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Abstract

This study was conducted to determine the effects of gamma and e-beam irradiation on the quality of minced pork and
pork patties. Each sample was irradiated at 5 to 20 kGy, and its quality characteristics were then evaluated during storage at
30. The results of the total bacterial populations in the minced-pork and pork patty samples showed that the antimicrobial
effect of gamma irradiation was superior to that of e-beam irradiation. The 2-thiobarbituric acid reactive substances
(TBARS) value of all the samples significantly increased (p<0.05) as the irradiation dose and storage period increased. In
addition, the gamma-irradiated (GI) samples had higher (p<0.05) TBARS values than the e-beam-irradiated (EI) samples.
The volatile basic nitrogen contents of the GI samples were lower (p<0.05) than those of the EI samples. The color values,
such as the L* (brightness), a* (redness), and b* (yellowness) of the minced pork and pork patties, were increased (p<0.05)
by irradiation. The hardness and sensory properties, such as the color, chewiness, taste, and overall acceptability of the pork
patties, were decreased when the irradiation dose increased, and the hardness and sensory scores of the GI samples were
lower than those of the EI samples.
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Table 1. Formula for manufacturing hamburger patties

Materials Content (%) Remark"
Minced pork 51.5 1
Pork back fat 16.4 1
Iced water 6.1 1
Ginger 1.0 2
Onion 8.5 2
Egg white 43 2
Tomato ketchup 1.6 2
Isolated soy protein 4.1 2
Dried bread powder 4.1 3
Nutmeg powder 0.05 1
Salt 0.65 1
Flavor enhancing wine 0.42 1
Black pepper powder 0.21 1
Red color reagent 0.01 1
Trisodium phosphate 0.21 1
Sugar 0.85 1
Sum 100

DNumbers in remark indicate the order of addition of materials in
a mixer.
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($105x10 mmyZ o]-&-3te] 43 F 7FAAsIAT. 7}
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AAE B Ake-oj| A MhEEIAL polyethylene vinyl ZFAE
ALgEte NE T4 T s AL .

SEAR EAL

AFe) b zAbe A9 11.1 PBq, Co-60 ZvHA %
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Table 2. Effects of gamma ray or electron beam irradiation on growth of total aerobic bacteria in vacuum-packaged minced

pork and pork patties during storage at 30°C

(Unit: log CFU/g)

Dose Minced pork (d) Pork patties (d)
kGy) 0 2 5 10 0 2 5 10
0 3.75 D - - 3.56 - - -
Gamma 5 3.38 5.61 - - ND 6.89 - -
ray 10 ND? 4.49 6.43 - ND 5.76 6.49 -
15 ND 3.68 5.83 6.86 ND 3.32 5.72 7.26
20 ND ND 449 5.53 ND ND 3.75 5.46
0 3.75 . - - 3.56 - - -
Electron 5 3.48 6.69 . . 3.32 7.91 - -
© 10 ND 491 7.46 ; ND 6.83 - -
Beam
15 ND 3.75 6.48 7.89 ND 6.61 - -
20 ND ND 5.54 7.61 ND 551 - -

UBar indicates no determination of cells because of spoilage.
“Below the detection limit < 1 log CFU/g.
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ATAPER A3 eS¢ ¢ Utk 283 olfE =
Aol A, 27) PR edsd) nAEY FF
o] 27| wjito g fetEch
5 e A BlEARY] FRAE QAEE 3iog
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wpde wls) vAYE At gt =24 PAsiah
A 27 MAES Aolske A 21F9] AMA, ¢
A8 B AGRE Frsled slof vle- Fe8lckPark er

g
=
[s]

al., 1996). YHbA o= 2Fo] A 27| FdT7} BS

= A7be] oAz A z7)o
Fd57t HASFE A0 FoAet, ol Sl
A 2w Zopde] bl wls] Kok g3l #HQl
7o g S Ry Tudle AV|E AR HE
o) 7FAA B2 Q3 HIZAFEY] Afele A% 24 vl
Fojlo] =dslaL A 0] S7FEE HaA) 7|7} A
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o Rujux] ekdc), o]9} e A= Oh 5(2004)2]
A7t AAshE AoZ YERTH
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Table 3. Contents (ug/g) of malondialdehyde in vacuum-packaged minced pork and pork patties, followed by gamma ray or elec-

tron beam-irradiation, during storage at 30°C

Dose Minced pork (d) Pork patties (d)

