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SUMMARY

This study was carried out to investigate the effect of castration and
aging on the tenderness of Hanwoo beef. The tendemess degrees were
measured by actomyosin toughness and background toughness using Hanwoo
steer and bull beef. In conclusion, actomyosin tenderness was affected highly
by castration and aging, in contrast to background tenderness was partially
affected, by degree of which was contributed to tenderness in Hanwoo beef.
It was conducted to investigate the effects of aging and carcass grade on
the physico-chemical and morphological properties in rib loin and top round
obtained from cow(lst carcass grade), steer(lst carcass grade) and bull(3rd
carcass grade) under aged at 2 £ 2T. Volatile basic nitrogern (VBN), water
holding capacity(WHC), cooking loss, myofibrillar fragmentation index(MFI),
hardness and morphological change were observed. These results suggested
that 1st carcass grade beef was more effective quality improvement than that
of 3rd carcass grade beef 'by aging. It was conducted to investigate effects
of delayed chilling and aging on the quality characteristics of beef in
Hanwoo bulls and steers. Rib loin and top round obtained from steer(lst
grade) and bull(3rd grade) were subjected to different chilling temperatures
of 5T and 16T for 24hr and 35C for 10hr, respectively and then stored at 2
+27TC for 15 days. The results suggest that the delayed chilling have great
improving effect dn quality of Hanwoo beef, compared to conventional
chilling and conditioning, regardless of carcass grades. The Bacteriological
quality of retailed Hanwoo beef and retail stores was studied to investigate
hygienic status in marketing system of Hanwoo beef. Chopper showed the
highest contamiantion level among various materials used in retail Hanwoo
beef store such as knife, cutting board, slicing machine and chppor.
Sanitation of fresh meat processing plant and effects of organic acids on
bacteriological quality of fresh meat were investigated to determine the

hygienic marketing system of Hanwoo beef. Total bacterial count of Hanwoo



beef treated with organic acids was 1 to 3 logiw cycle lower than control
after storage for 12 days at 4 C. The purpose of our study were to investigate
the changes of physicochemical properties according to packaging method
(vaccum packaged with polyamide/polyethylene, air packaged with poly-
vynylchloride) and illumination on the properties of high quality Hanwoo
beef. In conclusion, the results indicate the vaccum packaging treatment were
essential to shelf life elongation of beef. The effects of prooxidants on lipid
oxidation in oil emulsion prepares with 0.IM maleic acid buffer (pH 6.5) were
determined. It could be concluded that the iron source that is important in
the catalysis of lipid oxidation is the Fe® ion; neither the iron bound to
transferrin or ferritin nor the central iron component in heme pigments had
significant effects on the oxidation of lipids in the oil emulsion system. The
effects of prooxidants on lipid oxidation were determined in meat homogenate. It
was concluded that the iron sources that is important in the catalyst of lipid
oxidation is Fe”ion and Fe*ion in the meat homogenate. But, Hb was a very
weak catalyst of lipid oxidation in meat homogenate. These experiments were
carried out to investigate the effects of electrical stimulation on changes of
physico—chemical properties in Hanwoo steer and bull beef. These results
suggest that electrical stimulation may also improve tenderness of meat. Bac-
teriological quality of working surface and decontamination method of cutting
board were investigated to improve the hygienic quality of Hanwoo beef
duﬁng distribution. Decontamination effect of organic acids on wood was
lower than that of plastic or stainless steel cutting board. Effect of organic
acids and vacuum packaging on storage of hanwoo beef was investigated to
improve the hygienic quality and storage life of Hanwoo beef. Fumaric acid
and propionic acid showed inhibition effect of spoilage in vacuum packaged
Hanwoo beef for 50 days at 4°C. The effects of electrical stimulation on lipid
peroxidation and meat color were determined in korean beef storaged at 5TC.
The a value (Redness) of ES meat also had the same tendancy as L value
of ES meat. Overall ES meat color was kept more bright red than NES
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meat color, but there were not significantly different(P<0.05). The effects of
vitamin C concenfration and vitamin E on lipid peroxidation and meat color
were determined according to storage conditions(fluorescent light and dark
room) in korean beef storaged at 5T.Meat with vitamin C 3% was the most
effective to keep meat color during storage for 10 days. And also, meat
flavour tended to be decreased during storage at 5T, but there were not
distinct different according to vitamin C concentration. These experiments
were carried out to investigate the effects of electrical stimulation(ES) and
delayed chilling(DC) on the quality characteristics of Hanwoo beef.SDS—
PAGE band patterns of myofibrils showed the rapid breakdown of troponin T
and troponin I band in ESDC, compared with NES, and revealed the specific
band below myosin light chain-2 pattern in ESDC. Effects of commercial
detergents and sanitizer on survival of surface adherent microcolony of
Listeria monocytogenes and Escherchia coli fromed on the various cutting
board such as wood, plastic and stainless steel were investigated to improve
hygienic quality of meat processing plant and retail stores.Propionic acid and
fumaric acid were more effctive than other organic acids in nactivvation of
surface adherent microcolony. Surface adherent microcolony of L.
monocytogenes and E coli showed similar tendency in inactivation against
organic aicds. The purpose for study was carried out to investigate the
effects of plant extracts on lipid oxidation and free radical reaction in iron
sources reacted with active oxygen species. In conculsion, the PD and LE
extracts will use as natural antioxidant sources to reduce lipid oxidation in
raw meat. The effects of plant extracts(Pinus Densiflora, Lithospermum
Erythrorhizon) and electrical stimulation on lipid peroxidation and meat color
were determined in Hanwoo beef during vacuum packaging storage at 0C
for 90 days.ES meat color was kept more bright red than NES meat color in
view of sensory evaluation, but the color and flavour of ES meat treated
with plant extracts were not improved, compared to those of ES meat
treated without plant extracts. Effects of electrical stimulation and medicinal
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herbs on self life of vacuum packaged Hanwoo beef at 0T were
examined.Self life of vacuum packaged Hanwoo beef with electrical
stimulation was improved by spary of PD and LE on surface of Hanwoo
beef.
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A study on castration and aging of the tenderness

factors in Hanwoo beef

Abstract

This study was carried out to investigate the effect of castration and
aging on the tenderness of Hanwoo beef. The tenderness degrees were
measured by actomyosin toughness and background toughness using Hanwoo
steer and bull beef. Steer was significantly lower than bull in hardness,
which was decreased during aging. Amount of separated actomyosin
filaments and myofibrillar fragment index were significantly increased, which
was clearly high in steer, compared to bull. The most important tendermess
factor was degree of separated actomyosin filaments, which was affected by
castration and aging. Hanwoo bull was tended to be high in collagen
contents, compared to Hanwoo steer, which was tended to be decreased
during aging, irrespective of castration.. However, collagen contents were not
different between steer and bull. Crude perimysium and endomysium contents
seems to be not different according to castration and aging. Heat soluble
collagen and salt soluble collagen contents were tended to be high in
Hanwoo steer, compared to Hanwoo bull. These factors also were increased
during aging, wrespective of castration. The background tenderness was
partially affected by castration and aging, which was contributed to improve
tenderness within limited scope. In conclusion, actomyosin tenderness was

affected highly by castration and aging, in contrast to background tenderness



was partially affected, by degree of which was contributed to tendemess in
Hanwoo beef.
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71 @ 877t FoHNEAM RFF¢FY At R {FF3AAAN nFAS
AstE Ro] ulg- oW A2 =5 . Hur] FARGIY s
E7t 8% AEJ HERE & AFdAE AN 989 %4F dx8
3 HAEstnA dA.

R

_\2 O{N 0
2 o

2]

2. 45 2 ¥y

7t d9A=
AFEES AAE 3td ALsE AM R HAA #95E A& Al
= Boz Ao w2} =3 48212 10 TolstallA WHALER
7 ¢58)d o3, dAAdstq sH4H FEFHE AA}AGD. ol THL
Al 1 839 npA gt F5AlolE Moz Aad 4Fe] WYL TYF ¥
2olen, & Ay ¢F WA BHggIo] L£FPE & AFFE
o, AAF & Alse 5 mM NaN; §fo2 §53 F 4 Tol AFsd
A ddARZ A

o R

Bourne(1978)9] %o o}l Instron texturometer(model 1011, USA)E A&
o] A58 ZAsYt. &PZAPL load range 227 kg, cross head speed
50.8 cm/min, transducer 4.54 kg, cross head diameter 6.4 mm, chart speed
200 mm/min, clearance 05 cmZ 3d¥c. dAEHf nloje il HAYPEE
Takahashi 5(1981)2] Wl 93t ZUHFAA 7t=detdEs F2Hew
E9 &eFe Fiixn, e &P IAHF FaAFd o &=
A et 2946 42835 (myofibrillar fragmentation index)e] &3 &
Olson 5(1976)9 Wy 9t YAk F, A8 4 gol 10019 EH
(100 mM KCl, 1 mM EDTA, 1 mM NaNs;, 20 mM K- phosphate buffer, pH
70022 T4, A2 #AAE 33 wEIHG dojn IIHR/RIYAL
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05 mg/ml9] T2 39 540 nmolAN FFEE ZAsl:, o] FF=] 200
< FHAA 242U EE YehJY. 330 FFES Woessner(1961)9]
gt o] 9l& Alged] 6 N HCIE ¥3 100 CoA 7F4E83sto chloramine T2
A5tA171 ¥ p- dimethylamino-benzaldehydeZ 2o ¥HgAl71L 557 nmollA
FF=E FAAA(C A tE LAY SH S Hill(1966)9] BHoz Psd
. &, 2% 4 g9l 25% Ringer's solution® 2 FA3 31 77 CoA A3t
o dAdEdst= HAHL WES A hydroxyprolineE A ¥t F2ehd FFol
dd %2 Yetddo. 484 F2kdle £ & Ruantrakool# Chen(1986)9] %
Yoz 28 1 g9 01 M NaCll0.05 M Tris-buffer(pH 7.0)& 39 ml ¥ 3%
7t ¢ A3AF13, 20 T water bathollA 72413t F2 FolE ©g, ol 1000 X
gollA 1083 d4EEstd 43 AL hydroxyproline @ o} A&t 5 A
x28]= SAS-PC package(1985)9] 4Rt udd g FAENE stn F94
< 5 %¥FTAA AR

.47 9 n&

7t Az "Xl AMY $49 5

Table 1& F$AA -} HAASES] FHA 59 $4F ZEE Instron
texturometer2 3% Aotk AAMRFT4 FHd #AQC] AT §4F 2o}
Ao, AMSKe] ZFErst F9o FAYU] WAMSF] HFLBYg Igig. =
g AM R BAQlel TARAN FEFHA vs dokoh +E1963)E 4F
¥ 53199 9 ARSAXA wFHZZo] M AEI ¥dn sHow,
AL Adx9 xolE ZAE Field $(1966)2 Bl AA$-o] vste] AAHS-9 A
ggo] Yrin &Yn, FH S(1968)% ZFR3S AA$It v AAH S vy
Hadgo] wa w20 uiFo]FZolY wrAG2e v HGo] Yrin
s, & AYe dAe 059 FAgY L AP Adxe AAMG &
ol o AA{A MAHAG.

. Actomyosin 9E 844 v AAMY £49 &7
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AAZZAF x40l AP el SAHFU @R wsld o g
upo] 2 Ate]o] A5 ztge] Wiyl dojdoim o)&Ha glth(Takahashi §,
1967). 2% AolA Hd} vlo]Q Nzt Hofsl AX & HFAHoz ZAF 2
A FroA HelES sj2lFo= Table 20 YEHHJAT Selcs AMHSE
F-9ol FARYe] A7l Aol wEl Frlstdew, Ao AL v}
ol dEre FHo AU BAMSRYG U FF AMFTA B
Aol 49 siglzrt 59 A$Rd =tk Yamanoue(1987)= HewlE
o dEFge] Frst7] A9 ANRH FxE £F4 gt dEg AAFEEA
7130 B wet HHFr FTUIFGL Fn, B AdY dAE FAIY
o4 oo & 499 10894 sEEs FAHY A 4% FE2H AL
29 %(1094), dol 66 %(4LgA)et= Yamanoue(1987)9] ZA#} A S(1993)°]
gu71e] A3 594 sel=rt stEnr] 66 %, thelnr) 51 %ele Ao uls)
YA Fxed, oA £F 9 Aold 7|A%Yn AAHJUY. HLHH nlo)
249 ez dRe FE9 d3(Table D9} 2 APt ALFE R A A9
FEolA 2 FHol Z-Ho A&HA 1AL F1 L ¥EY Ca ‘o
g3 z-d9 FxIt dHHo 2YHFY 4¥Es dojyi(Takahashi 5,
1967, Hattori$} Takahashi, 1979), °ojg]& 294 F<9 AWM= 179 Az
LA #AZE Ak (Olson® Parrish, 1977, Parrish 5, 1979)2 olalslm gt}
Table 32 Z-A°] %= FxE I94F9 2Hst=(Myofibrillar Fragmen-
tation Index ; MFDZ Yetd Rojtt. AMAFT Fo BAQC)] 547340
ZdojRel o MFI= 3718t £3F 290 @AYol AME B$71 AL
o AR o, AMRFA @AY SHol $Eo wisty E3dth £4
of Aygtel| wat AMLs wIAMS v MFIZt ¥& Zi#}E Calkinset
Davis(1980) ¥ Morgan $(1993)9] Z#e} AX st =3 MFI dae 73
E9 Zd3KTable 1) ¥ HYerto]le 4l sz A (Table 2)9 2 YA 3tA.

