuz] olFo] dojuixigt, AlE
2] A% Compton X }7} F2 dojitrh o] H-pof, R It
(photon)7} obital electrono] W&E+= WA 02 F43l= viAEIH
T8-S SATCHStevenson, 1992). HBZo] Egufo] ZAfste 2|
Waksol AN AP o8 7HA] WG EH FollA nalonaldehyde
2} 2-thiobarbituric acid®} ZA¥sle] BAEEH = B4 complexs] 2T S
UV-spectrometeroll 23 &3 o= o] AW Z48 x|tz g
o] UojktSE Yuidch  Fig. 4= AAE AP wE
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TBA(thiobarbituric acid) value®] HEE Utehi: FEA AH S
ZARRE Az} ZAREA] Q2 A BE ARI|o] HojA4+H/ TBA value:
715t 28 4 + Atk AR 5 A= RE AR 0.07 ~
0. 13mgMA/kgH H AL, 5¢ o] 4B A%HA 2A6yE XA A&7} 7t
Z w2 AYAYcE Uehfdch An §(1998)2] FAdME HF 3
YolFof Axp ZAME B E/Y ALl AR ZARE 1A U2 ER
Hrh ®A8] 2 TBA valued UehflR, A7z 1445 A=pd =
ARE & =89 TBA valuer} ¥ w25 Zsstgicia Basiadch 0. 5kGy
& ZAIY AR E A3t Axpd ZALE 5HA] 4& Al89} 1kGy, 2KkGy
o Bt AF 7Y olFTH FHI FoBIE A& 4 + ddrh o
AL RAIRE A2 39 AE 237 BN FHSA 2 U4t}
dojipA E& A& o 4 U, AAFS ZAY FRol Y4y
GE FYE vXA U= Ao 44"y, KA NY Uy A
olof ej3fM = Liepd 47} 9l
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Figure 4. Changes of TBA values of pork loins irradiated with electron beam.

L}) VBN M2}

Ao 2 A2 AY Fof ZE{tBHo] ofulxitzt T fof o
712 ) JL% Eairt HEY ol WY Fl-Eile] g o}yl
XAtz gelol= Frto] A HUAY Arlel As(Volatile Basic
Nitrogen:VBN)7}  Z7igic), o] But ohyel, adenosyl
monophosphate(AMP) 2] E3fo]] wh2 ¢=Uote] 442} nucleotide?] -7t
off AN E AYPL WUrh Fauvel AFFANE 48 9 ZPRo] g
3to] $UM A A A(VBN) Y P2 20mgxol 312 FAE o] QlE WHof
YEAMHE 0mexol3t Hol Qlon] YA Kof cfgt FF/Y 4F 4
o] Z1&ES A8tz rh B/ F(1991)2 HuAd el AL (vBN)oll
gt A g o] ol B WY VAL 30mexel St
Fig. 5t #Mapd Rxpdgloll nhE VBN(volatile basic nitrogen)value$]



H2E Uehles AA2A AxAES AR A2} xAEA] 942 A BFE
A 7|70l o] ALF VBN value: F7I15HE A& ¢ 4 ot A3
ZH 7dAR = BRE ARV} 2W0mgxu| N o vttt =58 Uehliodl, 7d
O F-FE = HAAE EASHA] UL EKFAHY AF F43] Fste A
& B % olath 0.5kGye} 1kGy, 2kGye] 2 R 717 10UTAE £
glviel A EF oA HEsfjeEo R FHH VBN value 20mgxo] 318 =55
yehfigch. B8 5(1992)0 ol Hud dridss A7 S4B
oF W3 AAIL AN MFF7t FI3t] BAeFHORE XI|FII A
A gANE 2 Z7180] A3 1 olFel I4s ANACIT slArh
x-S RAIRE F 7U7A| = VBN valueZt 22| 2 A H3HIL gy 10
U ol FREE Sttt ABRAAN FAY PoSToloT HUHY
ZIEfAA(VBN) 7 A 3] F7iEE 2S ¢4 4 AUt
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Figure 5. Changes of VBN values of pork loins irradiated with electron beam
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B2} 2H[RbEo] ZIRR & 44, Z Rl melde BAE F3A o
538 H& Jd == dAstAl "ot oleld AE9 4 3 MFel o
¢ £u|2HEe] 7130 W d¥E njX= 2ddo] = B 3 AFe
23& A% F8% Y=t Hroh 222 Axpd ZAAR] olE
S Hstg ANEE A2 ul$ Fasith & HYJHE CLE L a' b’
& o|&3lq S4g AAA3IYch Fig. 62 YHTE Uehle A
L® value®] X% & WS Uehd Zlolth. AtH o2 X 3s|zte] Y
Hol ety L' valuek 2718 Z%o] Uehd stk dxide 24
2] 2 EXFAH B AR 147 FH3] FIisicirt 10d7t
2l 4%t BYE B3 ofF tiA] MAF] Fristaich wbE 1kGy
B 104712 M A 3] FII3lcirl ol F 14d7tA] Zashe £ME UERY
ot Uutyoeg AAIHEQ 0.5kGy, 2kGy, AP ZALE 3R] g
A8, 1kGyEL 2 L' valueg 22 &dtl Luchsinger 5(1996)8] 34
2E ASRE A7 0o wEtd L' valuert 71ttt R asigct &
3] 8714 ZHE ¥ FPol 2.5kGy, 1.5kGyE ZAIR A8V} €AY F
& B3stgct a values HMEE Uehles A$24 Fig. 7o U}
¢ A2AE AEREYE AR 27ddEe AAPIE AR 4L A|&7)
7 wudoy AA7IZ 1447joll= 0.5kGyet 1kGye] B2t M &2
AMEE Uehlol o] F A&F 1koye Z9= AR7IT 6dolM 8d
7H2] 4 2 EE Bdoy 19 BE AHAIINAME 0.5k6y F
27t d §& £&& AAskdch AR Zabdgro] M &2 2KkGyY
Bee AR & e AgE w3 1R 2 ANEE fAIsHA
th Luchsinger $(1996)2 A3 71Ztol] wats AP ZatA glsto 23
ERWN 28I B8 EAY AZHC 52 £ES R, AZFEYPY
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A &F 2.5kGy, 1.5kGy, =P A& 3hA] U2 Alg¢es FNEE
viehjgdth b valuel:s BYEE UehdEs 4£2A a° valuest §7l A
|Hg ARsted Fa% dUS Aot ARIDFo] 'y HAF A
B BE Ag7 AR Folste Y-S Uehddn, dubyew
2 Z717ko] F7tgtel wrel AAMdE RARE Al&F 0.5k6ye] B$7t 7bR
2 FES Uehidden, Akey2 2AM FeE AR 201§ A9
3t 1ol ¥4 14U7tA] 71y W 4&& JelisdtkFig. 8).
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Figure 6. Changes of CIE L* values of pork loins irradiated with electron beam
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Figure 7. Changes of CIE a* values of pork loins irradiated with electron beam

..69_



14

13

12 1

days

Figure 8. Changes of CIE b* values of pork loins irradiated with electron beam.

2}) pHH 3}

e %2 AR F Fdel 5% S njAE= 205 SHUR A
dtel AR 2F pHe 542 ¢8A gtk Axpd 2AHF ES B4
H 3= Table 1of Leld ule} o] A7) Zto] Frigte] whe} A
2 ZALg 8k 92 29 0.5k6ye F-¢-= Fat pHe F718he B
& UERAI, 1kGy8} 2kGy2l B-$= A&7 7ol F45] &2 TS
Uetion o] ¥ tha #4ASHe Z¥E& Edch Ao AP Fof 4t
AT wold+E AR pHe ®oMXE FYol deu(Holley F,
1994), & HYolME FAIRE 38& Uikl ARF 0d, 7d, 144
ot 1= FA¥E HAULP , AR 10dol= [ A X
o|& utep o THP €0.05).

.32
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Table 1. Changes of pH values of pork loins irradiated with
electron beam.

days o 7 10 e
Treatments
Control 554+005° 556006 557£007° 572+008"
05kGy 547+0.06° 545*0.08° 548%+008° 551+008°
1kGy 534+003° 560004 550%0.10° 554+011°
2kGy 539+008 578+004' 561%0.11° 565+0.09"

a, b, ¢, d Means TSI with different superscripts in the same column differ significantly.

* P <005, =+« P <001

3) ¥5PA

HHZ HTriangle test) AXI ZALE 3l 2 E/ 5434 0.5,
1, AkGysE22 Axpd RAH &% 54 23754 #&(0-0.5, 0-1,
0-2, 0.5-1, 0.5-2, 1-2) x]o] ¥ 68& vlaslrt. ojFol 2z Yol
Algzte] xolE FER ZF97t 10014 Ffol WM AEREE 7Y
% olor}l, 2} Al ZrE W& (slight), XE(moderate), W2(much),
oj¢ Wd(extreme)ol 22t 1, 2, 3, 4 A& Fol Zze AEBY Al
+& Folo olA& AA Y Al 2 Lhro] £43 sl M3 E
ZAls F 7Y A EF o€ shig 8% 4 Ud HAedy +8
e 3t 2 BAIslgtHTable 2). APEAAL A3} 6712 éﬁ%‘ﬂ A ze]

T ES FHY A 0.5-17 lojollA], A S FAle A$ 0- 0.5,
0-18 ZSo] FAddE HAAE ol OI% ANE -3-4‘}04 B,
Table 20fA X ulg} o] Az s = gl 5(1997)0] Ra8 Zopd =

AR ES SUY BE Zab 4228 Al Yol W4E wE Aoz
Uehd M B AYelME 24 4229 Aol7t AA U4E B Ro
2 Ushigch 2@ £% SUE ol8stel A A B T
% 343 AR 2 ES SAAels AdgERchE AR 2
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A Al2E ol O w2 A& Yehdgich wbd Al ER B4 FL
FHel £% 43 Aapd A BES B4 Aol AR A
S $E2S Uehida, 2 A¥ZE £2£2& M EXFAY Ao
ot o EA Uetdsd o] A RAAFF AR FYE v
= $ul B3] Husdr] diEd Ao HEof Ach
A= o] &3t A& RANEA (Descriptive analysis with scaling)of
23t Z2}7} Table 3o uehu} Qlth E#3 = Axpd Rapdate] Fohgt
of mpebd JYE Frlste AR Usika AHES] S42 {4 E
Uehls 7o ZAEATHP €0.05). Hztd Mg 3= o ERE
Ag 7 MIslgn 2 k&R 0.5kGy, 2kGy, lGy+FO T ZAl3t
MNEEOE MI3t= AR08 UElWrh Table 4= Relgh E{5410] N
ERANEA ] ZAolrt. Bull: ACyrE LR Hxbd 2AN E{E4lo]
7ha weta, EfHY AeE A48 ZeodEs RE AEI v £
& Yvehddch d=¢ thEAHE FAe ESEil 3 ¥ +ES
Uehfadl, dxE 259 {94& vehisdla(r €0.01), thEEE 5%
FEAMN F4S UehlEs ZRog FAEACHP 0.05).
olael AXNE FUs R vjdEY YH¥AAAY: AGyFELE X
A ZAEAE of AR Te] SRl whet 713 ¥ Heog HrH
Bt BedAtellA Ad%e] WA s A AR Wil FlEAgol
"ozl = thd& Jixla it olebM 2kGyold o g ZARch
B717ke] F3E Sl E felsiATt Ay es e Hio] wol
Gojzcrh o] AT 0.5kGy ~ 1.5kGyFFo2 ZAIY ZH$ dsy &4
glol M A7|zte] F71AxE uehd = gich

T

gl

-y

fr
»
rlo
X
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Table 2. Degree of difference and acceptability in various pairs.

. Degree of -
Pair . Acceptibility
difference

0-0.5 1.88 6:3

0-1 1.70 10:0

Cooked | ;o 1.63 35
pork

. 05-1 2.25* 5:7
loin

05-2 2.00 4:4

1 -2 2.40 g:1

0-05 1.88° 7:1

0-1 2.27** 10:1

Fresh |y _ o 1.67 4:2
pork

. 05-1 1.00 3:0
loin

05-2 1.00 1:0

1- 2 1.50 3:3

Table 3. Descriptive analysis with scaling of fresh pork

irradiated with electron beam.

loins

Items

Aroma Off-flavor Color® Acceptability
Dose
Nonirradiated 5.01%1.59 3.09*1.82 5.13*+1.44° 5.11%1.83
0.5kGy 5.65%1.81 4.54%2 52 4.59+1 02° 4 81%1.57
Irradiated [1kGy 5.43%1.90 4.28%2 44 3.79+1.01" 4.42+1.37
2kGy 591%1.87 4.89+2 31 4.85*1.63° 451*1.76
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Table 4. Descriptive analysis with scaling of cooked pork loins after
trradiation with electron beam.

item . .
D Aroma Flavor Off-flaver |Tenderness" | Juiceness® | Acceptability
ose

Nonirradiat
ed

0.5kG
y

4791141 15392125 ) 3.07+1.95 [6.7221.47° | 5.95+1.68° | 548+1.25

5.38%0.85 | 5.65%1.32 | 3.28+2.29 {549+1.51" [5.11£1.59°° | 5.71+1.89

frradi

ated 1kGy| 5.64t1.34 | 5.68+t1.41 | 3.48¥2.24 {578+1.79°°[526:1.52°" | 485187

2kGy| 5317160 | 5.11£1.53 | 3.1972.21 [481+1.47°} 4.37£1.31° | 469t1.28

a, b, ¢. d Meanst SD with different superscripts in the same column differ significantly.

* P<DOG; == P <001

A2 A A $E AR ARL o8 WAL R
33 FAAL ey
1 Zud 2AE olgiel AUE AFA Y ZAGE W
7 A7UE % Wy
1) duds
AR AFAM ABTE 5 SULAES olgsigon, £
e gAs AANGL, UBY AACEA 10m)2 oste] Bupd =

Atof o] -&3}ict.

2) zhubd zAL R A
Az e] Zupd Al 271y 2AoM EejddN d5os XF



stod gh Ut dF4 U 44 100,000 Cidf ¥Co Pupd ZAMAH S o]
B3t} oA A2 1kGyo] HFBEA 0.5kGy, 1kGy, 2kGy2l % &
AP A=F st & FeAY e vl on upd
XA A RE vRAb 2A R} ] 4120 FRAERE A At
Bl dgel ol-&stach

3) Bae A

APHA(1985) %] Swab contact method& A3l A|RolA njYPES 23
staich BHo] 10aded FHIE ol &SIt 3713 FL4 I HY
AlE 1m0& Aerobic Count Petrifilm"(Microbiology Products M
Health Care:AOAC, 1995)of 3810 37CoA 27t ujlst ¥ ZY+8
Aestdrt.  3dF4E 5.5%  Lactobacilli MRS broth(DIFCO
Laboratories, USA), 0.0002% sodium azide(Showa Chemicals, Japan),
1.7% Bacto-agar(DIFCO Laboratories, USA)E A aamishufixjo] A]
5 Ints EF319 37CoA 2¢ 7 sfdtt ¥ Afsigct. YL F
2 F24F4Y upxIlAlE Aerobic Count Petrifilm™(Microbiology
Products 3M Health Care:AOAC, 1995)of ImeS £33l 412THA 3F
(21d) 2 P& F Al$3idc

4) o[3jet3 FH4d HIHTBA, VBN, color, pH)

IAdEol A 2 whgog Ago NAF YA PSE RAbstr] 9
stof AFU AL Fitte(1970) whHol 23] TBAZIE &Asidn,
Hid d71el AA(VBN)E= R#(1975)8] o] g SAsiact A
71Tt Ko MG 2437 H5lY S4E Chroma u]El(Minolta
CR-210, Japan)E& o]&3}of CIE L' 2’ b'Z& &Asiadch pH: e E
pH o]E{{Cole-Parmer Instrument Company, ul)& o|&slo FAsiac).
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5) #53 54 H
BEZAE 10~209 Asadol oA AP triangle test)2}
ezt =e
3 SR(HUNZE 70T)& oo AAATHARL 5, 1995). 4H
AAkes 2 F AR o ¢ ARE W £ i A& el ¥
Ao F¥sto] Zhupd z=at3 e #HEH Fel +E& Yol siach
AERAEAMYLS AN A9 4, &7, BN, JE4E, ZeRd
M 371, Fvl, B#3, 4=, tEY, 714 & Apsidrh

A e B AR Y (descriptive analysis with scaling)&

6) BAEH
A 24 g3 flo HYS utE £u¥siglon, SAS(1995) BA
z2a8s o|&slq FAHEA 2 Duncan test& $8§starct.

U d3ds o 23

1) u] & HY

Zupd g A % U1y FEA4HY HAE Fig 1. o Yehd
Zzt o] Hutd & AR ¢ nBE 58 Hubd S AR 94
Ao 73 &2 4208 UElych i3 10°CFU(colony forming
unit)/co’ o3te] $E£o g A&EYR 27| Zubd RapdPge] goldS
& nREY 4P A Ueidten updg AR o AL
Z&E=x) oottt Ut MiFo] 2%t EujEl logwo 7.00(107)CFU/cn’ol]
SEdst=d ZuldE AR 4L Zfs 2332 AR, HAA
ZAE 229 9 247 =9 Z¥Uch A0 HolAS+H
ZApdsgol ate} u]BE +E2] 2ol7t Uetdt=tl 2kGy, 1kGy, 0.5kGy<s
o2 u|gE YA &7t Ut AzpF oz upd Rapdge] o

g F24d ¢ 8L v AR UtHr)
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Figure 1. Changes of totai plate counts of beef loins iradiated with gamma-ray

Fig. 2= 347 H2 gutdos B2y FAst: ulg
2 HE AME Fojrh Il A% FrifES dukgoez
logio 7.00(107)CFU/cn’S 3lA] Qlouj(Ayres, 1960), £ <7 Fjol
25hH iupd & XAPIR] U FRolls 2F ol RFuleFo] =Wst
dct. dutyom YYEHIFE F2H4F3 AR A s o] Ao
of wiz} upd EAlGEo] WETH vlAEY AR walch
g o AobizAE AU 49 A f4E Yehigda
(P 0.01), zinpd ALE ¥ ZAfoll: P 0.00152oM Fo48 U}
v§alr},
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Figure 2. Changes of psychrotrophs of beef loins irradiated with gamma-ray

Fig. 32 4tz HAPCE Uepd Aoey gide] o Fufs
22l logio 8.00(10%)CFU/cn’ell =3l 712 AMBE A3 21¢do] 2]
Uits Zotd s ARt F-eu 2ABEA] ¢
£ Ao YEyitt

AsF4e 2o $%542 0.5ky5-2 o2 2vid
<0.014

2 B¢ BEF =dsiA Xt

ZAPH A& P
ol FAS UelWl, 1kGy, 2kGysTolAd ZAFH A &9
Bt P 0.0015FolA 25 RHQU xfol & pERT].
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Figure 3. Changes of lactic acid bacteria of beef loins irradiated with gamma-ray
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2 ZAY Bl F5T nBEY 4B Hupde 2AHA] 2

ot Aozt AA vehtA] da &S & 5 Utk F lkGyolde R
A Beole 28 S48 g UHEEITE LkGynute s
ASEAL Sh2] Qi FeETE WA fAY £ oM AR Ft
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el = BoM complexs] ZEE UV-spectrometero] 2]3] ZA38t o
2 Zto] AW 55 AWy} Yol Yot oujdith Figure 4=
Zinpd Zapdgro] whE TBA(thiobarbituric acid) value?] W3S Lje}
e A2 ciNdog g 2ARE 23 2] 4 2 —E
A B710l oA sF TBA values F7l5ts A& o 4 vk Zopd
ZApAF o meti = Xjol7t e AR Hol AHdPE ZAI F o=
Batstell B2 S uAA] A= AoE ARy, ZEHZAYY A
B Aol sy uiehd 71 ook Znid g AR ¥ 137
e AYAtstzt 2e 3A Hest glov 2301 =HEA SR A 2 ¢4l
7t dojuA He Z2E & + ok AupdE zaphA] 92 554
2} Ztopd ZAHE 2% BE P 0.0015-F0 4 259 8-S UelY
=3
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Figure 4. Changes of TBA values of beef loins irradiated with gamma-ray.
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Figure 5. Changes of VBN values of beef loins irradiated with
gamma-ray

Fig. 6& WATE Uehl: ¥ L' valued] A 3 HA}E Uepd
Zojrh, AR o A A7t 17d FR|E= L' valuel: ZAsh ZA8to]
el gtk a' value: AMEE Uehf: 2424 Fig. 7o Uehd
A2E AR AV Foll 5 AupdYPgL g AR Ao s1A]
S Aol vlE & & Uehddch A7 o] g npepr 3
Ae= Zbasts ZA8ke Ve gl o] Luchsinger $(1996)% &
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£ uYellitH(Figure 8). olalgt Z 32 | Eo] FA %ol ulelr nldE
of o] AtAXolo] wrx AL} pHE WHEA|A myoglobing] AHEE &34
713, heme A A2] globinfi-S E3l35lo] myoglobing] A ZMo 2 ¥
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Figure 6. L* value changes in nonirradiated and 05, 1, 2kGy
irradiated beef loins
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Qutdoz Hugel HE phe Y 5 4PEET aA ok ok

“—

=
A1 pH HEte Table lof Uteh} glth tiAlZ2 3 F Ftol pHe A

sle ZRe Uehda 93, 3 ol FE A e FUkte 28g uel
vodth A% agslels Zuhie Zalst U $8el 713 S e
Zg Ushiglth QuHoE ARFol AHAET} wold5 S 482 pH

;;}
L olx|: Zo] gJom(Holley 5, 1994), & HYPolME FAIRE 2

so] LiEhuiT

Table 1. Changes of pH values of beef loins irradiated with
gamma-ray

e Days 1 7 14 17 21
Control 5460101 537002 545%001 540001  566*0.19
0.5kGy" 547+004 5452002 5442001 544003 549002
1kGy™ 538+001 537001 546+002 565+007 548008

2kGy' 5441009 547002 544%002 5661003  553%0.06

P <0.05, TP €001, P <0.001

3) B5A 54 W |
ARZAPES IS Zuhd 20 ARESS] Fet g Pue

2 Aldsiginh AEAA A3 671 Z@FIM zeY $39 ZP
0.5-2, 1-2 & Aolofal, A4 E& 5419 A% 019 Z9ol felg 2

£ A4S Atk ol AAE BASl Y, Table 2014 B ups}
Zol APAREE ZA} 229 Aol7t Wo| YT &S HoE ek
3 AASFoME Hzrel ZAMBY Aolst 4% AURE)

PR 2B 2% SAL olgstel ZAR A3k B PAe

ojf

| +5



A2t 05582 E okd AT % B4l Alolef A o,
Zupd o] gotdE AEAEE F7BIE A& ¢ & drh AdES
2 2% & TAdo vz IAFog AHABEI} B RAMIFER
xpol7h sl et Aoz Hol o] ze|aF Foll Hupdae] 4%
& vxEe FulEdo] HUsHA7] HgEd Reg Azwo] zch

& o] &3 A rRrAEAY(Descriptive analysis with
scaling)ofl &]3t A7} Table 3¢f LiElL} Qv 37| F e zte] o)y}
A vehbz] qota, EMHE Zubd ZAMIFSF 0.5kGy2t 2AGyTEoll
A g B3E LEhch |H4E IGyrE£LF ZAMH AR M 8
3, 7HR ol ME3te FYE Kol ZleE Kol Aoz EHe
A5 Zubd ZAE 1A & Alge 3A xlolzb U] dstm, ¥
SHoMz 2 o]zt gl HeR Hop A2 Zjupd RAIH AR
= AHRENA ARZLE F2 ¢S AR AAd™ch 4F&% 70C7
H w7tz F-2x 200CE I3 F AAR H=gAEMYY dze
Table 4of f.ofs]o] olct. BN BY IkGyFELZ 2AM A& 2
opd ZApElR] 42 Al A9 R B2 £ES Ve AlE 2]
|AHA o]zt gt 71T 0.5kGy2} 2kGye] HL 713 &L 34
E Holt Zeog Hol xR F§ ol AL 84 AL E
Ao 2A F¥E vAA U o oafsch

AHES

T



Table 2. Degree of difference and acceptability in various pairs.

Pair Degree of difference Acceptibility
0-05 3 3:0
0-1 2 2:4
Cooked 0-2 2.33 1:2
beef loin 0.5-1 1.83 be5
05-2 243 3:4
1-2 1.86° 5:2
0-0.5 1.6 4:1
0-1 22 6:4
Fresh beef 0 -2 24 1:4
loin 05-1 1.33 2:4
0.5-2 333 0:3
1- 2 2.75 1:3

Table 3. Descriptive analysis with scaling of fresh beef loins irrad

1ated
Items
Aroma |Off-flavor Color Driploss | Acceptability
Dose
Nonirradiated 6.00£215] 4361246 | 664X169 | 6.3612.46 645211

0.5kGy|[564+238| 482%£3.16 | 573190 | 6.18+2.27 582*2.60
Irradiated {1kGy [527%1.74| 3642206 | 7.00£2.15| 518%2.09 6.73x1.68
2kGy |[564%2180| 464298 | 6.00x184 | 555175 5.00%1.64

Table 4. Descriptive analysis with scaling of cooked beef loins after

irradiation
Item
. Aroma Flavor Off-flavor | Tenderness | Juiceness | Acceptability
ose
Nonirrad
545%144 | 5181125 | 445+254 [ 5271224 | 582*+1.99 445*15]
iated
0.5
. 6.00x1.10 | 645£202 | 255%211 | 682147 5821218 6.00x2.05
Irradi kGy
ated | 1kGy [ 564163 | 609151 | 500167 |582+172 | 573£215 | 491=181
2kGy | 500214 | 6.09£145 | 373195 | 545%£234 | 618*160 | 591+1.76

a, b, ¢, d Means=SD with different superscripts in the same column differ significantly.

P <005 s« P <001
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ol A5 FUMEY ACyn|Te e ALY F9of Zupdol it &
H[2hE A4S AlEA ¥ FEE FE3] drid 3ol A 37|70l
2 Ade&e didol Held Res g2¥ct

2. AR ZALE o8] NS FA Y ZASE FY

b g 2 Uy

1) dxs

AHAZEE AlFolM ARE = 982 SHVHE ol&stdon, 5]
W2 B AAsIAL, 4B ZV(EA 10m) 2 Ariste] Axd =
Aol o] &8t

2) Axpd zab W AR

APAEL AR Zabe 3714 2elN Belod wgos ma
stol A4FEY(F)FAATL U A2 714718 ol 83tol Aol 1
Meve] o] £F02 & FAMFol 0.5y, 1Koy, A6y & F4UY
& Q=8 sigch Axkde F34 ol dmols] whEol fW ofew
& 2zt 131 ZAstlnh AxA ZAb AW ARE WA} BRAR
Sh ¢l 4£2Ce] YRS A gstEA Aol o] gt

3) B35 Al

APHA(1985)2] Swab contact method& 433l A RoA u]BES A3
stdch. HAo| 10aid FHIHG o] &3t ¥IF 324 5= HY
A2 1m¢S Aerobic Count Petrifilm (Microbiology Products 3M
Health Care:AOAC, 1995)of ¥-F3}o] 37CollA 297t vkt ¥ Fei4g
Agstgdct. AalF4= 5.5%  Lactobacilli MRS broth({DIFCO



Laboratories, USA), 0.0002% sodium azide{Showa Chemicals, Japan),
1.7% Bacto-agar(DIFCO Laboratories, USA)E FAEH Aguhufzx]o] A]
2 1mE BFste] 37ColA 27 vfUR F Alesidcl. HEESE
e ZeAMF49 unpabrlz]E Aerobic Count Petrifilm™(Microbiology
Products 34 Health Care:ACAC, 1995)0 Im¢& BF3lod 4+2CoAM 17¢

7t wfoyst ¥ Alsestoich

4) olsta K4 WHIHTBA, VBN, color, pH)

ARe AFE AYAYASE AP st dFA BHow
Witte(1970)8] el osf TBAZEE FHAstArh Uy driel AL
(VBN)= mif(1975) 2ol &3l &Astelct $4& Chroma nlE
(Minolta CR-210, Japan)& ol&3}e] CIE L' &’ b'3tS &Fstalch pHE
XE]E pH v]E](Cole-Parmer Instrument Company, u]Z)& o]&3lod &3
stalct.

5) ¥ B4 Uy

HeAAHe 10~2088 A5 adel] sy 4EAAHtriangle test)2}
e RARE A Y (descriptive analysis with scaling)® A&} Rg
T R (AMFEE 70T)S AL E HABIATHARS &, 1995). A3
Arbs g2 F A5 oiE # ARE ¥ 72 o€ A& Fehde ¥
Aog st Aapd A Ay Fel £ES Yoty sharh
AERAMENYE A8 F¢ A, 7], B, 78 E, =K
Ae 7], Fvl, E43, dx, thEY, 7124 S 2ASHGIh

6) FAEH

BA 2ME s ol AP S b st en, SAS(1995) A =
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2738 o] &3le] AT} Duncan testd 4-3Wstadch
v drzda o o

1) o] &2 W3
AAPA S ZARE 989 3713 $&4d9 ¥ Fig 1o vehd A
2} Zo] AL ZAIRY o nAELES AANE ZARE £33
AU AR 2ZAE SRl U 989 AL BSF 10°CFU(colony
forming unit)/cn’m2te] AE RET o]F ARG R} 3z e
Algel e 7 & #&& Uehidch MR Ed AR 2AR
go] wWold4E nj¥FY ZALZEE IA Jetdden, 2%y +&28
218 ASofl= A 2A77H 17U7R] 10°CFU(colony forming unit)/co’o]
gte] #&& KA, AV NER MR W PBEFEE Bolrt
Az ZARE shx] U8 AR Z 2ot 0.5kysELE ZAM AgE
A 23U ol o] F24F2 B3I logw 7.00 (107)CFU/en*S B
th. Fig. 2+ FANGY HIFEE vebd Aoz FHatdo] o3 Fyj
429 log 8.00(10°)CFU/cn’o] EdslE 7|2he AME® A7) 17
& BY BF ZE3A
Rote 222 Uetych AR7|7H5e 10970 A RAME SR o
2 NE7 71 & $E0lUI, 10Y ol Fol 0.5kysE2] F$7t 7t
A 2 ££& Uehigch Fig. 3ojAel o] il 23 Kuis
Z2 AN OZ logp 7.00 (10")CFU/ca’S U3l 9l.oni(Ayres, 1960:
Hanna %, 1979), & A3 Zzjol st A7t 104 olA7A = BE
ANE7F BejeEE dA] YAIRE, T ol Folle HaPd RALE 1A 2
AL Ryj4o] =gsioion, 0.5kGyE AR AR Ao
1290] AuUtHA Esjgoll =@staich 1kGyst 2k6yo] Zfolle oiz}
2717t 3FH T} Aol HujFo EUY HoE ool HojHr)

| AU ARAE AR AU ZAREA] @

a2
2

_90_.
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Figure 1. Total aerobic bacterial numbers in nonirradiated and
0.5, 1 and 2kGy iuradiated beef loins during storage at 4%
2T.
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Figure 2. Total lactic acid bacterial numbers in nonirradiated and 0.5
1 and 2kGy irradiated beef loins during storage at 4£2TC.

log10CFU/cm?2

Figure 3. Total psychrotrophic bacterial numbers in nonirradiated
and 0.5, 1 and 2kGy irradiated beef loins during storage
at 4£2C.
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2) olx¥3d 5

7h) ZAt2(TBA)

Fig. 4= AP =S &332 A% TBAZLE Yehdfolcth ofef 2
olA B uiel o] A7) Frijlel uwiel Frhshe FAE B
Zut s Fde] FFo] AY AE &4 odrh APHoR zaldo]
B 2K0yst 1kGy7t w2 & TBA & Wehdfalch

2 dHeAME vay 13dE Axd ZAE E8S oY AdoA g
vl FAZE Mg AR 2ake Aaddte] ¥E %S nlxA|
v ReE Azdrch

o
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©
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Figure 4. Change of TBA values of nonirradiated and 0.5, 1 and
2kGy irradiated beef loins during storage at 41+2T.

L}) VBN 3
Fig, 5= Ax}d Rapdaro] a}Z VBN(volatile basic nitrogen)value
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3 HIE Uthiis FA2A AzPdE A A AR 4L AR
F ARz o] F4F VBN valuet: F7BHE A& ¢ 4 ok AR
712 1047 RE A 87 0mxu o R vl £E& Ushiddz,
Hopd & ZApSHA] 2 $REAHY F = 10Y ol F5E zupd =AM
59 F9e Yol FRH F43 FUtiE AL & 4 Ak BRE
AlE7E P <0.001Eoll A R2l44& Uehicdch M 5(1992)0] ofshd
Hig d1dLe A3 S} 4T BAIL glol] AE47t &
7tste] #eHog XI7|¥virt =AA d7ixs 3 UMl A 3 o
Fol= S<43] HEdrhy spych

Y
o

8

VBN (mg /100 g

8
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Figure 5. Change of VBN values of nonirradiated and 0.5, 1 and
2kGy wrradiated beef loins during storage at 4+27T.

th pHE3}

gtz o g MK HF pic U 5.43=2 U qlch A=A
ZAMF pHEBHE Fig. 60 Vbt glch A7zt Ft Axpd =448 3
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BE Bold4E AR pie golle F¥ol don & HYdr=E
FARRE Fyo] el BE A 27} P 0.001524 /2 HolE
vieh o

6.40
——0
620 —0—-0.8
-1
-2
6.00
pH 5.80
560
5.40
5.20
] 3 7 10 14 17

Days

Figure 6. Change of pH values of nonirradiated and 0.5, 1 and
2kGy irradiated beef loins during storage at 4+2T.

2h) |uy

Fig. 72 WAL E Uehls 21 ¥ L' valued] A3 F HIE Liepd
Zojtl, AHAIM ZALE 8 289 F4 ez T HHYE AT
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Zgro] Uehtz Qch a' valuel: HMEE Uehf: X4+2 A Fig. 8
of Uehd Zztg Anuw A7 2tFel & Axtupog AR Ao
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Figure 7. L* value changes in nonirradiated and 0'.5, 1, 2kGy 1rrad
lated beef loins
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Figure 8. a* value changes in nonirradiated and 05, 1, 2 kGy
irradiated beef loins
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Figure 9. bx value changes in nonirradiated and 05, 1, 2 kGy
irradiated beef loins
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Table 1614 LjEhd APEZAE Zupd Zajo] ot 982 =4 sl
el B WPz AR, 1 A3 6711 2UBAN 2T
% 542 A% 0.5-2 & AololA, A4 £8 S4le] Z$ 0-2, 0.5-2¢]
%

Foll F494 e 235 Bt olF ZAE B3t RE, AdS
o] B¢ 0-2, 0.5-28F Zo] HEPEE HxPd RAl¢ERY Ao]7} ol
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Table 1. Degree of difference and acceptability in various pairs.