(kGy) 0 2 5 10 0 2 5 10

0  0.48£021° D - - 1.79£0.33 - - -

G 5 1.17+0.24° - - - 1.89£0.13% - - -

arr:ma 10 1.59:0.33° 2.41:0.16° 2.8420.19° ; 2.18+027°  2.66£0.36"  3.25+0.42° ;
Y 15 2.06£028% 2.88+037% 2.95:0.38" 3.45:049° 2.724024" 2.90:0.22% 337:028" 4.07+0.47°
20 2.08+0.22" 291029 3.00£0.13" 3.642037° 3.01:0.43° 3.18£046" 3.63:0.31°  4.88+0.39"

0.48+0.16° - - - 1.79+£0.33% - - -

Elect 5 0.85:0.23" - ) ; 184£0.23° - ; ;

;:a’;fn 10 1.07+0.18"  2.08+0.13" - - 1.92+0.17%  2.44+0.10 - -

15 1.55:037% 2.13£021° ; ; 261£0.44°  2.78+0.41% ; -

20 1.84+029°  2.7120.29° - ; 276052 2.97+0.29° - -

**Means within the same column different letters differ significantly (p<0.05).

DBar indicates no determination of TBARS value because of spoilage.
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o ARIE AT ASole 9A A ZARE A
3% hydroxyl radicaloll &3] AW} Aksf7} 2K EHH(Smith
et al, 1960). §79 FQ AWARE palmitic acid(C,q,),
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H, ol APPARE ESol 254113, 10.91.5, 34.7+2.0 2
10.421.39) B &(%)E ZATHKim et al, 1999). o]F
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ZA| 93 A AF8FEtH(Giroux and Lacroix, 1998). X
A AR AP oE Aol 53], Akt &
AN A Asrt X9 B Apoa] 2y £5
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o]x9] Ao} FYS AHE B& + UUTHHeath e al,
1990). 3HH, WAL ZAMI 213 2akslE HHA)s] 9
3 AR = T T ol WE WA 24 2
AsHA| A7l & kst A7 850 ok (Taub
et al, 1979). o|5 WL WA Al 9 Aukakst
S WASH=T) vl &332 whHo R B A Az
X} o] ZAMA o] Fold Aol shle) Whe
08 AR AT F 7R o] 2EE FAl4
BEske Aol v 74 Y Aog foslo] &% o]2
A A7 FIFojol & Aoz AlgHUT

=5 HEe B9 AF Z7] TBARS e BlZAR L)
A 179 pg/gol ot bzl AN B zApM o]
S7HeHl Wl frede g Frlete Aew Jehgdth
(p<0.05). Ao 2 WARAL 8o wE 99 oEd
(oil emulsion) “FERSIA hydroxyl radicalS AJAJA) 7=t
579 AS ZHATY ¢ 75%S R|sRs o] AHt
o5 HH(lipid bilaye) 2 E#Mdz 7] W&ol =)te]
2H}E oF7|RtcH(Thakur and Singh, 1994). HIARA Ao

B F¥oEs AFES9 Ao} nliAE 7upo)
AR vlE]) AkElE S HA47)E Rz g

Wt ol vAE ASAIE B xe} o] Zupdo] A
AR wls] FA=TE Fol Aatstel] wAE Jafo] 2
7] jEo2 ALSHECE 3, Ahnd Lee(2006)= 4]
o e JE TS NS BE8X et Akl 2
Abell mE ARST T Ashy FAREE A8
= v EFHolzka AAEE v sl B ATl
FEFER o 2= A% AR Aol 2% 21 A
g dAIs] el s e WEAErE ad
Ao HAGHI

ZOp, MXH ZALE 22 E] W £ JE(Q) 3y
A7[e) A gH s}
AExgd B =574 =5 HEHE W 45
Abete] ZREEAASRA FEbd A7 dA