959 actomyosin Q=84 F, A3 vlo]e N9 dHadx ¥ MFIE A4
St A4 & A dFE won, wepy JAxAM A Jddgda B
H At

o}, Background 9840 o= AN €49 a7



D g4 g%

ZetAde 17)9 background toughnessZ A& 3t} Ramsbotton -5(1945)9]
A% z2 9 &% textural quality Atole] Ao @A Adn & F, WE
(Kauffman %, 1964; Hunsley &, 1971)3 ] x|(Dransfield, 1977; Light, 1987)¢]
FAo] A7|Ho] =@ Fojt}. Table 4= AAFF #E FTHH $59 A
%L AANHe2 yehd Fold. v|AAMS FeE FHo dAIQde) AAS
Bt 234gFo] B AFL 2Axn, AMFFA @AYl +-E°l FHEH
SaAggol B A Jehddd. o] Age Aud dA2F AAMS9
hydroxyproline@ %ol ¥|AA$-2o {34 don & dHAEE F, 1987)%
B A M E-So] AATFSKo sl A} $E9 FHAEFel gdn @ A
£1996)8] ®ish e AFe Uehith £ o B A FaH(Table
D & AdAsY, AL AAS7E v AL S vEd ddEo] @¥n @ Field
5(1966)9) B3, ER&-9-AM LI vAAHS us] AdHe] dmn ¥ HH
(1968)9) A7d# L FSAASIE HAASY FxEY {Fo3tA o &
2 5(199%)9 FAIgx AN wey o] Ae FEeA dFH A=
o] @A 7t Aol AttE= Dransfield(1977) ¥ Light(1987)9] 4+ d e 2 7
Folt. £4F SYATFY Wile AARTY F9dd FARYe] vA FAL
e AEe vehddeyd fAd4Le g ol d HAAEs §4%7d Ha7)
SA9 287 gAY F&o] #Fadds Bu(McClaing, 197008 #AHHA
t}. Robins$} Cohen(1976) % Kopp ¢ Valin(1981)& Z&HolY &8 WIFE
AN E lysosomal B4 4 wiFsd FehAd Rt 2dddn e
W, Nishimura $(1995)& 27|54 %d 284 A¢z3, & SIA4FTULGH K
2599 A syt BREJAGD YR, oRE e FA AYgx3
& 7483 = proteoglycano] £4F EAEo2ZA Az s 7|
@ (Nishimura &, 1996)3 stsich & Ade 45 440 &F9 ¥g= 2
W Ag=ae FxF o5} lysosomal B4 A4 7|ddcn Az,
olg| ¥ Wit= AxWEH(Table 1)9] AAgx # F§3te AFolUd

2) A9 &34
a71¢) 23H JAL A FRude Ad A JE}E Aoz o&H



3 Q)H(Hill, 1966; Shimokomaki F, 1972; Light, 1987). Table 5= Z&}la9 7}
d&aAdE Vebd Aotk FGAY A LAY L AAHRTE F9lol BARo]
SAF BAAHLR FUhste AFgolH, Fod BAQUCl AMS-So] HAASS
w29 tdgsigol ¥ APk Hil(1966)e Fehie) g3ix 2
a7t Z8A9 crosslink®] A= Fejo] uigolgtn syow, 7159 ozt
Bold+E gyt Z4stn 2717 AAZG &y & 499 dH42 B
of HIAM -5 A57 AMSS9 5o vla ehdo] A crosslinkT =
g 332 v FHHJY Herring 5(1967) 2 Williams$} Harrison(1978) 5
& EFeAe) stdEdAde) Hur)9 textural quality®}t o) Aol Yx, A
azjoA A Sert Eon den, & 499 Fax 059 @i
22 AFgolAd. 28 H1r)9 Axe A gL FHdo] wrpan &
Smith$} Carpenter(1970), Stewart $(1974)9] F33 £ A9 Ao Ao
3tglcth. Table 62 444 249 FEE vehhdch AMFFY 90 oA
ol £4% AAFHLRE 9484 FTeAe Fol FUkste AFE deEdd e,
AAS-Fo] B AMS S vl& A & AFoINoY, Yo & Aole ¢
Ak & Ade dids 984 S do] %49 IFE ¥A gEuE
Pierson®} Fox (1976)2] Z 3 9= ti Aolstdch. 28y Etherington(1976)2
EAe £4F 9YALHaL Y FLE WE  Axn, 21 FS 44 FEL
dx Qe Herring 5(1967) ¥ Williams®} Harrison(1978)2 Zetde] o
84 o] textural qualityst B9 o] Aok st E AP P} @ 7
FojAct. Tt §FH S FHA=2 Mol 99 background =LA
T A 44 s FEAHoRZ JFg ¢ow dFd HYdA Qx4
7@t Bt ojde ARE FIetd BH 959 actomyosin @E
84 AAMS £A4d g8 A JFE oy background 9= 84 FE FE3
o2 Pgg golr 1 Fxd wetd Jdxsfdd 7|qFitn ddEU
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Table 1. Changes in hardness during the storage of Hanwoo'beef

(kg)
Storage Steer | Bul
days Rib loin Top round Rib loin Top round
1 025+003*  050+007*  033+003% 061*£011%
5 019+0.02%  042+005"  026%003* 050+005"
10 013+003®  032+004°™  020£002%  042+004™
abcd  Means with different superscripts within the same row are

significantly (P<0.05), ABC Means with different superscripts within the

same column are significantly (P<0.05)

Table 2. Changes in amount of separated actomyosin filaments
during storage of Hanwoo beef (%)
Storage Steer Bull

days Rib loin Top round Rib loin Top round

1 421+016%  147+019™ 3.04+£020%  1.36+0.11%

5 626+007%  355+0.21% 6.00£021%  321+047%

10 1408+021®  755%021%  1405%¥038%®  554+034%
3524 Means with different superscripts within the same row are

significantly (P<0.05) ABC Means with different superscripts within the

same column are significantly(P<0.05)
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Table 3. Changes in myofiril fragmentation index during the storage

of Hanwoo beef

Storage Steer Bull
days Rib loin Top round Rib loin Top round
1 89.0+ 4.2 825+25°° 795+ 1.0"° 67.5+3.0%°
5 130.5+1.9% 985+ 19 920+ 1.6 84.0+1.6%
10 1435+19%  1305+44°° 1385+25% 1175+58%

abcd

Means with different superscripts within the same row are

significantly(P<0.05) “P¢ Means with different superscripts within the

same column are significantly(P<0.05)

Table 4. Changes in total collagen contents during the storage of

Hanwoo beef (ng/g)
Storage Steer Bull
days Rib loin Top round Rib loin Top round
1 1240.8+200.1 1286.7+3856 13742+542.3 1527.5+604.8
5 1116.7+95.6 1146.7£191.3 13425+270.1 1382.4%186.7
10 1103.3+£2179 1126.7+2225 1161.7+1328 1208.4*809
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Table 5. Changes in heat soluble collagen contents during the storage
of Hanwoo beef (ug/g)

Storage Steer Bull

days Rib loin Top round Rib loin Top round

1 6.21+0.12* 5.34+0.10° 525+0.14%  4.27+051*
5 8.48+0.36% 6.37+0.63° 6.69+0.245 5.58+0.19%
10 10.07£0.15%® 8.50+0.49° 8.39+0.19% 7.46+0.20%

a® Means with different superscripts within the same row are

significantly (P<0.05) ABC Means with different superscripts within the

same column are significantly (P<0.05)

Table 6. Changes in salt soluble collagen contents during the storage of

Hanwoo beef (%)
days Rib loin Top round Rib loin Top round
1 844+138™  841+077™  657£105™  531%066™

5 1553+1.89%® 1671+1.45% 13.78+063% 1543+1.72°®
10 1994+386°  2175+329°  1952+205°  2042%0.45°

3% Means with different superscripts within the same row are

significantly(P<0.05) B¢ Means with different superscripts within the

same column are significantly(P<0.05)
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4. 8 <

AXGL F40] F¢%9 Qx4 udd FFL A =rtE FES] A%

FPHATE 24N LH AA L HANGEE =5, YFdAd ARE AH}A
4 Tl ARRUAM AXNAHoZ Zx, dduiojedl ek, ZIHF4HSE,
A g Zehd g EdE 2 dRAEE SANAY BEE AMASS
o] HAM & vla] FoAetA Fghom FF BAYC £AF wAA W
obzitt. dEvtole Al sejxd ZUAMFAHUSLEE ST FY3tAl F7hst,
AHS-So] vAMS-K v&] FaA =dth &F959 actomyosin =LA
E AXY 544 sy Be JFS won AxsfMel ZA 7143t &
AT FE HAMSFo] AMSS v BE AFE YR, s4Fd=
AMSFA BAQl A BAdE AFE Uetdd. Sk st g
FEaAAdE AMSSo] HAASKA vj& 22 BFE BHPon, AARFT
TAG O £4F F7tste Aol @959 background AE8AE AAM}
Ao o8 FEHoZ JIgg wow FAHE WAAdA A=Y o dog
3 BFHUG. dEAH o R 3289 actomyosin @ELAE AAS HA490 9
& 2A 9L wov background FELAE FEHoR Yt wolr 1
Az weA dxidd 793t a AG U

o
Ha
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Effects of aging on the physico—chemical and morph-

ological properties in the Hanwoo beef by the grade

Abstract

This study was conducted to investigate the effects of aging and carcass
grade on the physico-chemical and morphological properties in rib loin and
top round obtained from cow(lst carcass grade), steer(lst carcass grade) and
bull(3rd carcass grade) under aged at 2 * 2. Volatile basic nitrogern
(VBN), water holding capacity(WHC), cooking loss, myofibrillar fragmentation
index(MFI), hardness and morphological change were observed. The obtained
results are summarized as follows; VBN values were increased by the aging,
however but the differences was not observed by the carcass grade. WHC
values of 1st carcass grade beef and rib loin were greater than those of 3rd
carcass grade beef and top round, respectively. Cooking loss of lst carcass
grade beef were lower than those of 3rd carcass grade beef. Hardness of 3rd
carcass grade beef was higher than those of 1st carcass grade beef but MFI
of 3rd carcass grade beef was lower than those of lst carcass grade beef,
regardless of aging and section. From morphological changes of 3rd carcass
grade beef, the disappearance of Z-line and fragmentation of myofibril were
found remarkably on 15th day of aging, while the disappearance of Z-line of
1st carcass grade beef were faster than those of 3rd carcass grade beef.
These results suggested that 1st carcass grade beef was more effective
quality improvement than that of 3rd carcass grade beef by aging.



A5TEY Fod we Hur)9 A6t §33) gojuda gl 1980de] 1
A d av)Fo] 26kgeld Aol 199030 = 41kgl 2 10883k 57.7% 9 &
T B33, 19%ddE 6.7kgs AMSHATHEFFANE, 1995). o2 Al 437)
H7F SolydA gddxog AuAEL ]y FAE FaAEA HA
o YN E ol LH|AEY FA UiFt oHfFo] EoidE ¥
TFota FHEHSAAMY FH i di¥e ofF 2&EIY. SFFFAE 4
27 b3 ABAHCR 317)e] FAS ALY F A WPo s HAZNNE A
ARE o] AEE E]lstd FFd wep AFAWE 3} Ack(National
Livestock and Meat Board, 1988 ; /NMEHF, 1989). $-eluels IA|F 37 9]
HAS U2 559 nFsrl EHHo2 =oHuA 19939%EH FEHO
2 {FFFTFAN AANHALH(F, 1994), 1996 79 FEHE AXgoz A}
AAH Jo WAl 2EAA AR 1nr71F QAT §4L Hn
7] AAEE AAdste T8 ol (Davey 9 Gilbert, 1967) &< Uxts}
HA. HIZd @959 FAMNY € T2ERQIFI FAv R FHF AFE
BA(AF 2, 1990; H F, 1993a; & 7, 1994, A T 1996),F¢59 T3

Lo
b

BE $4FY ¥ss AES AL Quth. $FA AAHEN FFo =g §
59 s4F FAEA UE £ QUg Aoz didr. mady B dF9
Ae B9 ASHAMAAM)YL ZFSASEH(AALZ AMdd A28 £,
¥z, TEEAE B F FIHE ALH5AE o ojFety 2 s =
A& vl
2. g 2 9y

7t A B

T 5NN AHSE $58 RBSHTRGANA VY PYPo 2 =53 F 2%
A2 st 5 = 2 TAA 24X FAA b, FIFRAA & =A:FIFA
AHS Bkt & AYd AR E ARFT $ATE 15FFS 42 AASAA
FATHE 3TFFL UANSY A $ELZ . AAF NEE EEE



5 mM NaN, §402 ¥t Zeogdd Fojyd ¥, 2 + 2 T 24
oA £A4sAA IAR7|T vigp AP A AT. 2E ’-‘-}‘d% 54y ddol
Ped 10 T ol3te] Add PadAxn, Aags A AYE AAHNS
4712 FH ZotA Abgsiidh

o oy
1) o83ty 54 &3

pHE vl A8 2g9] 50mM sodium iodoacetate % (pH 7.0)& 58l 71844,
15,000 pmol A 382y FA7|(Seiki ACE, Japan)2 #A% ¥ pH meter(TOA,
HM-20S, Japan) 2 ZA3sdx, JHEAPdA7Idl@L(volatile basic nitrogen,
VBN)E= &SHFEMA(1975)9] W &3 SR 28 o9 4(1983)9
e ot EASAT, By Al 983 FEEF FH & AOACUNI)
e oadet. /HEAF L 30 gAEY ARG B tddd AMeY F
ALE7F 70 Tl B39 30% A F, A4 1 AL B b3, £E£&4
F& EH3A AR SGHFTH dE FEESAGY YE&2 YehiUY

2) A=A st

294 AR 8 A ¢ (myofibrillar fragmentation index, MFI)& Olson 5(1976)
o] H#lo) ulel Z2YPHH B H4(100mM KCL 20mM K-phosphate, pH 7.0,
1mM NaNz)e 2 £, Aasteo 05 + 0.05mg/mle T2 4% v, 540nm
A FFE=E SAH}n 2008 Tt IdFFLEEAFE Y. A=
(hardness)= A18& 3 cm x 6 cm x 6 cm A7|E AGda 75 Co dgolA
Alge FALEZ 70 Toll @3 F 3083 7tEstd YEAHE coreE o &3
o lcmx 12cmx 3 cm 7|2 BHE F RHEO meter(Model CR-100, SUN
SCIENTIFIC CO. Japan)& ©| &3l FA33 A}