Pair Degree of difference Acceptibility
0-05 2 2:1
-1 3 3:4
Cooked 0-2 37 94
beef loin 0.5 -1 192 2:5
05-2 198° 4:2
1 -2 1.83 5:2
0-0.5 183 3:1
0-1 2.33 7:3
Fresh 0-2 251" 2:5
beef loin 05-1 1.46 1:3
0.5-2 334 0:3
1- 2 273 1:2

AlML-E&8 o} 2% A RAHEA Y (Descriptive analysis with scaling)
off 2|3t A ztr} Table 20ff ViehL} Qlth B7l= Helzte] xjolrt A
Elvtx] bk, EHAHE Axpd 2AMIP ety Folshe Aeg o
Eluteh. ZlZEE AzPd A& stx 42 AeE R AEsida, o
ChY e 2 0.5k0y 25 AR A8E HIst= o yepylch
HE2E 70T/ € wizix] RL2E 200CE 1Y ¥ Y gAY
9] AzHe= Table 30 f.of¥|ojglict x2H 89 37l AdKoagy
Zol Apolrt thd AA A ok, EAHY B¢ AL 2A4E 8 2
£2} 312 42 KT RYHA Aol upehdx] Qigtth Al oA
o= gl ARMIE ZARY $]F 0.5kGy} 2kGye] Z-of 7t 2 M
2S5 Yehigrct.



Table 2. Descriptive analysis with scaling of fresh beef loins
irradiated with electron beam.

Items
Aroma |Off-flavor{ Color Driploss |Acceptability
Dose
Nonirradiated 621+1.15] 389+216 |66+ 1.69] 613%1.42 6941201
0.5kGy{ 543.£1.83] 435+321 {561F+190} 615197 576221
Irradiated {1kGy |[529%1.56| 4432201 [697+215] 536%1.89 6821172
2kGy | 57111431 486%263 |621+184| 554+181 576+ 189

Table 3. Descriptive analysis with scaling of cooked beef loins after
irradiation with electron beam.

{tem

Dose

Aroma Flavor

Off-flavor Tepderness

Juiceness | Acceptability

Nonirradi

ated

537%1.44 | 513%£1.13

401£254 | 5.06+228

574182 | 454*145

0.5
frradi kGy

6.13+£1.10 | 657216

346*211 | 6.78+1.37

59118 | 576+192

ated | 1kGy

558157 | 5.79%1.37

479167 | 591176

581191 489+179

2kGy

5001201 | 591164

368:1.95 [ 5381214

6.152142 | 576146

olae] AANE FYUMNEA 2ACyE XABIA HHE 27| n|¥E 4Tl 4
wsl Hsielo] AI|o] FMY 4 A1, KM FPole AR F
¢ % £ES Uehidrh s el Ao Addgadeiold A
2 E A A=|517] ai el 71 Rgo] Holxl: wHAE ZiAlR QUrh
AH[ZHEO] /IAYS A TAE AUS YHOIBR AGye AYLE &
T Ao B2 1kGy~1.5kGy $+ELE ZAIY F¢ BEH SAglel A
712k8] F7ta2E viebd 4 rh
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A3 A4 A4 4FS ol 8o 44
A% 4N A3ZA5ENY

1. vt =418 ol §3to] AHAS 4dA AP =A5E &4
7t AFue % Uy

1) Y=

AYARE AFAA APtsls AR THFHE ol §siglen, FA
W BA3] AASHAR, B AV(FA 10m)2 Hhste] upd =
Alofl o] -&3tgich.

2) fopd 24 9 HF

Adgzise] Zopd zahes 2713 2o Eeldud gEos 23
slo grTUxiidRA o MY 100,000 Cie} ¥Co Zuld ZAIAAME o
§3lo] Aoy A7t 1kGy2] HFEEA 0.5kGy, 1kGy, 2k6ye| % &
S A F et & FedPe xk: v on znpd
ZAHE ARE ulzA dRAIRG A 41209 WRAElE A Ps}
g dgo] o]-gstgich

3) g3+ A+

APHA(1985)2] Swab contact method& 35l AlZofr] njAFEBI A2
stglth Aol 10aid] FHUL o] fslort. XY F24 d+= 44
AlBReE 1mlE Aerobic Count Petrifilmm(Microbiology Products 3M
Health Care;AOAC, 1995)oll £-53tf 37CeofAl 292t vjg%t ¥ Fet+-5
Aestglrt, 3AbF4E=  5.5%  Lactobacilli MRS broth(DIFCO
Laboratories, USA), 0.0002% sodium azide(Showa Chemicals, Japan),
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1.7% Bacto-agar(DIFCO Laboratories, USA)E ZAE IJAButujz|o) A
54 1S BF38l] 37TO|M 297 vfotst ¥ Agsiget.  UILF
2 24742 upRAAIZ Aerobic Count Petrifilm™(Microbiology
Products 3M Health Care:AOAC, 1995)0]] 1me-S 253l 4+2TojA 10
7t widet ¥ At

4) o|31%x FA HIH(TBA, VBN, color, pH)

1, 22bd oA 22 o2 A ge] NBE A YA FEE AP
fiste] dFd NH T Witte(1970)2] ubyol s TBATLE ZRstdz,
g g7l AA(VBN) = B (1975)9 whyol osiM JAsiact =
71t Ko wHHEg S4317] st {42 Chroma u|E{(Minolta
CR-210, Japan)& o]83l CIE L' a' b'gt& SAslgrt pHs XEE
pH ©|E{(Cole-Parmer Instrument Company, u}=)& olg3l ZAstct.

5) #5373 54 ¥y

A= 10~2089 Wz dol 23N A AHtriangle test)2}
2 & R ARE A W (descriptive analysis with scaling)S A4ASZ} g
3t AK(HF2E 70C)S didez dAstdckA#S 5, 1995). 43
AAls 2 5 ARG o8 B ARE ¥ 2ol AS Fehie W
Ao UPste Zmpd AR AeH Fe 5L dotEy sfych
AEARRMYS AUSe Fe 4, 37, B4, 724S, R\
ME 271, Ful, EAN, A, tFE4, 712ES AL

6) SAEHN

A B4E 9ol Sl AYS 3 Susigon, SAS(1995) BA =
239G o] gt} BAHEA DY Duncan test§ 4-8§3talct.
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Figure 12 AR7| ko]l mE FF4o WG Uehldch X7 32
4= 237} 1X10'CFU/en’ol 32, 2kGyR A28t A|8E& 1X10%CFU/cn’ e
2 ot x2lg Roo AR/ 3dMels thRFIE 4.97X
10°CFU/cn’ 2 uj 8ol $-2o] JZAs] Frlsigdx, olefuls] 0.5kGy,
1kGy, 2kGyZ A3t Ags 22t 3.07X10°CFU/en’, 3.0X10°CFU/cn’,
6.67X10'CFU/en’ 0 8 tiz e} w2 xlo]E xat) =377 10Qxs
2o A9 1X10CFU/cn’ S 23519, 0.5kGy= 1X10'CFU/cn’S X
2}gtol |3l 1kGyel 2kGy ZstA] Qetth ol Fabe Zntd £F
of wtebd o] BE FRAA A WS S vH £ Qltke A 9y

gict,
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Figure 1. Changes of total plate counts of chicken meat imadiated with gamma-ray.

Figure 2= Y4 ulgEY A3 § #HAE Yepd Zojch. 27 W
WAl nlARe] 22 rfRF7F 2. 57X 10CFU/ent 2 743 &ekal, 2kGy
2 Aelgt 87 4.97X10°CFUI/en’ 0 8 ulg R $Fo] 7} itk
ohetd X7lo) ZubMS AMalstA HH k7] ujAELSolM o 10°%CFi/en’
7t xtol 7t UAl Hol AR 7] 7to] wE Fufol e HiE vjich o]
g 27] n|dE £ELE U3l 104 F Fols 27 Z$ 117X
10°CF/en’ @ 8 Vet on  2AGvE ZABE Alge] ALQol- 257X
10'CFU/em’ 2ol 2= 203 Uekylch
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Figure 2. Changes of psychrotrophs of chicken meat imadiated with gamma-ay.
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Figure 3. Changes of lactic acid bacteria of chicken meat iradiated with gamma-ray.

2) ol¥3t3 HA] HI(TBA, VBN, color, pH)

Table 12 A% F TBAZLE UEhii glth 71582 Ffole 2%l
o HA ZHx]o] Qo] AR 7] umteld TBAZEO] & Alo]E Holx]
3 olch EZ, Zohd RARE B3 A AW #@PZo] FHo] 2 Alo]

£ Holale ofstth

rlr
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Table 1. Changes of TBA absorbance of chicken breasts and
thighs wrradiated with 7 -rays during storage.

1

3

7

10

Pr>F

Control

0.5kGy
1kGy
2kGy
Pr>F

Breas

"0.061 = 0.003°
0.070=0.000°
0 073 0.002
0077 £0.001°
0.0001

"0.044 x 0.000°
70.045 = 0.000°
0.062=0.001°

00550007
0.0001

'0.079=0.002*
0,065 0.002°
0,072 = 0.000°

"0.065=0.001°
0.0001

™0.072=0.002
™0.069=0.003"
%0.065=0.000°

0.076 = 0.000"
0.0006

0.0001
0.0001
0.0001
0.0001

Control

0.5kGy
1kGy
2kGy
Pr>F

Thigh

%0.052+0.002
"0.065 + 0.002°
"0.075+0.001°
0.085£0.001°
£.0001

'0.1280.002°
“0.047£0.001°
"0.062£0.001°

™0.113£0007°
6.0001

'0.149=0.001*
"0.083=0.001°
™0.110%0.003"
™0.1100.002°
0.0001

%0131 0.013"
m0.231 0,011
0.126%0.009
'0.304 £0.024°
0.0001

0.0001
0.0001
0.0001
0.0001

“ b c d

Means* SD with different superscripts in the same row differ significantly.

Lm0 o Means+SD with different superscripts in the same column differ significantly.

tiel g e Ffolle 7ol wisl W Aol glojA TBAgtel M %

d ZA

Table 2& A% 7|Ztoll mE #84 A7lef LA(VBN)S] HEE
W Folth, VBN AL Aol whebq Folste F W& vehidch ®3
A% 717 wEtME Frista gled ol MA J7tof ulzid njRE
o] 7t D, ol njE Sl o3 AS U] Fsj2 ALyt
=°| o gol 4= 7] wiEelrh,

LIE}
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Table 2. VBN changes of chicken breasts and thighs irradiated with
y -rays during storage.

1 3 7 10 Pr>F
Control BO4L0.05°  "1052+034  '1368+141°  'i789t LIS 0.0001
0.5kGy BESEOH  TI3WB+026°  TI251£070°  T1582%020° 0.0001

Breast  1kGy P1266£019  M315%094 "IL74T058 1327104 00592
ZkGy M67+046° '462+041°  T141201F 1319119 00010
Pr>F 0.0001 0.0001 0.0435 00005

Control 831070 °1033+0.04°  '1339:039° 1958034 0.0001
05kGy  ®108%LIE  “I1256+0.13° "11481075° “1763+059° 0.0001
Thigh 1kGy ™919+000°  "1150£0.12 T1101+081° ™1678+062° 0.0001

2kGy N391108° 4531027  '1350:034°  °16361064° 00014
Pr>F L 00001 0.0001 0.0018 0.0005

4% ¢ ¢ Means= SD with different superscripts in the same row differ significantly.

L m %0 NMeans+SD with different superscripts in the same column differ significantly.

Ztobid (Gamma rays) A A2l ALY 71423 clel & MY F pH
= 71E%e B¢ 5.46~6.024822 A BY & Koo A%
71zbofl mhebq e|i Zab Aol mhebd {4442 vehla ook 3]
gt ol gt {8 £Fo] Uehts olft AY £¥% A BRE A& Y
3t X wfe] & ThEo] £ Zo] ohyr] afel wf AY +¥ Ao A=
o] xjolell 23t Zojetz atgHch tiel&e F ol 7i&EHol ul3f
6.17~6.68% 43| 2 +& pHE Holi Art

El
)..
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Table 3. pH changes of chicken breasts and thighs irradiated with
y -rays during storage.

1 3 7 10 Pr>F
Control  ™564+001™ ™553+001° 5971005' 585%026® 00132
05kGy  590+001° '577t001° '602+002 57420027 0.0001
1kGy 588+001" "552+001° "5701001° 554+003F 0.0001
2kGy  "558+001™ "S46+001° "569+002° 595%022° 0.0041
Pr>F 0.0001 0.0001 0.0001 0.0857
Control  "643+004° ™631+00F '6641009" '"6631007 0.0003
05kGy  "639+002° 6321000  "636+001° "6571002" 0.0001
Thigh  1kGy 665+001° T6271002 "655%002°  "6.32%004" 0.0001
2kGy  "659%003° 6.17r004° 6471003  '6.6810.06" 0.0001
Pr>F 0.0001 0.0003 0.0005 0.0001

Breast

* & < d Meanst SD with different superscripts in the same row differ significantly.

Lomonoo Means*SD with different superscripts in the same column differ significantly.

3) ¥ B4 By

7h 2

Ad%e] AEZAA AI}E Table 4ol Uehdglch &M s
0.5kGy2} 2kGyrtol & FEshetl AEAET 718 &2 ez Ueldte
o, olufo] F2 FBE uA VU AL WAV 713 FB8E wol
olen, S SFHEE FYS ol Hoe el AMyez
Zt 27k ztol & FE3te dolle WAl SAo] 43kg ol nju Zo
2 B o] Znpd zARFol zARY g WA R4 wHE 4y
AolAl @ ¥8E F+ A2 Uelylch sixwl 1 xjolrt 2R
of m2txy 73l edotet. thel e Bols 7ha8y ZHSolAmct
AEZEIL A Uetdn ded ol olfE stE]ETHE tlego]
Zubd Zajol] 2%t ML of wol RARE wWol UAlstn WAE Al
7l d2d Reg Algsct
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Table 4. Triangle test of raw chicken breasts and thighs irradiated
with 7 -rays

Portions Pairs Degree of Difference” Acceptability
Control © 0.5kGy 150 2:4
Control  1kGy 117 51
Control : 2kGy 117 33
Breast  pskGy : 1kGy 1.25° 35
05kGy : 2kGy 1.78° 6:3
1kGy @ 2kGy 1.00 2:3
Control @ 0.5kGy 1.33 2:1
Control : 1kGy 2.36° 65
Thigh Control : 2kGy 220 55
0.5kGy : 1kGy 1.25° 62
05kGy : ZkGy 1.00 1:1
1kGy © 2kGy 2.25° 44
t P<005

Y1 : slightly, 2 : moderate, 3 : much, 4 : extreme

Z2| &g o] &Y AAAA A3k Table 50 vehfedct 7H&%¢] 7
2ol 1kGy2} 2kGy2] 23}t ch272} 2kGyE ZAIE |82} 0.5kCy2} 2kGy
g AR AR AEZET w4 F7HEACL F AR 2lE A
stedl £2 4% 1A 53 242 FE x4 vhEHoldnt oy
A= daiet Ful, {Ao] S uH oy wale orh

tie] & 2] Ffols RE AlRoM AEAETL 2& HArh st 3
wate] 7t @A ol fol4d2 vehix] elgtrh. whebd oledt A=
EdstA Zupbd zAlel] H1Z7RE Algdol 23F Ajo] Alolzia AZtEH,
thf2d Fe@ At TR WA E3Uch olebd Zobd 2 AelE
ozl AL A Helolde Adrbssidey zelsiA HE oiyE

o APEe TEsA Rk o2 vehgct
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Table 5. Trnangle test of cooked chicken breasts and thighs
irradiated with ¥ -rays

)

Portions Pairs Degree of Difference' Acceptability
Contro! : 0.5kGy 2.00 2:3
Control : 1kGy 1.86 34
Breast Control : 2kGy 1.83 2:4
0.5kGy : 1kGy 1.33 2:1
05kGy : 2kGy 2.00 2:4
1kGy : 2kGy 2.75 1:3
Control @ 0.5kGy 2.00 14
Control : 1kGy 2.00 2:2
. Control @ 2kGy 250 11
Thigh 451Gy © 1KGy 2.00 23
05kGy : 2kGy 243 4:3
1kGy : 2kGy 2.17 6:0

Y1 : slightly, 2 : moderate, 3 : much, 4 : extreme

L) A= RAHEA

Adge] Az gAL ¥4 A Table 60 UER} ATl 7t&se] A
%, ‘dl(aroma) BFolME tiRF KkGyE AR A&7 MR A
LEtRta, $M(color) 2kGyE ZARY A7t 71 Wlth &F4E
(purge)Z 0.5kGyE AR A&7} 71 woton, EA] (off-flavor)E
H2ZFE ALY YA AR &2 £&oldch ANAA J1FA4
(acceptability)2 th2F7} 713 Fokon zal ddol uwiety wtA ¥
7t et chel g Z-fols Wal(aroma)E 237} 7H 43190
o, |A(color)L 0.5kGye} 2kGyS RAIE A|87} 713 ulolch &L
A(purge)Z tizFel 2%GyE ZAREY A&7t 7B wodch E:3
(off-flavor )= 0.5kGy & ARt A&7} 7H &4 Fri=lgdch AN

712782 0.5kGyE A A&7t 7P8 F2] edglch
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Table 6. Descriptive analysis with scaling of raw chicken breasts
and thighs irradiated with 7 -rays.

Aroma Color Purge Off-flavor Acceptability
Control 383%185 300154 342+183 283+199 492+188
05kGy 337187 333*144 392+268 325%171 483153
Breast lkGy 367192 300135 425+253 308+151 433+1.44
2kGy  408*156 283%140 333*183 300%191 425191
Pr>F 0.9341 0.8559 0.7261 0.9521 0.6983
Control 483*147 608+1.00° 4.08+231 292+108 467+215
05kGy 4.00%209 517+147° 333%202 325+226 450178
Thigh 1kGy 383*+185 733+107° 400%204 216+094 567150
2kGy 408%183 533+115° 408+219 308%183 4.83%147
Pr>F 0.5522 0.0002 0.7936 0.3831 0.3766

" Means =SD with different superscripts in the same column differ significantly.

z2) 82 HERAEA ZA2}= Table 7o Uehjgic) 71432 A2
WAl (aroma)@t Zu|(flavor):= 0.5kGy7} 713 &2 Zog BIixiglx,
2#2 (off-flavor) & 2kGyE ZAIE A&7 71 Edth SA(color)2
0.5kGyE ZARR} A&7t 713 £9ton, t}l&FAd(juiciness)2 1kGyE &

AbgE A2 b 43 o2 Lelyttl, Q% (tenderness): 2kGyS
ZARRY Zlo] sty on, AN A 7]Z/d(acceptability)2 0.5kGyS
ZARE A&7t U3 AGyE AR A ®7E 4] Rstych ol ¥t Azt
Ztopbd zAbebs Adglo]l ZelP Aelut 7] Alge] zlojof &yt A

ol o IA 23tk A& Uehle Aolch. ctielfY F-9, EA
(aroma)= t)ZE7} 4315, Enoj(flavor)E tiZ277} 7t A4 U
Etgtth. £33 (off-flavor)& 1kGyE ZARE A&7} 71 S48 Ao
Uebsta, &A(color)2 2kGyE AR A&7} 7Y Folch thEA
(juiciness)Z 0.5kGyS ZA}3F A|®7}, A% (tenderness)= thREL7} S
Fotaich AL 713HE 237 R 2 Zeg HrEda o

M2l ZARIP] whetd £¢171 vetych

rr
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Table 7. Descriptive analysis with scaling of cooked chicken breasts
and thighs irradiated with 7 -rays.

Aroma Flavor Off-flavor  Color Juiciness Tendemess Acceptability

Contro! 391 +18]1 436+201 227+1.19 318*183 3911242 564+150 518+256
05kGy 472168 555t137 2641136 3361201 445%216 5641234 582%2.23
Breast 1kGy 445%175 4641150 218+133 318%199 518+166 518%172 545+185
2kGy 400167 4181133 2913192 2821178 5001228 6.18X160 4541207
Pr>F 06535 0.1997 06384 0.9237 0.5093 06465 0.5822

Control 464*180 555+1.37 327118 527+142 546163 645+175 672£1.95
05kGy 445+104 527+090 391176 573+174 564+169 636+121 555+192
Thigh 1kGy 391*145 445%151 291122 445%157 4911202 627+168 545%1.86
2kGy 455%137 455+104 309£1.38 600+134 500+141 5361163 527162
Pr>F _ 0.6403 0.1144 03785 0.1076 0.7070 0.3507 0.2520

ol4e HAE FYUMEE Avid Xaldgo] FridsH njdESRR
2t wo, Zuhd 2APRIZFEDAE FeFd FPdA 2 AelE
Bolx] Qkotort 2Gys] B¢ WA HE 48RSl A AAY +
ASZ =7 ool 2kGynjete g Aty 7 9o Zupdel chyt Aujz}
59 dAS AEA FRE FE3 b 4ol AR o A
A2 gite] Ths Zolel Hct

»

2. AA =ALS o]-B5lo] AMAS AFA] JH XAMFE HY

7h g 9wy

1) AEi=

Az AlFola AEE AR FAEHE ol&stden, Fx
w2 A3 AR, T ZINHFH 10em)E AHxlsteo] AxPd =

Aol o]-g8toict,

2) Azpd A} Q@ HF
APz ge] Mxpd Zabs 27|13y oA By UEos X
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sto] 44F3FU(F)FSAT4LE U A= TGI8 o] &5t H-2eA 1
Meve] oz} =308 & F4Mado] 0.5k6y, 1kGy, 2kGy2] ¥ F4M%
& 455 sigich Axpde] T2t Zolst 4molr] wiFoll $iH2} ofld
& 22 134 zAstgch A 2Ab MR AL vzA 2R
o 7l 42T BHLENE At A dHoll o] &3t}

3) B+ A

APHA(1985)2] Swab contact method& 4A3led AlBoflA v|EES 23]
stk HFol 10a'dl FHIE o] &3t 373 F24 I+ A
Al&29) 1ml& Aerobic Count Petrifilm‘(Microbiology Products 3M
Health Care:AOAC, 1995)ofl §F3lo] 37Tl A 24U 7t vfst ¥ IFd4§
Alsstglct. AabF4$4E 5.5%  Lactobacilli MRS broth(DIFCO
Laboratories, USA), 0.0002% sodium azide{Showa Chemicals, Japan),
1.7% Bacto-agar(DIFCO Laboratories, USA)E FAX IAHubufx]of A]
29 IntE BEF3td 37TColA 292 virdt ¥ Alesidct. HERA
e Ao ulatylx]E  Aerobic Count Petrifiln™(Microbiology
Products 3M Health Care:ADAC, 1995)0ll 1m¢S -3 4£2TCojlAq 10
7t v Rt ¥ Alpstoch

4) o]3}3}ta EA M3 TBA, VBN, color, pH)

A8 AZF MBS APB] Yl dFd BHo=
Witte(1970)2] whdoll ojaf TBAZEE &3stadch. U4 d7lel A4
(VBN)= #8R(1975)2 $ioll sy &8st |42 Chroma ©lE
(Minolta CR-210, Japan)& o|-&3to} CIE L' a°" b'3t& &35t pHe
X8 pH vjE](Cole-Parmer Instrument Company, u]=)& o]&3slo &3
st Tt
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5) ¥ 84 8%

#ePdAe 10~2089 Fsadol 23 4F A K triangle test)s}
B AR (descriptive analysis with scaling)& A1 MA&3} R
3 AK(HUYLE 70T)S L2 dAstdcH A #E 5, 1995). 43
AAabs g F ARG T & ARE WA F2 U8 A& Fehde ¥
Alog AYste] Azxpd A3 A3 B2 £ dotd g spdrh
A gAY Ad%e] Fe A, 37, BHH, 7138 E, RS
A= 7], Fol, 843, 4%, g4, 7124 S 2Alsielch

6) SAEH
A 24 A A9 AYS 3R FWsglen, SAS(1995) BA =
228G o] &3t F4HEAM 2 Duncan testE S-St

b A B B g LA

1) o] & U

o] BEo] o8t AR FuE Ar|o] HojPel ulel I uldE
Fo| W d¥S nx2E Axpde Ay 27 ugE £ES 7
£A7008 NS FIAE F AS RLF o4Hr)

AP g A AR FF4 F 301F $24FY ¥HE Fig 19
Lebd 213 o] AxAE ARSI 42 AKE FRAE AR @Y
o] FE 5L AAMS ZapbA 92 AL ALl 10°CFU(colony
forming unit)/f 28 7}% R $F08 Yeidrh HAy|zio] 2
ozt BE AgE FAYos Fokste AYS Rodod, ARG 27
o 713 & ££& el BXe AR F9 [T FO¢ E
AREHT & £E£E& SASIAD AE #4948 dehddckP
<0.01). Axd ZALE g F-9¢ APl F7HETE vAEY A%

ok

>
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Et A Jet %32 1% {44& UehigcHP <0.001). Banati 5
(1993)-& Escherichia colid Al{o AZE5lod 0.5kGy, 1kGy, 1I.5kGy,
kGyrE£ L2 AxPd RAVE 819] Escherichia coli®] BE2 &S A&
Az AR 2aApdgo]l 7o wel 3 gE G0l WSS Basia
th AF10Yo]Foll= HAE ZARE SIS ARY B Ut Aol
218t Buf4Fel log?. 00(107)CFU/afe] S8t 2o 2 ojatdc}, Fig 2
= HEEd T HE AN duitgos YA sol FHs= ojRdEL W
e AE otk udRFol 23 RueFEL YW oT oo
7.00(10")CFU/cdf & &3 A gloui(Ayres, 1960: Hanna 5, 1979), 2 &
T Aztell st A= 2ARE A UL Aol AV 8U
eEE daon, Harie] Foigdel wel 2 &2 T2 AR B
oo wU32 axe {4E UehddhP <0.001). HxpdE ARt
AgEe BF AR B¢ Ao Frsls AYVE B, $3$
oMo} uptrixl 2 AP Rabdgo] F7jtel ulel Wl £ W
ottt 1kGyel 2kGyo] Z-9- 100] RsiFo] =it Ao UelcHP
<0.001). FHAbFe] WY T Fig 3ol Lieluich AibFo] 23t 2
422 logo 8.0010°)CFU/aie 2 £ AYAzle] wad Axpd 2
1A 9FS AU AxMd 2AE ¥ Z¢ 2F ARV 0dEd 2§
ol =EdtA] B3 o2 UEltil, P <0.0014E04 2E2] §9
4& UEehjeltt.  Shamsuzzaman £(1994)2] A7 Azje] uwi=d
sous-vide# 2] & 3}5L 1.0kGy, 2.0kGy, 3.0kGyg=o0 3 AxIM zAIE A
£ RS AuFsE 2R ARV 875U 0.18 log CFU/gel3te]
FE£& UEhiR, Az 2ARE 3R] 42 AKES A7l A%
of wie} AH o Zysigrin Basidct. 374 FL4F, FF
=, Wiy g+ 2E dAxpde nizbstA e o 71 Addzn, AR
717 104olE AR ZARE shAIY2 Alget 3A Aol godev
A7 X7l 4 FFRT A7 A UelkEE U4 Atk F3)
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IkGy o4& ZARE Ffol nlgEe &0l zlolg Uetix gt &
1kGy o]ge = Z‘-*IQ Soll= X714 F24< A, UE8ET
IGy mjgte 2 ZapstAL XA 2 3¢ Hrh WA fA8 £ o
A AqR71E& F7MAE 4 drh

mlru

.Q.

8
7 -
6 -
“ES5F
L
S
Sat
<
&
o
=3 o~ weeilh—me CONYTOA
s e OKGY
2 - &= 1KGy
- O~ Ky
1
0
1 3 7 10

days

Fig. 1. Total aerobic bacterial numbers in nonirradiated and 0.5,
1 and 2 kQGy irradiated chicken during storage at 42T
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Fig. 2. Total psychrotrophic bacterial numbers in nonirradiated and 05
1 and 2 kQGy irradiated chicken during storage at 4+2TC

Logro CFU/crf

days

Fig. 3. Total lactic acid bacterial numbers in nonirradiated and 0.5,
1 and 2 kQGy irradiated chicken during storage at 4£2TC
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2) o|33el 54 HIKTBA, VBN, color, pH)

7}) A ATEH(TBA)

2t Alge 2SS delmeles F4a ibgojth ol ujgizlst
SolE &Y Bgohlzl B Wol "ol 2= 3t 4
42| By 53| Y(heme)Z} carotenoids, PB4 33, FH4EHYY B
4& ob7|¥ 4= olcHPearson &, 1983).
AL ZANE B AR 2 AWitE Z1A2 Azl AL sHA]
o2 AR} U HAoT oatEgloy), AxPd ZaAPH Al 8o] 3tz ql
Aele FAe]l AR Aejo} AANFHOE ri=cin 4 Qi F,
1997). AR ZAbe AR Tovolae B2 TASS 7] wEol
Al hydroxy! radicals®] & t] wA ABASIcHThakur 5, 1994),
Fig. 4, 5= A=} Zapdakol]l alE TBA(thiobarbituric acid) value®]
HEE Uehdls FAEAN AR 716599 tie] #4948 uvlo] Uehy
gdch ZFEFHe B AL RIlolE A6y £ELRE AR AR
A|E7} 0.08ngMA/kg O 2 7}A -2 TBA valued LFERSL(P €0.05), <&
7471A = Ao Az} RAFH A8 AAbd RARS s 942 4]
2(P<0.01)Ect & & vehddch cieli9d ZoE Ikey £
L2 AP RAF Algrt A oE A7 2olo] MR EUR(P
<0.001) A% 8Y ol FHE]= Hxpd ZApdYo] Frigde] ulel &2
2] TBA valueE® UERJQTHP <0.001). Ahn $(1997)2] Ajon L 3
A2 Jt&Felet tleldy BF A 2ANE 3 F9t o 2A el
yriz Basigrt. Fig 4, SollA R uipgl o] PSS =AM F ¢
ol A gitdtol] W2 Y¥E ulX|A] Q= ALE AR, ditye
2 Ze zAUDY B 22 THRIFAT FKSFHETH TBA valuez} o
B2 ZoF Hol XA AUYYRF oo YIM= Leld 7t
UAS Aoz of4tsct. AR FAME 79 ol FFEI= FHSHA YAty
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Fig. 4. TBA absorbance changes in nonirradiated and 0.5 and 1
and 2 kGy irradiated chicken breasts during storage at 42T
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Fig. 5. TBA absorbance changes in nonirradiated and 05, 1 and 2 kGy
irradiated chicken thighes during storage at 4*2C.
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Fig. 6. VBN value changes in nonirradiated and 0.5, 1 and 2 kGy
irradiated chicken breasts during storage at 42T
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Fig.7. VBN value changes in nonirradiated and 05, 1 and 2 kGy
irradiated chicken thighes during storage at 4+2T
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Fig. 8 L° value changes in nonirradiated and 05, 1 and 2 kGy
irradiated chicken breasts during storage at 42T
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Fig. 9. a’ value changes in nonirradiated and 05, 1 and 2 kGy
irradiated chicken breasts during storage at 42T
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Fig. 10. b" value changes in nonirradiated and 05, 1 and 2 kGy
irradiated chicken breasts during storage at 4+2C
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Fig. 11. L' value changes in nonirradiated and 05, 1 and 2 kGy
irradiated chicken thighes during storage at 4£2T
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Fig. 12. a" value changes in nonirradiated and 05, 1 and 2 kGy
irradiated chicken thighes during storage at 42T
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Fig. 13. b° value changes in nonirradiated and 05, 1 and 2 kGy
irradiated chicken thighes during storage at 42T
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Fig. 14. pH value changes in nonirradiated and 0.5, 1, 2 kGy irradiated
chicken breasts during storage at 42T
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Fig. 15. pH value changes in nonirratated and 0.5, 1. 2 kGy irradiated
chicken thighes during storage at 4 +2TC.
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0.5-1, 0.5-2, 1-2)x]o] ¥ 6% v|astdon], AS &FAS3 o}
2RSS ol 2z Aasigct o]l b 2YeM AE2He] 3}o)
& 2% A9t 10018 Fpof UM AEREE I £ Al
zt AEzss We(sight), 2 EB(moderate), W-(much), vi$ UL
(extreme)ofl Z}2} 1, 2, 3, 43 & Fol ZS &Y AR} +& JFsln
o2& AA Wi ARt £ ol wARslAnt HEE AN £ &
74 M3 o shuE TEY $ Jddd ZArade] dxwg 193t
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o B9, vl Fegolx 22E & Feo A8 Fe AER=Es o
A2 ZAREES] Ao)7t Wol E4-F{ 2 e Yeiych diyz 4
Ad52 BF 22 AL o83l 2 ZApEr}t NEAEI A4 U
Eitsr ole z2FFol AxPAHo BE v FulEHo] HE
Har w2l Zes Azxo Act

Table 1. Degree of difference and acceptability in various pairs

Part Pair Degree of difference Acceptibility
0-05 2.00 2:3
0-1 1.86° 3:4
breast 0-2 1.83 2:4
05-1 1.33 2:1
05-2 2.00 2:4
Fresh 1-2 2.75 1:3
chicken 0-05 2.00 1:4
0-1 2.00 2:2
thigh 0-2 2.50 1:1
05-1 2.00 2:3
05-2 243" 4:3
1-2 2.17 6:0
Part Pair Degree of difference Acceptibility
0-05 1.50 2:4
0-1 1.17 5:1
breast 0-2 1.17 3:3
05-1 1.25" 3:5
0.5-2 1.78° 6:3
Cooked 1-2 1.00 2:3
chicken 0-0.5 133 2:1
0-1 236" 6:5
thigh 0-2 220" 5:5
05-1 1.25™ 6:2
05-2 1.00 1:1
1-2 2.25" 4:4

AAAE S o] 83 Y= RBAHEA Y (descriptive analysis with scaling)
of 2J3t As} Table 2004 Uiety Qlch. ¥7le 7145932 ZA$ A
g]zte] xjol7t A ueha] gk, iR Sod s Az zAE
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A g AT 7HE &S 428 Uthjdth E:3e A$ leve]
23} chelRel el d AR ZAE AEs BAel AR & £33
U, ZAdael mebd the Z7lets Rog Uehdch 84
AS RS ZAdRol N B AGyTl 7R W $28 U
W2, TR 258 fol4de Urh: o A ACKP
€0.001). MM ZALE kx| &S &9l Re sHE MTstdD, Tl
2o golHE 1Koy £EolH FAM ZAY A2E dBsj= Row y
Ehyich.