ZA3 A3=E Table 4°] JehIch AF
59 VBN e o 2-4mgnE ZAMIFE B AW
Zoll FAGlo] Fol&R1 Alel7t §le ALE UEh(p<0.05)
AR ZAPE §579] VBN #3l J3S 2] ov A
o8 IIHAT F7Y AY F IHDHAL ofu=it
9 AEzle] Frle) A4z BaEEd o] w AAEHE
wld Fajasol o) olw|=Ata sEfo|=rt F1Eh
ol 'd4H(Adenosine monophospate: AMP)e] 32 213]
YEUop} AHEZ VBN Figo] F718A BthDavies
and Board, 1998). W&}x VBN ke &79] AMEE
Bkshe $28 AR F R d5S 9 5 g
3ot VBN &2 20mg% ©)8t2 733k UTHDavies
and Board, 1998). ¥ A7 ARXx #4) F52] VBN
e A7) FUHE wEt A&Ho g FUkshe
Aol ot 7k e AN ZAVFY A9 iz
o Bia VBN §#e] S717F AAFHAT. o) AR =
Abell oJ3l £ =59] vjdEe] A7) WEeZ A}
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Table 4. Contents (mg%) of volatile basic nitrogen in vacuum-packaged minced pork and pork patties, followed by gamma ray

or electron beam irradiation, during storage at 30°C

Dose Minced pork (d) Pork patties (d)
(kGy) 0 2 5 10 0 2 5 10
0 2.19+0.36 b - - 3.18+0.43* - - -
Garmma 2.16+0.28" - . - 3.24+0.52* - - -
ray 10 2.84+035* 6.14+0.68° 10.3x1.27° - 2.97+0.43*  5.61+0.63* 10.93+0.79* -
15 238+0.51° 4.83:x0.52°  6.85£0.73" 7.76x0.64* 2.81:0.29° 4.72:0.41®  7.68+0.45° 10.6420.84°
20 245+0.32*  3.76x0.49°  4.14:0.54° 4.55:£0.58" 2.52+033* 3.95+047°  6.12+0.54° 6.96+0.61°
0 2.19+0.36" - - - 3.18+043 - - -
Electron 5 2.79+0.42° - - - 2.632027* - - -
Beam 10 2.45+0.16*  6.51+0.73 - - 3.25+0.52*  5.84+0.53 - -
15 3.15+0.54*  5.05:0.46° - - 2.7220.41°  4.98+0.36% - -
20 3.58+0.35*  3.89+0.38° - - 2.8720.35°  4.1320.44° - -

"*Means within the same column different letters differ significantly (p<0.05).

UBar indicates no determination of VBN because of spoilage.
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NTHAzZIz et al., 2002). WA Ao W2 ol 7w}
A ZAPE AR 2AL Hls] A4 el VBN 3 &
Ve AAskET ARl Ao E el o) mlAE
AFATe} dxjshes 2R ZAvpdo] AAde ulEl 1)
AE2] Alojoll vg A o)7] wFo|t}. wheba] A}
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ot 52 Adio] 87He AoE FHES
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ke Wb AT BLE)al 2.5-3.3 meghE o)
zpol7d Pe A0R YEREO M (p<0.05) ZAMIF ] W
zho)% ATk E3E, AAG7ITke] ST ekl whel WA
ZAFE7Y iRt B8] VBN & 277} ojA)|E o] n
AE AeAT} Ix)3kTh. Al-Bachir?}t Mehio(2001)&
lucheon meatoll 7H}A1e ZAFSH A4 =2 VBN S
< A% A7 el AR A8 VBN gEFol Bz
Aol vls) wottial Baiste] B A Axkel UX|5H%
o FARAE & 2po] GA] e 2AE AR &
Aol nig| A7 F VBN ko) Z71E AAsh=t) 25
FEAHEA Aoz Yeht Fage] Adel dAskA

o|te} Aol xef o] &7/ Y SVVEES F8% F
A AFJAR] VBN &ERe vAE A U @4
o] glom, B AFdlA Hrbid ZAPE WA ZAR H
3] VBN 3 71 AT 4 JE AL PAebadel &
< 5 2 =5 @ gE e 2dE maE Al
oo Bt} gxpdoly, o]Z QI3 K] z|¢de] flglel
Aoz Y=}

r}

O, XM ZALE 24 =] Y
TXA S ZAwpA, AR ZAF gL
o] EAEMT W3lE Table 50 Vel =
HARS Al o)) g, AAn e BE