3) Fepsty Wt
AAE0] 7 BFE Chang 5(1976)9) Wl st APsded, NS 2
A (double fixation), Al1¥, €<, ¥uvld F Ultramicrotome(LKB)2 2 Z¥H &
r5-o] uranyl acetate$} lead citrate® 2% 943 F Hitachi- H 600 ¥#3
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3.9 9@ n3d

7h olghstA Ao Wzt

Table 12 $43F 49 pHAsE Uetd Aold. AL 1459 pHE 24
553~5542A4 APl Aozt YAk T £A47]20e] WE pH MBI E
E2E AQTFAA AR dsdte AFE BAoU, APFAANE FAF Aol E
BolA gstch HIAA 35FFH AA 153 A% 58A, g4 1582 A%
1094 %} Frlstd o AA o2 <473 d ©hE pHe Wt 33 @
2 Aoz AZHAG. ol @ pHYs = Z $(1996)°] #5529 T84, 44
wtgt pHY Aol7h YAtk & ZAast fAIsA e, B £4F 459 pHe
A st @ § 519959 ZAgs At Aoz AZH A Table
2 588 A9 £4710F A= WsE A7 st VBNY w3
g yetd Aol F3 BAGel VBNEZLS HAA Zrtstded wAA 3%
74 da 155 1084 7HA #F4& Aolst JAey, AA 15FE A7 10
dA 2H FA3A Tk 2 A 1098 VBNEZFol S8zt 9
Al Aolzk YN Aoz Hol NAF FHEIA VBNHFS wWzte vlujsi
ot 28y A 15849 AN 35F A5 thE Ad T vt VBNEF
o] Fo3tAl ¥ Aoz JegEd ol AR 14Ad oju I A ¥RV
d&oletn Azt £4%F VBN#ZFol ZE AP TFoAM HA Fotsie B
€ B RE ¥ F(1983), A F(1993b) ¥ A F(1993c)9] ZAzet IRt
&A% 539 BE u5He WiE Table 3 HetAT™. 4 B¢, 54
1949} 1044 2F AA 1583 dx 1530 BAA 3532 w8 =
ston, A 1587 AA 1537 Aozt AN +£9 F¥E A% 2
& Aoz AF7zr BAQCl ¢4 15F F AA 15H ¥AAH 355
o osA =gtk #9E wvndXE WAA 35FS A 194 1049
2% SAo $ERt don, AMSE A 1dAdE SH $EEY ¥
g 2y AR 1949 10949 g4 15FAME 4ol & FFIUL
U frode g A37)te] whg By AojdMe BE APTAM #
o Aol UetiA gt By g B APAFde SUAYES 22
T2, EF S 88T Byde 43y A 5(1983), H S (1993b),
7 5(1996)9 st YA on, AGrizte) we vFde) F45Q) Wt
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Y AL Gregory S(1991)9) B u9} dxlstrt Table 49 vebd 74z
F2 Y, AZYsF, FHY0 @AYol vIAA 3580 AA 155H gL 15
B stdzel & Aol e 58U AASS dAadie= AR
o @Aglol $EY AR FLE Aoyt AR, TAL AASI Be BT
Atk AAzbE Mz dwsE vy o2 1588 AA 1589 T
Zase Agolot FRF Aole A st oo Ade WA=
7t BE4E /M4 To] AH: @ Breidenstein 5(1968), =&#& $(1987) ¥
2 7 (199009 Bmst FAG AFgolon, FAIY $ELAE FEH AR
Aol FARle] A9 7hd3 ol AL FeFoiddrt of A= A F 2(1990)
o A 5(199%)2 A dAHAct AFded wE /IR FES ARt
242 EolAttE(Gregory %,1991) 2 nep yopzitiE(Boakye 9 Mittal,
1993) Autd 23t gloy, B AP AS A4 1539 $E& Adgsas
g3 Aol U

Y dx o wg

2719 AEE d&ste AT YR 23R F(myofibrillar fragmentation
index, MFD7F foldid, A5 MFIE fod Aol sidn oA U
(Olson # Parrish,1977; Culler 5,1978; Parrish %,1979). Table 5& %419
MFI8] 238 Yehd ez $3d FAYl K471l Zagd mek MFI
#e g9 og Zrhatd v AAH 358 15839 das AAMS 2d A%
ZiZrel wAIQIOl Bkm, AF 1949 ¢4 153H AA 1539 MFIE AA
27t L Aoy, AA7|zte]l HoAAFE AL xRt K43
=tk AA 1580 vAA 353 usl &40 Yl wa FojEA
MFIZ} =99 #abe Calkins $ Davis(1980) ¥ Morgan $(1993)9] 2.xust ¢
X3tk Table 62 SAFH $£9 BEE SHY Rolth. 49 A4, HAA
3570 1559 g9 AASd vlsted A% 144 A FdHee ¥
& Aot U4 153H AA 1532 v FFoUd. $EY B¥E
SAT B AFgolyoy AutHo g T4 vl Axst ik ode B
= AASs uAMNSe A5 E w|2E Martin $(1971), Field $(1976) %
Albaugh 5(1975)¢] Z3st & dxsPt. = 2UAR=Es 2254% A
glo] Yol d Berry(1993)8] 219 s dAde Aoz AzHW, dfe
537, B9, A3Y4d ASE uxi A 5(1983), A F(1993b) R F ¥

o
9}
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(1994)9] dast= & XAt =% 53 #ARl $40] APYLFE A
E71 oA dAxrt AXAH}E. olgld ZBHE Field T(1971), Jennings 5
(1978) ¥ Huff$} Parrish 5(1993)9] B.n¢} HAMg Aot =X 2 YERY
A AN FEE2 MFIS s 4BAFE B9 vAM 35FS 1 =
0928, ¢A 158L r= - 0989 23 AAMS 1532 r = -0987 2 uj$
< 79 ZuAAE deRdUY. o) ARE dsE0 @& MFISE 3 X9
o] 4#FAE B3 Olson } Parrish(1977)9) A7}l e A Fo|r}

o Fejsty st

Fig. 12 AA$-9 dAxA0H Aot 19d= 2/ nlAlFz7 &A%
A vetda glod, sdsds 22U R A0 4 Heojx e, &
M3y & #ZHUY 15 dAE LWV FERHOW, Z-49) 240 A
9 SUAfY 2¥RE OS5 JPSHAYG WA FeE AnHoz A
A7-o] AFs Hlsd dEE 2oy, BAHeE WYLt ¢ KO
d AASEA] #3%S). ol 2R FHH Wsie MFI € 24X diox
2 dAges Aol

Fig. 1. Electron micrographs of Ist carcass grade
steer beof {magnif. < 2,500).

[A)] ageo tor 1 day. Relatively normal
structure.

[B] Aged for 5 days. Note gaps among
myofibrila.

{Cc)] eaged for 15 days. Disorganization and
fragmentation of myofibrils were
observed.




Table 1. Effect of aging on pH of rib loin in Hanwoo bull, cow and

steer
Aged Days
1 5 10 15
Bull” 553+002° 556 £0.03% 557+£0.02" 563+0.01*
Cow” 5.54+0.02° 5.55+0.02* 5.56+0.02" 559+0.03*
Steer” 554+0.01* 556+0.01° 559+001% 559+0.01%

Y3:d carcass quality grade determined by Korean standard. P1st carcass
quality grade determined by Korean standard. st carcass quality grade
determined by Korean standard. *Means in the same row bearing different
superscripts are different(p<0.05). *’Means in the same clumn bearing
different superscripts are different(p<0.05).

Table 2. Effect of aging on volatile basic nitrogen of rib loin in Hanwoo

bull, cow and steer

Aged Days
1 5 10 15
Bull” 13.44+0.48% 1493+ 162" 1465+1.13° 17.00£0.35™
Cow” 11.20+0.00* 12.60+0.81* 12.79+1.44° 1493+0.81™
Steer” 11.20+0.00* 11.67+081* 14.47+0381° 1559+ 0.32%

D3rd carcass quality grade determined by Korean standard. 21st carcass
quality grade determined by Korean standard. ¥1st carcass quality grade
determined by Korean standard. *“Means in the same row bearing different
superscripts are different(p<0.05). “®Means in the same clumn bearing
different superscripts are different(p<0.05).



Table 3. Effect of aging on water holding capacity of rib loin and top

round of Hanwoo bull, cow and steer

Aged 1 day Aged 10 days
Rib loin Top round Rib loin Top round
Bull” 67.53+0.63* 65.10+0.96™" 67.73+0.79** 65.89+1.00°
Cow” 68.29+1.39" 68.21 £0.79° 68.52+1.25" 67.32+0.47°
Steer” 70.64+0.99* 68.41 +1.23" 70.12+1.24* 6864 +1.64°"

Y3rd carcass quality grade determined by Korean standard. ?1st carcass
quality grade determined by Korean standard. Y1st carcass quality grade
determined by Korean standard. **Means in the same row bearing different
superscripts are different(p<0.05). *PMeans in the same clumn bearing
different superscripts are different(p <0.05).

Table 4. Effect of aging on cooking loss of rib loin and top round of

Hanwoo bull, cow and steer

Aged 1 day Aged 10 days
Rib loin Top round Rib loin Top round
Bull" 39.39+221** 36.19+1.82" 33.04+1.29** 36571163
Cow” 29.40+1.64* 32.79+0.82"" 27.74 293" 3152+0.82%
Steer” 271521227 3359+0.95"™ 25.52+2.422 31.33+1.77%

Y3rd carcass quality grade determined by Korean standard. P1st carcass
quality grade determined by Korean standard. st carcass quality grade
determined by Korean standard. **Means in the same row bearing different
superscripts are different(p<0.05). “®*°Means in the same clumn bearing
different superscripts are different(p <0.05).
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Table 5. Effect of aging on myofibril fragmentation index of rib loin in

Hanwoo bull, cow and steer

Aged Days
1 5 10 15
Bull” 47.86+3.44** 64.40 2,00 68.43+3.49% 75.00+2.88**
Cow? 63.40+1.85% 69.37+2.77°" 7469+121% 81.39+1.16™
Steer” 66.23+3.93% 77.23+£3.20°" 82.26+ 257 85.37t261%

Y3rd carcass quality grade determined by Korean standard. Dist carcass
quality grade determined by Korean standard. st carcass quality grade
determined by Korean standard. ***Means in the same row bearing different
superscripts are different(p<0.05). *®°Means in the same clumn bearing
different superscripts are different(p<0.05).

Table 6. Effect of aging on hardness of rib loin and top round in Hanwoo

bull, cow and steer

Aged Rib loin
Days 1 5 10 15
Bull” 144.00 +31.00% 139.53+21.94** 129020+14.39™*  116.93+10.69**

Cow?” 125.47+£3855" 114.40*+18.18™" 99.94+16.83" 82.50+11.92%
Steer”  132.64*+3051° 107.71+£21.64™ 99.60+13.92" 80.64+12.41¢

Top round
Bull” 171.43£41.91° 174.00+41.60° 149.31£27.95"*  135.29+22.98™"
Cow”  148.07%40.86° 147.93+40.72 126.71£2268™"  109.57+13.33"
Steer”  163.57+2883" 165.20 +28.49° 131.50+21.32**  11079% 9.70%

Y3rd carcass quality grade determined by Korean standard. d1st carcass
quality grade determined by Korean standard. 91st carcass quality grade
determined by Korean standard. **Means in the same row bearing different
superscripts are different(p <0.05). ABMeans in the same row bearing
different superscripts are different(p<0.05).
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4. 8 9%

da 15, AA 158 2 3539 WAASZ B39 F9¢85L 2 = 2 Co
A7zt S48t olgdA 3 Pey E4E FASAY. §F £ 4713
o w& pHY zolt AMHA ¢kt VBNEFE A&7zl wal RE A
FroA AR FeAod 34 B2 xole AU REAL 15F9 ¢
4t AAS7E 3589 wAMAE 2o ko, agln FHo $ERYG ozt
=€ AFIUT. 7147 FL 3579 vAASI 1559 42 L AAS 2y
=Rtk 238y B AR FE £40 ©E Aolst AAHA ¥y 24
AFEB8AFe HAAH 3580 1539 44 € AASd v&) ¥z, A=
= FHo BAQU) WAM 35T da R AMS 153 vid en, &
g71zke] dojal wet wopA, £, AL FuAH wWae 15U 249
Ao 2837 @ASGAL, HAAH 3T AutHoz AAM 15F B 49
3te) AYAZIE AnsPt. o)de) AR Hop 15F0] 35Fd Hl& £A4
o 9% FAMHe aAs Fuoh

ax H
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A 38 AQYZo) EASIE B8 oA &
Ao vMA= 9F
Effects of Delayed Chilling on the Quality Character—

istics of Hanwoo Beef According to the Carcass
Grade

Abstract

This study was conducted to investigate effects of delayed chilling and
aging on the quality characteristics of beef in Hanwoo bulls and steers. Rib
loin and top round obtained from steer(Ilst grade) and bull(3rd grade) were
subjected to different chilling temperatures of 5C and 16T for 24hr and 35C
for 10hr, respectively and then stored at 2+2C for 15 days. Rib loin held at
35T revealed a rapid pH fall and had been reached to the final pH at
postmortem 12 hr. Water holding capacity(WHC) was tended to be decreased
immediately after keeping in high temperature(35C). Myofibrillar fragmentation
index(MFI) value increased and hardness value decreased remarkably with
the progressed aging regardless of temperature, quality grade or muscle
section. But, MFI value was significantly increased in 1st grade beef at 35C,
16T than in 3rd grade beef at 57C, respectively. The degree of hardness in
steers were significantly lower than those in bulls, regardless of temperature.
Hardness value was significantly lower in 1st grade beef at 35°C, 16°C than
that in 3rd grade beef at 5T, respectively. No differences in the morphology
were found between steer and bull beef, however, distinctive structural
changes according to temperature were found, regardless of quality grade.
The results suggest that the delayed chilling have great improving effect on
quality of Hanwoo beef, compared to conventional chilling and conditioning,

regardless of carcass grades.
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1.4 &

HAn7|e FA dgFd 2uREY AHo] EobAR, FUMFo] o]FoAH
wel 437 FA nFse v§ FL&IF FAAlold AxE 4179 FAF
713 F88 8old, 2u|AY] sz JHF & ZAL8<o] dch(Bailey,
1972). A17]9 A= & 5, Fo 271 24 & JF L Hon, AFL
AFe AFLEst 7|2t ul$ vIzHslc(Bratzler, 1971; Judge %, 1989).
Fol4e exd A AFsA u7|E AAIIE S L uFAY HurE ALY
e $8% wyolnj(Davey?} Gilbert, 1967), Aa< dutsten . 2,
AAAHA ADHS AFAE B A AL len, olgd EA=
AAY AESFFL B3 YT 49 A7 L& HAFeRH
S3ANLS QU AAZAME SAEZAY YAt YAANER x5y 2
ga oy auld o A7bse) gdojatn Hol 2L AP o] 4§
H3 dd. AFEEE DA A JMHEE AEF B T, 1988)=
doy $F e 44 2xXYEHRE HAEY A= U 7] FU
o] W&y Y& §9-%9 133 £ 2FFES EAR{A, MM F9
dX SFo e AW =X EH4E HESE A st v AZd
o gy B QAFdANE B ASLAGAAH LFFASLHAAH)LE
AAE #9-82 £E5F, 1715 A, BZEE #A3dA AR 2EAYE o
2 A8 FAE MAGdA AEdAH

2.. Ag 2 9y

7t A B

AP S dFERAN A5 399 AME 2 uAHASE AL A
A5 Yt Wyoz =53 ¥ 2E=AE s, @F NEAY 542 7t
T wE AU HASA(7IA F oo 24 o) HexEE YT
g 4k 2719 E¥9E 5mM NaN; 802 £R3to Eddd Friy
of ¥, 2 35CAAM 10AZHE5T ), 16TAlA 24A12K16T ), 5TAM 24
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AMZHET MAAE o, 2£2T 9 ALdA £HNAY. 2EAHE B4 AF
& 7122 1, 5 10, 1595 Ao A&t UeiA wxde 52T A
TAHANA 24X ¥ F, 27l ERZA b g FIE FAEAG B Y
o AH8d 1585 AMFAM, 35385 v AA A AAFA.