Table 3& Zel® A%l 7IaielSy vielielge] AERAENYS
fekstel Uehigth AMKoMets del zeise BHale) ARzt
o)zt Tha A UElA eotout Mabd RAMH AlR7t Bxel A2
Rr} £& 28 Urifdnh S48 29 AAM ZAH 7H&Ee %]
U thel el BE BAe AR 2 alols gtk RS E
IGy+E£02 ZAE AZE THIEH SIS Bxe) ARE 713 42
stgich.

Table 2. Descriptive analysis with scaling with scaling of fresh
chickens irradiated with electron beam.

Items

Part Dose Aroma Off-flavor Color Purse loss Acceptability
383+185 | 283%£199 | 3.00x154 | 342+1.83 492+1.88
Nonirradiated
. 105
Breast . ° 3671187 (300171 |333+t144 | 392+268 4831153
Irradi | xGy

ated 1kGy| 367+t192 [3.08+15]1 {3.00+£1.35 | 425£2.53 433x1.44
2kGv | 4.08*+156 { 3257191 | 283+1.40 | 333+183 4.25+191

Items Aroma Off-flavor | Color™" | Purse loss | Acceptability
Dose
Thieh Nonirradiated| 4.83+147 | 2.17+1.08 {6.08+1.00°| 4.08+231 467215
ig
5
0 400+209 | 2921226 [517+147°| 3334202 | 450+1.78
Irrad  |kGy

iated 1kGy | 383+185 | 30810984 |7.33£1.07"| 4.00+2.04 567+ 1.50
2kGy | 408+183 |325+183 |533+1.15°| 4.08+2.19 483+147

% ® Means*+SD with different superscripts in the same column differ significantly.

‘1P < 0001
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Table 3. Descriptive analysis with scaling with scaling of cooked
chickens irradiated with electron beam.

Off-fla Tender | Acceptab
Part lems Aroma Flavor Color Juice .
Dose vor ness ility
. . 391181 {436+201{2.27+1.19]3.1811.83 {3.90+243|564+1501(5.18*+256
Nonirradiated
05
473*%168 |555+1.37{26431.36]3.361201 |44512.16{564+2341582+223
Breast kGy
Irradia
4453175 (464+1501232+1.33 (3.08+1.99 {5.181166{5.18+1.72{5.45%1.86
ted 1kGy
400167 |418+1331291+192|282+178 [5.001228(6.18+1.60(455+207
2kGy
Items Off-fla X Tender | Acceptab
Dose Aroma Flavor vor Color Juice ness ility
. . 464180 |55+137|289%1.19{527+1.42 |545+163|6.45+1.7516.73+1.95
Nonirradiated
05 )
Thigh G 445+104 [527£090[391%£1.76]|5.73+1.74 |564+163(636+121(554+192
Yy
Irradia
3911145 [445+1151{3.27+1.22]4.45+157 {491 +202{627+168[545+186
ted 1kGy
454%+137 [454+1.04]3.09+138|6.00+1.34 {500+1.41i536+163527*162
ZkGy

olfel A2E FYM BH, 0.5kGy, 1kGy, 2kGyE ZAPSHA EHW 27)
e o] BBl AsiEo] ARNRE I £+ A2, FeHAHE
A BAHAHE == ARSI ol 7| E/go] HolAlE= Y& 7HA
2 Aoy, FAe Az} xojrt F £E2 oid Aeg vehfgich o
et 2kGyol Yo Z AlgIti: AL A7 FAE ¢3AM felstA
T Aideg Re3A Fgo] uo] Hojxirh uwretA 0.5kGy ~2kGy+E
L2 XA e BeFU &4 ol ARVNE FIRIFIed a3Fd
Aoz Azpsct
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A 3 & 2o, MRMzAL M217t 4320l
£42 Yoy Y FHYoYS
Mztol ojxls s3] ojst A7

Hi7le A Fol ABFF o] dojutr] wiEed w4& AlFHot sh=
AV Hastrle sted, dutFos vl |48 Bot dxst A
ME D ZEnj7t 225 Rog gaA QK Dransfield 5, 1981: Davey
2} Gilbert, 1976: Lanari &, 1987). ASE 17|19 7|34 & z$3te=
a8 242N Aol REH actin myosinZte] X Ayl W
of d=rt MstHrt. o]t A K] AxE FAAFNI] HAAME= T4
Aoz 337 UEAF 0~5CoA o 7~14d B A A K444
AckDranstield 5, 1981). #2718 448 & W} wed Box
20l calpaing] %’z;‘(léoohmaraie, 1994; Dransfield, 1994)o|L} A} 2
&9 &% (Parrish 5, 1969; Minks 5. 1972: Davey?} Gilbert, 1976)2}
pH(Bruce®} Ball, 1990)% oig 71x] Qo] ale} ¥ 3& y=ch

5] RS 229 YU BHo| glon, A9 Y 2=
o}e] zlolrt W F4+F i Axx A ol LS ALt
oj2}3l 3it} (Newbold®} Harris, 1972). o3t = 2xt&g A7
gisle] 2254 HeE sheul, 224 4 e ©HAIL, A
T 289 257t & Aefolld HA Uo| oA 17| At MK
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5] o] Fold £ 7] diFel Kol AR YW A3V ¥ A
TH{Tornberg?} Larsson, 1986: Parrish 5, 1969: Petaja &, 1976). <
3 Folle Zd(Sarcomere)ioll Z-lineo] ol oaf A3} fzrt L}
o 4 9ltl (Davey2} Gilbert, 1969). Olsons (1977)2 2T 2} 25CoA
ARt H7E vzt 25ColA AL Hurrl o wEA
Myofibrils?] B2 & Bacla ¥ 33t ct Dransfild (1994)= iz &
ToflA 3FTRY K42 A= THdol Ao, UMY AHYoe
W2 H|go] 293, ulFE 242 f¥ol 2rtz B s}gch Davey
o} Gilbert(1976)& A Kol Ao HPL 259 Frlo wet F7t
HEg o] §42 40T 71x x|+ og Frisht 2z WAz}
SHHE xYsta, nPE S FIAst 79 {EINTE ALA
Atz R asigct

A&2 FuE2] A2 AESY ShUR 5L 24 Fof et 4
52 SA3 MY 3 Fay UL vAch dEKe v|YE 24 S
433171 $Y A7F vl AEYYE e 43U Hukd Ak &R/
ztdd dAS A HHRAFA 7] Aol W A7t o]Fo Frl
(Proctor &, 1955; Niemand %, 1981; Lebepe %, 1990). ¢utzo
£H|2R52 A F9 Zhutd ZAE AzRls Bl oy, AARANT
(1988)oll M= F BFMF 10kGy o]3te] Ztupd& ZAIE ojudt A FEx
5780l 912, weld 10kGy olst= ZAIY A F2] S4HEL o o4 of
g Wort gt AEAATE AR wBESES ¢A3] sty Al
M 4.5 Mrad F 5 0] Hgg a3tct ey olafdt ade upd zab
T S0 AE sl K4S VhEA sha, by Hy gl
A gt E Xeste] FHE ASAE 5 k. 22 Hopd 2Ab A

= AR B AstE LSt AdY Hduld Ratel AFHR 9
Tl Lawrie(1974):= w459 ¥Folut 24U S HAAFI HAME= W
2 2o GgAIFoL AT AEE Jjdshs] M 23 e A

—
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B4 o] B E A2oM FAAIF o} st WA KA ul A
22| datoli} ¥ES AU £ ¢lomg J2&40 thHS BUY 4
gitiz F3bsteich. E3F Thayer(1993) = 125482 #ald Zabe vl
A2 dxsh=y fzbaolatn B3kt Dessouki 5(1978)2 %2
i 2] A& polyethylene bag S & X A8F X 5 kGyollA] RAME F 45Tof
A SBARE o 247 Fof A3y} FE3] o] FojH U}, WA =4t
B Az 2yt AEE P8-S 2egstdria Lastedch oet
A A Zhupd 2 823 S 225 AASHH o] 3 ¥

& AaMstn 44 JYdS TdHALcHd AT Y ojeo] WY
2o g ofatdct.

fir

2 3L AeFoA ubd Al e 4% 2718 =
2] - 32t n|gEYHY BA4E AEsty iy AP @ Ju] FH
AU Zopd zAlRk 44 22E d¥stazt +¥=HAT

<o
*
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2. A3}
7t ghapd Zabe] i}

Roentgen, W. K. off &j&f 18950l A-Zo = X-Hd& WA, 18960
H. Bequerlof ojsf Watd Ba(ed, g4, yi)o| WAYESH =4}
o] gspepa matol iyt @77} Als gk

1940\ choll SolAlA] MAMM HbERX| el AUz wid A7 Mmz

AEANo] WoH kel FeMANS AAYos YSY 4 A HY
onj, WapDLARAA ARG Atsle] Hol: B4 gdd
thate] Meldabdol HAY Ao FIHs Asstdch 1950dTho]
Loy ZANESe] Ut SHEUS ABSH] gisto] T U o
A SBAYo| s grt

T ol% WM EAP AES tAAME WU whHo| AW Rajo]
AE WAk Eabol gt Balo] asold AT 1960dthel Soloh
NES oy By A AE F BFol U Dol FrbshuA
AF, ol A W AL AY A4E Wabd Abgol W] ATHY
Tk 1960dTh Fdto] ol2a nF W H3e| TYUTL HYH Ao
meb ZAlE AES Adsichn dAsAD, Be Al uF AEe
SIEF(FDA)S AEe] NS ZWeb] AN O duy AN
Wosichn Fasto] 19689 mKTRdIM ARG vlojA Rl
e aAasigth e ol AA Bl WA Zale] HE AT ul
2 422 FupHos WIY Yol PANS AESI Astel oy
3 A7E Aastgon], EY o2 UdAdE ZANEY QA4S
F51s AlYol Wasithn AAHS ZANBY Aol BE @I
F43] Hosiolzith.

1970 dtholl WHO] 230 me} FAOSH IAEAL &4stel Tl EZAIA

oY,

- 143 -



Y& TS, 247450] HIisto] Zald 4, kx4 i, A
Z2g aos FEAYS sttt T F 1976o] 2xHO. 15K
Grolsh), AW(IKGyolsh), ThuboR(IKGy), BI(HKGy), BL7(7Kly)o]
218 227 SAUstgch

2FTHO T FAC/IAEA/WHORME-#1 3= 1980 Auu} ¥olejla FE3]
Ao (Y 4 o FEIL JuEArn ksl “FY A
10kGyolste] Hubd& AR ojmigt A Fx Kol glch whehA 10kGy
o3t ZAMH A Fe] S4UYL of ol My et Qivh” ez A
Egadch 2R 10kGyolste] FAIFF LS AL A EE H¥3] 4¢
3y FAlzter n]EE%y A Qo 488 J3ch

ol o= FDASE 1986d0] HAbd zale] tigt 33& /APt dF
AlEe ZAN 2|7t 71 Ho] AlgtE]7lef] ol =gic]

19923 54 20 ~54 229 AuEp¥oM = thez B HEol ust
ch AR 2HAxPH oret ZARNeE AEE strlet 2L ol
2, tdsin dYgtdes AAsiciy wigtdch AA, Hopd z2abs
543%H ZdolA Azte] Aol GRS M = b olEt AES
=2 Hse 293tz gderh &4, Fukd Rale 4HRlA ujZE
3y S SV 4 AL oudt AFY nEEEF His st
2 a=rh AR ubd Zals dGYH S AEAT B 5F
o] gy Adefoll ofdFE Y £ & oudt A FEEe] 94
EAx 2esiA] d=rh

FA|BE At A AEu]LEHY U FA v]EIS9|U e} ECH
E9U3E FAU/IAEA/VHOR SR U ¥o A Hold AES SAsidL
o, 3 Codex FAHAEFHLAUYNME ool FES FE&3PHA
“Codex General Standard for Irradiated Foods”& €5l U2 H9
B8-S A up gk o]z o] MFzAl] iyt FAsFe HF
A AL AFoA AlFeo 71AH Aoy, ALY o8 F Frf F
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o 84 HYE AT & F A Yol F oA v EHATE

o4,

wapdolehite MAHUT ] Bao] wet WEHE oM - BU - 74
& JleSlAT, We Fold Wrbdo| Pejsts 2F ukgel A A
e datdoltt A=IITE o7lo] EHATIE ol Uth olF AlEof
o7 ZaY AU Qlsf o] H3, £ FBH AHE
SERER=Y |

ol ABetd ag4dels Duol AWE FAU DME FASE
radicalolL} o] 22 B4 Fal AB%e] Aolols A SABUL

FEHLE B AN OoT EHYHAIE Hotl

2) 84

Papdo] BB HAZANE Hzg - ALRAE - Y ago] 5
olnf, ade YxYoA P&l WAMoS YELAE T
32, F24o] 0.1m2 thwks] ofsiy, oW EAo] RUAW F4A] oy
g G445t ek 4L WY Sl U 1eyz] AxBES
2A EAY UFe 2Bz FFEIL 7Hesich REAMAF FFo Ayt
o o] 3ol A AFH}E Act

rAE oM, pMzt el po]l 3] FH2(1~0.01A) Azivjolny,
F2o] Hslo] AlEo| MRS ZAYS 3 FZYNY ERY el
2% A7t sbssith X2 A Eo] gt ZApart 3] Bsia,
ZARA] ABoM ol3, WHTFo] Aslo V2L o] &31A| %4z dlrt
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3) Mz A%

AQe ¥, Cs'7o] olgH I glon], ¥ BAHo ulWARsA e
Az gel A7 s HVIER WA derh HIa2g
(Bg=becquerel )2 WAbse] RHZA 29 17] Wrbe Y471 sk
A& jujgich

whabd el Fa AL 8 2ol (Gray=Gy)Ttel & AHESt=t] 271
= #=(rad : 1Gy=100rad)”} AFEE|QlL™, 10KGy: ctiwhs] 2HE oy
A2 Eo 22 & 2.4TASAZIEY dedt 4398 Wil FE9
si@ao] Wod M0.5kGyolshi ol HEPEMNS HEYU + ¢z,
dde] Yok dak(30ky)zt & ad3ef Aol W HHIHHIL
dojrtct

th =ate] -y

1) 34

AZzA SelolA F& o2 Axl, MY oSS AEAAI]
ol o) AT AES AU £ o] ¥ FAS A ok
Exll, Aol 2 o}, g, 5L WA {F 7S AFA
21 4= ok Az, ZZA g AFR-Fo] & methyl bromide, ethylene
dibromide, ethylene oxide59] 23}pZ Aol Apgrfal Bhatd ZALE of
Asle] o] R3tREX A Foo IFE KYEAE MY £ vk A,
EARALLE XY3PIE stedl, 2 dE Wriee] 43 oy =2
AZ&E7 weAlE S & 5 U2, BT AR Mo oy 243
7} & "tk oz, ZRAER AR A A 4 e
o, AES sldAesiA] gernE e Fdo WA A drh o
A, T2QE Xt £ Q7] o] AFE IFA 2o AzpHes
A 4 gtk =& oux] a7l ofP W A9 FArt EAlof
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)
4713 FAE] Qb EAMEE AAHR YUtk A, ngE
e el AFe] B 2alRo] &2 HEFUL AFEFS 24}
o olsle] S WFEA ¢, oln] FAHo Uk Fart &xshd
AZE BAHE oY £ dch X, Frivt YAH IS dole 2Als
o AAY AEoT wES grh Axl, Wil 2k Boj¥t JulE
A A A Bl d¥E 7| E8in, o] g% YrL F2 AF
ol 7, A, XA 2E T 22 &yt W] Weyt 1
AP ZAA] SFGIA vigAsA] g Yl Wi} dojdrt, o]
e 879 Ay REETIE HNS EEolA ol WA LY, Iy
we £37)7F B8 ZApA B8 WAE o wol A Hcl
AU ol AMTE AZIAY Wabd zAE uiREe Aol
fe|¥olle 24, AASE Zog Radch s, %S AL
o Aol W JpsAdo] e, R AEL FFo wel viay 2
1ol A &FE 1.5k6y RASIH zhdHo] whydlth iz, AFEA
U AE AFEAZL WA AZG AR ALEAI A Ba
A RARAEE X3k o] AHRt ZAY o] "ok AAA, Ui}
A ZAE B2 AES g guta Hal wyo] obF #ygol gl
o’ AlFo] Wabd ZAl A2E wWoteal 2 duh} wote

A& Hdshs Yol gicte Rolrh

o]

4 do (E

2. anjat o3

1) An]=} Qi3
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Bl

FEAE oIAZNA] AFEHTE A Fe T 4njAte] ol & o)
aFFol7] wiEe] HIFHLE o]§HA] Rl e HdBelth AFR
Ate]l Ag3e AAFET ohel AURYFol AoME Fule olfrt
L g sfet,

o

& Wi Au)5 48 H¥E Thao

ztol7h gtk abdel iyt w2 dd7e] o3 AR dhge] e W

oj
rO
N,
¢! ef
o
rO
2
ox
o
rO
2
~fu

Y B Aol Balol W A, B4
W A4 BoldT, Rl thal ARshs AR A, sBEHA o
e 3, #7138 ABol viAsitin A7 AgolgdA T, ofd AP

o] Ant2 o ulZAY Jei2 ZAlo] ot x| Ajzt olzfel chaf Hls}

Z2tol] thRE HbgollM, At FDA A ZA AES A Ao

t

2) A1g zhoj(Market Testing)

AMEZAN] iRt FuY 4uAEY dAE ZAl Aol ©E], AE
7ER] 200 ol AAIE ZAPAEe] iRt 40093]8] A @AY HFH
ool Ao 58%8] AlYelld A¥|ANEE UAR AHelRohe
AelaEel Fado o UL BAR, 4252 Aol AH[R}E0] 2
AR Eoll ois) A Fefe]arg vieholth 53] ojm ¥ AJHAME 4n)
AHgol ZAMEL Fulg AXstA ° Fojeks A2 vhex| oottt

ol2{gt Ails Bruhn T2 RAIY papaya®] 4|2} £843 ZajolA
65-80%7t ZALH papaya§ AEigivhe ZA2Ll, Yuthapon Fo XAMH
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ham{ ¥ A pork sausage)?] 4AH]A} £8A XAlojlA 65.9%7} nham?] QFA
4 B3 PPtz e, 94.9%7 ZAE nhand T U A
Yot S Hziep {AIE S Uehdodct

EL 2U[AMES ZARBHA] ¢ HIlof] uj3] 9 : 1BEE FojdIEE
Boch 83|, o]F Floridad] AFZAAEIAE 19929 1958 &
, BEolE, "], IAFL T AAFAES YR AGFE 2AL
7} ALE o] 2} AF2] Al Aol Hrixx ct

of, Wapd Rape] AR

ZAMES B5E3 ZAY el doke dix oed od wdFy
v AFZA] WA =8o] Hx| Rtk MERAE AAET LA
& Y3t UzldAs AFxAN Aol AASHE BE o] £uixt
7t AW AAIF x¥sioiof st Anjxte] it FRAF 2%E
AAshs Zlo] Fasith A EL £80] FUEe AL ™A 7
o A, gAML FAA 4F <A, Mdde A B, &
vz} PR e glct,

AEe B goletErt FAE BAAIII] It Zohde ogo
gt H2Ix1E thgol APl 7leld AR AL ZAFeM g F
EE AEASR AA ¥E EE VISR AUs HERAN] oA Ao

t}.

1) o2 &

Ao ZAupdg ARPE 2, 2yel, g3 oks, A%, UL 59
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dolst JA"Tt A ®E nFnbe] Uold Aol Wodt Make 0.08~
0.14kGyolw], ofwml, AR, vhzed] ‘doljze] Uedt Mz 0.03~
0.12kGyolth 72l Z$ 0.04~0.10kGy, %] 7% oF 0.20kCyEA] o]
E Adsrdglel olMel A% Hak2 ol witEe 3 § HAd
u}at ol 7t Qlth.

Ao ME A2t 15,0008 o] 2=zt Zubd zals]o] Euxtz &
S glrh Anpd RaAbs AZFe] 4u, uhse] wWolg AAsHA
uighRl A AL fAshed Tyt Foh 4n, vhee AN B
5, ¥riel Fold A& glon oizdely, HIFeidx], Ad,
olAzid, Way, €=, $Fzo] FANM AFE Ad FRZ ZAIRH
2=t 4w, vy Fol welx Qth

HopA| el cimie] ol AANHog ki Fasich FrE
AZE o] of 0.25~0.5kGyo] Ztupd& ZAISHH golg o U¥ 4
£ o, 29 43S YAstA AdAH 5 Q). ol Hojsto $

4

12] el 2% &UE HAAAI} FAl] LFAY Holg d& +
ot olel T2 Zupde Fa: 7Y o4t FAIHI] dEel Zupdx
Abe g A Agsts] Aol Azl 471 glof oleh &2 AeloA=
212l 43E& AAsts olfld qFE FHUTE o= orh F3l &
(0,01 ~0.10kGy) 2] Zupdre o] zAlshd doprt FAF o] o}

Az 712b& chasto] oiwe] woigats g FFAH < alrh

2
1]
A
A

)
A

2) siFAA

8] 23 A0, 05kGy o5t Zupd-2 FEEE Ejsid B
o ARsFS AFIEI BU vk AR Y4, ok, BF
HEofl 23 vsE W 2 olF AE, HI UL opdz
o] st Zel el fiof] st UF 77t oY HFel ot x
ogo] UAH £ AUAF XAt 0.02~0.7kGyE RAIREHN J2

(i
o¥
o

r

o

%‘.
M
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., ok, BF F4 Pl ABAHE A< MY 47t k. ol
e Zopdyzse] ot §E ATl ool Fagh whud
ARolY &S A ALAH + drh A HFF Fie] AU
ZA BAS wignls Fupdzatel] osie] AAY 7} ik Zopd
AEE LA FRE AAFL 2len 198030 Odessa¥Toll 4]
T2 ARPA=AM G FhEol FiAI= 9t

3) FufA &Y BEY 4%

A ExA}e] Foladl o] 8 shbe AlEe] RujelErt HAS 4o
7l ojBEe "o alrh v BES AAEctEI HAS] glof=d H
28 Azxke o] HiE njdEY Zupdedt 4E&Y U!*g%é.%ﬂl
ol whel AP w2 A, of, JF, ®ayl, sfiEY BE
4 AL PR AMYRAE HEYLEH IA AU w7 oy,
olgtzt2 HelE dto{® gzl 8o HE dojuia] =t ©Wi, F
2, siujol o S APl Aol &3}t dlen, ujix ofF
Zch A% sMdAe(=AL Bol gachet AHdgzaq oeln AFdg
¥3g Hg Aoy Zuopdol jeodt Zheidol S UG F He
3k 471 QIrH(AlZ = A} WHO 1988)

4) 4 otaje] SExid

o’ FH2o Halo|etE} ofafel] A4 Zuldg Al fx7t
zldAslo] BEdo] AHh of VA ulde] 2%t njdEYHY A
-8 At YoM LAH oA i 2Rt &R FE
2= Zalol] 2% 457t AU AAEHEY e 22 dgojel
E7l 2AAY d&xol wrel xojzt Qlth 0.3~1.0kGy RARILZH
BEAo] dto] HEs| FuE AR ML ¢ 157 v
257t BEyo] dARHrl gHolstEr} olAmerta HE4x Y4
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1.0~1.5kGy Z Aol 23t 2]dAF 4= gt

5) AE52 oA

gl st AR E AF5ES AEFFAIEtEr AEAu 2
gold dxHes ot A2 thFHD ok thyiel Frst Ad
Az B3] salmonellosis, campylobacteriosis, listeriosis Soff
o] ofagS FL U7l diFelct.  uFeM= A 650~3,300%2
o] AjQld Agol WAL, salmonellosis®] F-PrtxE A7 29ghE Y
a7t wdgElo] 254000089 FAFH Lalo]l Xef™cin  ¥ch
Salmonella, Campylobacter, Listeria, Yersinia 52| A|E%$2] X=x}H]
ARYPAFE AAFo g 4FdY 71 o] olgh A2 AUdIxA: 9
5 o[ g8 2t gt FFHAL EAE MAst=d oicts] &
3t Zlojt}.

22729 W FPA AF&ol ulghAslx] o= HIE doF
e Ao MPE RARYLEH 27], ER, oF &9 Exu|¥Y
HYF S AFY & Agol Bt vigtFA U2 HIE do
o] glo] ¥EY =F, Wy, A, A%, Aeicie] T UF2 ¥
HFE AFst] Al M= 2~TkGye] B2 FEsich

Ab AR ZAte] A8

2 4370F0] Al Ee YA ZAME FHIMSIAU FXst= AHE old
st Qlth o] F 377N B FH FEL £F9 AlFd st WA}
A zAE sbsta gk A2 AP ALE 7k ARHE IFAFA Y
2 P2 AR 1991 A E T A Foll thEt ethylene oxided] AME-S
2235t ag o 871x] A Eol chst Yatd ZAHE FHrPsich
1992 b2 AlEorA g HARZ(FSIS)AM L 7H2-Soll oislo] 2lel/d
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Ay s st 1.5~3k6ye A RARE Uit

Zupd Zaks AzYELAS olGEHS AAstn fustn A=
AEAAE HEE §F AF dAYoletET MBS Aduicth ¥
7, Ao, g, AL, FF5IY 5o AFHAEL HL4AALE i
woletEst HHZ st QH¥ F97h WA 3~10kGye] ZupdE
ZAo 2N ot AFEERE | U VS 7IAA 43 AR
& 471 gk

71&9 AEY AR, AF FHeg FZ2 olgHol LW phosphine,
methyl bromide, ethylene oxide, ethylene dibromide S2] 3}&}ZZ 4]
£ jid T Ao ot {3id ofFol 8ol Hx Sx|fel wel
(IAEA :Food Irradiation Newsletter, 11(2), 34(1987) EH’A‘ﬂ%‘Q}.é_ikl
WR= A8 s A3 FHst ot

Fol e RFLAAYAT LN Y2 $H AFIAE viYeR
AT AEFS U AxYUE 9 FRAS(F 18F )0l oiste] ziu}
A7 S ub )l3(°87, 88, '91), AUERAMMOl FE o
Fof| 24d=o] 7t5Fel 2lch

a2 A E QhAAol gt £u|AREY] o4 o E o EFFHQ
A8 o] oA Rt e HPoly VAT Foff Ut ethylene
oxide®] ARgo] F|H o]F(1991.7.1) & AH & ol&3te JAY =
3A F7tE e odrh

BNARE R, FAE F£& T EZAES 15~25k6ye] Zupde
Z ZA5to] ddsts veke glch

Hdol2tErt X8 & Hstd HHYo] HEHEY xS AT AA] Zul
Add ol A%, Jdgte, dIJoA 7= oot AAEAFY FF,
71378, B97he 71d8Y EF Ul HdutddEFo sl A +=
2ich

ojgt 2 AFALY o8 FFuYAL W QA U= @2l
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EEe oAl #&s3tct.

19930l &= EFLolA ¥F - ¥R AP, WF, FAJAOEE), AR
ol thyt AL S{7bet X Zof tiste REF 4FEFF il Hupd =
AH2kGy ) S Y SZY(ISINY )l A =pa] H|¥ ¢+ AT 3715ty
th 1994 S¥oll= Ztupd b ©tr|sb AH|RFEOA] A431A 2hof
3 Qlcia BugE gdch

ol= FDAOA = 1985 WX L7]o] HBE AMAYYLZH Yapd xA}
(0.3~1.0 kGy)& 3I7I% wl 3z, 1990dofl= 712Kl iy
Salmonellag R FUY vAEY AARYPo =N Yapd ZaAK3k
Gy)E 712 571512 Qnj(1AEA : IAFA Newsbriefs, 5(4), May(1990),
11linciso A= Ztaldd whii7](labelled Irradiation chicken)7} 4]}
EollAl A143] ol ctn BaEa ook sivcl, ZatA uigst
E F F2 AAIJAAME 712/ A A dAS 9t 4
EZAL 7129 o8& F3sla Ut

3. A= % ¥y

7 FA A=

SAF 2~4TolA 19 ARH AP (seni tendinosus) F-242] 23
71 o 0kgs =FHoAAH FUst T 2~3mE ATV F ARSI
th. Zhobd AP A shA] A2 tiRFE= §718 o= FJAxH st
of 5ColA 8YZt AA=lgdct Wadd F HES “Cos} y-raysE &
FAxY Lo ZAPSIACE Zuld 2abs 242 Feke & F4
M 1.5kGy (AAZ AFE 0.753 kGy)et 3.0kGy (A2t Ma&
1.52 kGy) ¥ +&L& AR, 44 A}E A st 4zt
Ztupd ZAap A2lE #3]E 5Te 20CE Ueo] AR, 20T
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Mo DE&AE /AL B Ml F tha 5Tol HWslel LL4A
o) B2}E aEsiel ZApstalrt.

v A 8y

1) pH &3

#17] AEE AAE7IZE B2 F 1082 F-FT 100nto] Yol 1.58 &
Qt FA ¥ pH mefer(SUNTEX, Model SP-5A, Taiwan)& AH&3td &3
sjgict.

2) A5 (Tenderness) &3

AAAA WYo] oY AEE FASY| AN MV E HFRE 7
0C7t € ui7lx] 71d8 & 2emX2emX2cm] 7|2 A3t Instron
(Instron model 1000, England)o T dTE ZAsldr}t Probe:
Puncture probe (2830 -005/015)8 Al&3195L, Instron?ts AL
Probe chuck Assembly+— 2830 - 006, Range 50kg, Crosshead control 200

m/min, Chart speed 10X10 mm/mino]2iT}.

3) M x(Color) &A
] A2 Chroma meter (Minolta CR-210, Japan)& A}83}of CIEL, a, b
system {(Commission International de [I’Eclairage-International

Commission on Illumination System)2. 2 L, a, bt &A3tqcl.

4) TBA(Thiobarbituric acid) Value &%

TBAZLZ WitteS-(1970)8] WY& 4% A3l FAstach A
2 317] 10gofl 20% TCAL<] 25 ml-& Yol 1.5& F<t FAsIAct old
FHeE Hoistd ¥ FIE 50 nlE TES o (Whatman filter
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paper #1)%} ¥ o] o 5me2} TBA(0.005M 2-thiobarbituric acid)&¢§
SmeE EYst 15AI7E Feb Ao AR ¥ FH FTA(Shimadzu
U160, Japan)® 530nmefld FR =S Ayt

5) 33+ &3

235 §3L 237 HHo WFH Template (2.5cm x 4em)F
3 Ed¥ HEo® JIE 103, AE 103 EXE ¥, HIFH 0.1%
Peptone(DIFCO Laboratories, USA)% 10méoff HB-S ydof vortex mixer
E AU AL M3y} wfx]E plate count agar(DIFCO
Laboratories, USA)& AFg3iadd 30~300712 t2(colony) S BASH
A deisle 3148 JYsidot

6) ¥ A

#e e 5FR AR (hR(5T), 1.5kGy(5T, 20T), 3.0kGy(
5T, 20C)]) & ¥nl, A=, tEd. U JIT=E 5% A
ol A F 0. 2, 4, 6 8ol 4 FYsigich = VUK KMz
HedArdel s HriEArh  AEE 3mX2mX2mA7|E HTHE
¥, AREE 0CHA oste] AHAUEAA HF=odet B
Ahs 1080 e g BriEde, S48 Folold 132 of$ g, 103
< wi$ FHoldrh Ao glolA:= 13o] v ¢E, 1030] vied
Holala, tigde Z-¢ 13e] uie Axd, 103o] mi¢ ciEHolad

1= 8
7) AEA

BALA LS Duncan?] CHEAYYLE 5% +EL2 A2t R4S
3 stalch

..156..



4. A W 2%
7t. A %5 He W

Ageed, Zabdard Havle] A7 Aol o pHHsis ®
1o veht gich A7 ZEe] pifidts RE ARl BAE Za
248 Rolchrt A3 4UARE prt A3 Frbhe FWe UEhIA
oh.  zubd ZAlRe} cfz7el MBLEW phe e Aolrt glge
U Sde QAN otk #nkd Zabs AEe] pHol: EchE
A48g vixx ot Aoz ueidr} olet B Dessouki(1978)7}
AuAR2E 408 WRLEo|N BAUY AFPHL] Ao pHIt
gasigont, 2 olfel: Z7hdchs 83 82t Hamm(1974)0] 2]
271 44 192 pH7} 5,604 74 phrt 5.758 &47)zte] Aty
4% K9 pHi Tha ASUTH= B0 YXSLL, Lee$(1996)S 2T 4
30T 448 A9 pht &4 2=t BAGll 7UTAAE xolst
A out WA ZANE 30THA 4482 Z$ 149 ARE pHE R
dotinl ol 7d o|¥o] BatZe] A wWRoleh: Bt FAIR #
32 vehfart,
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Table 1. Changes of pH values of Semitendinosus muscle of
Hanwoo beef with or without irradiation treatment stored
for 8 days at different temperatures

Non-irradiated Irradiated
Days .
15kGy-5T 15kGy-20T 3.0kGy-5C 3.0kGy-20T
0 6.00 6.59 5.90 6.10 6.10
2 5.73 5.90 6.13 5.01 5.94
4 595 5.73 548 548 557
6 597 5.85 593 5.93 577
8 6.08 6.15 6.11 6.11 6.20

tixet utd ZANE 42 =0 mE 0|8 Axty HHS HH
Aol FMof 2% A= H20, Ao U AF Y Hp: 3l
LIERLE olch. 20TollM AR #]517] A RS ASEaL 5Tl A3
RE NelPold A& 712 2 Aol Fsitizt A 47| el u}
2p Aghto] st AYE HArh ol 20CAM AR Hurle
SColA A% ARt AbER3o] Ha gy 2dxfos 12G¥R
=& uvebdy] gEo2 Ak cf27et 1.5kGyE upbd AR
5TolA AR 42718 A2 T AolEF Uehfz] Aslch
(p>0.05). iy Zuobd AR Azl F 20Tl AR 0| B
T R AUAI(p<0.05) WS AThYE yepdigitt.  olgt A= ¥
Abd zabe] fztRche 224480 AR 3L vl 4 dtie RS

QAlst2 gtk Niemand 5(1981)3 Heath 5(1990)2 zZimpd ZAp7}

}
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deo thst A= ¢griz B3P, Dransfield(1994) £ <
& neAR AR el oysiel SAVTEE Wasi] £ A7
Aol QABIATE 22 4429 AE 23 Eaol A 271 &
Qo =g ool chyaA B34 Calpain2} Cathepsino| AHFE ]2
2z} pHEo] mat 2 "eo] J&S Yol olFoix: ZoR oA
ged 282 pH7t 6.0 0|3t F-foll= Cathepsino| Calpaintitt
Blo] T AMAHQ ey BIXF QitKEtherington &, 1987).
Tornberg®} Larsson(1986)2 T o] %7t HS4+%F Lysosomal A7}
Xt fA fesol g FIAck Rasiych. mepq 2 dF
ANE AN 259 APLEr SSTF AL o] gobA 22454
%o Aol we Hog AlzWrh

Zuld ZARE A5 AM Balol ohsf Bilsons (1960)S saAo} &
7 0.45 - 0.5 kGy$F-& o|83l 732 ¥ Round steak& 43.5TCoA
19 B 32CofH 287 S45ted 2 ~ 3TolA 14U £HAZ 27
o] dx 8 WAdstach  Snyder (1973)2 2% AS 43.3TolA 8412 &
AAlgl 2 ~ 47 o]l 4TE WZAA AHeE HTht ¥ 0.85
kGyZ2o] WAl ZAR AFAA AFHoE AU Haurlg A=
8 AHastdon|, Dessouki® (1978)2 £54-2-& polyethylene bag®
2 238 & 5 kGyE H2lsl 45CoAM S8AAS of 1d Fof A2
7t 283 ol Hagt £ AE2 vz B¥oldrt

5 Aol At dx e dixol] H[3) 2R L1254 RN FE 2
A5 vehiz Qo Aol #H3tet {ARE AXE Jehiodda, A+
Atolofl HHg HEE Holx]| Q= ZWoIdrT ols AeAALAY &
4 2] 247iRlE FEY £ oy T olFd: AR BT K49l
Ageio] st R3lZlos Atg€ch wmelq £ AYY A 3o}
A ZAFE D2/4KE 24 Aol 43l AL G4S AR o
Yz 9 dAdulE AE 4 v whfele} Atmdch
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Table 2. Shear force values (kg) of Semitendinosus muscle of
Hanwoo beef with or without irradiation treatment stored
for 8 days at different temperatures.