02 =748l thp<0.05). H(Fe)d A7} 27101 3
myoglobino]&} E&]-¢-31, S8 HxjAo]| | 37}o]H

ok rH

Euloa A (A
(o3

1o on &

A o
4

metmyoglobin®| 2} E2]-¢-1 S42 o] Hr}, gk
APARe] AXH YAl AFAEATE FAETE oA
2ba3lel H2m o]F oxymyoglobin®] Bl kAL, 42
ghe o] =Hok 1y WARdo] ZARE 45 o]
3} olix ) Foll ofsll Fe* 7t 4kshE]o] Feof A4
7 A Aol 2 metmyoglobin®] 37} EAE
THClarke and Richards, 1971). B3k, ¥ARA ZAlel] 23]
F7) o YAlEA(Co) e dASHEENOTE 4
2221 myoglobin#} ZAEs}e] CO-Mb FEE NO-Mbo] A4
Hrz 743k B A5s HA Ert Nanke 5(1998)
23 AT 980l WAMIE AR A% ATt
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Table 5. Hunter's color values in gamma-ray or electron beam irradiated minced pork and pork patties after vacuum packaging

Dose Minced pork Pork patties

(kGy) L* aF b L* a% b
0 44.35+£0.97° 7.17£0.13° 8.14£0.22¢ 48.17£0.91% 4.25+0.04° 10.17+0.23%
Gamma 5 44.88+0.57¢ 7.91+0.06 8.58+0.11° 49.73+0.75* 4.67+0.08" 10.48+0.21°
ray 10 45.46+0.84¢ 8.53+0.13° 9.16+0.19° 50.26+0.48" 5.41+0.24° 10.07£0.32%
15 46.91x0.51° 9.72+0.32° 9.59+0.28° 50.46+0.62° 6.65+0.17° 10.53+0.26°
20 48.68+0.76" 10.63+£0.21° 10.54+0.43% 50.71£0.58* 7.42+0.29* 10.96+0.23%
0 44.35£0.97¢ 7.17+0.13¢ 8.14+0.09" 48.17£0.94* 4.25+0.04° 10.17£0.23¢
Electron 5 44.24+0.58° 7.58+0.14° 8.58+0.06° 49.13£0.63% 4.54x0.07° 10.41£0.23°
Beam 10 45.16x0.39° 8.37+0.19° 9.16+0.24° 49.41+0.74* 5.15x0.08° 10.76+0.15°
15 46.28+0.57* 8.69+0.23° 9.49+0.31% 49.76£0.47¢ 5.73+0.15° 11.41£0.24°
20 47.24+0.61% 9.98+0.27% 9.84+0.28* 49.95+0.59* 6.89+0.24% 11.75+0.29*

**Means within the same column different letters differ significantly (p<0.05).
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Table 6. Evaluation of hardness and sensory qualities of gamma ray or electron beam irradiated pork patties after vacuum pack-

aging
Dose - . Overall
(KGy) Hardness (g) Color Chewiness Taste Off-flavor acceptance

0 431.76145.35* 6.8+0.8° 6.7+£0.7% 6.8+£0.6" 1.240.1° 6.8+0.8*

G a 5 395.67+£50.32?2 6.1x0.6% 6.1+0.5% 6.2+0.4* 2.2+0.2% 5.7+0.4*
ray 10 385.06+£27.59* 5.6+0.5% 5.7£0.4% 5.6+0.6* 2.7+0.3% 5.3+0.5%
15 381.43+£20.32° 5.1+0.4° 5.2+0.4° 5.3+0.4° 3.110.3 4.6+0.2°

20 375.69+£28.35* 4.7+0.5° 4.4+0.3° 4.1+0.3° 3.3120.2% 4.2+0.4°

0 431.76+45.35° 6.7£0.4% 6.9+0.6* 6.7+0.7* 2.1£0.2° 6.9+£0.5%

Electron 5 42438+ 6.22° 5.9+0.6* 5.8+0.6™ 6.5+0.3% 2.3+0.2%° 5.6+0.4°
Beam 10 423.21+61.62° 5.8+0.5%® 5.5+0.3" 5.820.5% 2.7+0.1* 5.4+0.4%
15 419.93+83.64* 5.4+0.3° 4.6+0.4° 5.410.6° 2.9+0.2° 4.9+0.2°

20 407.34+£69.88* 5.1+0.4° 4.3+0.3¢ 4.310.4° 2.7+0.2% 4.4+0.4°

““Means within the same column different letters differ significantly (p<0.05).
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