12 L

pHE wPd ol&] dA7I2 FAF F pH meter(TOA, Japan)E =A 3
A3, Y HFaA3}A S (myofibrillar fragmentation index ; MFD= Olson %
(1976)2] Wy wet AP £ Y(100mM KCl, 20mM K-phosphate,
ImM NaNs;, pH 70028 ZYARKE &, Adsdd 05+1005mg/mle T=2
HME o, 54nmilAM FFEE S} 2008 Foq ZAHFLAHAF
2 3. A x(hardness)t AREE 70T9 %A 71dsia AaFared &
57F 75T =g & 3080 Ad §F B¥sn, HEANHE coreE o] £33
lem x 12cm x 3cm3a7|E & ©-&, Rheo meter(Model CR-100, SUN SCI.
Co. Japanm)& °] &3t SA&FAY. B-EL ol J(1983)9 R 9std &
F3AAR, By Add 8¢ FEEF SH L ACACU9DHEH A 93t
7H9RFS 30g B9 dolg ARE 75T ™A 73t Al FHL
E7F 70T 0¥ 0% Ad F, ALoqA 1A ddg g, FRELAFS
FA43%td A7 DT A FEESAF] WES2Z YA, Axdn) A
#%L2 Chang 5(1976)¢] ¥l 9std AP =d, AE2E A(double
fixation), A3, &<, ¥Euld F Ultramicrotome(LKB)2.2 ZuWH S wlEo]
uranyl acetate®} lead citrate® QYA & H Hitachi-H 600 338 A& Fo
2 ZA7sd. FAAEle SAS-package(1985)9] UntdyPwdo] o3 RAE
Mg 33 FY4HL 5% FFAM HASA.

3.43% 9 23

7 AQAuze) o# olsietn E4e) ws
Fig. 1€ 153 AA$ 2 353 WA pHEstE Yebd Aol 153



AAS-2] S BTHE AMF pHA 7L #27A] 285 o] 12A3te] 550~5552
A A9 HF pHel d3gen, 16THE Ui SUaA GojA A 4843t
555~560 FEN3, 5CTHE ofF &utdtAl oA 4813t 565~566 =S
. oy #PLxd FFE W= pHY ZdH:  Bate-Smith(1949),
Bendall(1951), Marsh(1954), Cassens®} Newbold(1967) ¥ Whipple(1990)9] 2
Fot AU 3FF HAAGT AFE 259 FHd #FAle]l pHY A3}
&5 e AFgolden, 3I5CH+E 24A3vte] 545~555, 16TTE 48A)3qt
odf 557~558 5CTT 48A1Ztete] 575~5782A4 HwtH oz 158 AAH S
Hl3te] ofZh & AEgolAnt. AdEZ Y AXY AW Fd oA F
Z pHE A9 Aol7} A= o)2ld A3E= Newbold®t Harris(1972), Crouse
9} Seideman(1984) ¥ Whipple $(1990)9) ##e} & APyt 5% Y
& EE AQTFELN deldE pH A& Ee Aole n7ie FAd HFL
nARS R JAHNAY. By AHAKY FaF 5F F9 G2 A, pHel
s s, AREQ o sA] 894 o FFE WA drH(Hamm,
1975). Fig. 2& AI¥5A4 % B89 WstE YEed Aol 153 AAHSY 3
S, BT 5CTHFE 194 47 2opd F HAHoz Fristes 4%S v
WA, 16CTHE 1A & Fol Hla ¢zt Fgtov 5UA dolal F HAH
o2 FUste AFE 2Ad. 358 ¥AASY B, 16CTTFS 5CTHE 14A
ot ol X A9 Wyt AU Y, BCTTFE 1494 3383 Lol F FA
Aoz F7hste Aol FF ARl BCHY 16Tt 1498 24
o] ¥ AL AFx7]Y wWE HFA LR pHF 43 RolAr] wHEeR
Azttt Hamm (1959), Wismer-Pederson# Briskey(1961)= B483 d%
b A7 v ddoy, McClain® Mullins(1969)E 28de t& adl
o] Wo] ¥}y W] tds] o] oy Yt E 49 Y B
23 pHS #AV F&sA Gtk <4F 71972 F9 dAE Fig. 39 vg
Wl 158 AASY 39, 198E 5CH7 °dE xagd v& ot o
w4, 104AE 5CH, 16T, 3BCTHF ¢22 o] Btk 357 HAASY A3
%, 195t 10d# 35CH7E 16C+¢ 5CTHREY -3t Bekth 714z
9] e FFOY, 2xAH g ©E T3 5L ¥AY & YA, o] A
T I G2y HdRFol 2T 16T AHlF Alolol aga AR



e g Fx7F QYR @ Parrish §(1973)9] dae} e Aol
79z Fe Mte FFd #AQUol B-Ye W} viwA F ggsAt

U A dgztel o3 Ax5A49 sl

e IHFL¥SY AZMFD #AZE Jow, 294F d¥de F3
5E F43%9 A3} & MFI= 29474083 $& 8, dAn}y #F
I dFE FAL A AFHo)7] WElH(Olson 5, 1976, Culler 5, 1978;
Koohmaraie 5, 1988). Fig. 4= 158 AAS$Y 353 vAAMS9 2xxa4
MFIE 7ZAA o2 el Aotk 15F AMSY 3¢, 35T+ 16T+ 1Y
A MFIZt §43] F7tatden, £4713t0] APdo wel 15/ 7RA HF 8
At 5CHe =£3AF vy 2xAL7 8¢ F9 MFIVL 238 wopaoy,
a1 3= 47138 A Fotsldd 5C AHElF: MFIZE Rolzls Re we
Bzt 9 A2ux9o FI(Locker® Hagyard, 1963; Lochner &, 1980)2}x
Azt At BTF 16TH7E &4 A7) AA 5TH vl&] FAsA =
st olgF FFje Aol EFAF A2UFALE A& (Lochner F,
1980) AbE2719 2727 9% E F287] W& (Marsh &, 1981)°] &5
AZH A, 353 HAASY F¢5 157 AAS9 A9 2L AFgoAe
W, Aty oz MFIS XNPHE7E 157 AAMSl vi&) dardt F¢E veh
A 7 BARYPC]l FL REE AT APVt 2o A} dYFR
o MFIZ7F @vtstAl A8gEded, 5T ol 10849 MFIZF 35C T+ 1
6C+9 144 MFI$t Hlxd FXd #HFaAct ojegdgd A= Moller §
(1973), Olson (1976), Olson® Parrish(1977), Culler 5(1978)9] B 1} dx}3}
Ak H1n719 713 E BL 8271 #A3AI aFNE A= A A
A Zgget ALFE A7 WZARE AAKe dxrt AXddE AL F G
A3 Y. dxE 47| (Martin 5, 1971), $4 2 X (Henderson ¥, 1970;
Hostetler 5, 1975)°f] 28 438 @t 153 AAS9 355 vAAMTY 2
EAEE £471359 Ax54 d9+E Fig. 59 el 5T+ 1494 &
AdA Asd F 7] ZAAgPd wep HYRHoz RaHAL, HBTHY 16T
T2 AYF BAEVE AAS] ot BAFH R A FAHAUG. ol d
£ Smith $(1971), Parrish $(1973), Field 5(1976)°] 2 317]1& 14~19C A



Aelg o] ¥ 2xoA AMejd et Adxrt F95A xskte dde
Locker$} Daines(1975, 1976)7F 35~37TC <Al 15~16C A8t dxd ¢
2 B3/ v & Bangt XA Fig. 59149 o] FA A BT £
16T =& x4 FASH YAEEE ANAAIIE AL s A= F
ZkA 71 =), oleld F A= Locker®} Daines(1975, 1976), Will 5(1976)9] 2=
o} XA, olAF A FAH 2] AxF 7R FE3 +EH
A gkskoy, YztdFo] A43lHY, 2oz Q% AR EYA Y EH &=}
ZF7v57] W& (Locker®}d Hagyard, 1963; Lochner &, 1980; Koohmaraie, 1988)
olgtn AU 3F5F HIAAGY A 158 AATY 5o 2 BF
€ Yegdey Aty oz 153 AASd vdo HAEs wsdd. ol &
#2 Bol 357 HAASTE 158 AASA vl& AWz AxeANHAaAL
doldg& & F ANt F=ESAX Y dde MFIY ZAA(Fig. )% Z A3
Aot

ot Adgzta) % Jepst S4u5

Fig. 7€ 5C 158 AA$9 dAdAn A ARxlolg, 5T19 1dAE =E53F
o] A¢(Fig. 6)° vlal ZAFA 3t HFHo] AFHUL ¥, A¥HA T
A2W=9 nAFxe U A9 AN, 5AAAE 2L RAbol9 0
4t HolAE ¥, uAFz AT Wt AU 159A = Z-Ho] Fuls)
A 2P FArole] Fhol AHatn, £ 2A4FY 42UsIE H3A doiy
<& ¢ F ANk 16CTHY 1A 5Ty e @8 ou 29479 283
7h Aan BEAoR o=AE 4£Msr 433 IPHASo FFHU. 59
Aole SAdRALelY Fdol B AsAs, LUBI 433 APHYLH,
AL 2479 T8HL AUk 104R o= 29 F2ME7E o] o] F9f
A Ji(Fig. 8), 35CT9 1¥4A(Fig. 9 °lvl SLFLEs7 AdiA 4o
U glon, njalFxe] T30l A9 FJdHo] Ay AAH o2 Bol uAA
o AL AASS e A= FHA ¥EE BARAAE AAHA &
S). A4S 59 FulA W Hol 5TF9 15UA, 16T+ 544, 35T+
1449 Aot fFAAT ol2i¢ dd= MFIY FA(Fig. dU B=9 234
(Fig. 5)9= 2 dX &t =& Davey®t Gilbert(1969)7F A2 x4F Z-d7



Z9 gALHL 10~1599 yedn, ol Axyt HHozw FeIddes AT
Aotz Y= AFo)UTh

olde A Mol §¢E EEF 17E A, Bste AHAA BT =
E 16TAA AN AAANAD F FAHAIE o] #9§2 A=/fAd &7
7F 9 Aoz AU

7

5 Y - v v
0 10 20 30 0 50
Sworage time (hours)

-~ ; ster 35, —o- [ bull 35C, ~& ; steer 16,
o bull 167, -4 steer ST, -4 ; bull ST

Fig.1. pH changes of Hanwoo beef during

storage at various temperature
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Fig. 2. MFI changes of Hanwoo beef during

storage .at various temperature.
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Storage time (days)

-0~ ; steer 35, —o— ; bull 35, -8~ ; steer 16T,
-a— ; bull 16, ~&— ; steer ST, —&— ; bull S

Fig. 3. Hardness changes of Hanwoo beef

during storage at various temperature.
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Fig. 4. Unaged beef
All the typical features of skeletal muscle

are present.(magni. X2,500)



Fig. 5. Steer beef aged at 5T
(magnif. X2,500)

Fig. 6. Steer beef aged at 16T
(magnif. x2,500)

[a] for 1 day. Showed a relatively normal

[b]} for 5 days. Note the gap among
myofibrils.

[c] for 15 days. Longitudinal spliting
between myofibril were observed.

[a] for 1 day. Longitudinal spliting
between myofibril were seen.

[b] for 5 days. Showed disorganized
myofibril and breakages of Z-line at
many area..

[c] for 10 days. Fragmentation of myofibril
occured thoroughly.
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Fig. 7. Steer beef aged at 35T for 1 days
(magnif. X 2,500)
Disorganization and fragmenttation of

myofibrils were apparent.