Non-irradiated Irradiated
Days 5T
15kGy-5C 1.5kGy-20C 3.0kGy-5C 3.0kGy-20T

0 1.50° 1.50° 1.50° 150° 1.50°
2 1.98 2.42° 1.47¢ 2.32° 1.20°
4 1.60" 1.82° 1.22° 1.75° 1.20°
6 1.60° 123° 157 1.43" 1.05°
8 1.45 2.05° 153 1.48" 1.35"

2 b ¢ valyes with different letters in each row are significantly different (p<0.05).

Table 3. Effect of irradiation treatment and storage temperature on
sensory tenderness score of Semitendinosus muscle of
Hanwoo beef stored for 8 days at different temperatures

Non-irradiated Irradiated
Days 5
15kGy-5C 15kGy-20C 3.0kGy-5C 3.0kGy-20T

0 64 46° 6.4° 46° 6.4°
2 6.2° 6.0° 7.4° 6.4° 7.4°
4 6.4° 6.2" 6.4° 6.2" 6.6°
6 6.8° 6.8° 6.0° 6.4° 6.6°
8 5.8° 5.4° 5.4° 56° 52°

Values with different letters in each row are significantly different (p<0.05).
( 1= very tough, 10= very tender)
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T |ae) W

Zupd =apel a2 dol KMol nixe AAF Y SF 7o ot 4
B Hrt A3 ¥dol s Frlo A T Hot ApE S
yeht gk F 7 30t 3y BE AR o] AR |42
Avtzoz ofF x| AY¥S Jvehdddot. &F, Lgklightness)S =3
2doll= 23] yolx|tizl AR 6 olFol FH3| Aasl olFA
Hatgrt. ol A A 2U7IAE= 443 oxygenation)oll &ste] uh2 Wl
2 H3, 6Y o]lFFE = K440 4817} o]Rol AoE AlEHCLL a
Ulredness)= A 717te] FHzjol met T43HAD, 6UolFoE= A
Zastach 2l Yabd RAREE 5TOA At Hej2e A3 77
of whel Ltz azte] Xolrt 3A] gdrh. ety whapd zapd el

€ Zoli rhe= 124d wE K4 WY ANYrt  AoE ARH
th.  bZk(yeliowness) A& 7|7te] Zzjo] ule} ezt Zasla 32 &
%ol thRFETE W ZFyoldout dAY = 8 vehix] £3}
dct Be Bl = AR 717t Bzl ozt Mt og 4o 7
F Holn, zopd 2ARF 12 4% I 23U gabd 24}
¥ 5ColM MY vt Aot B o Jeht Y&l
ot 7R Hrt A2t At

Dempster 5(1985)2 Al Kolu} Watd ZARZollq A A7zt H2te]
upel L2 AX L K& YA Hoon agtd AAstED A7 7
Rzjoll wel ch2PU WA zAR 2E AxNog o Hao| Hrh:
Boeol 2 AYeY Az Axshdch Dessouki(1978)% A&7 7te] A
Zpofl w2}t HM2 AlLH o A4S ANKA Wrpd Ak Abe]
oJs Met Mbo] WAgE™, AHA7IHEQL Milliard RIS YA RA} £
&2 wHA2] o] Hcha stojont & MY Aol tlE Aol
th Field 5§ (1976)& 16TollA 12417 Fot & &A% Hr]9 &
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Aol Wzt ANt o @2 AE uvehfdrin Rastgdck ey
Locker(1975)2 W XAl Al A2 28 oo |xjo)r} glgle
U 2& $4% 337 o7} drkm BIstdch Ginger 5(1955)&

FE5E 22 W Ak &3 spollA YA zAlsHE A H4 S shA &
ol Met Mb Bgoll 23t ZHz} A 2YE A porphyrino] HWAEE 7] of

<
olmj, A& 71zt Aol wizt Y o HAo] Hrke BR1E L3}
A2 AYY AR Hol Ml M2 WAl zal HelRohe 44
=9} b4 &2 fFo] mel oS d¥E Ue e Aedch

Ho

ro

Table 4. Changes of color(L, a, b) values of Semitendinosus muscle
of Hanwoo beef with or without irradiation treatment
stored for 8 days at different temperatures

Days Non-irradiated Irradiated
5T 1.5kGy-5C 1.5kGy-20°C 3.0kGy-5C 3.0kGy-20C
0 L 39.40° 40.70° 40.70" 40.00° 40.00"
a 23.08" 23.50° 2350 22.62° 2362
b 10.85" 10.60° 10.60° 961" 961"
2 L 40.85° 42.18" 38.46" 41.42° 38.97°
a 2271° 25.03" 21.06° 23.26" 20.49°
b 10.51° 1157 959" 10.90° 9.36"
4 L 39.45 40.25" 3854° 41.85° 39.99"
a 23.25" 2473 22.90" 21.66" 22.11°
b 11.21° 1155 8.08" 10.77" 10.24"
6 L 41.00° 42.18" 37.70° 42.22" 39.43"
a 27.18" 22.98° 22.84° 2084 2447
b 10.17" 11.32° 653" 10.61° 9.24°*
8 L 37.84° 39.91° 38.33" 4127 38.78°
a 13.20° 2379° 15.74° 18.40° 16.38
b 7211 11.76" 497 955" 8.94"

& % ¢ valyes with different letters in each row are significantly ditferent (p<0.05).
(L= lightness, a=redness, b=yellowness)
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Table 5. Effect of uradiation treatment on and storage temperature
sensory color score of Semitendinosus muscle of Hanwoo
beef stored for 8 days at different temperatures

Non-irradiated Irradiated
Days 5C
15kGy-5T 15kGy-20C 3.0kGy-5T 3.0kGy-20T
0 82 7.2° 7.2° 70° 7.0°
2 78 7.2° 6.4° 6.8° 6.2°
4 74 74* 66° 56° 54°
6 78 6.2° 48 54° 50°
8 50° 56 32° 50° 32°

% B ¢ values with different letlers in each row are significantly different {p<0.05).

2. TBAS| W3}

Zhopd zabel 22454882 TBAZEE &3 dabes ®6o vtehdgich
RE AeloM TBAZH= A 717te] B o wel Frisigde, dxvy
tl Ztopd ZAaRPeld goton], Zupd ZARE 20ToM AP} e
el uis) b &S AHE Uehdden], BE He|Fod A 2
Ayog Zrlste Asoladrl. Demeyer T(1974)2 Ko £47175ol
2L AP Aol o] 7R He ujdE virjell 23t 443
A 3t Aol A carbonyl complex, alcohol, ketone, aldehyde® 2|
FAEE Baislo] AF Jjzte]l FHA¥d wel TBAVIF Fisid,
El-Wakeil %5-(1978)o] 5, 10, 15kGy2] Ziujid ZAIZ TBAZI: ZupdR
AR dizpol uls] M Frteh AR F1B Fol et s
the Bael B A¥s 32 FAztojdrt. WA =AM &4 2xd o
2 M2 Dessoki(1978) =|'g4t3te] x| ¥l TBAZH: M 712te] 2t
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of el FHog Frlsta YaMd AR 4H5THH K TBAZH: ol
Toll wjs] As] worhks Bt £ A¥e] Fzxe djstgct. oy
Lee 5(1996)-2 WAbd ZALFo] uls] viRAF&= AR 2719 TBAVH:=
7t dotey} w2 A F7iste] 14 713 Hodth= Baoj= B Ay
o] A= oiE B¥oldrt olot B2 Aol Lee F(1996)2 F XA
stels, & A¥LE A ZAsto] AtA7 RS AR R ¢atyl o Bl
2 ANE HUA HER Pupd ZAel 47745 A4S AAY
T £ TBAZI:= 49 4 A& 2eg Apadcl

dutz o g ouix|de dFA Zupd zalol uwlel x|y Atglg e whap
e Ao ey TBAZH:E 257 F2HU4§ uhgo] wielxi=g B
AYe] ZAE B o H4E Aubd RAETHE 32 54do] TBAZIA] o
£ 4L vxE Zeg mivisch

Table 6. Changes of TBA values (ppm) of Semitendinosus muscle
of Hanwoo beef with or without irradiation treatment
stored for 8 days at different temperatures

Non-~irradiated Irradiated
Days 5T
1.5kGy-5T 15kGy-20T 3.0kGy-5C 3.0kGy-20T
0 11.040 1.036 1.036 1.036 1.036
2 0.516 0.699 0.981 0.641 1.3%4
4 0.548 0.851 1.212 0627 1.281
6 0.763 1.196 1.343 1.212 2.044
8 0622 1.033 3.191 1.286 1677

& ® values with different lefters in each row are significantly ditferent (p<0.05).
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ut & Aol w3y

AL, ZAPAIE HolY 2RI Fajol o} u|F B4
Hat= ®7o] viepd Qrt o 2L 8U e EA AFF n4E £
7.3X10% oflA 2.7x10* 7R F7F5EAlsL, 1.5kGy T+ 3.0kGy2] XARE
87t YA gt 7] 288 B¢ 6.0x10'3} 1.2x10° 02 F
o9 W2 & FAsch. ey 1.5Keye RAME 124548 thE
gzt Pt Aet AL 4.0x10°22 u[2F S vAE4E Ushigd
th  3.0kGy MFollA] ZAIE F 32 S48 HPot 6.9x10°28 ]
2y o2 MEF5E Fxstdct. FAFdpol o WA AR XA
7zl A3l wE AAFel AP A3H: Niemnd S(1981)2 2AGyE
2Rofl WAt 22 At & HFTE tfRFol wiste] abpeg A
oo A3 717e] Zztel mel BRE HFoM MM Frtstden 3
Abd ZANE ujl 8BS Frhe Ui A4tee] Frtela Basioct
Dempster £(1985)0} Zul4dS 1.032} 1.54kGyE A8t 2] 7]burger?]
Z AlFTE 82¢9} 92% FAAA WAML Hel3Zbel] {2l4do] Qria B
33kgich. (P<0.001). ,

wetd 2 AP A} 9] Jet 28% 4 rEdME 2244
2 A% WA RAbe 3.0kGyold AFolm, nj@E A oA F3
OF A4 BASS YA A FPells 1.5k6yd AMpZdMe 8Y
olate] {878 43 JHe4 & UEhigch
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Table 7. Changes of total bacterial counts of Semitendinosus muscle of
Hanwoo beef with or without irradiation treatment stored for
8 days at different temperatures

Non-irradiated Irradiated
Days 5T
) 1.5kGy-5TC 1.5kGy-20T 3.0kGy-5T 3.0kGy-20T
0 73 x 10° 60 x 10 - 26 x 10* -

2 25 X 10° 60 x 10' 20 x 10° 10 x 10 -
4 92 x 10° 90 x 10' 1.2 x 10° - 1.1 x 10°
6 27 x 10° 45 x 10" 32 x 10° 65 x 10° 31 x 10°

8 27 x 10° 40 x 10" 40 x 10° 12 x 10° 69 x 1¢¥

uf. ol Ay

Zubd Helel 22440 Ao Fuldl mAs At Hof ek
olth. iR} 1.5kGy, 3.0kGye] vhd ZARE 5T2} 20TAA 44
& Alole] A Fu| Wzt A J7tY ZFe] wel FitFeog A
SR ] 248 vehiz gon], A RA AR} g4 23]
£ dB4Uds Aol HEtt HEE vehdx] Qldlrh
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Table 8. Effect of uradiation treatment and storage temperature on
sensory flavor score of Semitendinosus muscle of Hanwoo
beef stored for 8 days at different temperatures

Non-~irradiated Irradiated
Days 5
15kGy-5C 15kGy-20TC 3.0kGy-5T 3.0kGy-20TC
0 8.0° 6.4° 6.4° 6.8° 6.8°
2 7.0° . 70° 7.0° 7.6 728
4 7.2° 6.8 62° 7.2° 6.6°
6 7.0° 5.6° 5.2° 48° 5.2?
8 50° 4.4° 32° 38 4.2°

2 ® yajues with different letters in each row are significantly ditferent {p<0.05).

Hansen 5(1987)& *$Apd 2 A2 A Efx|7} @ygcia Bas)
P, Merrit 5(1975) ola{gt ulghzsix] Ry 2AEL Wald =
A, A zZahle] ddEE 230 93-S wera Basigxal
Rhodes2} Shepherd (1966)+& #ai7]ollA] WAibd 2A13E =2 4 Ad:
§tA] daro] 4kGy ofAdelztn Rastgct. E dFoME 3.0kGyol 5]
Mg Zupd ZApNE] A2 Fradel sl 2AE USR] B
g Aoz Atgdch

AL chHE e w3t
M2, ZARIRE 23718 A% F el wlE ciFAgel of
g ¥s A A E9o] Ueht gt tiEAge] ciy BHAAAE

Aty og thz3rt ZAukd 2AMEU 244 Ag]3Ecl tiEdel ¢

Fdeu AP 2de Addlie EF RfAFA ol ot
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(p>0.05). gatd ZARES 3244 AHolde diHAoR ME FAl
#eAARE Uehidroh ofeidt Azt A4 Zivpd 2abet 427l
& 20TolA 3543 F K@ este RS 2279 iAol Ky

dqE x| Rt Ao spEHrh

Table 9. Effect of irradiation treatment and storage temperature on
sensory juiciness score of Semitendinosus muscle of Hanwoo
beef stored for 8 days at different temperatures

Non-irradiated Irradiated
Days 5T
1.5kGy-5C 15kGy-20T 3.0kGy-5TC 3.0kGy-20T
0 74* 72 6.8 7.2° 6.8
2 68° 6.0° 6.0° 58° 6.0°
4 66" 66° 58 6.0° 56°
4] 58 5.2 48 52° 50°
8 48 46° 46° Ag 46"

2 ® values with different tetters in each row are significantly different (p<0.05).

oL 7lxEe] WY

Zupd 2Ape} 32540 1718 AGA 73k ulAE B3 HI0
of ueht ok ANt oe cfzyel upd ZaARFete] JExef
F33 xolrt gl Ao® yeburh,  melA 1.5kGyut 3.kGyo] XA}
ezt 20CoIMe 42 e AU JExols HHL ARS njX
2] e Fog AEHch gityos RG-S R4l A Ee tisho
Azt AREAS Uehdz oout £ AdYe Axjo] ostd dAye
2 1.5kGy2} 3.0kGyo] H4-Foly xARIEE A9 ZABE 22 Y
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AR, %F 6d W 8UE Addsties FUAHA 7|2xA Alo]7t U
Efvt] gkt olaidt A= S Aol HarlY FHAL 7
3= A0 AYAES & 4 A= UL AR} ez AEHICL

Table 10. Effect of irradiation treatment and storage temperature on
sensory total acceptability score of Semitendinosus muscle
of Hanwoo beef stored for 8 days at different temperatures

Non-irradiated Irradiated
Days 5T
15kGy-5C 15kGy-20T 3.0kGy-5C 3.0kGy-20T

0 7.4° 7.2¢ 7.0° 6.8° 70°
2 7.4 7.2 7.0° 7.0P 6.8°
4 6.8 7.0° 6.8 6.4 6.8
6 7.2 56° 50° 5.6° 5.2°
8 54° 38° 36° 38" 34°

& ® values with different letters in each row are significantly different (p<0.05).
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H 23 3N 3F MM =A HeloF 437] SMof
ojx= &3

gty e Hazle $EN FUE gFol wol u|4E Haldl Ay
g 2A3& JIRIA Qe vl A7l HE AE £ shdolch. Harl A
&2 =5, 71333 B udE 280 HHs] dojut Il BAN
HE & 5 Yoo, e alrje] thAF 0-157:H7o]L} Listeria
T 344 Y SR AR AREAEY ohzt FufiFe] 2%t
AAE &4ds AZgE dyojrt

#37] MK 9 FAEE goly] A% uldA e A2 Wi 7
ubd Zajol]l chst AL 19409 ojel IUstA efxE|of Zupd za}
z2lol thet o 7px] AHo] AHA = L(Lawrie, 1974: Dessouki &,
1978; Niemand 5, 1981: Lebepe &, 1990: Grant £} Petterson, 1991:
Thayer, 1993), E3F 19801 d ZAMH Al E2] obMAdof izl FAO/IAEA/WHO
25 AE7 AY3olA 10 kGyE AP olm3t A B R4y, oot
3, u|BEYH FyoA olFd FAJE driz UHEIFHTHWHO,
1988). 53}, ¥Co zupde ARYo] 431 FUSHA ZAlsol A
71, Hel, Wzt #AAgol tigdt AFol wolddx, 4, dF T
BHog IAUSHA &= orHDiehl, 1990). 19973 n|F =&
xte] @eiAel 22 A FE wEo] WYY tiyF oo 2 e
s d £ AR} Aol g2 131y tHed] 4327|7t H5EHE Abde] 8
Asigdch,  Apd 3 Tl BT A F2dEY (Food & Drug
Administration)ofld & X|371A] 7E-Soltt S &3td A dIF whapd
XA AF AHRE 2, ¥27], HA2 5 AY §Fol 7iA] "o
712 dAstgct.  euh gutd =4 Aeld AEY A4 &

*
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P

|30l it 23 HFol: EFSIL U LvAES WAk
Ato]l cigt EulE FRE JHA A eden(Urbain, 1989), *YART
AR AES wAbsolu WAlMz dBslel el Asisicha st
olt}(Brahn®} Schutz, 1989).

utebr] BAbd FHALELE ARESHA] R, AAE VAR LE TG
A7 Zabshe AP ZAate] A Foll Lot W] thdt A7 By
3] AP v, AAIL Zupdef wls] Faio] otsle HE ¥
217F Agslo] glevt, Znpde] uja) 43 A2 Sxof MY 717
U HPedol i, WAks EFE ARESHA] dderie Rol Aoz
H2tg]31 glcH(Diehl, 1990). Brynjolfsson (1989)2 ¥ Wiy ¢
Qo o3t Zhopd Zabel Ay Mz} JHgTlol &g Aapd =gt 3
Aoz rHgol Frid Zlojeta Bastirt
Aol Azxpd =4} AelE stElE o, Sz Fnjof vigA sk
q3re F 4 9lor}(Shamsuzzaman 5, 1992), w37l FAHEL
3. ZAtet dAelE StAE o, ndE &0 LA 8
F78 AR 7|7 dAAANA £ Qrl= K3 % 9t} (Shamsuzzaman
S.1995). 2 I F¢ Az RAL ME A&l {317
g3t 4 o]FojA] gl ¥bH(Heath 5, 1990: Luchsinger 5, 1996;
Lee &, 1996), %2] izl A & AP dFS 7] AdS
o 28 MYo] ofF] o|Folxx] Y MFelrt. uwiely & d3E
anjzbgo]l 713 VAL Kol Ae WA F9U4LE Agshe Zul
A 24 Aele] oA WHe 2, A £& AR XA AR 2 &
3 BT 5o SN 54 % udEYHY 5S4 nxe anE u
ofste] 22 uet =32 8 ARl 4= a7 $398S Mysia
2t = ot

koW

flo

0 kGy- A=x}A
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Z2 Yele 42 22 =S AAAA o]Re2 WA si:
wol o7l ool o] 23} WApd(ionizing radiations)oje} E3ich
ol &3} Waitde] RE Hefrt AlERAl AR AL ohlch o|&H]
W, ZAM] deijlzbe BRI dastAl ARskR 2t E£& 3oy
2 Azt X-HE ZAEAY WAbeS TE7] gifoth
WAL S YA FHUEALZYE HEHE o, 8, y- A olx JA
o2 s X-M, HARPHETI s A=ld(electron-bean),
dxtzofld g 4 A= S84 Fol arh
227k BFH FAH 3 &, FAAUALEU7IF(Food and
Agriculture Organization : FA0), =2A|{d=x}¥7]F(International
Atomic Energy Agency :  IAEA), AIAIEA7](¥orld Health
Organization : WHO)2} CODEX A& 4 #ldBlold & o o5 AF
o] Rapoll ¢tAHAl o] &H 4 Ariz WY UxMY FF+= Table 13}
gt

<Table 1. 2A1F 2 8idolA o]§E & A= WAAHY F7>

AL M e w77} o] &L A
*Co 53d 1.17, 1.33
7 -4 3
Co 30 0.06
A A A A2 7 7100 A(10 MeV ol dh)
X-4 7NAH o2 A5 MeV ©8})

eV(electronvolt): A=xig} T2 Heje Wil Uz E &3 B
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Alsted] AREEE olu=] whelolth 1 eV ouR& 1 voltd] ¢z}
off oi3f si&3E|7igls] Mt aFste T ofuz|e} Yl evi uf
2. zte oz wieolrt. A EF keV(kiloelectronvol t=1000eV)
F = MeV(megaelectronvolt=1 million eV)E WBicl eVE ollufx] tig
2 W3 77] sisAE 1 MeV = 1.602X100(joule) 2 HrAbstH HcT
Zopd} X-A-2 AxrF AMEY, Ay, =R ziriezloAy-
B euz], ©hupy} f3d(cosmic rays)7Hxl Hel Fo dFolth
W e 548t zastolAgte] ofd Hefo] Fxjolld o2y £ 9l
3, ity o g ol watdogd uaEn A Yrh X-d 3ot
4 223 543 S ofYt Ay FUsich: cit olgE EA
thEd], X-M-E& JiAlo] o Agaksin], ulde Uabg FHALCEAL
o F ol WAL
o] 23} utrtido] sl AR wi(o]SelH, RAME) WA ouix
2T = 487} vfAle] F4HLl o]|RE F44%(absorbed dose)ol
gt gtk Fe4FLY w9l gray(Gy)2 SF™ETE oA 1 J/kgd
F4a2 g 1 kGy(kilogray) = 1000 Gy olHMol= MY <2 rad
7F AHgEl2d]lct. ol R 100erg/g 22 FoHc) o]AAY ML T
& AF\shed AUolM Eof #AE ohE3 Ych

100 rad = 1 Gy = lkrad = 10 Gy, & 1 Mrad = 10 kGy.
Azt E4H oYX & P& (dose rate)olzt Fir) ZopddS
B33 e MarE (YU e F 100-10,000 Gy/sec)S Luiepdich wule}
A, B F4A%E Sy o, AR FiTlof 2% A A
H X e 9 Ee] 204 Zojrth
Wabge] &AFgeE  Helt Ci(ari)E  AMESIUAT WA=
Bq(becquerel )& AM&-3t Qlth. o] TH{EE Table 20f @ofsldr}.
Bat 3] 22 whejolr] wifefl, vthds 2 Pakse & D9lSol A
£ o]t

Ho
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10> Bq= 1 KB4(kilobecquerel)
10% Bq= 1 MB4(megabecquerel)
10° Bq= .1 GB4(gigabecquerel)
10° Bq= 1 TB4(terabecquerel)
10° Bq= 1 PB4(petabecquerel)
(“A} ©¢l(new units)"= AA FA ¥ 7]Fe] 3) AaE: e
International Systemol] & ZEo|t}l. CiolA Be® E& radolA] GyE
A 3= L calorieo] A jouleZ2 sH= 2z} 44§ttt )

<Table 2. HALEF R WAL @9>

A% HHALS
@9 gray(Gy) becquerel(Bq)
Aol 1 Gy = 1 JKg 1 Bg = 1 disintegration/sec
old & rad curie(Ci)
akg trad = 001 Gy | 1 Ci = 37 X 1010Bg= 37GBq
1 krad = 10 Gy 1 kCi = 37 TBq
1 Mrad = 10 kGy| 1 MCi = 37 PBq

L}, 7tobd (GAMMA SOURCES)

shell®] Azxlg=o} wixjol] ulel o] 2ep3 Hido] AR HTE gty
oz dzte] Axtee a2 Zrh whed Axpst ubgE shellofA
AL dxbs S8 shUE A Hrh oA JAstE © o2

= GolZ(cation) Aef7t ¥ WoiE, Azpr wlEH shellef dht

- 174 -



o ActH W2t SAFE VB ololu Sol2 Al sk €=t
AF3H7 g Yol Sl Ad=iet F4x7F 43 vlE, F v
W €40 Ff 111, BAL €49 B¢ 1:1.58 Eafsia Qlojop g
th UxpHFE ofaleg HYol Ho, Hat(mass number)= Uzl
$421 2,2 d3"ch o ES], €Y AL 2 4% 2 4
2HS 71RI 2 QL7] e Boff Wxt HE L= 20l A4 4ot (U=t A
© AP U39 A Zrh W Ydole P2 SAR(F, g2 d=pd
29 g F4A(E, €AREAE dE)E JIE E Feds
(isotopes)7t EAY 4 itk FH THYLEE, 53] FAL U4 Fo
M BUESHAY YAbs-S s Z-971 At of2i%t Hapd Feda
(radio isotopes)t The Eaisinl, AAANHE w4 Zastn Sich
o 7i-& WA FolA AEET, U7 AN} BEYHY Tz Fo8
Y49 potassiumo] QlTh potassium Aol ciFE3Z ¥ate] 19 F=pe}

20 2425 D g AN Sous RK= olfolA gt 23

J

U A AQl potassium® ¥Qlol] sube] F4z7t o Bolgl: Kt
0.0118x5 x}xj3l3 glon|, ol uf{ Bebysic)

AdAe] Zasts Bgsin FAL SAdAY d2is P U =
£ uranium-2380] Qith. o|A2 92 P=i9} 146 FHARE M2 QUch
BAME FHULL B WAMAY ey B FF F WA 2=
3 ol4 #fM(release)®)= 212} AAI7} Qrt

- @ Y*Hparticles) : 2 A} 2 F4AE FHHE w2A &3ol=

g Y&
« B+2} B- AR} : &) A positrons) = Hx}(electrons)
cy-A HAp o W] &5 F I ol= AA}rvH(electromagnetic wave)
b EA]

PAal B L2 Foldl Wate B Y7t 1/20] BAY = eyt
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Alztel whabe ¥izE7|(half-life)2 RA}SICh Potassium-409] wzir]&
1.83x10%d0|T}. 1.46 Meve] oUx|S 7hx|2 Q= Ztupdzt 2ef 1.3
MeVe] o2& 71|31 ¢l wEl4d(beta radiation)& W&Y o, oA

2 A% g2q § Ar(argon)? ) Calcalcium)o #gich wizty

—

L 4.5x10%d0) 3L, @wzw} 22y o P UE 2 Az Bag
29 Th(thorium) 2.2 MMSr) ole] ofa tiAS U, <ty 3

% #2a % Ph(lead)o] 44 ¥},

Ao AR = YAHS UF o] 274 AFUL R (o]
TE) YA EEE oA Fu iz} Yo Aarg st ¢
ehy ol WFaf 2hgol olaf A o, WYL ligter YA(FAE)
7t B3"ct olg F UFES UR 9E 438 A o] uhe
s, Fay  F3 2ol srzp ¥Sr(strontium),
Br(krypton), "X(xenon), 28] FCs(cesium)o] Y 1 & }E H
k& gth ol& F WERS WIS © ¥ Ro|x, I o x| b
2717 2 dojth,

1950 dtiief] Al ERAlol] it e AYP-S uhg 718 4Hl-dER
(spent-fuel rods)-& 7}x|3t =38t Aojgir). ol23t AR B2 AME r}
2 N9 U E JHA IS Hele] WAl S WEs e B 4t
5 ZYES s vk 72 UG 1R YA HFo] wmiE

o Z uIE pR AET dASY] dEd dege] 4
f4e ¥4 HUh AdREel F2 ul Yrpddolel ¥Aelye, 2E
2 ofz7te] F/8AHneutrons)E W&tk Fo 252 A&} AEE
# of PAbeS g4ty digel, ARE-S 1960dr] Xt o]¥E AF
ZAol AREE R olx] gt E¥ JZeglo] WHile FH8L diEd A
2EE WA M HFo] o, oL dRES AMEH R3t
A = olf F9 shitoltt

o
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ARg 2Azte] a4 Htha Yo ¥ A Aldey £
2l 4 glch o] Waleg doll £ olb wWaMEel shubs} Yeso]
th 309 UUAIE JR don Zupd(0.66MeV)2t HEFE(0. S1MeV
o 118V W&she F Cst 3%t § Ba(bariun) o2 =t 3
2l Yose CsCl W2 thE P4 24} sl ¥ osCl2
Bof &3lix]7] cfEoll 2udds AWZE H 4F Had Yert oA
o] gief fE2Hrid BPLPE op7lAlA Zlo|r}. Washington, Hanford
o] Waste Encapsulation and Storage Facility (VESF)of s} "Ycs 73§
&2 W7ol 100m(FE o] 500m)o]5l A AL 67molrl, AAMAHL
2 Al AdL L4l Bsin tujdZRoM Vg FE5e &
< of-¢ A o|ct

ulFolld B e 4 xAe] AdE A7 AT AYLS 19779 vlx
o] #4AH AHY Ag(spent nuclear fuel)2] zjAe] Ajdof ths] #3
&z cH= stel diBPe AP o3 HLEHAch dAxHew,
Wes who] o] 8% 47t QA Eoln uh wabd duls tsg gol
AHgsE2] ekgtth. D halell, ®Coo] Znfdgog o2y Alztsigct
ol BafitEo| oflrh VoS Y5317 gAML ulEAEYE oo
2] slugsi} pellets& ®ubg AxlollA 1o 1@ dbpet F4x2 F
2ig 7igich AAl A geld o] &EE ¥o2] 80% oato] sHLitiolA A
Algjo]x] 31 ¢l AECL(Atonic Energy of Canada, Ltd.)oll &3] =z
Ao wh=w WABH cobalt pellets= Znld oy o] &st7] ¢lsiA
Zlo] 450mm, 7 12.5m2] Ho|L} &G R stainless steel liner
2 H JYgof xof yich uopdd L A3 gA ciAste olf=
cobalt®] =p7tE4ot @ 742 M2 5Py fldolnh. “lok Eoll 53
ol Helg 2517 o] BA o izt el A Qtin E
4 alch 5.27de] Wz E sixln qlew Ziuvpad(1.173 1.33MeV)4

HEM(0.31MeV) S W&ot 8 Cot aralat ®Ni(nickel)2 2ZHch



ool MY ZEE {AsteW siuir} 12.4%2] ARFTFo] YR}
th. ZAAZ B3-S Walado] conveyor systemo] EAS Azsta U]
t AAFTLE =t AL WA fl3) nl2 & B3 E32E o
o2 R3H ZAME FojZitt
o} 3 MCi cobalt MelM W&HE Znlouyx] BE7 RalaFol

Fodcota JPgshE(100% &), olRAL 12FY 4.44t AES
106y2 Az, E& 1A 5 1619 HES 10k6yE HY ¢+ AL
Sjujgtct, AMAZE oF 25%2 HEAEE 7L o], 147 F 10kGy
Z 4t AFS AL = ot o] JIAE 3HF 244, 1d F 10¢E
7Vs3todchd, 10kGy F4432 o2 29,000t AlE, ®x= 1kGy F4Aler
22 290,000t RAIY 4= gltl. AAHZ conveyor system?] FHtf &%,
RARAZ AFS S5 ZAL Foll Avls BEAL} 2 2UE
& Zestoio} gyl

Fes7h H2d we) mpolyAlE 0.66 Mevald] o] AE “Cort Y
of olux]e] 174 o]steltt. ATtrt cesium®] ] & AZFE4E ©HA] 70%
2] cesiun HEE JIAA r}. AAPog, Vs 2a)e MUE =
£ el Aol PCo ZAtlo) uid) o} 1/7 ghe A F3c),
MEZALY A EE Zubd ZARAE Y] Ex7F Wabd 4v] BEAS
314 Zoletn ZFastdch gy oA HARH  Azolrt
cobalt-602 HIMAMY U4 nickel® ABEW, Yes® v]wAg
bariun®. 2 Ho] 7] wjEelc}.