4. 8 <%

d9 153 AATS 357 HAAFY E5F AdYAAd e s4F
EAvdsE vasdd 39 Aol FAXEI ES4E pHASSE B
Fom, 35CTFE 1241kl AF pHel =3ttt 248 S3d @Al
BT B FFolRort, BAHoR zol& UE A ko, 71EAFE
39 2xXd e T 5L dUoy EF¥A & d3EAd. MFI
v 2xAgd @AYl BAHoR FAsA Frretda, 3BCTFS 16T 7L
5CTol wlsll f98tA =%k FF3¢de 158 AATSFo] 353 WAASS
o v& ¥ AUt BAxe TFO BAQNCl AAHeR Wgta, 53 3
5CH< 16CTFE oA @ken, Autdog 353 ¥AAHTF] 158 A
A% 2d Axrt 2%tk 155 AA$SH 358 vAAS-S Aloldl FH A
wale] F=8A Aol A, x4 wE JAAE Zolsp AU 5THE=
SYZAE AR At Aol 3t YolH S ¥ vjAFxe FRE W=



UNZ, 1594 2EHF ddo]l H3n AU/ 2Hs} HaiA 1Y
At 16TTE 1dAdRE oJ=RFE L2337 JAPHUR, 5AAE TAHEF A
olg] #do] g% HaiRen, £2U&s Bo] YU, SHF9 TRl g
At BCTE 194 ojn] 2UAFLAUs7 A3 dojton, nAFze 5
Aol Ao FdaAZol BEHAY.
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A4A AR BT B9S AR WAL X
Studies on the Bacteriological quality of retailed

Hanwoo beef and retail stores

Abstract

The Bacteriological quality of retailed Hanwoo beef and retail stores was
studied to investigate hygienic status in marketing system of Hanwoo beef.
Total bacterial counts of retailed Hanwoo beefs showed average 10°-10%cm?
Bacteriolgical quality of retailed Hanwoo beef was different significantly by
sanitational conditons of individual retail store, not by kind of retail stores.
Total bacterial counts of knives used in retail stores showed from 10%cm’® to
10%cm® (average 10°-10*cm?. The level of contamination was increased as
increase using frequency. Total bacterial counts of balance, cutting boards,
slicing machine and chopper used in retail Hanwoo beef stores were 10
-10%cm?  10*-10%/cm? 10°-10%cm® and 10°-10%cm® respectively. Chopper
showed the highest contamiantion level among various materials used in
retaill Hanwoo beef store such as knife, cutting board, slicing machine and
chppor.

1.A &

A5 mAELES =4ARZFT AFVRFH ¢F, /15, Y, WP Fo=
FEH 2dd F 48 &d o2 RE FEFSAAAM nEY x&5
o] AHQA AEst olFoAXA A& T HA AMeEE + UvH(Fraziers
1988). 53 H&9 A " Al HARAY B35 294 vBEY g7 A
A& Fuf, A &4, T2 4359 F Aol Hol FFH A 44
Wk oty goid Azide] E4E 2 £ o 53 AR nAEo] £



YHAUE F5 AAE TAHFES N F Jon #9859 PAgA HF
2H] GAZLA] FA HEL S0 RAYA W Fad HAoth. HI
g AAAA 4379 #F5RFL FEAZEY V&L 202 BE fEE
FA w2t &L FESHo2 L¥FEE fEHn Aok ety #F
Ha e 98L& F2 45 ARAHT 4vHE FHo2 fE5Ha gl
of ol vl HAGHE AR F¢59 FAR AFHER YAHA /%
AA g A7t AF3] 27HE dFold ® A7 #¢59 444 #
THdE FHsr] At dA F5FY 559 AAFHY AN A}
SH3 e 4F 7179 ARRHE A HAESAG

2.. Alg 2 9y

o A® 59 AAA

#9959 Boly R0l B #9590 AWPHE ZAHI] AHA P B
FLLH B Fol PAG YA AL, FLASWY, SPBoNY, 22
dYusde A8uRs FHU2 22 5RE MAstel Aol BALl U
3712ve T3 350] AR SARY #$8e AW FUH v PEHY
AAE AN B,

Y ASH 7147179 vAESA AL

F-5E AEOE Aol AKH 5L AAFY A{H Hduld 33 u)A)
283 AAE AAd #AQYel YAVIL Aoz 336 A Z, =v, AL,
slicing machine, chopper, 5 &3 AE QAT E ZASIUT.

o NEAASG sABESTH AHA

P AEGHHAIS 4% A8 AHAE swab method(Kotula, 1966)2 A A13H%
o W73 2 cmql stainless ring & ©]§38 4 calcium alginate swabo 2 U AW
(314 cm)e AH, FFHoE AU 01 % peptone A Yo Yol HA
348k ¥ pour plate method (APHA, 1992)2 A A wjx o] HFstd MFSFS



AU & 54 uAEE Iz} A8 = table 1 A BE uiet
2

3. 3% 2 »nd

Zb Bl FF0 e A se-S9 HAdH

5o AuiFE sy, AWAY AKH, ¢ ATHoH, SEAo)F(o)
3 WMol 2zt wujgd ¢£AQle) A B, C, D vjgeg EAFoZ Yo 2z}
5EY A3t AR7IEN 38 AA ANBE Y FUSA HP4A FEHD
AE FRY AE 29 HHE ZALG ZA= Table 2914 2= upeh )
gy d959 PR 9PEE 759 AL AvR Bojse FL 108~
10%cm® ( HF 10%cm? ), BilA9 A9 10°~10%cm® ( & 10Yem? ), Coi
9 A% 10°~10%m’ ( B 10°%cm® ), DY AS$ 10°~10%cm? ( FF
10%cm® )& et g3ad 24 A @ol S ( 10'~10%cm? ), Bul# (
10°~10%cm? ), Col g ( 10'~10%cm® ), DA ( 10'~10%/cm® ) ol 2™ Yeast
& Mold®] 2% AW #BolS ( 10%m? ), Bold Bol$( 10'~10%cm? ), Col
2 Bl S (10'~10%cm® ), DUl ( 10°~10%cm? )& Jehil. 4L §54
F9 Huo 2 v]AEQ 24 F(psychrotrophic bacteria)e EZFF+ 9 A}
3 232 dergo] FF10%cm’olen Aug Bofse A$ 10° - 10Yem’
WS vebd ¥hd Dujgel A$ 10" - 10%cm’e) ¥9E JehiU A% @
59 mAd aFSHFFE A iFs Bulg #ulee 10/cm? C vl o)
52 10Ycm? Dl Bul$ 10%cm?e UEehfol uie] FFd @A A
24T dFEo] agSAATl AASFE FEFE Yehdo] ¥HAS e R F
2 Ao s BAs aFAME tiFE gram negative bacteria’l F
F& °olF3 = BHu9H(Gill and Newton, 1977) YxIstQdc}. QA e
E¥Ho] glov AT 4FQ Lactobacillise wige gAgle] 10%cm*S
et EAY. dvtg ez AFd fEHIAE F¢59 nAdELdEE HT
10°~10%cm?e) £34 &, 424 T (psychretrophs)d} 22 FE 10¥%cm® A
FZ5E F 10%/cm’, Yeast & MoldE 10°~10%cm?® o]},

X



Ald @959 vAERH F2L #uiF] FiHA wE FRP zxole P
g ¢ ey e FFY wuige Bex N oo AA44Hd ne} o
AETHH FAL Fol¥ ZFFE Ui AR F559] AdIAY UyE
LdxEE A we FojaAt AAHon g AU Fdgne & F
U3, FulFE LujRE HEWHd wet #FE Adde 29 o4sE AT
T & AeE ARHAUGY. AW 959 vidE E ¥} B FH o}
Mz gold A F9¢5 JEBWAH, 4t A8, W3y, FPavPF
Bl gFFo 7199 Aolotde M BuiF o] A 71 ReE wd
HAG WA 299E F2 24N A8HE 2, B, &3 53 &, ¥,
AHge £ Fold, 53 Z4F Zd & 7] fF R A9 EHA 2 Hd
tH(Frazier, 1988). £4% 43R FY R84 AT A& v]Y&EF
H F2L& Adn 24T " JAEL i FE AREA Ln| At
olz77tA A AFAYFT dFe B2 2ddd =EHoUd. 29
D2 ¥t A #5959 A5 Ad =4AM FEH dujd ol27] 7A)
AAE 84 wert s7dG.

U, #95 Boide) 944

#9590 AERAZ NAT 2FL BHY YAAE FFo] e Ro=
Bose 4% g B2 2YA2E 23] st YA dFd WP
M @39 HERY A% F 5Re AR, ASAWY A, 117 nAE oY
=g 330 dA zASAG. FSPol ALsE B(knife) o TAE SHUE
(Table 3)= 749 A% A4 ga4dd B i 2ole AL o
RE 10°~10%cm’E UEtuol Bulgel @4 9AAHE gt 2o g
2 od=o 3¢ g vjAx FeRoD wHuHy FJde PR B
2 HFo] Fd 29dY Aoz BUIUY. ALAYFFE VoRe S
(10%cm)E A9sn 10%em’BUEAIR e IRSAFES BB g
10¥%cm?l A 10Yem® ¥Wslolth. g3 FZ5E 10'~10Y%cm’®, Yeast & Mold
£ 10'~10%cm?s) H9E Uehio] A&del wel Be Aol ngon A
z 944l W 10%ecm’~10%cm’e) HAE Uehlo] AENES} 2%
2 2ax: Zlsgon vEd e 49 ngdRo] ody AUz %y A}

4 op
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£33 e AFolUTt ARSA MHY Aeie] o] FF57t 10%em® QA W
il whE ALgF Zo] H$ 107cm’S UEdo] Zel A$ ALt =

2 Fol g 7] &UYY LPGuBES AAANEF JdSAeZ AHAHU “li‘«l
4718 AAFTRA ALHE 2 4in® F E74FFE 10° o9 WYE <10 o
ol A 107 olQAthe A} (Williams 5, 1983)0] vl @A W) ASFHAAM A
|53 e Z9 nPELY A= W HHAHole AdHNULY S S
YojA] Bujde] Feld we LEEE YT Aoy 298 Y F U= #Z
o] AAA e Wt Yol AF3 o]FojAor ¥ Aoz AGAHJY. Evie
RAEHANA 1 ¥wE] AHLEHE E3F9 Fuolth mujd JAAHE=
(Table 4), widl @ zAole YAy  FEFF7HO'~10%cm’, AP TF
10°-10%cm2, 224 d54E 10%cm?, A3 FFFE 10°0~10%cm®, Lactobacillis
£ 10'-10%cm® 282 Yeast & Moldd 4% 10'~10%cm?E yehfo] e
BY-EY nAE o4 AHZE g A3 AR He F& EulY AE F
FFE 10%cm’ B2 AHgE Eol A FF5E 1007em’E JYEHAIQAG
William 5 1(1988) =vHcutting table)®] &713FFE 10° - 104 in® 9 ¥
NE JYErAYG = Aot & AAdZAE vusd vfFe oo} v FEE
HARXE QUoy HAHoer oo Ag ZA&FE Jehlidct FKHd uz}
=09 £F4E 10%em’ - 10%cm®e] HHE Boln glo] dA uiFgdN ALE
He Zule] fAG e ARSAY #edH gt JHdE £ £ S Hoid.
Tute] AAo wel vl PE9 2HLE AAF zo]E HA stainless steelolt &
Z2go] uvja Y52 d Tt ¥d oAEF7 848 gdE d3(Ak T,
1994, Worfel, 1995)3# & n| 5o} Ed A Algsndde =vly AU
ARE, e Fd At AlF3] &Y Hojof ¥ Aoz wdHUT
53 UF2d vty AL S S0l & AA9 TrtE diAs=RA AR
Q HHY AoE AGHUY. FASHAA dtH o2 A MK slicing machine
& AE Ao By 25 2270|802 Bojstn Qo Slicing machine
< AFGRIET} vl §-Fol AT AL A 9o Z|Folt. A -

€ Bt ofFdA ALSH 3 9= slicing machine Zd9 oA E 9_%5:
(Table 5) %749 A$LE 10°~10%cm’Es Jehiden, ALy FFE
10°-10%cm?, 22L& TFE  10°-107cm’, AZ T Z2FE 10°~10%cm’, Yeast &

)



Mold5E 10'~10%cm?9] #9E Jetdidd ASHd9 B4 we n4E
LdEE FRAY a7t ANeH ALRREI} BEFF vAEY 2dEE F7T
stk wizA HAAEr Ad @AY FSUDEFTST € AATSFE BT
10%cmPelR oy v A4-Q Aejetn wod wde A9V FTF, 44
FFE H10%em’e Y on A4E 1ud A ed s njgEe o
e ZAaAE £ g RoZ #IHUG FKHAAM Hurie FASHLS
HEE EZA A AA A& AHEEHT Qo] Hurlde AH HFE $ee o
o 3t HZF9 sheAdd xEHY Ao 232G WAl E F Ak AL
EHY UAE QHXE(Tables) ThE 7|79 nla) njPdE9 29L& H& AT
2 Uehiol 2849 A$ A2 dddd watk 10°~10%em’y HE 4
BUAZ, AL FFE 10-10Yem?, 2R e FFE 10-10%em®, 3T TS5
£ 10'~10%cm’®, Yeast & Mold5E <10~10"cm?oldth. A && 743 uhds
A AHREE 7)1 FelBE olE B 248 WAY £ e JAFHA FEugto]
ggsojol & o= dddn. AnAY Hnrl AMgExo] wE FSHNA
714 &3] AHEE AE ZAle ©&7)olth AFAY vFF 2t AR AL
|33 dAew Uu A iAE AHESAGR U AFEHIET) vjEE &
8719 UAE QIEE(Table 6) £FF9Y A$ 100~10%m?, A24FF
10-10%cm®, 2F&Ad &4 10-10%cmd), dAF24E 10°~10"cm?, lactobacilli
F+ 10*-10%cm?), Yeast & Mold: <10~10%em?E Jehllo] 7l e =7
o v& 2ge] 71F AU ol UK 7|(chopper)d AR EF 2= Fol
s K X7t 4Fstn AHEF ZAld 38 AR/HES AASNA g3 2
2 dAst QAR e did ZiEReR BaHdY dAREY P
A w571 E AR F JAAQ AHYEstd Bl ol PAE L4l
7t 9ldo] Ao 53, sAridE of AAT FAE 71Sdor ¥ Ao
o ASHAAM 579 ALEF dAden #AY F A= HELAHA Wl
Alg3] &dd dert 53] dujdd FARY HABuKo] HAF o]FojAo}
DjAEe] 99 E HUF dUY ¢ JASAOZ BUEHUY. F AWF LT
9] ZxE UFE 0CE FAZL o] HAHd o nAEe] 2de A3
< 2R Yotk Ao, HulFoA 459 njPE 2FLE FuUTA4
o) E3] chopper, slicing machine, £}, Z5d) 9 & o]Fojx|n o] Al
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M9 Beo] wet @95 AAFEs A otk ol BAAM g
o) Bujgoln mAEY ede Aoz FAAY A wto] ATwe
A7solol Bu #9559 A4HA 45 a9 4 AP AV A
% ASHW wol FAbate) QA LAt AFE BYSojof i B/
SR

Table 1. Media and conditons of incubation

Type of count Medium Temp Time Reference

Total count Plate count agar (Difco) 32T 24 h
Psychrotrophs  Plate count agar (Difco) 7C 10 d

Gram negative CVT agar 32T 24 h (Olson, 1963)
Coliform Violet red bile agar 37C 24 h  (Richardson, 1985)
Lactobacilli LBS agar (BBL) 32T 48 h

Yeast & Mold Potato dextrose agar 20T 5d (Richardson, 1985)

(acidified with tartaric acid)

* CVT : Plate count agar with crystal violet tetrazolium (colonies with the
violet color on the medium were count)
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Table 2. Microbial chracteristics of Hanwoo beef cut obtained from
( logiw CFU/cm?)

various retail store

A’ B C D
Total 402+054° 4.03%£0.79 5.01+0.85 3641048
bacteria count (3.20~4.71)° (2.80~4.79) (4.11~6.03) (3.11~4.17)
Pschrotrophs 3.80+0.82 3.30%£0.43 3.59+1.27 2491084
(2.68~4.83) (2.50~3.16) (2.11~5.26) (1.50~341)
Gram negative 3.64%0.48 3.3410.86 4041097 2.86+047
(3.11~4.19) (1.92~4.09) (2.80~5.06) (2.11~3.2D)
Coliform 1.69+0.53 1.58+0.43 2.4610.65 1.65+0.70
(1.02~2.16) (2.11~3.16) (1.65~3.23) (0.68~2.40)
Lactobacilli 260%013 2.86%0.50 2.28+0.21 2.101£0.44
(2.42~2.68) (1.98~3.20) (207~254) 2.68)
Yeast & Mold 2.43+0.19 2.00%0.87 2.58+0.62 2522055
(2.11~262) (0.50~2.78) (1.80~3.35) (2.05~3.46)
a Kind of retail stores, b Mean(logio) * standard deviation, n=15, ¢ Range (Lowest~

Highest)

Table 3. Numbers of viable organisms recovered from the kinives of

various meat retail stores

( logio CFU/cm? )

I® 1§ 113 v \'
Total 4.09+059° 3.82+0.43 417016 358+0.44 49710 .23
o
. (311~468)° (3.28~4.20) (3.99~4.42) (3.43~4.16) (4.71 ~5.30)
Aerobic count
3212043 395+0.31 3.75+0.20 3.76+£0.38 49910.26
Pschrotrophs
(2.71~3.86) (3.58~4.35) (3.50~3.99) (3.31~4.16) (458~5.25)
. 3.32+057 3.46+065 418+0.16 3121044 3651042
Gram negative
(254~3.98) (250~4.11) (3.97~4.35) (254 ~3.58) (3.18~4.20)
2.48*+0.64 1.43+0.68 2.03+0.62 1.90+0.31 255%0.20
Coliform
(1.78~3.49) (0.48~2.03) (1.40~2.97) (1.50~2.35) (2.28~2.83)
2.26+1.05 2.96+0.64 2.03%0.61 1.79+0.21 3901041
Lactobacilli
(0.50~3.11) (1.35~2.08) (1.58~2.11) (3.49~4.47)
2.70+0.37 2.18+0.19 0.79%£0.35 1.66+0.26 3471027
Yeast&Mold
(2.35~3.20) (1.50~2.49) (0.50~1.35) (1.28~1.92) (3.18~3.88)
a Kind of retail store
b Mean(logie) * standard deviation, n=9

¢ Range (Lowest~ Highest)
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Table 4. Numbers of viable organisms recovered from wooden cutting

board of various meat retail stores ( logie CFU/cm?®)
I* I m 1AY v
Total 429+047° 470068 5.29+0.50 423+1.05 5541026
(358~4.76)° (4.11~558) (4.68~6.03) (2.98~5.24) (5.26~5.93)
Pschrotrophs 3.24+057 461%0.67 4.30+0.38 409+0.66 455+0.64
(250~3.86) (3.83~5.36) (3.83~4.86) (3.383~458) (358~5.17)
Gram negative 4.18+0.42 4.431+0.39 4.18+0.30 452+0.36 460+088
(3.54~4.71) (3.90~4.88) (3.88~4.58) (4.09~493) (3.58~5.32)
Coliform 2721042 3.03+0.28 348%+0.38 2.88+0.43 3601025
(2.33~3.30) (2.73~3.45) (2.99~3.93) (2.25~2.30) (3.38~3.01)
Lactobacilli 2.67%0.71 4,03+0.34 3.38+0.28 247%0.24 3.95+060
(1.80~3.58) (3.49~4.40) (3.01~3.71) (2.24~2.78) (3.24~4.68)
Yeast&Mold 2.40%0.28 297+0.24 298*0.26 1.96+0.31 297+£0.24

(2.11~-2.83) (258~3.18) (263~334) (1.58~242) (262~3.18)

a Kind of retail stores, b Mean(logio) * standard deviation, n=6, ¢ Range
(Lowest~Highest).

Table 5. Numbers of viable organisms recovered from slicing machines

of various meat retail stores ( logio CFU/cm®)
I i 1§ v \
Total 495+1.04 5.01 £0.59 4.40+0.25 4.6910.15 5861+0.18
bacterial count (3.48~6.18) (4.50~5.95) (4.13~4.78) (454~4.88) (5.71~6.16)
Pschrotrophs 42711062 462+0.29 3.74%£0.63 4.29+0.17 599%0.18
(3.58~5.16) (4.13~4.90) (3.03~4.38) (4.12~454) (5.40~5.83)
Gram negative 4.43+0.48 4.49%0.75 402+0.29 4.03%*0.32 4.33£0.21
(3.99~5.16) (350~5.12) (3.65~4.32) (3.50~4.28) (4.11~4.58)
Coliform 3.12+0.84 3.26+0.33 3.44+0.65 3.73%£0.18 3.25%0.18
(2.58~3.49) (3.17~3.99) (3.85~3.41) (3.62~3.80) (3.01~3.43)
Lactobacilli 278+0.76 423016 1.95+0.49 2.13%0.35 3.4710.36
(2.20~4.07) (4.05~4.40) (1.46~2.65) (1.76~258) (3.12~4.04)
Yeast&Mold 2.51+0.15 2.85+0.24 1974023 1.52+0.29 217+0.42

(2.28~2.65) (254~3.12) (1.58~2.17)  (1.28~1.80) (1.46~2.47)

a Kind of retail stores, b Mean(logi)) * standard deviation, n=6, ¢ Range
(Lowest ~Highest)
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Table 6. Numbers of viable organisms recovered from balances of

various meat retail stores ( logie CFU/cm®
I 1 it v \'
Total 362%0.36 3.33x061 3.056+0.40 2.661+0.69 452+0.40
[s)
. (307~397) (3.73~5.13) (265~3.50) (1.80~3.44) (3.83~4.86)

bacterial count

363+045 356+041 268*0.24 2401063 406+0.33
Pschrotrophs

(319~4.18) (295~403) (245~299) (158~3.18) (3.76~4.54)
323+0.38 379%0.18 230+0.23 2611054 348%0.78
(258~354)  (362~398) (1.99~258) (201~328 (265~458)
264027 358+0.82 190044 2.28%0.43 310092

Gram negative

Coliform
(2.38~3.08) 254~444)  (1.28~240) {1.80~2.83) (225~4.54)
. 1771026 2.73+0.29 1.45+0.30 1.22+0.32 2172053
Lactobacilli
(1.46~2.03) (2.28~3.01) (1.11~1.83) (0.80~1.54) (1.50~2.80)
191+0.19 1.73+0.45 0.63+0.25 0.88+0.44 061027
Yeast&Mold

(158~207) (1.20~235) (041~098) (046~146) (0.41~098)

a Kind of retail stores, b Mean(logw) * standard deviation, n=6c Range
(Lowest ~Highest)

Table 7. Numbers of viable organisms recovered from choppers of

meat retail stores (logio CFU/cm?
A B
Total 5.08+1.22 533035
bacterial count (3.50~6.25) (4.86~5.71)
Pschrotrophs 5.13+091 500041
(4.03~6.16) (4.54~5.44)
Gram negative 494+102 5191034
{4.13~595) (4.76~5.58)
Coliform 341%£0.83 357£0.34
(2.65~4.31) (2.58~3.40)
Lactobacilli 3.68:+0.34 4.05%043
(3.40~4.25) (3.54~4.42)
Yeast&Mold 2.46+0.42 3.38+0.75
(0.45~246) (265~4.65)

a Kind of retail stores, b Mean(logiw) * standard deviation, n=6, ¢ Range
(Lowest~ Highest)
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4. 8 <%

SAANZ RE AuRY &o ol27|7tA] ZE dAA A&e nAEL )
x&5o] gtk YABHA FEUAS Y] st AR d+53} d¢5 A
Exuge] JAANE A HES F7 et oR FFHE d5-59 v
RAEE 74 10°~10Yem’E Bolxm ov wige FHuc Zz s @
g e] Aol wel A F9-8e vAE 2PEE FHE Ao]E UEY
otk ¢ B AT YAGEHE Zo F$ FE 10°~10Ycm’E el
Zo] By U Agdeidl wet B Aols: ugon YA waet 107/cm
2-10%cm?e] MY E UEldo] AHSHES} FEFE 2dEE F/EHYY =
vle] FF4FE udd o zol: Aoy 10°~107cm’E  dEhiATh
Slicing machine] &g PlAE SPYEE 2759 A$E W3 FF 10%m’,
HelE 10°~10%/cm’E Ueti et =vHS7)(chopper)s "i¢ &L PIAE 29E
g Yehge] #7549 A% 10/cm’(10°~10%cm)E el 9% By
dA ZHgHE 717F 5719 vAELAET 7 A
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e
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A 5 A XYool FFH A o|53HF HJAWS
o vl IF
Effects of packaging method on physico—chemical

properties of Korean beef

Abstract

The purpose of our study were to investigate the changes of physico-
chemical properties according to packaging method(vaccum packaged with
polyamide/ polyethylene, air packaged with polyvynylchloride) and illumination
on the properties of high quality Hanwoo beef. As the storage period passed,
pH value of vaccum packaged beef were did not changed, but air packaged
beef were increased. Contents of volatile basic nitrogen(VBN) and thiobarbi-
turic acid (TBA) values were icreased over time regardness of packaging
method. However vaccum packaged beef had lower scores than air packaged
beef. Red color(CIE a value) decreased over time. This was greater on air
packaged beef. Regardness of packaging treatment, as the storage period
advanced saturated fatty acid(SFA) were increased, but ussaturated fatty
acid(UFA) relatively decreased. And in the ratio of the UFA/SFA, vaccum
packaged beef had lower than air packaged beef. In this study the effect of
illumination did not appear related to physico-chemical properties. In
conclusion, the results indicate the vaccum packaging treatment were

essential to shelf life elongation of beef.

1.4 &

g FH9 ndEsz IU Hur) 2uFES 33 Skt 1980dd =
N1AY A 26kg 4vlEd Zo] 1994dd= 61kge 2 AA Folutt. ol
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Hhate] H37] AFEE 19949 A 546%0 Baal. o)ghzre] oy
1719 L¥FE 7] Yo gFez RE Hur| FYFL e A
olnf, £% $-Fio] ges FAEHAYY AL I Hu7] A Yy
< 03 Aoz AZdA. A7)d d&dr] H4F ez HZ FUdyE @
5 T4 4dFH dF 23S YL AT A7 P Yo oY

BN FE HF 2uBARN FAL AT AL BEAIE

tjo "

A PPese 2x9 24, I HNAY, BEENYF don, AFF
A&e FAL o)gEH, uAEEH, B3 WsFo FEo 22z 9

8 AP FAYMoZE FHAAY Y dE olgdHm YA, ol AS
g MY e 2t FAAMSE dodntn geiA YF? g9 19979 %
FH YAS £90] FLHn2 £d8o diF 3989 AAY A 3o
WASoZ A/AG wee SYste Ao wl$ Fost TgdHd g% A
A4 Ao 2= Young 5%, Gill#h Harrison®”, Hart S70] 72X X Ao
A% MYE ASAAERE HEHAD, Brewer 329 288 WEARLY H
T FHFY WYL F7NFHAAG) £ PVCEANA 713 AA wSAgdn 3
Ak RN A7 u 190 APzt ©E $%o) HEws 2 A
A 248 E Badiged, & SPYe wadnrie ARy 22 @ 2
A we Hurle 444 Wt i wusdn, d 0L £9%
of ¥ EAA FFo vlPEASHY BAE zAEALH, A FO9E £9%
£% A 2 AFLxEE TEE ojslety JB WEE zARAY. o9
2ol gZoNE TN A% Hmr)Y APg FA BF A7 ol I
Fo] AAl A HE3}n gloy, ZUdAE o3 #9552 dgygdez ¥
Fiyel g AGAR T Ut B AFIE AY o]FolA AA Fe AH
oltt, welr B A3 IA WAHnrIe U 9l wE d¢ 4179
249 AMug nF #$% 4EF EANE AN FFEI, FENTS
A3tz Yste TAYY WwE 2F ¢ Hur)9 olBEty Tawss A
¥ Euz}t 3o
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2. Alg 2 29

7 A =

E dFo A8 ARE $FTRRN &3d 90kl £ 4A¢ B
F ZASBAAA 153 93 $e g9 FARAS AHHA ol &3
on], AMHF AL 25cme FAZ Feh o 300g¥ TAHIGY 2FL AT
¥A(EAA: polyamide/polyethylene, 50ml/m’ - 24hatm)® YWHEFHERA :
polyvynylchloride, 80~320ml/m® - 24h.atm)$ At e, £4d zt 2& o
Al 93S ZAE(2H AYE simulation)#} ¢4 BEF (WA FFLAN 44
simulation) 2.2 o] 4:2C oA 21943 AFstdA pH, TBAg#L, VBN#, &
qwish Awa FFESE A7 vtk ARG old SMSALd e
A 8%E 3mm plate’t & ¥ griderE 23] FHAI7|, & T AL
t}.