293 Zupd 2AMAES A AAFLE o 150747 EARic). ol &
U2 204 o] JhEEe] $ted AL 13E o AFY Hdd A
g5loix| 2 it whx], 2 vieloMgt Ag o o] &3t gt

D
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ch. 71AH A

1) X-4
o] X-4 JAS ol AEZRA ] iyt A7} AR ¥y
dch X-H 323 £ LEURE 1A Axle] o3 o] Fu
g o gAYl X-d FEE ule] Ak %] A3V IHH s
o, o] AT LhRe UF Hol: dS U AN YelEs} g3,
tigols Wze ¢ 2427, HE yadle] ot UhEdAE

)7t yen, HAE dAsHeI, =: g3zt U
th. &3 YelwlEo] AH} AUgoeH do) wagsle], ofrlelq A
27 wrasch ojzie] @3 A uwl, X-Mo| /A Heth X-H Fioj
A Hxjo] ojsf AR oz o 99%7} €2 HYE D, ¢ oF 1%
oz} 7t X-A HelE vehA HE Holth X-A9 oyR] ®E:
(vave length)2 32} ¥Zatole] Asixlo] ols) AFHCh X-4 714
of 2lo] "3l FEA X-Ad FE 7 2 A YAVE FdxE
A7 A sHe ZlAClTh X-AH ZAE AE2ANEA FRe AYIA o}
AE 2% o]€EI glov, 4dA AERA] glejqi: HE o] &ExA

ok qlth

2) Ax}M(electron beam)

1950 o] B3 FRY ZAL HYo] o]z Az} Jt47E o] &3t
onj, I uf o]¥=2 yol| Mol HAxPHE AF ZIHoR i
S Aole Hem 4% V18 Bd ANUTh webd Age
0%& dolle 7IAE 7 oW AxpAL WAdo] FuisEch  thgd iz}
ool ®aj oj&E3 gled, gRE XAEHL dd, WA AEJ,
Azt Aold AAMY curing, T MM JAloN H44EY AA,
223 2 9 Y2 Eobol AEx3 ek
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Azpde] A FF R o] gl s APHch Hoj
Yz](300 keV7iz]) 2t F7b ol =] (300keV~1MeV) 2] M=} 7I&AAE=
| ¢2 3 Edol Al 4 dedl, ole A7 R m o] T
BESHA] Ryl diFoich. AFoll AdolAM, whx] XAZAUL UE =
A E(sheets)& Hatdh=tl & 2}3o|r]
ofluz] Axpd 7H4Ax = IMeVol4de] AUz E 713 AzLE A4
th AFZALY BAE gAML Ael® AE e $Abes fustA|
Al 3171 f13f 10Mevzt 2o HAolch.” 71l (thumb) 2ol 2ja, ©f
= AEolld Azxpde B ol SmMeV olth. 1 E2E 10MeV A=}
B¢ 3% Byt A of S5em FAIZIA] 2ANY £ 3, 3F% WS
At Z%- 10cn FA7ER] ZAN 4= Ut
2 o=} Hzapd b A FHA 7122 claile] it shuts

DC(direct current: 33 AF) 7I&3aljoln, rl2 shte Azl &&=

N

far o

[ Ny
i 2 b

(:lm

Lo

P

RF(radio frequency: 2}T]Qu}) M8 7k43tx](1inac)o|T}?. o] E7ix} &
efofl A, ¥ Fre] Azt= 3o &xof 7k ol wE K2 b3}
Eoj At BC 7R F9, 2AQG wAI|AM UYL Axte =AL-
A Ee= “HAxp F(electron gun)"o2 WolAH HRE FEHY &F
BollA 43 Eo2 TRzt Aze 2 A o &S 4EE
7} A "zt

0C 7h#xl= 1CTO (Insulating Core Transformer), Dynamitron®oflA]
thstA Az A, 2ol BdxEs WH o] I Fa ¥ o]
7b otk Aol HAS sjsf 2AHY WHslE SF(sulfurhexafluoride)
7hA% 2T obY =Aiel Yolx girh ouyx]et AFE At 7t
&3x10 29 Y& APl dE &Y, 252 4MeV P (bean)2
100k#2] beam power& A4ts] With o 2 A2 o 2 FEYE 9
o2ttt o] %2 beam pover ZAMEO|A £ U w2 AYNUFS
2] u]gict.
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<Figurel. DC Ax7H&4A 9 718 H4AH>

Figure 1of =AY Z1g B, AAMLE 714 Fro Tof &
g FAELE scanning magneto] o3 ofysros wiuprlA Ml
100-200 Hz®] F3ppE 713 AxPES ZARAY ole]Ae] &3eich o
A st= olfte Zhet =AY A Eo RE PP e Agg 2
Arst7l figdolh, Azpdel AFL © F m EE emojth. R
scanning o] Qrhd, =AM AHFY off 2E o] BE AxA
o] AFd Zojrt,

BEE "l Axpd 2AE A VAN AW 1986do] s
Vannesoll X Z}FE[7] AlZtgich xAbe] H32 andaie} slep AL
ob7Iste WULUABES FUo2H i d4dd EAS g
fstol ot
rizes ue HF ol diFd ML FE =AR, 2 23, &
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= th2 £ E46 A8 4 glddch 2 ol olage Azl
g X-Hog AMAPo 2N IBY 4 gk o]ZE scannere]
Bo] ol 4 At & uhe Axshd AWAL 4 Atk siAIT, )
28 X-4 FHe AL, X-A olUxE AP o= FUAY of A

o
&go] ©hx] of 1xo]] B o 52 TEAES fls) Axtd HGAA

B 284 AR zh(converter plate)(FRE)2 B3} Az} ofufz]
of @aglth et sMev M BRM T, 1MV HAE BLA
1252 AR/Y 4 glrh. HAHL 5 MeV H=LE of A/A 2052, 10MeV
AZE A&Z 302 AUAI £ UHBHI £X= EXE FoAd
ojel crEch).

X-d& FHolx cobalt-60 Zupdo] HRA2t PolA ¢f 30em FAIY 4
£& o8& glol 2ARE 4= gtk X-Adolu} AAPES T2 F|AlA AR
8 4 o= 7Hs4E o] 7led AHolrl

Ak Jhedl AF 9 AR gy BEEI = ¥E2 g -
o] 80%ol4}, H=zpdo] 20% vigte Xxjsta olon, X-HE AhE-& A
2lstars AAIAQ] ol &ol A vt AxPME y-Mdel ujsf Ty
o] efsto] H& W7} Ao glor} FFol AFolLt W A, 2
E AE ¥ A 5Y Fopoll dF A& rh 53] dxpd U4
2 Aol &3y 2Ho] 7Hedled FF o], A%, FHAY, oyA &
24, &v)z 84 5Y FHoM Aol Qo] A HAFME AP
o] #ustA £ QU

E3 AE] AR Zolo mE WAy BRI AuldeqdEct FUE
A8 7hAch lgrle] S¥o] vi$ &7l iR =Al 471 10°-10°
Gy/sec® AFL Azt ZA} AH] ol E 443 BsIEZR HFY 2
Az A Ajzho] gl wiebd $R AEe 2= 452 A7 =HA

deth
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o] ZR&U19] AofuR], 1FYP2 wWE S YBAA &l B
MF Y &AE HHE o ook welA JRETle] EE 3 2=
217 o Fasi ©E 4o YA4E AMEIA "ok 23 Ay
B2 FAle ¥4 33S FA FEIIE AdATI vei e
E4E U8 F URER AFeE Bz FMY WAL JHEHES O
th. Ao Azpd 2abes Putd bR 49 #2] #@est ¢
A o] o8 Jhx] Alde] o wWol st 159 A2 B4t o
Fxo] 1¥d 7hs/dol wrhs o)zt olch
o] Azxpddo] viMe] F4d ¢, uviA} Aapd] FZatgof o
3] BEoUAlE gieth FrufAdxiel A=At JE L2 ol
hEot A2HBR)HSS doch o2t AU} oA}
2RYH YEHeAE quista oA (ER)U1ES ASAxTt 2oy
HAZZE olF3=RE uiict. W&H A=A} (Secondary electrons)E ¢
AP At 21 i RE-E ZPHTER, FsuiAet AsAdxte] dEagg
B3l oA E deth 39 A2HER)AVA +&4 ALE Az o
347 Aol d Exje] A5G otk YaRats FouiAidatete
FE2 AREA UUE AVY 4 ot ESE FES EAL U
o2 MBS dor. 1 Az} BE WY Azt g4abdeh
Zdupdolut X-d  BApt FeeulAe] dEgs of FAx &,
Campton &3}, Aztet gxi7h ¢ e g FEHE= AZEA {8 gy
ol WY 4 olrh 0.1 MeV o]3te] ofiz] Aol FAzte] F
7t iR dojuiar, 10MeV o]ite] Uz FAtolEe Hgog Hxlse}
P2 ¥ o2 FZHT) Campton EIrt A3 RojME: ¢l £}
| T3} 25 AF 2AA 233 $248 Zech
AAAreL FeuiA bl 42 2gsls Whgo] Campton Eajolrh
BH UBoM FEU F AR ASY oy ££ o3tz AL
Eol2th. ¥&¥ AAHCawpton Hxh& FFmiAIdalolA o] 2¥hutg ]

N
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AZHBR) LSS dLegl7] 3t SE% VFAUAE Zerh 28z

T ARG gdapdxiet 22 e s FuiMe] 43 zget

ot 3

Campton Azh= Ztwpadoji} X-4d =iz} vfAjete] BT at-galof WA

7] WEell, Zelal ARPAZISRA} 22 YYLR o] 23UZ Y ofx}

(BE)HES doy)r] digo] ZAHE vfMlolq F=dabde] speta ¥
£ A WA e FRel AAGe] Hrh

3) At 71A9] ¥z
oA ZAPRX Y ol B3 zdAMeFY vlas lkw Zupdofd WERE
67,578 Ci{E= ¢} 2.5 TBq) ¥Co == 308,641 Ci(¢} 11.4 TBq) “Cs&
J12o= stadch =3 lkw YAF 100 ARAH LT FHPgichd 10kGyE
1217t St 360kge) MEL2 Helgt 4 vk, kw® EHX L beam power
o] A MR vlay 4 ok HA3] HAY JiAY FL
Azpd L 505 TEA, PCo source= 30%2} Cs source 20%(x}7} E4=
7 o &7l 2o Yese] &AL Yo ¥r} 173 F2)E HEY £ ¢
th 1A1ZE Bt 10kGy MFLR lkw HAME AE &= ClE BAS
180kg H2|¥ 4 9lony, 67,578 Ci ®Co2 108kg, 308,641 Ci Cs:
T2kgS Mg 4= ol SveV Hxjdo] 8x A &M O X-Hog MUy
o X-d& zA Algof 50 B&4S JHA L Qchd, 147 FQF 10kGy
Mo g 180kgS A elstrl flafiAe o 12.5kwe] HApd ofiuiz|7t W
stct.
Z1&3e W Y of, AR ojel LY} LIE 2ol oL
th RS 2R Adxbel] wob AN A9, AP AR B
npdg MEiste Flo] Bc} F Hefe Znpdye wiay o, o =l
7t Wts zA RCH ARYo| o &) W] *Cog g3l Rg 139
]

s & gert ok o] w2 AF, ASE 3Pl §,000-10,000t2]
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Yol eF2 whS 29l zasiazt ¥ di=, A ZRGAA 7 JIsich
chfdt Aot W E S AF2 B §548E 1Yl -4 F%
THE o] g% AxPH FIEPAE MUY + Tk

2k AlF 2ApA ] Ao} AWM U5

1) Mgk 9 Meri(dose and dose rate)

Hel wapto] w3 8ol 4° ofuzlel Ohg F44 2 absorbed
dose) == 4% D(dose D)2} gich A Mafofla] #apdars Z7ia)g]
B A2 448 3E& FIMIU AHEY 2RSS WA= ¢ttt
& 57} 37ka] 71EL ohe3t o |

$A Abt(Radappertization)-2 W-E3t AF &71& FF B2 Fao4
2 AFY Pl u]BES Fol7] Y FYLT XA} M 2=
Zojtt, 1 Azt iR wusix| dax AFS BESD Ad=A] o
=& gk A2 10kGyol oS AHR3ln, dut3 e s KHU} o]]KFE
BF Adefoll A R HR By gl dojuA] US I jAMIYES F
f8ith %A AF2 AdFo 71d AA(thermal sterilization)2} A}
sjch

WHdF AF(Radicidation)2 A]Eo] A& Mttt Rz} 84 Hud
u| 8 EE Holzlofl FEE Aol =FA7l= ZE ouitict Uy o
B A Eo] Q= SalmonellaE Fol:u] Algsh=o] Mdare 2 5-6kGy R
cheksta Ftdald 2443} [ARsich

2 Abd(Radurization)& HE%t £3f nj@EY £& ALAL22H
AlEY E4S AU S HFE AFd k247 Holrl
el AEE n]dEo MR 7| sl drt. 18E
2 e izt 2ustod ARgSich o] w2 AEY AR J7hE A%
4 gl Ao R85t MY A Fol me} 1-5kGy & L3t
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2) 2% (temperature) .
HEpbge] A3 ouxls 2xF HHAIZIn B AUES
HFAICE 2EE oA Fxo] dBE FEZ Yakd Bl 48S
A Ed 227t F71StE FAEEY Aol FIste] WAt Eaf
&% F7RIch x4 FE A= BT oM o $Asln W 2
= ZAF AFY W A S niXE HLEEY dAE

7lvka B ashgcy,

3) pH

PHE 12} AR E3 FUEY FAdoll F¥& njHo2N Urpd s
of 93 &Ftl Spink$} Woodsoll o5} Watdel EjzRe HF2]7)
8L 38d wWiths AEd o o felsicta 2asigen, 2
pHet Zaks wElzlol B Aol FsHoe 2g3ria stych

4) At2(Oxygen)

E25E ¥4 g4 d2ts 49 gl AEIIE B, =
A AR} giohR Bpbdiess As AMEA et of Nges
ZIdfoll ExQsts b4l o] Hod itas whEA Ao} ¥7]F
ZAH= 10%-10%sec B =

2] 31.'}1'%‘% 122 AdaE tir]gol] Adart FabsEs ARcl o wE &

r2.
r)'.
flo
otk
oL
e
An)
r
)
N
A
N
2
[+
s
2
.3
X

o, 4E 2} 7lge 20 ¥R
Zujol el A ZAb Hob @7 AL 19669 WA s AR}
2

AYUSEAAM “Co Zuhd g ol &Y AE MY ATt AFEATh HAle]
7 AE4Y 2} AEE o8 V2 dFEHA nhs, 2R, B, A
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2, o, ul, 2412, EolE, JX7FE Fol iyt §§& A3t AxH

oct.

<F YA Z A HE 2>

£ ey | MR ol
(kCy)
22, 39, obs o}, w2 o) 0.150]3}| 1987. 10. 16
ut o}, W2 o4 0.25013}| 1987. 10. 16
HAA 2 dz) 452 5% 23 1.0 ol&}| 1987. 10. 16

HEAE AZUSE A2\ ga ya@am| 7 ola | 1901 12 14
) oldjF £

9%, 133, 3% £ 4, 42(9HA3| 7 olsl | 1991. 12. 14
Au4EE A2 g4, 22| 5 ols | 1991 12 14
A aazusd 4, 42@AAH| 7018 | 1995 5. 19
AZYUE L olEZAE |97, S2@4)| 10018 | 1995 5 19
% EANE g, 42@ 88| 7018 | 1995 5. 19
gzo) 2 97, 4243|7018t | 1995 5. 19
AHEHENAER 27, 4@ 7018 | 1995 5. 19
25t Fol AW B it 10013t | 1995. 5. 19

¥HE 19704 Fib olFoll= AtdE A Fope A7 Al WA
FUll e F27HULA¥ (United Nation Development Program : UNDP)2]
A ol 23] 19754 uicky] =ab A]A™(®Co, 100kCi : 3.7 PBq)o]
Fdgoel et APH Al 29 g &F dd AE R4 977 7L
S3tA =k Fule) AR Ral AZe oyt 243 d7E= 32
2 AP0l 19804 FE 71| 17937 853 9lon, 32
YAy dF47t e AUY F401Y, aRTolrle FAlH Al 23
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19879 694 F7l= ofFo] AdH ciBHE Pabd 2ap 24 (¥Co,
640kCi )& &7, ¥ 7t5 Foll Ack =3 3L g drsofy 4
BE AP AEY A4 AE uY o 1987-1991d Ato] Fxpalof HA
& 1370 ARSI WA Zab FHIE B BAL2EE HSsto
A A EF G A 2 gt s 8ol #30] A
Hol glth

1991 79 1 g § AR 2 Fof th3t ethylene oxide FFAe]
7t FA"E F 2 AHE ol &3t dAe £t 2A Fksta e, of
= 23 FdFe AudeE aFEHE FEAEY cfardat o]
A Hdzos B g AR AEY} £58 7HEAFo] Ay A, 4t
2 Yol nu ARol22 Aol AE Aol WA zA|EY
87t F7kste AL <ddt Hadola} stk AIZeE AE W 98
HEF WA 2AE A A A AE AHE 97 shibso] 22
U ofi Bl ool JUelMdz FHAZE A4dF WAt zal AlHE 25
H FARE B of AF 2A] AL} AP A st

vl 22 Mz}PM RAle} 1L 44

1) &9 Axpd =4}

Heath 5(1990)2 Ilefudz] dxapd zApzh gt7] F3 FAde] ojust
BBE 7IAA dolBs A Ratel utel Ay Hlo] xjolzt
A=l 100kt AL F 81 AlRolA T o] 7t WAESEA] ot
| AREE AR o]3|7t st ¥ TBAZLS 300krdE ZAISE A]
gk TBAZIol Z 713142 100krd , 200krd A} A= TBAZLO] Z 71512
okgtrin wEslgen], Shamsuzzaman S(1995)L AFEZLS 1.0,
2.0, 3.0 kGyE HAM ZALE 3l 71.7CE A22x2S8 8 T 8TE A
ot T v]BEY BEI} B s golie AP Hzld =

b
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Ate} AFxgstoly dAeles 87 AZ 7S A= FAE Tt
2 gt 9iyich

ER Lee §(1996)2 #7]8] & Kol tigt 2.0kGy =P At}
25% 00, 75% N;2] MAP(modified atmosphere packing)S &t Agollx 3
0C, 2¢d 54 42 AHLA 7~14d w417 A2} Y% A&
st s ZARS 4 F SA Y3 of et vgEY 43 9
ol A5 & FAAY £ Qlciz d}gch  Luchsinger F(1996)-2 w ¢l
© A7 z7e ésg&w FABAEROE UFT 1.5 BEE 2.5
Gy ZRARE B F 1~-5CoN EHAAE 312 2.5 B 3.85ky &2 &
ARt AL -20~-14TE B5AAF 3ldE& of -17CHM SFAA AF
EAH dxpd R} Al2rh Mz Al o] BE o ofs) olE AR}
AP sici wEsct.

2) #|37] S2del ozt &z}

Parrish 5(1969)2 7TollA 1Y, 242t AF, 15ColA 1Y, 282 A
2, 20 197 MR, 21CollA 192 A 3 F nE ARE 2T
A 4d, 7U7 AP FEAHoT, iR AL 44 259 ¢4

71zkell ohet &-fo] HAol S vlxA| okrin Bstodch Minks
5(1972) 2 37l T4z ZulE AFEH2 FREYOS YR, &
0Cet 4.4C 2212 |4 717 793 159 T AAst 271 4
o vixl= Ad8E Bristded, ERde AcME A, dx, §
o], &&F WM 44 xlolrt ey njgE o AFEAHAA
£ Ao RN o £L2 AAE 493, 44T, FEFo] r}E
Helrrch d=2t &tk &% A= KFH FuddAE G493
xjol7t g g, AT 4.4C7 0CHT} o Sgtol, nj4E
4= 4.4C7 0CE} 5.34u) gotrt E&F 54 7|0l FrIel uwhel
Ax7t Frisicta wEstAct.
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Davey 5(1976)& 60C7t=| 239 &4 W7t HAd=led, 65Tol4
oMo} At 4 uiFo] oh AA =2 &3] ufjFoletr ¥t
o], Petaja 5(1985)& 7| E AFEe] 10C, 30C, 37C, 42CY
223 2zt AdFdolgo] MM SHAN F o A}E Yol
Ao 37~42TCollA 22 HAAF A87F A, pH, sarcomered
o, d=doiM o Fgitiz Rastdch. %3, Tornberg F(1986)2 Tt
o] 713 AA 2= 2520 15T A4 YN chia Pyl A==
259 37T #27] 259 dxof njX = P3re A3 Az} A3
o] whdo] glil il 2 15T Y o]l o] whid 23
A7 A UHEHc JMEEE 37T F3ET dxdHoy o 8
itk B8k ub7t 9l onf, Oreskovich 5(1988)& 2]37] S4l& 2T
A 747 &AM PVC(polyvinylchloride film)®2}, g3xar Trx
S 2 AYeN ZZHH = PICERo] ThE Ae|Rct o7t Wk

32 ALY L BE Aoy fAey Mg Alold 2 ¥, A
af, pH, TBA 3t atolrt glddch EAHLE H27] 54 749 712
33t ety Bl A4¥E Fa ol st

Koohmaraie 5(1991)-& whilz] EHa] u|89 zlo|:= o} o] gln
Ca’-dependent protease inhibitorZ ZtAA]7|: o7 =zoT AT ©
Ao whid FafE JhhBlste] ARE ¥ 4 S Zes Hust
gt 1 ¥ Koohmaraie 5(1994)2 dxof A3 E ujx= 2% =AY

izl 2z} Jha Fa3t 2Qlo|al o] Y, FepUgIEx AR
glon, gt Calpaing] w3l R3] Ag= A & st =A
H3te] fdelo] Hcin FAsigch 283 pHYE X7} calpainol] W
BYE 7I1x= acloletn B aspdct

Dransfield (1994)= <3}8] A =7} calpaing] $Fof uldsta 257}
Fi w2 3ol AAYLEF Frpsta, A FA o= A7
3, 82 3ZF ofiz} A= HF pHIL Woldle] net 49 ol F7tst

¥

-~

HN

—
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At F AE vlRSA F=ED, R 4278 HF pHe 15~3642
Qo] =gsiar 0~40T e e 2xoMe] §482 F571 10T
Z7vg ainjct 2,58) F7Hgch o] A2 3ot f4dsk=t] 0THA 10
42t A& ouiciy Eagt ut et

3. 4% 4 ¥y
7t 34 g 2 Axpd =4

4% 0~2CoA 19 A dbASI(Senitendinosus) $-9]8] 2]37]
¢t kg A FKHANM P43l oF T 2-In2 AT F AR5}
Aok AT ] A= 2UE Seld 8 &7l 2Rsidcth o
23 A2 =2} AEstA] s 5CellA 8Udd A Al ef 16-20
TG ¥R AR G HarE A4FHrIed (A ) ol ELV-4
1 MeV H=}d 717 (electron-beam accelator, Samsung Inc.,, Korea)E

= 1.5% 3.0kGy & sFo2 zASlert beam current: 1.5 kGy
o] AL 2 mio]lI 3.0 kGy: 4 mAolt}. conveyor system?] &HELE
20n/minolth, MEES 15Kyl 3.0kGy/s, 3.0kGy: 6.0KGy/sold,
Cellulose Triacetate(CTA) HBAE FFpidgo] FAHAUTL 7]
AR YES 42 AR ¥ of 3-547o] F}H Fof 5Ce 20T
incubatorofl =] @3talsl, 20THIA ] 22 442 A2 T A F
THA] 5Cofl =@ sto] 12 542 A2E 3 whEste Sl

LAY uy
1) pH &3

27 ARE HHIE AL ¥ 10gS FFT 100ute] Yol 1.58 F
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o

P F23t] pH meter(SUNTEX, Model SP-5A, Taiwan)8& Ap8-3}o] XA 3}

3R

=3

2) dXx(Tenderness) &7

A/ WP % A E FAS M HE A ¥LE 0T
7t € uizbx] 71ERt ¥, laaXlemX1cm® A2 d¥ste] 27 74
o] probe7}t W= 23 90° 7t HE& start. AP FKUA
2371 A2 37§ Fu]sle] Instron (Instron model 1000, England)}o &
dx8 SAsleict. Probe:= Puncture probe (‘2830 + 005/015)8 A3}
gon, Instron3E R L Probe chuck Assembly: 2830 - 005, Range
50kg, Crosshead control 200em/min, Chart speed 10X10 mm/mino}git}.

3) ME(Color) &A
A48 Chroma meter (Minolta CR-210, Japan)S& ARRS}of CIE L,
a, b system (Commission International de 1’Eclairage-International

Commission on Iilumination System)2 2 L, a, b3S SAsidr).

4) TBA(Thiobarbituric acid) Value &3

TBAZLS Witte 5(1970)2] WY& +Asld St AR 22
7] 10gol 20% TCA&§ 25 nl& ol #A3tArt oldl FF+E st
o & 295 50 0l & W50 o2 (Fhatman filter paper #1)3t = o] o
o} 5mg2} TBA(O. 005M 2-thiobarbituric acid)-&<¢ 5méE Zsto] 15412
Fot hd4o] WXt ¥ FH F=A(Shimadzu V160, Japan)E 530nmoi]
A EZ=E A3t

5) Fd(HY nAE £) &3
234 F3L 217 FHo HFH Template (2.5cm x 4em)E il
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2 dad HEeE 2 103, A= 103 EE ¥, HIFH Ix
Peptone(DIFCO Laboratories, USA)S 10mfo] WHES Yo voltex mixer®E
FAAZ A& At wfx]=  plate count  agar(DIFCO
Laboratories, USA)E A3} 30~300712] F2H(colony)S BHAI8H A
Tt A3ty FF+E FAsHAch

6) 2% A4t

By Ar= 58F A8 [(Hh23(5T), 1.5k6y(5TC, 20T), 3.0kGy(5T,
20T)] o zelgel Eul, dE, hEAH, $UA 713ES 5w By 7
Alglo] M £ 0, 2, 4, 6, 9ol ztzt SATE  EY AHK2] {4
= A% AAde od Witk ARE JexX2oXZm2rs Az
F, AREE 0T Zostd B AAUSOlA ABech  BE
At &3} Eulojd 1S nhe U 108S mh Egolgch A=
of QlojAt 17o] uheAZ, 10Mo] uf SARoId T, THEHY A$ 1
Hol uf$- Az, 10Mo] of$ TIEolA L, FUN 7BELE 17o] o)
18, 1030 uj$ FLolsich.

7) AR
FAENE Duncan®] TSP YLE 4pFo8 Xzt R4S
A3t
4. d3 9 2%
7t AN AAF pHe| w3
Azpd zab AP 4 2o o E pH HILE Eiof e} ot
<

N pHZt HZ7REA A F¥S dehda, A3 2d=iof
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t A2 RAE Bon, BEE AEoA 9Uo= 6Yof b3} ThA 2
w2 & vehdoch  agu, AE 25U AR olE @A xol=
Ltehpx] ¢kof, Lee §(1996)0] A& pHE 2%, XA} Al {7, A
3 Aol wel Feoido]l AWEA Adthe HEe} JAR S 44
1=

Table 1. Changes of pH values of Semitendinosus muscle of Hanwoo
beef with or without electron-beam treatment stored for 9
days at different temperatures

Iradiated
Days Non-irradiated
5C 1.5kGy-5TC 15kGy-20C 3.0kGy-5T  3.0kGy-20T
0 524 5.25 521 5.30 540
2 5.19 5.16 5.18 5.19 527
4 5.36 5.38 5.37 5.35 5.33
6 5.50 5.28 531 532 534
9 5.89 5.45 543 543 540

. Axkelel w3}

Azbd zal A2t 44 Lo oE H37]9] Axhty W= X2
Ueh} gtk ZlAlol o3t ARl dx 4 G HF 20TA R
M A3 2dxj e ActFo] dolx 1 Ko ojE A AIF U
Eigton], A3 7]zt F¢t ANk o e Mnido] uol Axrt FHEHE=
%S vehdlch 5T AHRZH ARe dB4Ue FAE UEhiA
3R AL oA F B AR met Axteols WA AolE e}
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U= gl

FHAA Hrid Be PFajoll 2AY A HESE H3of| veht
Ao Aol ottt A& B H3} 20C AR = A 2d#FH
Acko] ylolx A3} 7]zto] 2d4-F A=t %‘%Q%ﬂ- BeE Hee
o, thZF+= 94 dxrt tid golAlE= ZYSE BArh Heath &
(1990)2 =Apgoll wpE Hvhe] {old2 A=A Agkeia Ul
ou], Lee 5(1996)2 2.0kGy =2 KA}t 25% COy;, 75% N9l MA(modified
atmosphere) £34F 4]27] ALZE 3TN 2 5ot S4Y 29 A o]
M 7-140 44417 A SUY ASE FA%ThD B2 Petaja
S(1985) . Ab F 37ToA 3|7t S4A Fo] =4t F 0-2TAAM &
4% #arjEr} Bop 8 At Basielct

Table 2. Shear force values (kg) of Semitendinosus muscle of Hanwoo
beef with or without electron-beam treatment stored for 9
days at different temperatures

jrradiated
Days Non-irradiated
5C 15kGy-5TC  15kGy-20C  30kGy-5C  3.0kGy-20C
0 1.90° 1.98° 167° 1.76° 1.57°
2 1.54° 1.48° 1.24° 1.66° 1.48°
4 173 179° 161° 164° 1712
6 1.71% 1.68° 1.49° 1.60° 1.30°
9 1.60° 1.45° 1338 1.88° 161°

a, b, ¢: Means within a row with different superscript letters are significantly different (P<0.05)
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th S w3}

Axpd ZAb gzt 44 2o 0E HdKe] &4 HSE= ¥3 U}
Eft olch MAHQ el 2%t K454 Az} AR 47 FIHel
a}el BE A ROIA a(redness)to] Wolxl: ZAYS Hga, Axpd =
AL AlZ o] agle] A=xpd ZASEA] 42 AgHct o YA Jeldon],
3.0kGy Al &7} 1.5kGyAlRECH o W2 aZhg Liehfigich  gHH, 20Tl
A &7 AlEe] A9, sTARET) ohA Yo HEre JJehfyrh
&, Az A SRe 12 44 22t AR agel FN A= &
8L Forch I L(lightness) gkt b(yellowness) {2 ch2F9} 2
Ab Al 27t fatden, AR dfeo] miel AU Wb UeplR]
dgtel AR Jid, RAMR, 257 FIUSE AA{42 YA 44
o2 wagr},

SMof gt FRAA A A b Hdeof Yeht gk B F
b @2b ARpdzAIA 2ot 20T 44 A5 M2 o2 ARy |4
of ul# W2 A% HARE JehfATHp<0.05). ol Hzp= &4
228 oftjel Az Zapt KMo A AUE F= NG vy
ARNY E4 H2el dAstgch iR pe] S92 AT HEL op2
Aol xR vy et }ePAXE KoY o AgE2 A
A Jiztel whel Y2 FeAAXE Uehidch. ot HAip:
Luchsinger $(1996)c] 27|y Xz}l Mo A=} A3z, T
A 7lalo] WolHE uf Mo Aol btk B9} FAR HZ Al
Hr}h
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Table 3. Color values of Semitendinosus muscle of Hanwoo beef with
or without electron-beam treatment stored for 9 days at
different temperatures

Irradiated
Days Non-irradiated ‘
5T 15kGy-5C 1.5kGy-20C 3.0kGy-5C 30kGy-20T
0 L 3559 37.04 35.87 33.72 35.24
a 20.72* 15.41° 13.38° 11.79° 10.93°
b 9.16 7.74 7.65 6.09 6.25
2 L 3547 36.82 3875 3657 38.47
a 1898 1421° 11.76° 10.22° 10.24°
b 8.58 8.44 727 7.77 8.81
4L 3656 37.40 40.30 38.02 38.98
a 19.19 14.17° 10.68° 10.94° 9.25°
b 8.4 8.02 8.88 7.86 8.68
6 L 3657 38.04 3755 37.80 37.80
a  1258° 12.28° 9.83° 9.55° 7.68°
b 6.51 8.29 7.85 8.00 8.14
L 35 40.46 38.79 39.36 37.08
a 17.69° 10.91° 11.93° 9.59° 10.29°
b 536 9.47 781 8.86 8.23

a, b, ¢ Means within a row with different superscript letters are significantly different (P<0.05)
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Table 4. Sensory score of Semitendinosus muscle of Hanwoo beef
stored for 9 days at different temperatures

Non-irradiate Irradiated
ltems Days d 1.5kGy-20 3.0kGy-20
5T 1.5kGy-5TC “C 3.0kGy-5T
Color 0 95 67 46 56° 42
2 87 48° 5.4° 43 38
4 5.3 49° 50° 45 4.3
& 8.1* 59° 6.6° 48° 37
9 87 38° 53 3.1° 39°
Tender O 6.4 6.1 6.1 64 6.0
ness 2 55 48 69 586 48
4 6.1 63 68 56 5.5
6 48 6.0 64 686 50
g 56 51 53 44 36
Juiciness 0 6.7 55 66 6.2 6.5
2 6.0 45 68 52 49
4 57 6.1 6.4 5.1 50
8 53 52 6.1 6.4 46
9 49 44 43 45 39
Fiavor 0 84 7.0 6.1 6.7 6.3
2 6.1 44 8.2 58 6.0
4 6.0 53 6.0 5.5 52
6 52 6.0 58 6.1 57
9 5.6 52 56 56 45
Overall 0 76 7.1 6.3 6.2 6.0
accepta 2 6.1 44 7.0 50 57
bility 4 6.0 586 56 56 47
6 5.2 6.0 6.4 6.3 5.0
9 53 44 5.1 5.1 43

a, b, ¢ Means within a row with different superscript letters are significantly different (P<0.05)
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gt 7l X FA #FH

Axpd A AP |4 xof o2 Ad] Fojo] HE H3of U
el olch. A A Fldol Ad4F tUN-F AlRoM Fulof ot #e
Atxs tha Wolls BVE Bgen], BE AR Fuld utt Ay
Aol 8AE 2ol Uehliz] Qrotem{(PX0.05), o Hjo] ofsiwd
BUeBIIALSo] 4P A=A Aol @2 Fojg zolE AAsiA]
23 Zog agHct 23U} Heath $(1990)o] 1kGy ZA} ¥ €13l 4]
FollMgt o3|}t wagsla] gk 2kGy, 3kGyo] AlBolA: MY o2y}
WStk & A7 A= AdolsiAl Eagt up olrt

AP A} A} 4 Exo S AMK TiEAge] U= #H39]
el Qe o278 24t Alg 2F AN 7ldo] Fridel mel ciE
ol A FePAlgho] AtH oL tih Wopxi: FYS HALd, A
% 6dzt 9 Atelefl 71 F AlolE KA, I F 3.0kGy-20CA| =7t 9
dxfe] 713 W2 ¢x& 2ot U Axpd 2A {FFU A2 &
3 Exo] WE ciEgol titt Hxte dFY AAE vehliA gtch

AP A A2 ¢4 250 8 AUS FHAA 4859 W
= ¥3o] Uep} Qlth iR} Al AR BE HA Jldo] Fihgtel
ulet Y Lo dift AePrlgte]l FFo T tia WolA:= F
s Boou, ey Azxbd A fRU 22542 xdd O E FHH
T&xo] g s AdBH AE yehdz] Adglch

of, Ald& xatste] W
Axpd 22 A G4 25 o A% TBA UM #54 UE}

L sleh 3.0kGyAl2Y e &4 ko Aol thxTe 1.5kGyA]
Sof uls] MY 2-4ddol w2 FHEE Uehid =], ol Heath &
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(1930)0] 300krad& ZA}EH A2 TBAZLO] 100kred, 200kred RAPA]E.2)
TBAZIE T &2 H¥E Baste zapdadol] wiel TBAZtel F7isic:
= A9 Zjet sty 3, 1.5kGy-20TARE AHA 6Uxjol