1}, pH

pH &X3& A8 59 ZF+ 10919E 718 FA7|(Nihon seiki, Ace,
Japan)® 9,000rpmolA 2¥3 #A Al F, pH meter(Corning ion-analyzer
150, USA)2 =A34d.

t}. VBN(Volatile Basic Nitrogen)# TBA(Thiobarbituric acid) & %53
FHUA A7 H ALGFHVBN)E &'V wdyd wa &3s%Aqen, TBAY
& Tarlagdis 529 ¥ ol &3 S

g 453

&8 MAA(Color difference meter, Minolta CR-200, Japan)& ©]-83t9
Nge AL AAsI 308 F71F xEAA SN F, A& 5H5
o Hunter scaled] &% L, a, bat& &4 2 agte BASAC oW HEH
& L3t 9769, agt +0.37, bgt +1.969) WA clibration plateE AF-&331th.

ah Agar 2
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A uabe] 22X & Morrisond Smith'?e] @il st B2Maigict. & 24€
A& 1g% chloroform™ methanol 2:1 9 60mlE 7} F ¥ A7[2 3,000rpm
oA} 387 w¥+3t: Whatman No2 filter paper2 «#3ld A AL F&E3=
Z&4g 3R dAsddY. F2d 99 134 AFde FHEFE St
3,000rpmell A} 3083 YAEEANN F FAYE AAs R, s1FEHES 30~40T
9 2xdA ZY FEZAA LuE AASHALG. dojr AW 5~10mgdl
boronfluoride 25%, benzene 20%, methanol 55 %29 &EF& 4L Iml 7Hsto 30
B 89 98 de7A ¥43 ¥, pentane 2ml%t FHF ImlE 7HeHo
1500pmol X 587 dAEesd 308 AX F, A4S H3MA gas
chromatographyol F<¢8t%t}l. gas chromatography &) £&dx& Table 1%
Figida

Table 1. Gas chromatographic conditions for fatty acids

separation
Instrument DS 6200, DONAM made in Korea
Column DB-225, 30m, 0.531Dmm
Detector FID
Temperature
oven 120C
injection port 250C
detector 270TC
Carrier gas Hydrogen
N flow rate 30ml/min
u, EA A

2 499 SANYE SASTE olgste] AAYRA o FARHE 3
3 f94e 5% FEA ARSHAL

3. 8% % 2%
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7}. pHe] W3

T & HAF713d pHet W= Table 20 Yetldch AFEFT
o) pH&S AFx7] pHEt 56144 A 12449 15U RS ZAZELS
Z}z} 5559 5492 ol ew, <A BEFLS AR 15YA 5518 Rolxtth
olo] wrated ANIE LTS AF 9UA ] 55002 Yoo 1295 olF P
= 343 A%std PFT ZAIF L 587, YUEEFL 58602 EFuyo
W& pHY ol AR 9UA FH dedr] AFREdd. 23y AFEZTH
At FF BF PP A R 1 pHY Aol UAY Aoz AZEHA
ot WA 3719 pHUHstd gt APe $-52 1193 AFaAe W A%
%7] pH& 5594 HA 4sddn st & AP Fages Aozt wed,
)AL ALK nAE ASAEe B0 UL Aoz AFHYoY? 2 4
doMe A BEDAE A ot A3 ¢ F&= AU

U 5dAd grieas g3

A APzl B A GrleA4L §F9] ¥stE Table 39 W
Uit AFERATL AZA%7] 562mg%ilA A4r|2td uegt Fx Folso
Y35 ZAZH g4 BEFS A% 12940 22 9707 862mg%E2A #o
A 27t 28y Y35 ZAEH gd BEDY foae A A%
b B¢ AAEA o YuEFFEe A 9YA] HFF ZAREOl 1213,
GA BEZO] 11.8Bmg%a X A 27|d Hgdd oA Fr87] A&
on, P35 ZARTA ©BE HEY FriALTFAole 15949 18U A
Ztzt FAREFo] L Aoz yeiyt A riHALFI 48 A
Qe A dad BETE S5 WA AP W SERAL oy
b Yol A4z 2iEd® sk W 52, 3 $9e s59 A%
71zkol Zrhgtel uhet YA GrlHBLEZol FHeYn ddx, B 9%
v 5100 gluby gGrlef AL Fol 15mg% oA RAHE =45 glon,
A 7949 161~19.1mg%e TEdtin gt B APoMs dutzrPF o
AS A 9dA 3EH RAHs RS FAH ARSI, HWAY 97
HALFFL 9 AFAES Ao wsto A ¥ Ao YEgou, 1
AgL AN Ao Yebgoh TIUE HEA4 griHALTFe) wss
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vwste] 1Y, AwERFol ATEAFETG A% 9UH BEH R85 HolA
AZEAF] ANTAF) vlste] G AsdAe 2A P Ao g
@k ol ¥ AHE £Y$S9) WA ABTEAT| PVCY E£FF B
o g2 fgstn & 2 $99 A3 L A2FRYe] Qx AFEH] gut
o) HE] $FY F57 A fHsdn @& Jaye T2, Eagand
Shay® 2 < $99 Axe e Fgo|Unl,

tt. TBAZS ¥st

Table 45 TA4E 2 FFSZA oJFo g Adade] =S Goluy]
$13te] TBAZtS Was yetd EEolth JFEFTd IWNEFE 2% A%
71zte] Aol wel TBAZS Ha Asdded, AFEFTEL A% 6d# 9%
12980 22 fo43A Frlste B FulzrlEn BasE G 20949
TBAZS AFETZFol 138, YABEFo] 1280Uch AT ZZ S A% 39
At 9GAo Zzt frolatA Frtste] A% 9UA BT FANEo] 123, Yukx
FFo] 124909, ojuiRy @goz xy|¥u @Al Uehdr] AFsgch
=3 A4 945 RE Uvt¥gFe] TBAZCl ATEAFEY 98 Eoix)
7) Naste A AR B¢ A% =22 AU fAs%Q% 29U g5 =
Aol wE TBAZS aoje FRatx gston, oo W@ AFde oL 4
AsA olFojR et o Hoz Az ARrIre] kgl wal TBAzto)
A5 AL witt 52, 9 §9° 2 599 Ase dxsQen, Demyer 57
& A%o SAH @ APe AL & sFEEET, BjRE
o A5t o)FolA FZ, AE, FUHN=F FudsEEe) A4 uii
WAlel 93¢ nAdn FAch =3 AFEFT) YNTFFA vHd AP
717t% TBAZI7F 937 B¢ Ad: E48 243 AAZ 23389 4¢3
TBAZS ¥stE 248 23 AZEFY A$7 7H3 wss HYon, Aas
el & PVCEARAES A4S 2 78 2A Z71etd = Brewerst
Harbers¥e} B3, 4%9%¢ THY 0 445340 ¢ TZAE o] &5
2 Aue AsAEs Yon & 7 599 A728% 2 AFEF] YEASY
E89 AAM8E AGAUtn @ Bhattacharya 529 datsl e AFol
th. o)) dAFAEe) Rust B 43e) AHAE Hol AFEFo) dwr¥:g
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B YA E AAsed 4 Fd Aoz AdHUY.

2. §2e] W3}

Table 59l A4z Wsts UetUd. AT EZTY F§ 3T AT
I g4 BEF Z5F 15949 3ol B @A Yetwow, AAr|ziel FHY
of ulg} HATE= HFa ZAAsE A2 QY. 2y dntxAF L ARy
o vdd HF 66U FH HMZI KA dolAr] AFEA AARZ7|¢
Eo A&t #e e Ul =3 Y3F AR g HAx 3}
o] vl ¥, ANFEZFT AT FFT ATl AMHLR A e
gou AF 18YdAE AYd}n FAAE AFSHA Fuoh IMEFTLS A
395t 6YA N HFF ZAFEO] AP TR, 2 o]FE= A HET =X
oy HA] FoAdL AAHA gt YNERT LS AFEAT v A A
A712¢ B dAZ ANE7E 24 detded, £ A% 949H olF FHE
o8l RolAy] AFsgct. olgd & Adsto] st Brewerst Harbers”
7t RAESES BAAHAE AF Aol Add we AMEs FAY Fa
s g Bausl AXd= Aoz YAHUY £F o] TBA#UH HNx
Atolel EFL& @A Adn AWM ALe AFAEIE APl o}
oxymyoglobind] 9@ HMEEx Fagdn o H AFEFFY AHF7]
Zto] W& HME ZAE metmyoglobin® Y 742D sade Aoz
Azt A,

o

of, Al gAk 249 A

Table 62 AFXZFTH ANEFTY P4 24¥U8E Yed Aolg. A
Fx719 Atk 2L BYW, FIXPAOE2E myristic acid® palmitic acid
2 stearic acid?t BEX 52|24 o 2 = palmitoleic acid, oleic acid, linoleic acid
7t dREoIUch ol d AR 2L v 509 wae dRsE Aotk

Myristic acid, palmitic acid, stearic acid ¥ F¥3xuit §F L AZ7|
9 AEsA ZF7139 wrd, palmitoleic acid, oleic acid, linoleic acid,
linolenic acid®} FEEstA WA §F S HA FAsAvh 23 ESHA LI o
g BEsia e v x AHG7|o]l Fhde wer Az AAsAo. duE
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o A ZARa 24 ¥stE 29, I3k PAba BE SRSk ¥ & W3
G AFEHM e} EL 73O 2 myristic acid, palmitic acid, stearic acid
9 AL FA} FrHsgl o9, palmitoleic acid, oleic acid, linoleic acid
% linolenic acide A7|zto] AHgtd] wet AUt £ BEX A4
ZSA G A &L AFZEZTAXY Zo] AFr|Tte] Aol uiel
AP, AFEZZAN HFY NxFFLS I FaFA & Foz Y
5ol oln A 6dA ] 10032 ol oy, AFEAFLS A 18U v
22 100182 wolA7] Asdet ¥ 0L @989 Ay e Ad
Ab 24 ¥ste] B QAFNA oleic acid) W& APl wat A Fas
i, palmitic acid 2 stearic acid®] ¥ &L F7Hgcta ooy, E3}px|dite)
g EXAEA vEE HA FAagddn do B Ao g9 2L A
< UEAY. o]gzto] EXE X YA w|go] HF7|Ztdl uie} FAFHE R
& 25y AgYq s)dsE Aoz APk Moerckst Ball’z ARF
BE s ate] ZAstdA A Passl dojtia ste), EAP ARolN B
F3AAE v &4 TBA#Y 371 2 Uepd Aojgt & = 9t

Table 1. pH changes of fresh Korean beef stooed at 4T with different

packaging methods

Storage day
Treatment

o - 3 6 9 12 15 18 21

VLY 561002 559+001* 55000° 565+006"* 555+0.02°* 549+006* 550+000" 541+005*

VDY 5612002° 557+001* 5623004 557004 555002 551:008™ 5541006 5411002

ALY 5613002 5531008 555+001° 550t0.10® 587+0.11% 588+001* 5901001* 6.68+002%

ADY 5611002" 559%002" 559+001"° 550+004™ 586003 5B005™ 603+001" 687+001"

YVaccum pack and light, ?Vaccum pack and dark, YAir pack and light, 4)Air pack and dark,

*benfeans in the same row with different superscripts are significantly different(p <0.05).

ABCMeans in the same column with different superscripts are significantly different(p <0.05)



Table 2. VBN changes of fresh Korean beef stored at 4T with different
packaging methods

Storage day

Treatment
0 3 6 9 12 15 18 21

VLY  562+0.02° 662000 802+047° 7.88+014™ 970+045°* 10184049 1084047 1302%180%

VD? 5624002 656002 661+000° 660+001** 862+053** 923+032** 1172032 1140%000*

ALY 562002 751059 790+060° 1213+048™ 15182055™ 17.82+062° B%+197" 27.10+39%6

ADY  562+002° 707047 753+058 11.85+049™ 17881332™ 19.38+202% 3092+126™ R67+516%

YVaccum pack and light, ?Vaccum pack and dark, IAir pack and light, 4)Air
pack and dark, abcd\feans in the same row with different superscripts are
significantly different(p<0.05), ABCMeans in the same column with different

superscripts are significantly different(p<0.05)

Table 3. TBA values changes of fresh Korean beef stored at 4T with
different packaging methods

Storage day

Treatment
0 3 6 9 12 15 18 21

VLY  043%008" 054001 0621006° 066+002** 083+0.04* 099+005™ 107+0.02** 1.38+009™
VDY  043:+009" 056001 061+005° 067+002* 095£0.05° 099+008* 103+001° 128+001**
ALY 043+009" 059+003° 0671007 123+0M4® 137+001% 146+001* 1872002% 221006

ADY  043+009" 057+006° 069+006° 124+003® 136+005% 14010.11% 185+0.01* 2.00+002*

DV accum pack and light, “Vaccum pack and dark, JAir pack and light, 4)Air
pack and dark, abcd\leans in the same row with different superscripts are
significantly different(p<0.05), ABC\Means in the same column with different
superscripts are significantly different(p <0.05)




Table 4. Fatty acids changes of fresh Korean beef stored at 4T with
different packaging methos

Vaccum light Airpack light
Fatty acid Storage day Storage day
0 6 12 18 21 0 6 12 18 21