< FAE X931, 5TAEY FHEI 20TAERT} ti4 2oy
2 o YL $&5F APANE FAs=Z s el A
2o BE AgdA A7l ulet TBAZte] MAE] Frishe AE
Rarh  Lee §(1996)2 ZAHO, 2kGy)2} 2x4A (2T, 15T, 30C)
e VAol 25 F7t BVE Bola, 53| cfzpoM JFHI F7}
A3 Rygrin wFEstect.  Luchsinger 5(1996)-2 TBA 2t 2.5kGy
ZAPA] 78ROl BAX(1.0)EF dolad, 1.5 kGy: 14def Hojscin
2ast7le stch

Table 5. TBA value of Semitendinosus muscle of Hanwoo beef with
or without irradiation treatment stored for 9 days at different

temperatures
irradiated
Days Non-irradiated
5C 1.5kGy-5C 15kGy-20TC  3.0kGy-5T  3.0kGy-20T
0 0.233 0.173 0.304 0.242 0.359
2 0.305 0.352 0.370 0.589 0.628
4 0.282 0.562 0.562 0.712 0.832
6 0.626 0.484 0.745 0932 0.858
9 0.399 0.660 0.718 0.985 0.692




Bf. 3349 ¥

Hxbd 22} A3} ¢4 20 @2 AMK FAF4Y HEs 6o
el ek A A odofl oot 1.5 kGy Al82] X7 F4of HrlE
zol(x 10’8 E)F Holx] Ugtor}, 3.0 koyAlBE thZPU 1.5 kGyol
ul3f it vl dE47t WA vetdch

20CEA AlRolME 1.5 kGyLt 3.0 kGy RA} HelH A8 RE 2¢x)]
of 10" BEE Uteh) 4dsiol= E3f $2o ol=gyrh. walM, ofg
8 A2t Azt 2AF At 2 €4 sl BH uPEY A
of EapHolx] Rsjrhs A& ofuittch. B F(1997)of #jstd 3.0 kGy
&9 ubd Al et 0] AEE 5CU 20T $A4519E 3
Sols A3 sUFet BF w2 MFS(x 1008 §xslo vig A
oleirtr B gk w} glrh. ol ¥ A Lee H(1996)0] RAH2kGy)=
<4 7o B2 vgES HAE 7 ARFE SHLE(ST,
15C, 0T)oll F2 FUS Werhe LR [ABIACE  Minks2} Strin
(1972) = A% 5o dE nEE F& 4.4TColM 0THC} 5.34uvf Y
gtris st

Table 6. Total bacterial counts of Semitendinosus muscle of Hanwoo
beef with or without irradiation treatment stored for 9 days
at different temperatures

Irradiated

Days Non-irradiated
1.5kGy-5TC  1.5kGy-20T 3.0kGy-5T 3.0kGy-20TC

5C
0 28x10° 1.4%x10° 39x1¢° 8.8x10’ 8.1 X 10F
2 86x10° 24x10° 6.8x10 1Ax W 40x 10
4 1.6x10° 5.1x10° 1.8x 10" 1.2x10° 62x10°
6 19x10° 50x10° INTC 16x10° 1.6x10"
] 88x10" 82x10° TNTC 37x10 TNTC

* TNTC :Too Numerous To Count

_ml_



A 3 A upd, Axpd 2A7 HasF P44
nBE BBl v &I

.4 &

ME" sEo Yges AFY GAAl gt #ilo] ol uwal
HEY FU3} sldo] AR Qloh MY £Fo Yo ofF.
AaEchs A3 432 Hd%e] Hsiden, ojof wat 58 NE
8 A7t 3rista gl Hurjel e FAAES douttnoes Iy
H U A FolAT, HYY u]dEolY Fun|BE Fo| FAe Ay
& =& Z33 glof, Wt H3 AFE Kol Hdo] s &
th E3I FTOATH stellM A2 ol I Fadol FFEL,
FEETHE YKo ditt 3o wolAdA 2HEE 47]9 GA
goll A3 Aol FriEn drk ol FEAZ AMAEY W H 4
43 ot HEJ "oyl wel, JEe AEAY - WY EY
AdE BAst, AFH xdy JAE A AR oA AF
of IpFQ WA zajel P2 wrtEAIWY B AMEE AEA
- 7Rrled "eddel REz vk A Rabe AlEAgel A
oA AEFINFHEE % JHEAEA 8% HVAY/[E ALTF oA
Tololl AAHor HEY 4 glen, JEY Yol vlstef ofiix]e]
2871 WE3] Hol FAHA S B oflet vl S e, FH w4
Ho N e AUz glch F3], PAbd A E] nBEYHE b
< FA iAol o3 W 7|7 ARXFo] fton), Aol cigt WA}
e o] gy ERE 1 hAN A8 st o3 Je] dA
AR, 3 elgeol HESSCL

FAAFol Mo AeE WAl 2 AHE2 FE n]E¥RY FuiE
st qYYe FAA7I5, BUY vlEE AHLE HUst AE
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AL Aste=de 2 R4S F3 glon, Zalof] o3 AEY FF
71gtol f2idog AxE £ Ak HZ Havle] 2 HAY X
=+ 0157:H7oll 2%t A FRo] njFS ¥[EY AlA AIFddA EFAEHA
3, A Zapigol ol2dt AFE Mgl Ao HAd wWie=
dEEz ok 19979 njF A EeEA(Food and  Drug
Administration)off i 23 7] Mo WAl Al HelE 383t
Ad 7hE% Bo ohlel favles abdzalxelsl sgHden,
2a Uet 1997dof] 37 @ KA BN E coli OIST:HIZ} Listeria
monocytogenes?t &Y Apzlo] wAEo] 27| Fo HLLu| Sl
that #alo| Rzis(wA ulrid abzubdel "ase] FriE ot
habd apel AlE QhAA Aol it Azte A& FFRU 24
s, uwapdo] ot uigE] Ay g, 25, ¥ R4,
A ENIEL] EAR, AEY 43 Hol wa} ciadsie, ol titt @
37t Gurs] zsgEo] Ut Lawried] AR(1974)ofM = HiaAld Zabe}
A7 vjdEo] ot RuiE Astedl Asp glrka siglch
Lebepe 2 -7(1990)ofiE HxNE AFAEAM 3 kGy2 Zupd
o Hesh] Bag Az M HA o 2718 ARl 41
o oo ujsf, AR 22l AArizie] U AREHAR, =
Murano 52 A-F(1995)cllME 7t HarlE HFAeiold 2.0 koy2 =
A elste] Aget Az, B 60U AR Folx YsfEA] ¢
otth. Mattison 52| AF(1986)ollAM= AFEAYH SHVE Hupd
IGyS ZAIsto] 4Tl 2, 7, 14, 214& A3 ¥ njgdBS B3
Az, AAH AR F2FolU WEAHAE Y 7 ALd
utdd, AN EE 3t @2 AlRolME ¥R AL st F& It
7t Fu 52 dF(19%)0lHE 2.2 kGyE A el¥ pork chop
old2] T4 BB 4t eV £F olstaen, AFol 2
7Co =&" Aefzt AT 1.0 logwolstE FEstach



Shamsuzzaman F(1995)%] dFoM= AFEFRKES Azxjd 1.0, 2.0,
3.0 kGy2 ZApAeiste] 71.7CE M2z & ¢ ¥, 8TE AAYsi: §
b nAES MY A, AFY o] 837 A=Ak =R
Luchsinger $(1996)-2 w| ¢l&= ==yl =28 AFEA} FriTHE
FOog e, A 1.5 & 2.5 kyE ZRAME 8 ¥ 1~5ColA
RS 5131, 2.5 B 3.85 kGyE ZAIZ L -20~-14TE Y&
2 RS wf -17CoHA WEA AFXPH AL 2 AR Y
2} 4tsf, vl BE ol ofsf c}E AlZ Rt hAsicin dasiach
Fufolld ¥zl AMRE L A ZAupd RAE £ AZA T AE-F
3 AAFAZAE ol &FHA] n oo, =3t ofIFe] AHe Az}
AL HelE A&ol] FHL317] 9% ATt thh o] Folx gl Wiy,
e Uelod e Ha4E Axpd 43S 220] A48 22 Agol
ulu| 3t ARojr}, whety 2 A3 Zuopd W A2 2ah Mgt 948
A B E of7|Y 4= Q= E coli 0157:HTY} Listeria monocytogenes2}
e Fo HYAY njdE 3 u]BEQl Sheranella putrefaciens?]
Ao nlxlEe BHE ZAPLa, ehd ZApg dxpd zapet @2 A
Z}7] vla}A(electromagnetic radiation)& o|&3}od whr|zh ol 23

718] 2g 54& AA BEE Y372 = st

32

xR
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2. A3}

7h. Alge) 148

t HEol7] uell njgEo] dA FAY 4 oon, nEEe FAd
olsf FHol IA A3td + AS ¥ ope}, AFHoIU AES
st delol Hrlxe gk A& udE 24 =531 33 E Fo
R3] dojuin, §3] Ji&d JiF, ¥F, d, ¥UE, d¥ 52 249
7Hsgol 23, =¥ =AE It AR B, = B¢ T F4
Aolut BHozyy oW YU &, ¥, $3, J4EBY A&
ol R vldEo] 23 2HdHE 5+ vt AJofM A He
Btejglols FE KEHolA ARt vFERH Bol F2
gloks 452 d¥zos @Y 4 glovg I Fo| 2Y=HA] U=
& F2sloiof givt. E& =4S vid 2, A}y OtE, J2F
22| uicto|n} o Exfsts A& F2 Py M2 vjdEd 2
AE = A=F HFol Fostoio} Ul
Ao n[E 2EAE 2EuEEL] FRE =4 U ALY o4
3 F A2, HE 9 REAE Fo vdE 4F3=el o3 A3y
th AR nEES FE {2 ) L5 EASin], dito
AMT A8e gdo] EAsts AFfE 10°~10° CFU/ad BEoln, &
@ UFol Exsts AT 10°~10° CFU/me FEolth 22 ulFe
Al Zob A Y AL (Food, Safety and Inspection Service, FSIS)efl 2]3F &
ol SHF2 71222 FHu]BEL aerobic plate count, Coliforms,
Escherichia coli, Staphylococcus aureus, Clostridium perfringens,
Listeria monocytogenes, Campylobacter jejuni, Escherichia coli
0157:H7, Salmonella 402 BXEo] Q& Zog rLlelyrt Alke



2% Aol LEE] AFHoL AEAHRE UY + oen, R
Rl Mo R Salmonella, Vibrio, FEscherichia coli, Staphylococcus
aureus, Clostridium perfringens, Clostridium, botulinum, Bacillus
cereus, Proteus, Yersinia, Campylobacter, Shigella W mycotoxin %
o] olrk. 53] BH nidES Aol A& FEY AUR Sojot §F
71el XSIAA AAHI A7tx] E2std, =5AFFU oiE 7R
o2 Hold 7hgdo]l deBE HAFoo} ¥l =X 2HS F0]7]
glsiE QEUE Holof sted, ndE 29E& WM E the

2 BAE FAsHe ol Fasith n]dEY FYAE AT $13
AL o, Az7F, €7, A, 9§ Fol EL AL
g3 ol e S7IE, w4 5 Helo AFE Mok ER Y
AE HRY A2BAY =7 5o vlAE WA BojslE2R Y
L3 g FAE 7ol 3in, AP A= fxlo] AT
& Hof ¥t} =9} HE FEE NFE UA ¥ nAEE
g Foll WK $3717F Holu Ao FFHAL, nvidte] s47}
BABEA] Wotop ¥t

AEe) 4ol wastel gart vAY eal
ohuzh @78t Be SAsk] Ago] BrbsshAl St old Bae W
Polzhzn trh AR doluy] 4@ WAL ulBEe] FAol sl wy

Aol  ojmjiAitE  AAPst:  tiA  ofum|i4te]  amine, ammonia,
mercaptane, H;S, CO;, Hz, CH; §& AA3te= Add], o]zt d4& ¥

sfetz ek FEZ AFol FuEIZAY AL iy AFFE,
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7143, R SME Use o3 HEdt e Aside] ot fuj
of ol2A Hrl =pri4zte= 22 Y Tio st dojute FHYU
off wtsto] Fuli(putrefaction)= 2F-oflA AL Aol 28 Bafute
oict. Nufof A3t n|BES o FHRI AAHY 3 oA F
sigjo] At Fjdldo] FIb "l FuiFS Al Fol wet 2 FH/IE tl
2y, F= 8714 MFe  Clostridiunm &, 374 Mz
Pseudomonas, Achromobacter, Proteus, Flavobacterium, Micrococcus,
Serratia, nterococcus, Escherichia, Aerobacter Ho| ¢lon Jld¥H
FolE 3714 ¥uiFol ittt

580l £&HAUY, vigBcl YEso] Easte YzHoERY =
Aol o] AzER, =& F K9 wWollso] FAEHAU 3 etslA
u|dEo] & ANl A FAE 5 vt =¥ ¥H, =X F
71838 Foll AF2FE 2¢o] Fatt Yoz vehta gt o]
23 AAS 23] A AL 45 47 d el dSolv ¥R
(0~47C)oll %L stA Hrh 22l A8 YHAFES 2K H3f
§ 23, AF5 oyl 2 Yol shl, dRH o] n|gEe] 4%
HE2& AWSAU FEVE ABY T UAN, vEY FAE A
g 5 g0 die] A&S JRB AU T S 3 FAL UEYT
=3

EB85 A A dl{ste FSE dedl= AL fERUA
(Pseudomonas)& HIR T W2 A4 u|BEE, F3] I elz|obe}
F%ol RRFolth o|AEL AKEH YA FAsl] A% WA
ol el Wale] Hrh WL Fun|AEES EEYE ol &30, EE
Fo| BF ARFW olnjiitg o] &3l Fuie dAde] FHE= ¢EY
ot} HHJES WaERch J3I|, Pseudomonasv= T71F JEfe] A2
N RETg o|g3te wi2A FAstel, Bd AF47t 10° CFU/adle 2
A3t Rego] AEojte] ulel ofujiitE o83l tEYol



indol, skatol & 4443t EHANE BAYsI=2z K[ Fujof o]
Al ol &4 4L FL3icl

Algo] Rl A& BHo|u YFojA zieks v BdEo|U u|BES
chAtabE wfFell vepdch of -39 el A& Fwofa Al =
ol ol @5 o FRo mel AR Fujo F4& et A&
Euf gutyez ol gloy AL W oy 10°~10° 22 ulAg
B £FoA wEY, 2 B UE, A4} HAYFo] et w©
Wl B BNV BHG olHel WA ¢ttt FIE UEl
e B33 AFE A4, B4 AR A TIHAZFY F
Alof o8t HANY AAgH o 10° CFU/ g ¥ EolH £y E, 107 ~10°
CFU/ato]® HASS HAUTL Ayres: K] A AF$7t 107°~10"°
CFU/cidd of %331 wgsigen, 107°~10"° CFi/oied of HASS
A/gstacia Basioct

E#f, u|4E F4o] ol £RHUAHE XA At FHol F
A & 4 o3, Al @rAddolr}l Bdd(facultative
microorganisms)off &%t 284 ¥sf, iz, K49l myoglobing] ¥
ol &3t WA Fo] gt}

Age] Hu&ss Alfd ZAsts nld&e TR &+ AMP2A A
71l B4 (pH, TRYAE) uwjet 2¢¥ch dityes, 715 =A
L njgEe A4S HAZN Y £ gl 2wl ANz 0T Yo
oith. uwlebd ERHuAELS AchEgold F2 Yol xtetA =Hi, AAE
£ 79 |¥Ho] AxA Hul, MAZY Fol AES HAt =
of o3l $AH += Qth AR AFLEL o A} A& tf
E3Q ngES A= /1R Fa3t ot & EW 0T ol
9] 2xodE YA AlFol 3 Aetio|th. Al Ko Yzbo] x| AxH
A8 2l 15~25C7 B3 o] 5 HWHdAE 5248 HuFel F
2 2etA "Heh $24 RuFd wEA FAFHI AU RIE
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WEATE A&l BB v B WBS o7l AL o
0T ¥-2ofd 4&e APsfo} Pk ol RS Luoldt ¥5iE ¥
43 @ 4 qrh

. A& Fo F2 Y44 viE

A Rg B3l op7|El = AEIBLE FE AKS HE, el W L5
Aoy 2= E ALY of WAESIE PUY vjEEY 43¢ 54
Agsge] 71uste], Al &o] glo] I WHUY njBEL AFHS U
7Hsdol AA A7t Hr), 4d8ef F2 A= HYE v|dER
M=ol AdE ded F AUx AIFLEE Salmonella,
Campylobacter, C. perfringens, Listeria monocytogenes, Yersinia
enterocolitica, E. coli 0157 : H7, Vibrio Bo] Qit}

5ol osto] WAHLE AFHE AEFUoleErt AFEAuiAde
glojq dxtFes Fo% EANE Ry Qch o I717 Ad
A zw B3 salmonellosis, campylobacteriosis, listeriosis $of
o3 ojgS A QU] wEelrh uFME A 650~3,3002A 9]
Alelad zlwlo] WSS, salmonellosis®] Aente Wzt 2uinhde] 3
27t wAdE o] 254,0000t82] FAY &4do] Xxef¥cin gich

2ol 2 7joll AN WU HPF 0157:H7el] &7t A FKo| n]
& U R HA ol EFAl HAR, ety 1997300 4
27l B S B E coli O157:H73} Listeria monocytogenes7} H{&
H Alzio] wAEo] Hur|Fol HUGuFEN iyt Hidol FAHI
sict,

WM Escherichia coli= £ 2 UeAlate] Bakgt pjAax oA W
2| = Folx|nt 19853 9 Escherichia coli 0157 : H7 A|F% Alzo]
gt o]l¥ oMol RztE|grt. WA E colit Enterotoxigenic,



Enteroinvasive, Hemorrhagic, Enteropathogenic® 47}zxj8 BH& 4
alrl,  Enterotoxigenic £ doff 713t HA(heat-stable toxin)9} @
off ¥ HA(heat-labile toxin)E F4st=d F4L 44 2R, ¥
48 Zdeiel GAISIth Enteroinvasive £ coli= AR ARG
st FAol vehbed 2 udd, 2%, ¥, JF 4=
Shigellosis®} -F-APSIth Hemorrhagic £ cofit I 0157 : HY Fof
o3 294 H9S dedls dolth. F2 W dale} 4 BE8 &
ettt ofltlojgoiAL &Y 25F2 FHATHFo] WA &
th Enteropathogenic E. colit ot W9l 7lzto] wia{x Q=] ¢e
U £2 Folse dAE X%ttt Escherichia coli 0157 : HT Al&%&
< &894 tRdolets F4AES isie], @ 8l WA F=2
s, 7lel SAE 9 URel YAM T WPHCE AR Fofl HUA
E. coli®] @l I LE A E 3t=d A &Y 718 X & 2
A 3tx, 23t o] ool & cisieiof & Hojr}

1980d7t=] el AHlg|obF(Listeriosis) 714 Ay oagh Aio| 9l
elor}, 1 % L¥AMal Listeria monocytogenes7t AEEROT ZaM
ol #ZE gt

L. monocytogenesd-& 1¥Qd, M2, &840l AL 4o ¥
Hgdsta] od=th A FPALEL 30~37Col 3~4TCY PF 2o
A & zpgith, d3 pH HelE 5.0~9.0013, 4T Xogdgdofa =}
@ 4 Qth L monocytogenesdE £, AE, ¥ § RE Ad =A
of Exglo} Qt}. L monocytogenes #F& 78 TI.7CoM 1527
7Hdstod s Aot 4 e} 76.4~77.8TollA 15.427k2] oA
£ A" 4 ok eladzobEe] e Fag, f, A=, 44
2, 4E, "HFESA #FE AFAAM b¥Eoi(Cantoni T 1989,
Centers for Disease Control 1989, Pearson and Marth 1990), o] #+&
3CAIN BAH AZEdAME & Ajgich
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gt. TEY AFo ittt =483

TE4 AES ¥ 9 FFEA2 A oY u|BES B
oltlh. 8 ¥HAFOTLE Salmonella spp, Escherichia coli, Vibrio
parahaemolyticus, Yersinia enterocolitica 5o] Qloun] o5& Alzist
273282 23 9 omu], =5 EAS Xstgct. ol ujBE
FHE Asy] A Y, ¥F ¥, A=, 4% ¥4, 2EFxF,
7IARY, B2HIFE 4 el AHgEO e, {3 whabd 2
t TESHEY 2] vBESE LT EN YV NS AFAY
vk B Zupd 27 &7 9 SRASNM Bed, ¥ F
S EESAA HHY YU E AHAY 5 Q= Mo FHFEHA
CH(Niemand 5 1981, Thayer 5 1986, Skala 5 1987, Thayer S5 1993).

Katta ol 2/8t |7(1991)olM= €278 Huld 2.0 kGyE AR
F FM43 A2} 99%2] ulEEFo] AA=EYCL

Cho 5(1985)2 &ii7loll utid 10 kGy +E7A] ARt B3¢ =37
Zto] 2~3F 7t AAxidrin B astedn, E8 Mossel 5977) 1~5
kGy 74x19] zintd =Al 42&o| ©iL7] Carcasses §9 Salmonella AH|A
off 2}t olgrta Kasgict

Thayer 5(1993)& HFEAR 4l4d& Hx27E upd 0.57, 1.91,
3.76, 5.52, E& 7.25 kGy® ZAISl 2CeollM 1, 7, 14, 21, 28, 257
AR ¥ BIY 2= QM FE2FY EA4 9 £& 24 F
1.91 kGy o]’dellME 3547 PAA Y Folx FF3e v EZ
Hax=x] ook, 0.57 kyE AMA 2| AlgelM= Staphylococcus,
Micrococcus, BRFo] LAstA =gt Hastdon, Mattison S
(1986)2 NFEZH HA 17 & AUvpd IkGyE ZAPst] 4TAlA 2, 7,
14, 21 A F FA4N A, 2AHeH AR F2FolU ¥
718 Y 7t A" i, AN E olx] 42 Almdide W
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B A& st 3¢ F7 Foshcke Bastedct

1) Mg oSl ozt =atnz}

22 AS52} #Hste] BEAMA] B3 9= Escherichia coli 0157 : H7
2} Listeria monocytogenes o] WAt Tate] iAo digt AFES
Ch&3 et

B 5(1997)2 Escherichia coli 0157:H72] A#& 913 ZulMz 71d
Aelo] TS Yot AFolA E coli 0157:H7 FF& WA &
q JHE(102) 2 HEx 2iste] MY A3} Do O LiERA wiapMd 2
F4E WA T 5= 0.116 kGy, 7id2} H&A2lAl= o 0.07 kGyR
veidcia wasidct £8 E coli 0157:H7 338 AMaH £ &
4. FZAAA AP i Zed & ZARE AFollA E coli 0157:H7
32 Do $ 12 Do BH2 0.459} 5.4 kGyE 2z}2z} Yelton|, %4
3 A4 3~5 kGy ZALRZH 6.67~11.11 log CycleS TAA|Z £ gl
£t Aoz yeiyrh wely AxPH il FH&K HH™ E coli
0157:H7 #3329 AAol wi-¢ A7} oldciz B astdch

FU 5(1997)2 417 2Ho|3E zutd A ¥ F3F #H3e
Escherichia coli O157:H78] 2 & UolR:= AYA 27| Age]a
ol Escherichia coli 0157:H7& 10° CFU/mL2 HZ8 ¥ AR X2 -
271235t utd 0.60, 0.80, 1.5, 2.0 kGyE ZAP3t Thg 7TolA
7, 25T A 287 A Asto] 2% A}, Escherichia coli 0157:H7
£ 1.5 koyelde BT E343 mo AR Sd&=ded,
0.6kGyoll A= 1 logCFU/gZt 4z glet 7Cef 25ToA A stz &<t
o] g Eo] NAM3] FAFHcte Rastct

Clavero 5(1994)2 7t %] 7)ol Escherichia coli O157:H7& A&t
T 2 xAste] Zupd 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 kGyE =gt t}
& WS(-17C~-14T) = YA(2T~5T) Aol 12~14A17 A3
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stoj BAi%t A}, Escherichia coli 0157:H70] Ztupaof Ates| wlzis)
A, 2.5 kGyoll 4 10! CFU/g 71X B84 Ad4 ok ¥asty
tl.

1980t ol ¥ AlF &Ko g FAA] 531 Q&= Listeria monocytogenes
= dALRANE 3 FAY £ 7] g FHEFAFol Bl
g dde dod 4 9O, Rodmamyski F(1994)2 EHFAFolvt
MLol|M Listeria monocytogeness LAY 4 QLo 0.4~0.6 kGy
22 upd 2A Helof of& F4S ALA U i B asoct

Huhtanen 2] @-32(1989)0] &]sf Ztuld R A7} Listeria monocytogen
es®] FAofl Aol ¢z, Hobd T Hxpd B2 g
Z A} A ejubyo] KFollA Listeria monocytogenesE H A st wWHo g
Zjotelaitl. (Beuchat &, 1993: Grant and Patterson, 1992; Huhtanen

o

L!

5., 1989: Patterson &, 1993)

FU $(1995)2 2| Six|zujet BEANeH o Watd =24 ¥+ &
2z BA 1 Listeria monocytogenes®} Salmonella typhimurium®] ZtZEoj
thslo] Aol AlYoM HExaH ol Listeria monocytogenesS
10° CFU/nL® YF3 ¥ FrlZAste] Zopd 0.75, 0.9, 1.8, 2.0 kGy=
ZA8t the 7ColM 7d, 25ToflA 287t A Aste] F4% Az, 7T
A AABE 0.75, 0.9 kGyollA] 2logCFU/g ol4 Z4XAR, 1.8, 2.0
KGyol e 25 B33t Fojria Baste] Zupd zayt ofdd A4
HadFe] A AU S Ul

2) Yol & oyt =AF u

uhald ZA o8] njx]E H2tef tit ¢ F EAEL thEH
Zrh. Kahan3} Howker?] RE(1977)o] oshd ©@zle] zopd 1.3,
2.0, 2.5, 2.8, 5.0, 5.6 kGyS ZAI8t ¥ -1C, 1.6T, 4.4TColM A%
slo] 31Uzt 29 ZHZH O n|MES EAY AN AYYLLE 4.4, 1.6,
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-1CcollA 2tz 6, 8, 14Y AAEHALon, RE MPM FHolx 1547
o B3 Bufrt AAEAT, 4.4T 5.0 kGy2} 1.6T 2.5 kGy= #3
7} vlesidet R 5(1985)% ©@iv|E zubd 50, 8.0, 10.0 kGy2
ZASte] 3~4TollM 41Ut AAstAM MeF, F2F, 127 4%
AelE EAY dA 7o F2F, AYE, 2Fol A 5.89,
5.56, 3.04 logCFU/gel X<HWst:= F<¢ 5.0~10.0 HfFE= 2~4
logCFU/g AAHNAT, AL 2~4F ARHUTIZ sidrt. =¥
Dempster(1985)= #|317] WAHel Zupd 1.03, 1.54 kGyE ARt ¥
3colM 0, 4, 8, 11, 159 At ¢ nBES 248 Y, 34
4= 1.03, 1.54 kGyollA 2zt 82%, 92%(p<0.01) 4N,
Pseudomonas:= 25 A A=t sttt

Niiemand 52 €-1(1981)fi = HFREAR 2| 7] Aejo]Iof it
2.0 kGyE A th 4TColAM 113 AASIHMY 742 Pseudomonas
& g At A3 FF5E 0Fol 99% AT 117
7.30 logCFu/gell =@ ogZH A7 7to] ¢ 1057 A= eH,
Pseudomonas= 2.0 kGyE 33| mxio] AAs|zted AaxA] st
1=

Ehioba 5(1987)2 E=x|317lofl 9EHe] A 2uiF & 10° (FU/gl &
HE3 o} VFEASI Zuld 1.0 keyE A £ 5ColA 0, 3,
6. 9, 1247t MAstAN A24 EsfFd H&E FAstaled, 1.0
kGys thR-(30~44%)2] A A7 7H& 2.5~3.59, Ae|7(22~33%)2] A
A7174& 1.0~1.5¢ d@ARon, Hlte] FXi:s Fo ngEd
aggdFos 5C AHZ 9Uols 9I7%el ol233, 12¢d o|Fol:
Lactobacillus7} $-Astgcia Bastedch E3 Thayer $(1993)¢] o
FojlMEe AP SHA2IE Fupd 0.57, 1.91, 3.76, 5.52, 7.25
KGyE ZAFBF ¥, 2TCOIA 1, 7, 14, 21, 28, 3547t AAst= Feb A
&7, %23, PseudomonasE 4T Azl 0.57 kGy olAtellA &= 21U
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72 a| B2 TR FAo] Yehtx] eotil, 1.91 kGy olelM = &
Ex=] gt

ul. AEzAY B

AES &5t HEsts ABAY i vis] AFxal Fled HA
AFLE Yy & BUE B8 doya Qo nF, IF3E& Ryt
377 A B4 3 FURE HRY &7, AR olE57= A
2 RE AEY Hupd RARE dPsI AR AAdH H3E s
upd ZARZHE o &3t gt

A|EZAY] AR HYY v[BES AHdslq AEY H48F B3
S B T3, M40 Y9 dol, UL, &GS YHBle] {-F T
& ALY £ oy, FFAE AMEEHO & A{EAY AUl W
Abd ZARE tiAisle ol &stE2 M AlEefe T[HE KEEAE Y
+ QeSS o8 ZIAI} vk A ExALe] Fa8 o] 2H e AE
o] HsfetErt HAS dorit: n4Ee ddof ot njdES ARt
ChE7F $A3] glofedl WA M3 tile] == v|¥se] 44zt
Al Ee] wg4E 9] Fxof wet APAch we Y, o, &7, @
37, SAMESY HEA ARE IR HLAYRAE HEYEZH IA
AR £71 gon, o2 HE Stk B eoff UL Yol
2] ettt (AERAL WHO 1988). mlBEO 23t UARHE= AFSE
A E-FYolErt Al EMuj Aol Aol Aoz Fo FAE
FH3 ek h¥-Ed FUh A4 A, 53] salmonellosis,
campylobacteriosis, listeriosis Tof 2|5 o{2|&S ZH3 7] ufRo]
th. njZol A= AZb 650~3,3009HA2] AlA4 FHol WA,
salsonellosis?] F-uis A7t 29yt o] xprt YA o] 254, 000%HE
8] ZAH3A $£alo] Ref®Eiriar %), Salmonella, Campylobacter,

'rh‘. SE
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Listeria, Yersinia 52| A&%2 x4 dgd3e Augoe 43
8 47} glo] o|2t B& HMBRAL: ol u[ g ot Fun 2
ARAre]l 2AE sjdstdl oigts] fgshn, AlEe ehMAolatES
A Aol EHY Aelct.

AEZ Y] UHo] AL FE 219 b= Aujxte] ofsie} EAlY
ol that 4ulzt $gAolth XNIrAAE o BAE FHBA g 3
Apde] abgol ot Falgzt Qayt FHQos ZAMEL Aol
A Aol Sojrix] Ratn Qe AHold o} AERA Y FYS
&Hl2A QAT BAE ®ol7] sl FAD, 1AEA, WHOZF F2|ste 2|
AHE 9143 (International Consultative Group on Food Irradiation)”?}
AYsio}] AB Al B AZAE A2 28 Fulsha Qlch

3. 48 9 Uy

7h Az Fl

FHuplol A JEARM(1T)H NAG2(senitendinosus) & FYsldd
Fjod Wof Yol ¥ Yej2 dYde] &AL ¥ FAA T 25
+1g(5cnX3em, FH 1em)o] HEF Axtsle] ARt Alge] ARR
¥ FF= Listeria monocytogenes ATCC 191112} E. coli 0157:H7 ATCC
438882 =4 AZH Aefo stock cultured FYRAYOZTHE B
ulo} A}E-3}g 31, Shewanella putrefaciens KCIC 2684 HA=x}2¥
(Korean Collection for Type Cultures)oZH-E] Fof wo} ARR-3t4Th
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. o dE uiY

1) E coli 0157:H7

5d A=REl FE  coli 0157:H7 stock cultureE B8 1% BRacto
peptone (Difco Laboratories, Detroit, MI)4 1mfo]] ®EY F wilo]
€ 13] 3] vl2] F9[% Nutrient Agaro] HAFEISto] 37T 244
7t wjtstdct o8& Brain Heart Infusion(RHI) Rroth (Difco) 200meoq
HFolE 33 3slo] 37CoA 24217 vigst, wjddS el
40me] 3] A-ZolM 3500rpmoT 15872 €Al rhE, A4S
wala FAE-Eot Dol IR Physiological Saline Solution{(0.85%
NaCl) 10meo] S EMA]A Fluorccult® E  coli 0157:H7 Agar(h'!erck,
Germany)ofl wiatsiol M S8 Faka, olE 10° CFU/mt HEE ¥4
dtod ARE-StATE

2) Listeria monocytogenes

=d ARWE [ ponocytogenes stock cultureE WF3F Ix Bacto
peptone {Difco Laboratories, DNetroit, Ml)4 1mlo] HEMST T wiZo]
& 13 23] vjal Fu[3 Nutrient Agaro] HdFelste] 30THA 2441
7t ujetsiaict. o]8 Brain Heart Infusion(BHI) Broth (Difco) 200meof
WaolE 33 sto] ITTOA 2417k wfotsta, viokdg WUAlEe|e]
40med] 23 Ao 3500rpmo 2 1682 YAFelE e, AFYS
Hala FAEED 2ol WF¥E Physiological Saline Solution(0.85%
NaCl)oll ®ElA]# Oxford-Listeria-Selective- Agar(Merck, Germany)o
wetste] FA HEE THR, olF 10° CFu/nt TR Al ALgs
At
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3) Shewanella putrefaciens(Pseudamonas putrefaciens)

d Az® S putrefaciens stock cultured HH3F 1% Bacto
peptone (Difco Laboratories, Detroit, MI)% Iméol] ®EIFE . uwlZo]
& 13 M3 vie] FuiE Nutrient Agaref HdF2jste] 30TofA 244]
7t wjotslgirt. ol& Brain Heart Infusion(BHI)} Broth (Difco) 200méof]
HWdolE 33 #sto 37T 24A17F viodst, wigdS HAlE el
40meR] s AlLolA 3500 rpplE 1587 YAEAY L, ASdL
Wl FAEEY Rol WP Physiological Saline Solution(0.85%
NaCl) I0méof] $€tA]# Pseudomonas agar F base(Merck, Germany)ofl uwf&}
sto] FM 58 23513, olF 10° CFu/me B2 345l Abgstart

th. HAE FF

L. monocytogenes, E. coli 0157:H72} S. putrefaciens?} 10° CFU/me7}
& njg 248 JFAE SEU Intd] TUL F, A {7
whel cha] chzFet HeFE BRste Heloddd vjdE ¥isigion,
ZAL Azlz] ZAH BE AlRt& 2CoA oF 1042 YA|= o

gh. b de o =4

Zupd e dguxiddTaod %o (50,000 Ci) U743 (Linear
Accelerator Facility)® 1.5, 3.0kGy ¥ $&28 ZAsigch HAYE
£ 1.5 kGyd o 0.075 kGy/b, 3.0 kGyd wl 0.15 kGy/holdlen, F+
$] Ma¥e Ceric sulfate dosimeter ARE3to] FAEIQiTh

Axde A4S A(eiA)lA ELV-4 1 MeV AP TH%7)
{electron-beam accelator, Samsung Inc., Korea)® 3.0, 6.0kGy ¥ %

Zog zZApsrE beam current: 3.0 kGyo] 2% 3.9 mio]:l 6.0 kGy
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= 7.8 mAo]t}. conveyor system® &%= 20w/minol, Cellulose

Triacetate(CTA) AFAE FFTUPol &HHUct 4F FdE 47 =

Atstelct.
ol A A2 vgs B

ApE Zupdz AzpHE AR £ 2} AIRE 5T WAtae ody
B 8Urx] A AsiEA 2 A OF [ monocytogenes, E.  coli
0157:H7, 5. putrefaciens?] 45 ZA}stgrct

 BAAA olg &

1) E. coli 0157:H7
of AZE ol 1022

1% peptone: 99ml3 P2 ¥

A 7He% BE7HA 1% peptoneE 48 F, 2} e FAlg njg]
248} Fluorocult® E  coli 0157:H7 Agar(Merck, Germany)ol Sw3}o]

37°Col A 48]t vt ThE F+E AAtsielch

2) Listeria monocytogenes
1% peptones 99mlE Y- ooy
A 7He?t 71| 1% peptone=E YA F, 2z} 5o MAS ulg

4|8t Oxford-Listeria-Selective- Agar(Merék, Germany )of] Tslod 3

Holl A 2gE Yol 1028 HAAIA o] &

0ColA 4822 vigE thy d+& AlMdstact

3) Shewanella putrefaciens
of ARE Yol 1087 HAAA olF £

1% peptoneq* 99IméE Y2

A 78t »S71A| 1% peptone+E A3 T 2} weo NS uj
4|3} Pseudomonas agar F base(Merck, Germany)of s}y 30TCoA

484]2 vjt gt ThE F45 Aot
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4. A3 9 23

7}. E. coli O157:H7 F4

Zupdzt Az Rajol] 8 E coli 0157:H7 F4=2] W= Rlo] U
Elvt alrh HEFSHA] Q2 thRFoM E coli 0157:H7 42 Z&HZ|
dgteor, HF F AR U2 thzRP8 E coli 0157:H7 FE A
2 04dofl 1.6x10%04 3 6Ud#7=] 5.0x10°0.2 Zrlsted 8URI7Ix]
AAsHA A=t ubd 1.5, 3.0 kGy Mt Q377 S 8
ZA2wdct. o|AL Aol E coli O157:H7S& 10° CFU/meE A E g
%, Ziupd 0.60, 0.80, 1.5, 2.0 kGyE RA}std 7ColA 74, 25Tol
A 297 A Asto] BA%t A} 1.5 kGy oA E Azt Faot ¥
A&s ke Fu 5o d3-(1995)8 2 AE R Zntd AP} E
coli 0157:H7 & Atdell F3iA¢lo] w3 Act.

gt AMzpd 3.0, 6.0 ky AMalF= AR odol 22 4.0%x10°, 3.1
10'c2 ztAstgcizl A3 sdxiof] 3.0 koy: 1.3x10°22, 6.0 koy:
5.9x10°22 Z713tdch.  oj4te] Azolld AxPH Ralx AF X7l
Tt Aotz k2 st AFetd zaABiAl 4L oz
o] FoBrhe WA Ueht #5247 &S 4 & Atk MdgdE B o
2 ol QAT 3.0 kGy RTh= 6.0 kGyeld Hxpdell chgh =3ty
o] o7t gt S ¥ 4 arh. E coli 0157:H728] A=pdef chgt =3t
4E& Yot W T dR(1997)oflME E coli O0157:H7 #F& 4t
H 8o o 10° CFU/mt2 HFslo] AP A3}, Do ZHE 0.45 kGyR
Ueiton), Bdd3 A$s 3~5 kGy ZAREH 6.67~11.11 log Cycle

& AAAY £ dE A2E yelych
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Table 1. Effects of T -ray and Electron-beam treatment on the number
of E. coli O157:H7 in the raw beef stored at 5C for 8days

Kinds of irradiation (kGy}

innoculated—
Days Control Y-ray TY-ray E-beam E-beam
(1.5) (30 (3.0 6.0)
0 16x10° ND" ND 40x10° 31x10°
2 1.1x 10 ND ND 50%x10° 34x10°
4 1.1x10° ND ND 73x10* 48x10°
6 50%x10° ND ND 35%10° 6.7x10*
8 9.1 x 10° ND ND 1.3x10° 59x10°

Y ND : not detected

L}, Shewanella putrefaciens @4

dupdap Axpd Zajoll &%t 5. putrefaciens d2] M= E 26]
e} ek FEshA] 4L dixPoM S putrefaciens FE F&E A
deten], HF F AR UL thRFY S putrefaciens Fr= A
2} ool 6.3x10%i4 =3 Aol 2.3%10°22 Fristect.  Zupd
1.5, 3.0 kGy Hele AHAZA/EA EFSEo] AMEAAT A AL
2 Jejuict. 2 A9 {18 AE 8. Thayer 59 @-(1996)]
A MK} Jb2RlA Ziupdoll ti¥t S putrefaciens®] U3
Uopi = A FoflA MDOM(Mechanically deboned chicken wmeat)e] S,
putrefaciens& < 10° CFU/gol H=F FFsto] MUY 2, D YL
0.1110.002 kGydoni, ot 0.5, 0.6, 0.7 kGy T4 4o} g=
FES <F 45, 64, 70% B=7t S44E YA, 1.5 kGy o]e] FEolA
= BF A" Yehgdch  thE #xid 3.0, 6.0 kGy HelFE
A& odeol ztz 5.7x10%, 1.3x10'08 Zastda, HZ sdmjds=
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3.0 kby AM2lFE 6.0x10°2%8 F7H5t whA, 6.0 kGy A elF&= 5.0%10°
22 uveht HapdE 6.0 ky A2lE7t 3.0 kGyRTl F47F tid ot
Tl olAY Axpd Ae|FolM njgEY AHEHZ F4lo] Yot AL
24 Fufuj o] # FAYU 4 At A =AY A e rjizt
ZRog Atm¥ch

2 MY Azt updzp Axpd zabks £ oj4E ApE R F4] oA
of AHo|gR, o7 AFE Bl ARINUNE NG £ Adgol @
#{Zltl. Fhioba $(1987)2 Hx|27|of A& RufFL 10° (FUrge
AZY ¥, AFEPsto] upd 1.0 kGy2 ZA}ste] BAgt Az}, AP
717tol 1,0~1,5¢0] A=A Y3143, Shamsuzzaman %5(1992)
2 AR wr] Zhgael 1.0, 2.0, 3.0 kGyS] Azpd Ak}
71.1C 7 & YA 23S of cf2FE 25 ohfof Fufsig o},
ZYA e AR HA7| 7ol 1.0 kGy= 3F, 2.0 kGy= 63, 3.0 kGy
£ 8F71x] A=t Rastdct

Table 2. Effects of 7 -ray and Electron~beam treatment on the number
of Shewanella putrefaciens in the raw beef stored at 5T for

8days
Kinds of irradiation (kGy)
Innoculated-
Days I -ray Y -ray E-beam E-beam
Control
(1.5) 3.0 3.0) 6.0)
0 63x10° ND" ND 5.7%x10° 13x 10
2 26x10 ND ND 6.7x10* 6.1x10*
4 7.3x 10 ND ND 64x10° 29x10*
6 55x10° ND ND 6.0x10° 1.0x10°
8 23x 10" ND ND 6.0x10° 50X 10°

7'ND : not detected

- 222 -



t}. Listeria monocytogenes 4%

Zinpdal Bxpd Zajel] 2R L monocytogenes 2] WL H3, 4
of et} gk JFsHA] U2 tfZFoM L monocytogenes I UE
=] ojoton], 10° CFU/meE HZE 8t ¥ =ZaAlsiz| e tizel L
monocytogenes F-= A& 0ol 47tz 5.3x10°02 2 WS
Bolx <dgton], & 6dsiol 2.7x10°2.2 F7tstdrist sUslol: T
Al 4.4x10°02 Zasdrh  Zwebd 1.5, 3.0 key Aol A=
T3.0, 6.0 Koy HelT REoIM AYrnES EREHA) ol A
2 3 o L. monocytogenes dol ¢A Bl E  coli 0157:H7, S
putrefaciens doll dl&l] Axpd ol gt 2jgdo] e Ao e}
sttt L. monocytogenes 2| Axpiofl tit AuES dopril gl
10° cFru/me 2. A Fsto] AU A, BF F AR QS iz L
monocytogenes T4 A& 0dof 5.2X10°02 8UMj7lA] 2= WMY}E B
olz} ekoirh. ziupd 1.5, 3.0 kGy HTE= A/ S EASHY
th ol7e RZEAelH o L monocytogenesE 10° CFU/nlE HE%
%, zZitald 0.75, 0.9, 1.8, 2.0 kGy= ZAlste] Eagt d} 0.75,
0.9 kGyollAl= 2 logCFU/g olal ARG, 1.8, 2.0 kGydM:= 2F
B4} sodrts FU 52 A7(1995)2 AR AE uehddct &
3t Radomyski 5(1994)-2 0.4~0.6 kGy +F2| 2uls ZA} Helo] &fs)
& Z4AUS vk Basigict

Axtd 3.0, 6.0 kGy M= A ool 2z} 4.8Xx10°, 3.1X
10022 ZEasigdn, 3.0 key: AP 8u7ixl dAsA fAIEded,
6.0 kGy: 2 5.3x10'22 t4sie] 6Us7Hx] YBsA == izt
% 8= thA 1.1x10°2% Z7istqlch.  Shamsuzzaman 59| A7
(1995)o = 7] Zh&abell 10° CFU/g B ¥2] L. monocytogenesS
F8 ¥, A 3.1 kGy A2} Sous-vide He(KE& FIEF}
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filnol Yol AFRYstn A2 7ldsts B)E & ¥, 8TAA 55
Tt At At Az, AR A E Fol AEHA ¢
& utd, AAH ZARE SR @3 Sous-vide A2t ¥ AlBoME A
A7Ed Fol FAsiArh. ol HAE Eul JFelM L
monocytogenes& A Astdl 9lolA zupd e Az F2 YA
ZAb A2zt ZzpHolzta ALEHCt

Table 3. Effects of T -ray and Electron-beam treatment on the number
of Listeria monocytogenes in the raw beef stored at 5T for

8days
Kinds of irradiation (kGy)
innoculated-
Days Control T -ray T —ray E-beam  E-beam

(1.5) {3.0) 3.0) (6.0)
0 5.3%10° ND" ND ND ND
2 7.4x10° ND ND ND ND
4 82x10° ND ND -ND ND
6 27x1¢° ND ND ND ND
8 44x10° ND ND ND ND

"'ND : not detected



Table 4. Effects of ¥ -ray and Electron-beam treatment on the number
of Listeria monocytogenes in the raw beef stored at 5C

for 8days
Kinds of irradiation (kGy)
innoculated-

Days T -ray T -ray E-beam E-beam

Control

(1.5 (3.0 (3.0 6.0

0 52x10 ND" ND 48%10° 31%x10°
2 6.5% 10" ND ND 40x10°  53x10°
4 6.0x10 ND ND 57%10° 44x10°
6 44x10 ND ND 55x10° 51x10*
8 37x10 ND ND 1.0%x10° 1.1X10°

" ND : not detected
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o o4z FAHM

A14d 4 2

fel vete 23 AF $A7E3E F dAHASEF (U % 34
€ g8y 5%, 32, 24 T /IS AAWA nPEL 240l
4A LR EE Ee] A 2 ojEeS P2 At weld A

ole JAEERY BEAFFALEA njAEYRY FAHS WiEd,
e BE AFS 5 x 10° ojskg, tiAFE 248202 F3E grt
E PAR JHFEN BULEZY njdE 442 FAFoA LS T
= AT AR E2 0l 28 FUFRY FRole HIFF 5
x 10° o|8l/g, ctiAF(F), Bacillus cereus, Salmonella, yeasts &

(¢

al
©
A

Hr

S o

¢

molds, Staphylococcus aureus W Clostridium perfrigensy= S8 %
F2=e gch.

olatzt Ze 4t EUAEFE uAE edsHsHol W gol A
o] R AFAe7t 7ML} olE JREFRY V€ Aoz E:
o A= (ethylene oxide, E.0) ¥FHo] FUH o8 cfi-& ALE
godch Ty R 28 Z Bl 3t g Fol EAHAIE] A
Zole oln] AZo] iyt Aol RE ZAHARY, FuUeME
19919 74 19 AHgo] ZAE vl vk, ZeU 27 oo Uigt &
el cfA] Weto] nlEiElx] 23t AAolu} Table 12 Zo] ®Al 2
10 kGy o}3te) Zopd =z} si7lElel R og ALs} 53 o),

a2 A AN H8EE Zobd olux]|o] tiste 4wz}
£ AL &R BE Aoy, mety A Fo] diyt +848&
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¥ol7] flside F7HA X9 R} A2 e ZA4Y ¥ o
+= 8353 At

A Y WA 2A7Ie JF™ JA 71 (FAO, IAEA, WHO)#} Codex
AlEFFEAUY N A A, A4F el A o]8H £ AdE:
oz Yo g es FHAUANA YAHE Zupd (7), Fzs
&7jefl A WAR = 10 MeV ©5}e] 2xp4d (electron beam) Y 7iAo
UPEE 5 MeV olste] XM & sizista Aok, 3 Azt " o 40
gl & 2000 E5o] AEoll cfisto] Wabd =A7t SIS G R, of
E Uzt 3 30020l H A FRY AE37} ojFo] A2 e},

ol WAt ofiLix|e] §AE AT E T Table 22} o] WA YARE
ALy BEEE MY VA E YR E M2 S5 Baee
U glo] AES AHEAY I A £ Qo] M(W)EY x3
ol Waxl ¢ol 22 o WAIZt sHesict. el AxMG7] (electron
accelerator)ofA] WS HapH S y dof vz Fjejo] otsle E&
A7 A=, oux] BEe} AR gol IR AFol AEY ¥
HAbF 5o Popof ofgo| shpsity®!. Ha| Axd e oiyx] wagol
AL (BBl o3 ZASE I (on/off) FARA], A - AHA, duyx]
B8, 442} £84 T FHA FHol doEg MAIdNE &
3] B4Rl 23EHE AEF (FF, 2UR. A4F 5)d Az o
Uzl o]g dFrt Wus] FAFHT Aot

mety B Ao Ax}4 (electron beam)E o] 83t 4= gl
3] +E480 QoM njAEHY FiARY YL oAES 2 U=
UiEAAR SAIEEU AAEY, ¥UE 2/4F Y, AREY
& ddoz A2 Agrige 483 d3E +¥stect

ro4n

ot o
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Table 1. List of items cleared for food irradiation in Korea (1998. 12.)

Item name Type of Date of Dose'(kGy)
clearance clearance maximum
Chestnuts unconditional  10/16/87 0.25
Mushrooms unconditional  10/16/87 1.00
Mushrooms(dried) unconditional  10/16/87 1.00
Onions unconditional  10/16/87 0.15
Potato unconditional  10/16/87 0.15
Spices unconditional 9/13/88 10.00
Fish powder unconditional  12/14/91 7.00
Garlic unconditional  12/14/91 0.15
Meat(dried) unconditional  12/14/91 7.00
Red pepper paste powder unconditional 12/14/91 7.00
Shellfish powder unconditional  12/14/91 7.00
Soy sauce powder unconditional  12/14/91 7.00
Soybean paste powder unconditional  12/14/91 7.00
Starch unconditional  12/14/91 5.00
Enzyme preparations unconditional 5/19/9%5 7.00
Sterile meals unconditional  5/19/95 10.00
Vegetable unconditional  5/19/95 10.00
seasonings(dried)
Vegetables(dried) unconditional  5/19/95 7.00
Yeast power unconditional  5/19/95 7.00
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Table 2. Comparative characteristics

gamma ray

of electron beam and

Characteristics

Electron beam

®Co gamma ray

Energy

Variable ~ 12 MeV

1.33 MeV + 1.17 MeV

Energy efficiency

High (~85 %)

Low (~30 %)

Penetrating Low High
power ( ~0.35 g/cm*’MeV) ( ~12¢g/cm®
Power Large Small
(100~ 150 kW/Unit} (1 MCi = ca 15kW)
Continuous radiation
Shut-off '
Others ut-off by periodic replenishment

power source

of source
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A 2ddHdE L P
R

€ Ayl AHH AR2A WARHE2 AFdAM {FEHIL e Kt
AEoldn, TAEYS VATuALT A A2 A Foldrt 2F
@2 i D AR apyelyey '96d4 FARE F FTAE
HAY ¥ S Jolgln, ARIEULS M RFHR A= 2
HES FUst AREsich B2Y diF YL, 133U, dFELYS S
it AEE FUSt] ARE AHgsiodch

2. A2 dFAE 2 AR

Ago] 2 v EY AFS #std Az ZAH: electron-beam
processing facility (model ELV-4, 1 MeV, Al ZR¢ F YA A 4A2)
& o} &3} low density polyethylene bagell X257 4 am ©]3}, 7}
HME 3.13~9.40 mA, beam dimension 98 cm {length}X7.5 cm {width),
table speed 10~20 m/min S8 slo] AL2o{A] 0.63 Gy - sec'e] Mk
82 & F4uWFol 25~15 koy7h HES stdon, FHHPES CTA
dosimeter® AMR3lo Hlstaltt (+3.4 %). =8t Ztupd Zape= %o
Zhpd ZARAA (3RRLaRtEdTA 22)E o83t AR dBFY
MPEZ 2.5~15 koy HHY F FLALE =S il old A g2
Ztubd ZARA] FeMge] Qx5 £o]7] st UFH PVC &7 (85
x H 8 cm)& ARt on, F4aare] #ele ceric cercus dosimeterE
ARt (£5.0 %), o]t whabd ZAME ARE ¥lZA viRA R}
3bp] PVC R71of WEslo] A-2olA 47Uzt AAstEA ol - B
A EAHIt Aol Agstadrh
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3. un|BE AA

Axpd g Zopd A AR uBEFANE FAF, AR/FHol,
AT ZE I3t dBPY AgE AFH FFFE HYsig O 4
A& APLYo R ALEsATt 2 njBE HA= 33 g o' A3
Ha CFU {colony forming unit)2 A 43t

7}, %714 &AMl (Total aerobic bacteria)

3R AMMFES APHA B9 '®o) u}z} plate count agar (Difco,
Lab)& A}E-3te] 37TColA 1~2d 7 uiFet F CFUR A3t

U Ay g Zdto] (Yeasts and molds)

e g Zao]l- chloramphenicol® pHE 3.58 ZA¥F potato
dextrose agar (Difco, Lab)& A}&5le} Huty®o 2 30rvea 3~4a7t
ujorgt ¥ CFUE A4=3tch

cl. i AFF (Coliforms)
i A F 2L desoxycholate agar (Difco, Lab)& AF&3}o] pour plate

method'®of] 9]}y 37ToA]l 1~27F ujoist & Mol A}e CFUR A

<3talch
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4. ol3p%ty 54 A¥
7h A A &3

Bulxlgol] ci3t J|AH ME= color/color difference meter
(Minolta, mode! CR-200, Japen)& AF23}o| Hunter’s color value (L,
a, b, 4E)E H3sIAa, old A8Y EEWute] L, a, bt %7
97.32, -0.44, +2.14 o]},

L T84 44 &3

88 A4l FFE 2 EUAE 1gd FF+ (pH 7)& 78I
oA 3A17 32 (200 rpm) ¥t F 4TolA 8,000 rpml 2 2087 ¥4
Telsle de 43dE ¥3E dBY (100 )22 St UV-visible
spectro- photometer (UV-160 PC SHIMADZU)E A}&-3lo] 420 rmollA] 4
S2H ZAstdc

A}

t}, 359 capsanthin &&

230 Mug Uehl: capsanthin B2 Rosebrook 58] whioj
ubel AAstgct &, A® 0.1 g& sl 100 neo] AztEelAdo] ¢
3 50 me acetoned 7}¥t F 4b29] QoM 302 & (150 rpm), o
3% Akl 10wt acetoned Zhatol 2&, olzsilrh. alel FY
3t z2hg 33 YhESlY R 8 K100 nt) o F 3ted IR 460 nmol]
A acetoned blank® #lo FH =& JAstHr]
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2}, Ql4te] saponin ¢HAA AlY

1) Saponin®] &

oAbl 5 8 B2 ZetA o] 33t 70 % methanol 100 mtE 713}
of 80T water bath AtellA 2A]7H4] 33 W& &gt &AL o2}
(Fhatman No. 41)%F Th, 8000 rpmoflA 2082 d4dEelstn ZBEHE
Z2HsaY ohs 60 wtd] FRol B3t ¥ FAZAryrlol Yol diethyl
ether 7184 HEEES AAsGc & #30des £33 FUES 78
{50 m¢® 3%]) n-butanc! 28 o}MI saponind B2l wEAA crude
saponin® 2 StATHH!?,

2) Saponin?} TLC ¥2]

ghabd ZAPH Q4R uke] saponing®] FAIAAE patternd H| I3 9
3}ed thin layer chromatography (TLC)E <83lddch  Ab7l crude
saponing 10 % methanol £ (w/v)2& ghZo]| silica gel TLC Tlof
A&l chloroform : methanol : water (65:35:10, v/v/v, lower
phase)E AME F 30 %-HS00 EF5td 110ColA 587 WA A ¢

A 449 saponin spoto] UERt chromatogramg A,

3) Saponin®] HPLC 24

4718} o] $&, HHE crude saponing 10 % methanol & (w/v)
o2 utgolA Table 32] BAMzZo] w2l high performance liquid
chromatography (HPLC)E AlAlsle] B2], Aadsieicy'®!?
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Table 3. Operating conditions of HPLC for analysis of ginsenosides

Components Conditions

Analytical HPLC/ALC-244

Waters Microbondpack
Instrument
NH(10 m)
Column
ACCN/H:0/n-BuOH
Mobile phase
80:20:10
Flow rate
1.1 mé/min.
Detector

Waters 410. differential

refractometer

u}, 3328 capsaicin 24

23 o3t 42U capsaicing] WAde] it AFEE FHelsir]
g18to] AR 10 g& A st A7l oielS 2 3l 231
th $282 AFSR7E 249 A23to] hexane 50 ol Jof FYzcy
712 &2 #‘ 80 % methanolS 50 m¢ 7}l ZEFSIGCE o] R2NS 33¥
2hE 313 methanol & 3 3tgcrh ¥4$H methanol 2 THE FeiZtir]ol
713 232 E4 150 ofE 73 & dichloromethaned 50 wé 2| 3% 7}
slod MurPe|sie] AAg ¥ dichloromethaned-& 3 =3tdct 34H
dichloromethane <ol R4 ANIEFS 715l g, o2 3t F of 2
nE et AIZAlgl g Table 48 e EMxZAOSFE  gas
chromatograph (GC)& o|-&3te] FJEMsict o of BESHS
Sigmaftt AH|E<Ql 8-methyl-N-vanillyl-6- nonenamide(capsaicin}}

8-methyl-N-vanillyl-nonanamide(dihydrocapsaicin)& A&}l ch
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Table 4. Operating conditions of GC for capsaicin analysis of
Capsicum annum L.

Items Conditions

Instrument HP 5890 seriesII
Column BP - 10

Detector flame ionization detector
Column temp. 250TC

Detecor temp 300TC

Carrier gas N2(1.8 mé/min)

Table 5. Operating conditions of HPLC for gingerol analysis of
Zingiber offcinale Roscoe

Items v Conditions
Instrument HP1050

Column HP - C18

Mobile phase CH3CN @ H.O (38 : 62)
Flow rate 1.5 mé/min

Injection volume 280C

Detector UV/VIS 280 nm
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u}, 729l gingerol ¥4

Sbabd ZARE AAZETY gingerol ¥AE 3 T2 Wiol Fsiol
43tk AR o 0.5 g& BYS| Wol T2 FetaIo] YL 75 %
ethanol 89 30 w¢E 7I5le] 1At VRFSY cF A4t o] 4e]
F22242 3y WESFE AL, AdE B Ro zbeHstdch
HHES acetonitriled] o] 10 mE FE3}3L high performance
liquid chromatograph (HPLC)E BA{3lgony, ojuf B R AL Table 5
o} Zrt.

AL Azxpgee F3

dhabd ZAL AlERWS Al ulX = FUES YotiI] fi3tod
A5 & a, a-diphenyl- 8 -picrylhydrazyl (DPPH)E |88 2
2 &Astdch, &, DPPH Alef 12 mgS 100 mf absolute ethanolof £3j
3 & Z24 100 oS 71515l 50 % ethanol894& blank® 3l 517 nm
ol DPPH &9 E3EE ¢ 1.002 ZAYstgct o] 89 5 ned} A
28 1| otE TP ¥ 517 neollN FHRE] WS FAYsH ey, o
o} Axpgoie AT} T4 FATE ol &3to] YESE UE}
ke
A
EDA (%) = (1 - — ) X 100
B

A AlEFY E3
B: thZ27e FRE
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o}. TBATE &3

ANge] wapd xalol fE 2 AULEY AUHBTE ot HAsiod
TBAZH: Turner §7°¢] wiijofl wiet A% 0.2 g Wil Ee|Hof Y5t
2N-phosphoric acidel] -8-8§%t 20 % TCA (trichloroacetic acid) &% 5 uf
2} 0.0IN-TBA (2-thio- barbituric acid)&< 10 ntE J}sjof 2oy
o2 &) FHAM 3023 sttt 7tE ¥ ice bathold 1022
E2tA1F| 32, isoamyl alcohoi-pyridine (2:1, v/v) €H¥E (5 ot 718} ¥]
ZeA 287 EEO emlsiong AL AFHL W-visible
spectrophotometer& ARR-3}o] iscamyl alcohol-pyridine(2:1, v/v)&<
& blankZ 538 nmoll N FR=E FAsHUCH

A At 24 24

waldo] ZAMH EUAIEE LR 3l 2t 24E& BAStAL
2jatd F2&2 Aol £l FAH AEE dFoixe] Yl diethyl
etherZ 713t $&% tfS F2ES Y 3AA FYYULE =AY
A ke psigich x4t BME 281 2XHE St Metcalf F
Dol wiyof Z}od IN-KOH/methanol® 7h-af A|71%E BR:E 7}51o] methyl
ester§} A7) th oCE EAstgen, 424 Table 634 i},

5. #%3 435
bRl AdS f3 dxtd g Zdopd 2Apt A2y B §4
ol mAE Qate A Astel 4EFUL ALY F AlNE

g FE H2 208 AAradodA ¥ A3} $Hs FAAL
& AENe® A4l 23 % A 2w 43 ddel A Ji2EE
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FA e RIFE EEAE (RIE 3t tirs8|Zyg24) o8 FrlstA &
Ach ofaf 4 ARof tidt FFL panel xpalo] 23 “Xojrt gt
5, “RET} utiwds] i & 1, 2 “RET} viws] 4B E 98 #H
stadch E3F Watddo] A ojF, 333 g HEwe] #Asd £4
B 7toll 4

Table 6. Operation conditions of GC for analysis of fatty acid of
Capsicum annum L. and Zingiber offcinale Roscoe

Items Conditions

Instrument Hewlett Packard 5890 series II,

Detector FID

Column Supeicc)\.vax 10. (60m < 0.25mn 1.D)
fused slica capilary column

Column temp. 180T

Injector temp. 240TC

Detector temp. 2350C

Carrier gas, flow rate Na, 0.8mé/min

£t dAldA ARstn gl e AFEUS 1 ¥ +EYoR xA3}
o 50C Wigle] x4 1088 Zatado] s 4, 3t A fef ofs}
of Hristdch 2zt A2 BAY R4 HAF2 statistical analysis
system25)ol] 23t BAME A Duncan’s multiple range test26)& o] £3}
o AAjstgch

6. APgAZY M¥

U el4E Y Axd 9 Fupd AL ARY AR - /T
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Z E24se] nlxe 8E dotel flsto, UnEr] (PVC)oll ZHH
ARE Aoy /1Y T AW ohE oA FEEEE RASIGch
Z Alge EMe £24 MA J|AFH Mx, capsanthin, capsaicin,
gingerol, X}y, TBA 7} ol tiste A7le} 5U% WYPee 33
uhe Adajstodch
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A 34 d7d3 4 23

1. B4 Ax7354 nj 48y §2 9 Axd Addnd

= Adgol ARH WA A FA B udE EUsE EE WYYl o
gt &3l 2 A3l Table 73 Zol FAHFS AR g@ 10° CFU

(colony forming unit) $=Folq 3 thAFF (coliforms)S Wit tof A
B A g2 10° CFU £302 AaFgou} S UfNE gdo2 |
et B AlgE AARURY ojgE J1EA “FAF 5 x 10° o]slsg,
12 E i °"“‘"2)°ﬂ ul3o] B of 23 AdA ezt a3sidet. A=}
Azt Zupd zate] YRt FAE AFRAE vlas 2 A2 Table 73
o] 5~7.5 kGy2] Ax}d w ziopd xalell 2] 2~3 log cycles A%
o] AFanE S + AU tiyFEL o] Brl o & A48 E
HolHA 5 kGy ZANLME 5% $82% UElyttt (Table 8). 2|5l
E%ole] RESTE Table 9oiA o} o] WiAIZ MY wjg W2 £FL
2 SUAFoIA H ZAAEA] S How PzHc}

utebA f183 FHdelY SN 71 52 2d3 olE HFst)
3 &2 date WA 2A 8FEE Aol ciste] Axpd gt
Aol 244 &3 - ujsl Beirh Table 100] LFERG ulo} o] £ 4]
Fof izt HAAS B& = AUdeon, 7] 2F v¥EY FEE 0 %
Atdx 7= Uegt ZAPAEE (Do value)& Al4tste] B ehg of AHzpd
2 2.85~3.75 kGy, Znpd2 2.33~2 .44 kGy BHE Am9 ngE 5T
o} ol =] FRoll whe} thx chE2A el

P
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Table 7. Comparative effects of electron-beam(EB) and gamma-ray(GR) i
rradiation on the population of total aerobic bacteria in powdered
agnicultural products during storage

(unit : CFU/g)

Storage Irradiation dose (kGy)
, Energy .
Sample type period
(month) 25 5.0 75 10 15
EB 0 16%x10° 23x10° 46x10° 1.7x10° 0 0
White 4  14x10° 22x10° 44x10° 1.4%x10° 0 0
giseng 0 16X10° 47x10° 15x10° 9.0x10¢ 0 0
4 14%X10° 44%10° 14%10° 89x10¥ 0 0
EB 0 44107 21x10" 14x10°  60x1¢F 0 0
Red 4  42x10° 23x10° 15%x10° 58X10° 0 0
- ginseng - 0 44x10° 37x10* 58x10° 25x10° 0 0
! 4 42x10° 38x10° 56x10° 25x10¢ 0 0
0 39x10° s50x10' 21x10° 30x10 0 0
EB G 4 3 2 i)
Red 4 31x10° 17x10° 73x10° 33x10° ND 0
pepper 0 39x10° 12x10° 43x10° 28x10° 0 0
GR i ,
4 31x10° 21x10° 12x10' 19x16° ND 0
0 28x10° 88x10* 4.0x10 0 0 0
EB .
: 4 48x10° 1.1x10° 40x10 N.D 0 0
Ginger - -
0 28x10° 19x10® 10x10° 0 0 0
GR ., .
4 48x10° 18x10° 1.3x10° N.D 0 0
0 39x10° s0x10° 21x10° 3.0x10 0 0
EB . . .
e 4 31x10° 17x10' 73x10°  33x10°  ND 0
iU B .
0 39x1® 12x10° 43x10° 28x10° 0 0
GR . . .
4 px10" Lix10® 35x10° 26x10° 20x10° 34x10°
0 28x10° 88x10? 40x10' 0 0 0
. EB .

Kochuja 4 48x10° 11x10° 40%10" N.D 0 0
g 0 28x10° 19x1® 1.0x10° 0 0 0
GR i ,

4 11x10° 29x10° 10x10° 55x10° 87x10° 25%10°
0 39x10° s0x10" 21x10* 3.0x10' 0 0
EB .
Suybean 4 31x10° 17x10° 73x10° 33x10° ND 0
paste 0 39x10° 12x10° 43x10° 28x10 0 0
GR .
4 20x10° 60x10° 85x10° 67x10¢ 58x10 0

PNot detectable (the minimum detection level as 20 CFU/g).
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Table 8 Comparative effects of electron-beam(EB) and
gamma-ray(GR) irradiation on the -population of

coliforms in powdered agricuitural products during storage
(unit : CFU/g)

Storage Irradiation dose (kGy)
Sample Energy period
wee  onth) O 25 5.0 75 10 15
0 95x10° 15x10" 0
EB ‘ 0 ] 0
White 4 92x10" 16x%x10 0 0 0 0
ginseng R 0 95%x10° 60x10¢ 0 0 0 0
4  92x10° 58x%10° 0 0 0 0
0 0
EB 0 0 0 o 0
ginseng 0 0
GR 0 0 0 0 0
4 0 0 0 0 0 0
0 g7x1? 0 0 0 0 0
EB \
Red 4 27x10 0 0 0 0 0
pepper 0 87 x 1()2 0 0 0 0 0
GR
4 27x10? 0 0 0 0 0
0 Lix10? 0 0 0 0 0
EB N
. 4 gi1x10? ND 0 0 0 0
Ginger :
0 prxu? 0 0 0 0 0
GR ‘
4 9.1x 10° N.D 0 0 0 0
- 4 0 0 0 0 0
Meju —
G 0 0 0 0 0 0 0
R
4 0 0 0 0 0 0
0 0 0 0 0 0 0
EB
Kochujang
0 0 0 0 0 0 0
GR
4 0 0 0 0 0 0
0 0 0 0 0 0 0
Soybean EB 4 0 0 0 0 0 0
paste 0 0 0 0 0 0 0
GR
4 0 0 0 0 0 0

"TNot detectable (the minimum detection level as 20 CFU/g).
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Table 9. Comparative effects of electron-beam(EB) and gamma
-ray(GR) irradiation on the population of yeasts and molds
in powdered agricultural products during storage (unit : CFU/g)

B Storage {rradiation dose (kGy)
Sample ETMETEY period
ype onthy O 25 50 75 10 15
EB 0 3.0x10" 0 0 0 0 0
White 4 31x10° 0 0 0 0 0
ginseng R 0 30x10' 0 0 0 0 0
4 31x10 o 4] 0 0 0
EB 0 0 0 0 0 0 0
Red 4 0 0 0 0 0 0
ginseng R 0 0 0 0 0 0 0
4 0 0 ¢ 0 0 0
0 a7x1! 0 0 0 0 0
EB 3 2 1
Red 4 16x10° 19x10° ND 0 0 0
pepper 0 47x10f 0 0 0 0 0
GR 3 2
4 16x10° 65%10 N.D 0 0 0
eB 0 11x10°0 53x10' 0 0 0 0
. 4 12x10" 10x10° ND 0 0 0
Ginger -
G 0 11x16° 19%10° 0 0 0 0
R
4  12x10° 23x10° ND 0 0 0
0 37x10" 16x10° 57x10' 0 0 0
EB 3 2 i
. 4 38x10° 17x10° 61x10 0 0 0
Meju -
0 37x10° 19x10° 60x10' 0 0 0
GR « v4 i
4 38x10° 19x10° 66%10 0 0 0
. 0 0 0 0 0 0 0
B
) 4 0 0 0 0 0 0
Kochujang
R Y 0 0 0 6 0 0
4 0 0 0 0 0 0
0 0 0 0 0 0 0
Soybean EB 4 0 0 0 0 0 0
paste R 0 0 0 0 0 0 0
4 0 0 0 0 0 0

"Not detectable (the minimum detection level as 20 CFU/g).
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Table 10. Radiosensitivity of total aerobic bacteria contaminated in

white and red ginseng powders

Radiation Regression equation for log

Samples Dio value (kGy)

type survival curve
Electron y=-0.09358-0.26369% 375
White ~ beam
ginseng
Gamma ray y=0.33453~0.40985x 2.44
Electron y=-0.10469-0.35106x 2.85
ginseng
Gamma ray yv-0.03112-0.42614x 2.33

Wabd ZARE 42 X3} (45 EFE PVC §7], 200 o0)3ted AE
of 4 477t At thE ol BEY AJAJHE TUN YPoT EA
2 Az A4 A8 gldoen], 53 Rl 5 % | F4hE
o] Bool: ¥ EHOE ujgEY wE7t ZAETh o4t Aoy
& o gapdel 3y AbZAeld AR UE H2FFol et 9 % o]3}
+23S fAgickd §% F udEY 4o 2% FAE U9& AL
= Aztych

sraze] ujAEs B4 Hrldde 25ELT (2PPetel F
A Az )z I322L I (AF F5 600g ciel PE 23 4EF)E A
f3lgd sy, o]l AlFo it n|gE ZUEE ZEWHA e}l &)
of 2 Az, FAFL 10°~10° CFUrg $Foldtt (Table 7). A E

njgEel AFTES ARHM 100 cFug $Fo2 A2 on
(Table 8), ZX [ FYol: nf$ W& £FolAUTt (Table 9). EF A
ZEg QoM 3% (AF F8 BUYAE I, I, MDY AlRed &
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HiZol 10°~10° CFU/g 40|, il ER}CZ 7FEANl YEIH2
Al AE (1)ollA HZ I Jols} 10° CFUsg, i@ ol 10° CFusg
£=Zzog AEEYch (Table 7~9). AEFHE LT iy 2y
ol 4E FZo] goul, o5 YEE ¥ gAUE B Eoiu Bg=mol A
EoHE tFF(F)o] S4olEF FRstn U

oy s Az o FEAAMIME o|8e] JHE $URE A8H
A AFAFL nFEsHY Bdol njxle GBS AUtsl, AT
X7t 10" CFu/g o|31 Z1e WAsiz Qlth ol4ate] Ao & 4 4l
Sol 23, AREU 5 Sudue] YU AEL] B4 n]YE o9
£7} ot AFNeAZ A os a7y, dFPPo2L G £
Aol AHHIT U= UHESAE st upd zapuyo] A
Ut cApgetog AAS T gl wheby 2 AdeiME upd A
Hg Hl2TE St AAM 2ate] HFAE Helste] mith WA 2
ZEaol = Table 73} ol 5 koyel Axbd zA42H 0@ v|¥ES
2~3 log cycles A% ZrAAd 4 23, 7.5 kGy A= FAHF
2 HE& 10° C(Fu/g & ol3lE ZAAY 4 ddrh. 83 yyIF
Fol 2.5 kby ZAMAUINE ASUA ol3t2 ZFo| Jhesigon
(Table 8, 9), Bx}ue] ojg} e AFH: kst A Kbty
t}.

g2 o] Qloj A Table 7~90f] UjElt ulel Zo| odn| 48 ¢
bAzbgAdol Tha Atol%t Zeg ueiych &, AR U Fole] ald
& AL 2.5 kGy olate] Zapdgol oFFdon, 5 oy ZAH: B
£ ulgEe $EE 10° CFi/g oISHE, 7.5 kGy ZARPolAd: A&A
ol5t2 AAIZCl MREGe] HPolE AxH al: Zupd zaps
A8 AFEHS Uehidch AFAe® SR ASEL Yol ¢4
e At F v HARKFAYS Y ) 2 A3}E Table 7~99
Zrh BE AZN odulgEe] SEE AL A AAL 1 log
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cycle Wi]e] F7@ Aol UEldton, of 2 8L Ao} tidFE
of uj3sf AR QU JojofiA ti4 VATt et AL 37 F
of ¥ u]BE o WAL ulf uvnjg £Foln, AR £
(232 18,1 %, BFEY 9.6 %) 1 (15 % o|3]) o|3t= Fx|s}a
5 FHdo]l g dUHEAN Jtesivhd Axpd 2AL g AR F
u] 4S5 FAGRE Y2 HEY Zeg giciych

FRred (dF, 253 9 23 S0y 4 EYY £ Yrldde
7HEgdAel B Qe AR it njgE EQUEE S 2 4
2}, FHFL 10°~10° CFU/ g $80]%3 (Table 7) JRAF 2L A2H
z] efgtou] (Table 8), HRZ I Jgol: nF EutelMnt 107502 of
L @& £Foldr} (Table 9). FUoM FHRELY ulBE 42 i3
FHF) 4, AFS 10 CFU/ g of3t2 B8E 2 Qlrh

Axpd} Zupd Eajo] ottt L Hu|EEL] AFAAE vl B,
ZMFe FAS 5~7.5 kGyd Hapdzt opd zAjell 23] 3~5 log
cycles %0 AFANE viehfo] IEdoly BFig Fud 249™
HFEch 2 i B4 & RYc) (Table 7). AR 3 FHol: o]
Bt o L U544 ES BY 7.5 koy RAA BFE HENA ol3lE
Bacl (Table 9). FFEL ZUH AFFY &2 WA Ay
Bacillus A1%%9 WEdFol I Fo dUdoz 4zuEy, ndE 74
2Rchd 7.5 koy +F2 A A4 I AFRAE A
Qri®a migtglgnt. ey 497 AAH Zopd zapA R A
Al xAXAL ZAZ AgE, £EHPe] 2 FUARY F
FAe ¥ uHE FAL AY 23131 v gleng, RiAAe ¥ AEY
& {F B e Fae Arst dUrh

£ Mn T
e 3
W o

4o
i o



2. AIFAeY Aue o3ty &3 A
7. SRR J1AR Ax

AR dUEY AR NS 2 (Table 11)3} 50 % ot F
&EZ FE3lo Hunter color value (L, a, b @ AE)E &Hsie] B F
3}, AHel e AP Frlet fEo WME/BE (L value)o] 4
o HH< (a value) ¥ FMX (b value)dl F7t THAtol vt uslyich
o] 2 ¥ FATUETH: i EUAAM # Uik EdyteiRct
£ 50 % ofigtE FEEA UK ASHA HAHATE =AML 2
Azpdo] Yupdrch o 2 HAS Xsiden], 10 kGy o4 Mt
Al 4E ol 2 A Uehdth 33U HMNeE a4
2l o] FAEHYR MF 14 Fo= vy ¢t F, 10
kGy7tx|2] H=zpadoji} Zupd zalell SfiMe A5 3 FHE Y
Ehile Wie, jAx Y Paxe] WAL 37 U4SE BAFAc A
bl Mg uvehdlis 4E 3t el 23 EUE A 372 o
3 tiA Bt Aoy 27 A E(noticeable)?] Mz}t A}
AT HeolE RE HEAPM 2 (slight)] HAjo] ¥y
Bxgou, AR 4719 olFole RN WolAHAM M7t FIIE A
th olg} o] AP YUY AFeT AW AFAEAM HY F 42
e Algo ulel ol AAE Boch 53] A2EY, H3Ed,
FEY 52 AHE Ao AFAEE Yo2H WS UXY 5 2led
2t B2xn] Axpdz fupddels FRE 2ojrt ¢ledrh



Table 11. Comparative effects of electron-beam(EB) and gamma

-ray(GR) irradiation on Hunter color 4E" value of
powdered agricuitural products during storage

Sample Energy S;:;iie Irradiation dose (kGy)
WP€ (month) o 25 50 75 10 15
o 0 0 05 073 052 05 089
White 4 0 064 073 069 05 089
ginseng GR 0 0 0.42 0.11 0.32 0.87 1.12
4 0 032 040 037 079 16l
. 0 0 076 109 39 429 130
Red 4 0 048 132 071 117 148
gnseng 0 0 08 060 116 163 149
4 0 13 076 050 098 08l
0 0 030 188 297 325 385
Red  EB 4 0 354 528 259 367 313
pepper 0 0 232 232 280 404 353
GR 4 0 2965 077 45% 340 299
0 0 073 0% 058 09 163
, EB 4 0 476 572 947 901 1054
Ginger 0 0 138 092 121 043 078
GR 4 0 667 1754 824 909 1000
0 0 045 116 034 056 018
Veia EB 4 0 120 110 110 08 142
: 0 0 022 065 044 033 034
GR 4 0 106 184 152 181 272
0 0 020 051 043 324 709
Kochujan ~EB 4 0 130 145 115 152 159
g 0 0 041 130 164 2588 4%
GR 4 0 121 153 117 160 174
0 0 038 016 059 057 02
Soybean EB 4 0 437 325 225 614 680
paste 0 0 001 005 007 027 042
GR 4 0 191 257 669 822 825

"4E : overall color difference v AL*+ da*+ 4b* .
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Y. AR A4

1) $84 Miel W3

H| XA H Maillard 4Hgof o3l F2 PP E ¢4 ¥4 PSS &
Ral 2 A3}, 24} A% FHEYINE AL W3} ey Watky
ol e el Zvie} tiol st Zrisiglen, of Pe WAL 2
npdRTHs A ZARRolN 22 BT EY AL 471 HAToE
Agdos Mert Zrlstdon], B cizpa Znpd ZAY Fate
A7}t A8 Bolle ¢ 4 Ak 2y J)et AR EANE] o}
A zApRe] Z7het Ay zo] whel Avtyes astdou AR
712t A2 Nl ol zjol7t Sl EQTH '

2) 32 capsanthin $HgFe] @3} ,

23 24 9 33y Bue g3y FAL AHMLY ¥, &
capsanthin®] ¥} FAJAE 73 gt AdFAelE 8 YA
ZAHME capsanthin & 33t E A3}, Fig. 13 o] ZARRY
271} tigol tia Zasks AReT AFHW 7.5 Koy ZAloln A
2] ZAHs 10 % o, Zopd ZARs 156 % ujele] M4 2aE el
Atk WA ZARE A2olA 4714 X BF capsanthin 832 A
2 tix Zasigd oy, uRAb tfRFo] AR 8|8t capsanthing]
Z4azt & A2 Jeiyton, He|x e Aol AA HAF v
ehg3t 2o Uelytth Chen 5%} Farkas 58 237199} paprika
of 10 kGy9] ZupdE& RA}SIAE wf capsanthin YaPHi= {9 FHolx]
ofotriz sadch =¥ 2 A¥olN Zupd ZapFo] AxpM RalZo] ]
st zatAare] Z 79} tEo} capsanthing] ZPA7F chs 3A Yelyt

T},
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—8— Bectron beam 0 month
—A— Bectron beam 4 month
—— Gammaray Omonth
—6— Gawmaray 4 month

015}

0.D. 460nm
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tradiation dose(kOy)
®) 075

—&— Bectron beam 0 month
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00 25 50 75 10.0 125 150
Imadiation dose(kGy)

Fig. 1. Comparative effects of electron-beam and gamma-ray
irradiationon capsanthin contents of powdered
red pepper(A) and kochujang (B) during storage.
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ot S ERAR 42

1) Q14}2] saponin §ate] @iz}

A4l Bwel HFL T 2.5~15 koy U9l AU} 5o 42
Zuldg 2t ABe) Melg T RAb M3 W AEd 4ol W w
share BAs] Moith wA AxM @ Bupd HeF Aze AEd v
©E TLool olal EEEAT} u2s BokS u Fig 20§M2} o] HelP
Zvoll of9- RARSEA AY xpol7t ¢ladct. 3 o]F T4 ginsenosided]
St e WPLCOl B4sf & 23}, Table 129} o] el 27tol A2l xje)7}
Pz YR Ml Zals AEU MEe ¥Emq ZsHgg AR
th olt oluxle] Helag Sel s FANEY Fdo| golstA U
o2 BT, 133 AP 4748 Folt TS Wiuch ysda
AXY B Thael ZPUAE UAOU Zapd] ME e
3] opgtom, B3] 5 koy Welel AFMFeIME vay oty gIe
PREEX =Y

2) 313 capsaicin ¥&re] ¥}

wabd =AH 5 2 ofest d2e WS dotdry o
capsaicin®} dihydrocapsaicin® J3% A= Fig. 3f¥ L},
Capsaicin®} dihydrocapsaicin® At Zapefl cfste] ulzy gt A
23 vepdrt Z AHelFollA capsaicin} dihydrocapsaicin®] {3
Zbz} 13.44~14.28 mge2t 16.56~17.58 mgx VHEHN AldAelo e}
ThAZte #F Zo|7t uelgtoul dFdFUME FAHA HsL
ofUzlz micsict W 52 capsaicin® dihydrocapsaicin BT} obA
sty, o|& B2 uhd XA ciste ¢ oL KAzl £ A
8o dzjel fAR FPoiddnt. 23y ELY F oo 429 @F2 A
olstut Axpd W Aohd XA B2 AL UERA] gt
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Fig. 2. TLC chromatogram of saponin patterns of irradiated-white
ginseng powders with electron beam(EB) and gamma ray(GR).
TS: ginsenoside standard, G' control, 6! 25 kGy-GR, 7
5kGy-GR, 8 75 kGy-GR, 9: 10 kGy-GR, 10:15 kGy-GR, H:
25kGy~EB, I 5kGy-EB, J: 75 kGy-EB, K: 10 kGy-EB, L: 15
kGy-EB, TLC developing solvents : chloroform/methanol/water
= 65/35/10, v/v/v.

- 261 -



Table 12. Comparative effects of electron beam(EB) and gamma
ray(GR) on saponin components of white and red ginseng
powders during storage

White ginseng Red ginseng

Storage Saponin

Control  5kGy 10kGy  Control  5kGy 10kGy
month (%)

EB GR EB GR EB GR EB GR EB GR EB GR

Rg: 0.13 0.13 0.13 0.13 0.13 0.13 0.10 0.10 0.10 0.11 0.10 0.10
Re 0.13 013 0.13 0.13 0.13 0.13 0.14 0.14 0.15 0.15 0.13 0.13
Rd 0.09 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.08 0.08 0.08 0.08

Rc 022 022 022 0.22 0.21 0.20 0.26 0.26 0.26 0.27 0.25 0.26

Rb; 022 0.21 0.22 0.22 0.21 0.20 0.31 0.30 0.30 0.32 0.30 0.30
Rb 0.33 0.34 0.33 0.34 0.33 0.31 041 041 043 045 041 041

112 112 112 113 1.10 1.05 130 1.29 1.32 1.38 1.27 1.28
Total

Rg; 0.10 0.09 0.10 0.09 0.09 0.08 0.10 0.10 0.11 0.11 0.11 0.11
Re 0.5 0.16 0.16 0.16 0.14 0.3 0.16 0.17 0.17 0.17 0.15 0.15

Rd 0.09 0.09 0.09 0.0 0.03 0.08 0.07 0.07 0.08 0.08 0.08 0.09

Rc 0.19 020 021 0.22 0.17 0.16 0.26 0.26 0.25 0.26 0.26 0.26

Rb, 0.22 022 0.23 0.23 020 0.19 0.30 0.29 0.28 0.32 0.29 0.29
Rb; 0.34 0.35 0.35 0.35 0.31 0.2 0.40 0.40 0.41 0.42 0.40 0.40

Total 1.09 1.11 1.14 1.14 1.00 093 1.29 1.29 1.30 1.36 1.29 1.30
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Comparative effects of electron-beam and gamma-ray
irradiation on capsaicin and dihydrocapsaicin contents
of powdered red pepper(A) and kochujang(B).
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3) 272] gingerol W] W

27l ufgut MBOEL gingerol, shogaol, zingerone Fol qlrl
212 } shogaol 2} zingeroned 7FR X AR} A7 o] miel FAHEHE v]
Fo| Aoz B Ao AZEU vfeut 4R it A=
ZAp] BEE dobir] f18lo] gingerold] ¥IE HPLCEA EA43tgch
Fig. 49} ol gingerol §F-L AxpAizl Lupdeld A2 xfeojrt ¢lo]
Zabdaol whel 22t 154.1~165.6 mgxo} 162.3~165.8 mex U E B
ouj, H2lF zhof] TiAo] e oo} T Xol:= Ax] ot AR
2ol Eilo] njxl= gite] ALY QS HoE FAHYW, AHAY Folx v
23 A3 Aoy dabdct

25¢
200
o
o
% 1751
<l
v}

150 + ~4— Electron beam 0 morth
~&— Electron beam 4 month
~&- Ganmaray Omonth
~8— Gammaray 4 month

125F

[11¢] 25 50 75 100 125 150

trrackation dose(k3y)

Fig. 4. Comparative effects of electron-beam and gamma-ray
irradiation on gingerol contents of powdered ginger during
storage.
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it Sl 713 Bolal 72E oxidative free radical2}2] ¥h-g
< 4

ojtt, & Aol AIEELY YA zAbet A7 ol o} E FHZAY
BhAdtAd S <obA%E free radicalQl q,a’ -diphenyl-B-pycrilhydrazyl

(DPPH)ofl 23t FF=9 ZA2PAYoR FPSIALL Fig 5t A2 Al
22 zapgolpol titt AdFAe|e] JYS AR Aoy iUy
BRELS YA Aol 2 47l Ao g3l A9 vehia] ¢lgleh
3y 2 W A7 ML Ao AF AxpFo ol HdAew
280 AR 47U o] Fols AR LR AxpFopo] FrItEAM A
A zolx A P2 F+ELE UEKT]

vt 5471359 TBA value

ZutEe] tFgdel iyt Azl FYS Yol 9iEHo
thiobarbituric acid value (TBA 7} & &3 5lo] & 42} Table 133}
Tk M FF TBA 7t AR 7ot oldof vdAos FES
U 4 ULrh o] of FUA RS} Aol wWE xol:= A ¢lolch
E AEE ARoN 4YL AR Fole A7 W 13 FUY B F
He| 3 717 8oy e AR WAk 2AY %
ol FAderw wA ueidrh WA AL ZHalslE F3s
malonaldehyde I glycoxal 5-& A3 TRAR} HMZYUANE ulo] A3}
3 53| Ata Exsteld xu3e] Mg Aupds RAIAS of 4
whate] peroxide®} carbonyl B¥HEo] AHHE How A Yot
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Fig. 5. Comparative effect of electron

irradiation on electron donating ability of powdered red ginseng

during storsge.



Table 13.

Comparative effects of electron-beam(EB) and gamma
-ray(GR) irradiation on TBA value of powdered
agricultural products during storage. (unit : O.D. at 538nm)

Storage Irradiation dose (kGy)
Sample Energy period
YP€  (month) 0 25 5.0 75 10 15
B 0 0285 0300 0321 0337 0346 034l
White 4 0268 0306 0328 0349 0359 0397
ginseng  p 0 0285 028 0316 0326 0321 0325
4 0268 0283 0313 0333 0342 0373
ER 0 0.121 0271 0311 0340 0367 0376
Red 4 0325 0469 0522 0590 0593 0670
ginseng o 0 0121 0222 0247 0292 0293 0320
4 0325 0510 0546 0554 0592 0619
0 0695 0711 0776 0762 078  0.791
Red EB 4 0818 0745 0762 0774 0803 0797
pepper 0 0695 0709 0717 0742 0737 0741
GR 4 0818 0725 0737 0757 0804 0813
0 0072 0076 0082 0092 0103 0106
Ginger EB 4 0213 0093 0100 0110 0125 0134
0 0072 0076 0092 0097 0101  0.108
GR 4 0213 0093 0104 0114 0138 0147
0 0156 0170 0184 0197 0201 0216
Meju EB 4 0195 0208 0215 0234 0249 0271
0 0156 0175 0183 0191 0209 0236
GR 4 0195 0219 0232 0247 0266 0297
0 0226 0245 0261 0309 0324 0356
Kochujan  EB 4 0276 0314 0334 0349 0362 0391
g 0 0226 0281 0301 0328 0330 0372
GR 4 0276 0296 0331 0341 0379  0.409
0 0252 0301 0314 0339 0341 0381
Soybean  EB 4 0426 0466 0479 0490 0503 0524
paste 0 0252 0306 0350 0371 0415 0464
GR 4 0426 0459 0482 0497 0514 0551
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vl SA7HEES Agat x4

2

AR ¢ 1.02 » Folth §3] AW U &P 4L AL A
el 4t2lEr] & F 52 U & o, FUY AR AW
4ae e 2 FAEHI dold ALs AW, wepd 2t
23 HNE AP el AF FAT A2t Table 149 ol 2t AlgofA
15%-2] x| g4to] Helxiglen, 2E AP A S A4t sfiwl
& BojRdrh £ A8 8 A4S linoleic acid (C18:2, ¥4 &
70 %, WAl 9F 60 %), palmitic acid (C16:0, ¥4} ¢F 10 %, W4} et 18
%) @ linolenic acid (C18:3, B4, W4t 2 5 %) 59 08 M =
ubake] oF 75~85 %& xIR|3}A3l, oleic acidg X{Ist ¥ Bx3} Ay
A (TUFA) R/ ¥[8 B4 < 88 %, 42 ¢ 73 2 v[=A7y A
ZHd W Zohd ZARFZel] offd HEL Qlich

g 25 9 AR BuY =W S AFEUY BL 12.57 %,
AZELE 2.10 % £, AW 24 HUHE dFAe ¥ 24
8t A3} Table 159 grh 33 2w A9 2z AmolAd 1632 34
| ato] HelElolon, RE ARoM UYL APl SR & B 39
. F8 ZWArL jinoleic acid®} oleic acid (C18:1), palmitic acid
7 o 79 ¥ £RELE B2 fukolgd, I tlde] linolenic acid®}
stearic acid(C18:0)2] &0 8 v}jejydr}, AlFxelo] ofE WHE Yol
whabdo] zAMH Alfe] S 10 kGy7hA Y ZAPd o= u]RmARE&}
2 st ZdoflA Holaql WME Bolx| Qgltrh. wapido] AP 4%
U B¢ 4 ARddA 9F9 FA4AW4te] HAF e, =Y BE
AlEolA FU AWt WS o FoAch Fo A4S linoleic
acid®} palmitic acid?} & 78 % $£Folgdsl, 1 thdo]l oleic acid,

linolenic acid®] ©22 uelkich. Azl whie] =& HHE v
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IEEUe ot npAIA R 10 kGy7hR] ] RAPAZOIAE At 24
oA ulEARFete] RolFQl WS Holx| gich  meld AFAd el
A 2abe SEARSY AP e A %S nAA S ¢
ek,

ER Pabde] 2AHE wlF, 23 W B EUY] APt 244
£ AFAe AF 2A% Fa}e Table 163 Zrh o Bl B¢
A BA 8F2 FAYAte] H=Pew, BRE AgoM AR A

Al siEl S Bo Focl. 82 AWARR linoleic acid®}t oleic acid,

ok

4
3

palmitic acid7l ¢ 89 % $ECE &g slojgdmn, I T}
linolenic acid®} stearic acid®] ¢ Vv}Elylrt, 233 BEue] AL

z} A ZolA 6F-2 gAYl HAEIG e, & AR Fa At
linoleic acid 57.95 %, oleic acid 20.40 %, palmitic acid 12.48 % &
o] o7 AN zupate] ¢F 90 %& xx|stg, I thgo] linolenic
acid®} stearic acid®] ¢ % LUlElutom, d]RA}RELp Az g Zholad
ZAREZI] 10 kGy7ix|e] ZAMAZo|ME fo]Fd HUE Rolx] sk
th AgAE 2 Uy A 4 ABAAM 7FY FEAYAte] ¥l
Flaoen, £ A|UAR2 linoleic acid®} oleic acid7} @F 77 % &0
o3, 1 t}o] palmitic acid, linolenic acid®] 28 t}ejyic), 4t
Al Yol wpE HAE 2 oF 9 353 B9 Z¢2 npariy
2 10 kGy7tx| 8] ZAPdRolAE 24t 2AFoA vlRAN2te] o3
HEE Holx] Qfoirh wmhebd AbFAre] AR Zake FUARY 3

Bk 2ol AL F¥E wAA UEE ¢+ dddrh
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Table 14. Comparative effects of electron-beam and gamma-ray
irracdhation on fatty acid composition of powdered white and

red ginseng
(unit: relative peak aera %)
Irradiation dose(kGy)
Sample Fatty acid Electron beam Gamma ray
0 5 10 0 5 10

Myristic acid 14:0 022 019 019 022 019 021
15:0 0.51 058 058 051 05 060
Palmitic acid 16:0 1813 1883 1879 1813 1824 1803
Palmitoleic acid 16:1 10 097 097 1.0 1.01 1.00
17:0 055 051 052 05 050 051
Stearic acid 18:0 152 149 149 152 152 1.47
Oleic acid 181 791 790 1768 791 813 7H4
Linoleic acid 18:2 61.56 6060 642 615 6069 61.79
White Linolenid acid 18:3 4.87 487 484 487 516 4.89
gingeng  Arachidonic acid 20:0 045 052 040 045 101 .0.49
Galdoleic acid 20:1 052 05 048 052 067 058
22:0 075 08 078 075 08 076
22:1 08 094 08 08 078 078
24:0 075 075 061 075 054 061
Behenic acid 24:1 044 043 042 04 022 032
SFAY 2289 2383 2337 2289 2334 2353
MUFA? 1068 10.80 1037 1068 1081 10.62
PUFA"” 66.43 6537 66.26 6643 6585 65.85
Myristic acid 14:0 018 016 016 018 016 017
15:0 058 057 059 058 057 0.57
Palmitic acid 1660 935 991 1003 935 966 984
Palmitoleic acid 161 151 1.52 1.47 1.51 1.51 1.51
1720 035 036 037 035 036 037
Stearic acid 180 087 08 092 087 08 09
Oleic acid 181 723 728 719 723 731 713
Linoleic acid 182 7097 7062 70.07 7097 7060 70.78
Red Linolenid acid 183 557 543 541 557 546 545
gingeng  Arachidonic acid 200 038 043 050 038 037 031
Galdoleic acid 20:1 059 048 058 059 0583 051
22:0 0.44 0.53 0.63 0.44 049 053
22:1 1.22 1.09 1.31 1.22 1.28 1.12
240 038 031 033 038 037 036
Behenic acid 241 037 051 043 037 047 046
SFAY 1254 1307 1354 1254 1284 13.04
MUFA? 1092 1088 1098 1092 11.10 10.73
PUFA® 7654 7605 7548 7654 7606 7623

SFA : total saturated fatty acids.
YMUFA : total monounsaturated fatty acids.

¥PUFA : total polyunsaturated fatty acids.
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Table 15. Comparative effects of electron-beam and gamma-ray

irradiation on fatty acid composition of powdered

pepper and ging

er

red

{unit: relative peak aera %)

Irradiation dose(kGy)

Sample Fatty acid Electron beam Gamma ray
) 0 5 10 0 5 10
Caprylic acid 80 058 055 051 058 052 064
Capric acid 100 198 250 237 1.98 247 304
Lauric acid 120 1.4 1.38 1.27 1.24 1.39 1.57
Myristic acid 140 062 070 0.68 0.62 071 0.80
Palmitic acid 160 1987 2026 1926 1987 1938 1949
Palmitoleic acid 161 063 070 070 0863 0.70 0.73
170 045 045 049 0.45 0.48 0.58
Stearic acid 180 245 235 239 245 2.15 1.96
Reg Oleic acid 181 1522 1522 1545 1522 1481 138
enpey LinOleic acid 182 4379 4432 4548 4379 4361 429
PEPPE {inolenid acid 183 810 812 872 810 848 830
Arachidonic acid 20:0 0.41 057 055 0.41 232 0.51
Galdoleic acid 2011 063 068 0.70 063 061 074
202 185 0.84 0.25 1.85 0.41 -
210 095 0.31 0.33 095 041 -
Behenic acid 220 154 1.05 0.84 154 1.55 485
SFA" 3000 3012 2869 3009 3138 3344
MUFA* 16.48 166 1685 1648 1612 1532
PUFA® 5374 5328 5445 5374 525 5122
Lauric acid 120 027 028 0.34 027 0.36 0.29
Myristic acid 140 1.17 115 1.39 1.17 1.36 1.18
Palmitic acid 160 1375 1293 1539 1375 1328 1342
Palmitoleic acid 161 047 047 0.54 0.47 051 0.46
Stearic acid 180 315 303 3.18 315 2.75 3.13
Ginger Oleic acid 181 11.82  11.17 679 1182 1140 1135
Linoleic acid 182 6493 6237 6741 6493 6278 6313
Linolenic acid 183 391 378 418 391 388 375
Arachidonic acid 200 052 48 078 052 209 309
SFA 188 2222 2108 188 1984 2111
MUFA 1229 1164 733 1228 1191 1201
PUFA 6884 6615 7150 6384 6666 6688

“SEA © total saturated fatty acids.

“MUFA : total monounsaturated fatty acids.
YPUFA : total polyunsaturated fatty acids.
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Table 16. Comparative effects of electron-beam and gamma-ray bradiation
on fatty acid compositon of powdered Meju, Kochujang and

soybean paste. (unit: relative peak aera %)
Irradiation dose(kGy)
Sample Fatty acid Electroen beam Gamma ray
0 5 10 0 5 10

Myristic acid 14:0 007 007 007 007 007 007
Palmitic acid 160 1232 1229 1229 1232 1192 1225
Palmitoleic acid 16:1 0.11 011 012 011 010 016
Stearic acid 18:0 377 31N 373 377 373 38
Oleic acid 181 2149 2144 2127 2149 2171 2161
Meju  Linoleic acid 18:2 5523 5536 5572 5523 5547 5539
Linolenic acid 183 688 68 673 68 695 658
Arachidic acid 20:0 013 013 007 013 005 008
SFA" 1629 1620 1616 1629 1577 1626
MUFA? 2160 2155 2139 2160 2181 2177
PUFA” 6211 6225 6245 6211 6242 6197
Palmitic acid 160 1248 1304 1287 1248 1269 1298
Palmitoleic acid 16:1 030 034 038 030 037 032
Stearic acid 18:0 254 343 312 254 275 302
QOleic acid 181 2040 1959 1955 2040 20.11 19.87
K;::::« Linoleic acid 182 5795 S571 5729 5795 5749 57.08
Linolenic acid 183 634 78 679 634 655 673
SFAY 1502 1647 1599 1502 1544 1600
MUFA? 2070 1993 1993 2070 2048 20.19
PUFAY 6429 6360 6408 6429 6408 638!
Myristic acid 14:0 034 038 035 034 03 037
Palmitic acid 16:0 1386 1410 1426 1385 1433 1512
Palmitoleic acid 16:1 038 037 038 038 042 035
Stearic acid 180 313 311 251 313 34 29
Soybean Oleic acid 181 1875 1886 1869 1875 20.10 1857
pastes  Linoleic acid 182 5824 5814 5882 5824 5657 5792
Linolenic acid 183 531 505 493 531 479 472
SFAY 1733 1759 1712 1733 1813 1844
MUFA? 1913 1923 1907 1913 2052 1892
PUFA” 6355 63.19 6381 6355 61.36 6264

"SFA : total saturated fatty acids.
PMUFA : total monounsaturated fatty acids.
PUFA : total polyunsaturated fatty acids.
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3. BAHEEY ¥y B4
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Table 17. Sample means and F-value for sensory
powdered agncultural products irradiated
beam(EB) and gamma ray(GR)

parameter of
with electron

Sensory Energy Irradiation dose(kGy)

Sample F-value
parameter type 0 5 10
EB 475" 475" 5.25°
White  °r  GR 475" 450° 438" 393
ginseng EB 450" 513" 475"
Odor  ~p 4.50° 450" 450° 182
EB 5.38" 463" 6.38"
Red  Color  p 538" 475" 513" 550
ginseng EB 475" 5.00" 5.38°
Odor ¢ 4.75" 4.88" 5.50" 333
EB 5.00° 563" 475"
Red  COOr (g 5,00 463® asr 12
pepper EB 5.00" 5.75" 550" 4
Odor 5.00° 513" 4.88° 044
EB 5.00™ 5.88" 5.00"
Color GR 5,00 488 4.00° 1.78
Ginger Odor EB 5.00™ 538® 500"
GR 5.00" 4.25"™ 4.00™ '
EB 5.00° 5.40° 5.40"
, . . 1.
Color — -p 5.00° 450° 4.60° 7
. EB 5.00" 4.60° 480"
Meju Taste GR 5 00" 460" 480" 0.08
EB 5.00" 5.10° 5.20"
Odor  p 5.00° 4.90° 4.80° 0.23
EB 5.00° 4.40° 5.00"
oot Color — Gr 5.00" 430" s 0%
ochuja EB 5.00" 5.30° 5.40"
. . . 4
ng Taste  Gr 500" 5.40" agy 0%
EB 5.00° 5.20" 5.30"
Odor  -p 5.00" 5,00 5.00° 0.11
EB 500" 550" 4.90°
Color - 5.00° 450" 5.00° 085
Soybean Taste  EB 5.00" 5.40° 4.10° 054
paste GR 5.00" 5.40" 5.20" :
EB 5.00" 5.00" 4.60°
Odor — -p 5.00° 5.00" 5.20" 044

abe)
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