14:0 482011° S4TH0T 565109 531064 612+02°  4301011' 6711035 6%HI07 7021038 79107

15:0 0721021 0712015 0701032 0861010 07106 01021 06103 0004 0THI0LT 071047

6:0 4401096 26I7L191° 77.9113° B2 BRLIL 24401056 BI712%' 9611306 300812%° 357129

16:1 601074 401212 3971125 3I71106°  31B1206° 6301174 SB1LIS INILF 30107 254103

17:0 0421013 0521016° 0581013° 0581015° 0641016 0421013 0631015 0821017 05891008 0711012

17 1 0521016" 051020 0491042 053103 044102° 0521016' 042£010° 0461007 0RF044  0371021"

18:0 1261125 13574230 1386148 14111251 15581215 1261+256° 14751224" 16771109° 18711078° 19.251066°

18:1 QR1250 412712% 0641240 PH43I0 0661204 LOR1250° BVEOGILR® BL2% VWBL106™ R41125F

18:2 5621124 S5N116 5161106 463118 4181106 561124 4011158° 4001006 34105 327104

18:3 0681014' 0681041° 052+037 0351047 0281014  0681014' 0491011° 0351014 0261011° 015100°

20:0 0051001 0001001 003004 0063007 0031004 0061001' 0065+008' 0001001° 0641016 0521015

2:0 0661024 1111062 1011045  1612016' 0001002 0661024 075102%5° 061102' 1561045 0461015

SFAY 416235%" 475146 921321° 51BLT 211685 L£1613%6" 51H128° HH1316 BIL2H 616301

UFA“ 6841356 RBLAGT 032U BERILTS FB16° HHUTIH' BBI28° UMTIES HGEL2H  BULI0NC

SFA/UFA 1324010 1091027  1B01* 051024 02103 132£010° 0921011 0810207 088102 00T

USatuated fatty acids
?Unsatuated fatty acids
*>“Means in the same subclass and the same row with different superscripts

are significantly different(p<0.05)



4. 2 <F

E dFE g4I EFHn719 IU ]l BE F§ |9 FPY A
1% 1F K9 {FF FAWUS AdAE FFEn, 571N 4G
A3t =AY e YA AFrdE ng &9 dnr)g FANUNE 4
B3zt stgddg. B dge olfd ABE T 42 1579 AR 28]
A9, ALFE 24AI13t0] A AR FE EEdd JAFEFH(EZFA: polyamide
/polyethylene, 50ml/m® - 24h. atm)® A¥rEH(EZAA: polyvinylchloride, 80~
320mY/m’ - 24hatm)€ AA A TFE & L UA FFF ZAHAUA
A4g simulation)T# ¢4 BET(AUH IFAHN 4 simulation)oE Y
o] 4TdHA 21493 AAsAAM pH, TBAZ, VBNg, AxbAdl 93 §4574,
AAt FFAst & ZASIY Y pH Wde JAFEFFY A9 835 Al
o Fo RAQe] i BFolUeY, AFER7IS & zol7t UM, YRE
F2e AHa dedte A%S BJd. JAFEIZTH dNEPE 2T YB 5
ZAM @& pH @9 ztole AAHA &= Aoz etk VBN §¢9 #s)
T ATEFTH GUEZFT BF AR wg Frhee Y-S JdEHUEA
o, PFF AR @& zol= AARHA FUct £F AFEFTS
REFTA v A 1597 o|FHEH [FstA VBN gFo] wiirh. AW
A3 AxE dehli= TBA @& AFx7)d vlgd A A7 X AF
ETol dat XAT vty @A FAHALY, FFF ZATH B ZAT
7t zlol= AAHA sttt HAMEME AFEZFTY AT ZF A
7120l wret AR AAdde FAFgoldon, AFXFTEL vt ALy
AAF71HE¢ 2L @S e, gt 2AUEE 29, A7z o
2t 2ty g5 HA Friste whd, BEE SR Ae] €3 324
S, JAFEFTo] dutxFTd vl 1 HMIAHEI} A @y o449
ZAY Y & 2IFF FARA Yol @ oM E gy PVC ¥FEY
e XNFEHZ] $FI}REA, T 1FFY FFdc AFEF] AFHY &
H AR nEA FA% =34 d3 1719 Sl £ed e d9-417)
ol ZAY Ao AU Ao =2 YENT.
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A6 3 7] F5HAd oA g 59 Uy ¢ A
st oA A
A Study on the Prevention Method of Lipid Peroxi-

dation and Meat Color During Marketing in Hanwoo
Beef

I. Oil emulsion®A] iron source® AAZFd & ALA3 mechanism S+
Effect of Iron, heme Pigment, and Iron Ftorage Proteins on the Oxidation of
Lipids in Oil Emulsion

Abstract

The effects of prooxidants on lipid oxidation in oil emulsion prepares with
0.1IM maleic acid buffer (pH 6.5) were determined. Samples were prepared by
addition of iron, heme pigments, iron stirage proteins into oil emulsion.
Ferrous ion (Fe’) reacted with ascorbate had higher thiobarbituric acid
reactive substance (TBARS) values than those without ascorbate. However,
ferric ion (Fe*) had significantly lower TBARS values than those of ferrous
ion (Fe®"). Although the amounts of total iron in hemoglobin (Hb) and
myoglobin (Mb) were very low, Hb and Mb were very strong catalysts of
lipid oxidation in oil emulsion. The bound irons in transferrin and ferritin had
little catalytic effects on the oxidation of lipids in oil emulsion, compared to
the control (p>0.05). The effects of iron sources reacted with either H20z or
H202+Fe® on lipid oxidation were not significantly different from each other
in TBARS value (p>005), even though H:O»+Fe* contains more total iron
than HxO:. Iron sources reacted with superoxide anion radical (Oz+) had
slightly higher TBARS values than those reacted with xanthine oxidase
(XOD). Hb and Mb reacted with Oz~ was the most powerful catalyst of
lipid oxidation, although Hb and Mb reacted with O+ contained less total



iron than Hb and Mb reacted with XOD. It could be concluded that the iron
source that is important in the catalysis of lipid oxidation is the Fe ion;
neither the iron bound to transferrin or ferritin nor the central iron
component in heme pigments had significant effects on the oxidation of lipids

in the oil emulsion system.

O. 7] EFENA Iron #& AWAksle] ©)x)= Ascorbic acid®t AHAFo] o
&

Effect of Ascorbic acid and Oxygen Species on Iron related of Lipid
Oxidation in Meat Homogenate

Astract

The effects of prooxidants on lipid oxidation were determined in meat
homogenate. Sample were prepared by adding free iron, heme pigment into
meat homogenate. Ferrous(Fe®") and Ferric(Fe*') ion were very strong catalyst
to generate lipid oxidation. Ferric(Fe*)ion had same 2-thiobarbituric acid
reactive substances(TBARS) value as Ferrous(Fe?") ion in meat homogenate.
As the amounts of total iron in hemoglobin (Hb) were very low, it was
acted as very weak catalyst of lipid oxidation in meat homogenate in control.
The effect of iron sources reacted with HxOz and H:0: + Fe® on lipid
oxidation were not different in TBARS value, even though H.O: + Fe® has
more total iron than that of H202. On the other hand, iron sources reacted
with KOz were very similar to those of xanthine oxidase (XOD) in TBARS
value. Especially, although Hb reacted with KO: was lower than that of Hb
reacted with XOD in amounts of total iron, Hb reacted with KO: and XOD
had same TBARS value as a weak catalyst to generate lipid oxidation. It was
concluded that the iron sources that is important in the catalyst of lipid
oxidation is Fe®'ion and Fe*'ion in the meat homogenate. But, Hb was a very

weak catalyst of lipid oxidation in meat homogenate.
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LA &

g Hnr|9 Fa7 sojdd e 2F Hur] A4 4 AZRE F
FARARE T8 S B3 QU ARRT F9 FAwszEe A 43
od ojg ¥ast F2 4o H1 Aok 2y, ofF7tA] Aiistd] vlXE 8
A a2 71zt disfiA AFAEeith Aol 2. Aiidste] 7@ dFE
F2 7t4% (cooked meat)# 71E Kol diajA Bol] AFHAAT AAKd o
MXE 23R R SoA AGAsE dovle sdezE d FUEZE
°o] #2 YJNe 2 YdFojAn Qled 2 FAA AF Hol2, heme@ A3} o
€ 3 NFawde] ExsA ity Aitste dig ZojFgo] gol A7HAU
gt olZ7tA] AFAEuiet o] th2rh, Kanner $V& 2% Mol o] £
ZN APasE doyjs Fa ZuAgn #Yew Ahn SP5 AWE S
A ARAAE ZAANFE AL AFGd FHo] ofdE A Ho|2 olgtn HI
stk HIde AR A #§FS 200 ppmold FAH HAE =5 F u|Y
A 7} 2-thiobarbituric acid reactive substances(TBARS)E 3% 43 3§ 3
A 9% A8 & vPA FFHF TBARSE HEUUL 4CTAHAF
TBARSE 714 # (r=0.903), ¥ A(r=0901)7 9 & AAFAE YedAd
g3 239894, Johns P& hemo- globin(Hb)o] oA Auitss do
1= 7Y% ZuAletn Qo) Siverstein®} Lillard®E= myoglobin(Mb)o)
HbEtl z@4stE doyls o € ZHudagn ddd. #¥, Satos}
Hegarty® 2183, Love®} Pearson”& heme B§{E& $9 TBARSY Uy
ME dosed A 9¢e nxxA ¢gevn Q. Hidalgo $¥L heme
Sl A LS 443tA] radicaldl Wid GEEA AL 7] W FAHARZ 2
£¢ Jdn 23 #49d.  Kanner®t Harel® metmyoglobin AT Z2 9]
2 gAkste] FFS vjA A Fouh, HOx0 9aiA 84 38E metmyoglobing 4
33 AgAste] 9L v Ak AWAE 7)Fo] dis] Haber-Weiss
Wge wg(1-3)e2 8oH el superoxide® Fe'& Fe’o2 #4()AN7I2
Fe¥'e w&(2)d & 448 H0:& £MAAA hydroxyl radicale #ER A
WAslE 237 Reg go4dd.
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-0z + Fe¥ —— Fe* + O, (1)
+07 + 2H — HOp (2)
H:0: + Fe* —— Fe* + OH + - OH (3)

a2y, Ahndt Kim“®€ superoxide: A A9 BUMZA HOE A5A 2
A ALY Fe® 9} ferritin® SAAM7E EAYW vho] oil emulsionolH AFs}
FAA 9¥E 7tAthn B3t Haber-weiss#t$3s BEFog tlg sl
S WY wEA, o] A7 ZAL NMSA Ho|m MAFo] Hmr] X
BAksto] o RA AFE vlA st WEhM AR o] AW St

2. A= 93y

7k A o

Ao AHEE Al EF Aol 1, Trichloroacetic acid(TCA), ferrozine(3-
2-Pyridyl-5,6-bis(4-phenylsulfonic acid)-1,2,4-trizane)#} hemoglobin& Sigma
chemical Co.(St. Louis, MO)IA FY43t 3L, 2-thiobarbituric acid(TBA):=
Eastern Organic Chemicals (Roochester, NY)oll A 7154t}

W 7] EFE Az

17] ERES 2K H37] A4S ALEAR, 399 FHFS JMed &
#712 £4 @ oS 50ml APl 713 ©A] Brinkman Polytron(Type PT
10/35)2.2 23 Hu&=2 EHAACY. 4mle) ¥ HES polyethylene Al@ T
(17x100 mm)el &A Adol AH&aA).

t}. Oil emulsion A%

Oil emulsion® AF&3}7]Hd o] 2HE 3 maleic acid buffer(8ml, 0.1M) pH 652
B8 % 508 Tween-20, 0.5ml F L9 opnjl{E Yn 15837 muksl &
KOH 2~3x7} ¥ 2sidA 0.IN KCIZ pH 658 Az AM&3stgth

_93_.



g AzAz

Ag zAEe dZ2F, AFATF, heme H42F2 FEIAYG dz7FE a7
EFE 05 mioldrt /54 05mls £ 1 mi7t A=E 233A3, A
ATE AR71EHRE 05 miol 50 ppme] Fe”, Fe¥' & 27 0.1 mi¥y 71% &
A48 %2 4 (1000 ppm, ascorbate, 40 mM H:O, 40mM HzO: + Fe”, 500 ppm
Potassium superoxide(KO;), 0.15 U/ml XOD system(Xanthine oxidase +
Xanthine)2 4zt 0.1 mi¥ AH7istd AA 1 mi7t (5% FFTFE AU
Heme MA2TF%E A37] EE 05 mid Hb 0.1 ml, 48&2A 0.1 mlE 7%
3 ZFF2 1 mVl =8 238U AES 498 44 i,

u}. Thiobarbituric acid reactive substances(TBARS)& 4]

Thiobarbituric acid reactive substances(TBARS)E BuegeSt Aust''e] w4
o wet EAsAch Iml ¥ EFE0l AMAN AFFE 37C water batholl A
A B wkg ARG wgo] Buzt wia 50 pt dibutyl hydroxy
toluene(BHT) 7.2%& A&l 7t&te] AbsigbgS ARG HSEFES 2
48 ttg 2ml TCA/TBA Al¢ke 7heta oAl EFF B=8dA 1583 1Y
AR 719 F ZEBAAM Al F 2000xge] &£x2 158 44&EE ARG
459 35 531 nmollA FAdAR FAEE ARdAd FHFFE 7Heto
e wyow =FsAY. TBARSHES ml WHEEFEA diafA
malondialdehyde(MDA)Z XA} 3t}

¥}, Nonheme iron(¥] §3)& %

Ferrozine iron 2444 ?& k7t 38 o] &34} Total iron £4& 9
A ImIABE A2 Q3, 97)9 2% ascorbic acid (w/v) 0.1mlE 713t &
g3 g A2(22T)0A 58 gAY wg F 11.3% TCA(w/v) 1mld
7beta e oS wrg-E-2 3000xgolA 1583 dAEe AR

459 2mle& A@Fol 715 08mle 10% ammonium acetate$t 0.2ml<]
ferroin color reagent(75 mg ferrozine# 75 mg neocuproine® HCl #%&& 7}
st S8 Yo %ARNE Jtstd Ao agx, AlEE 3000xgdlA 1583 €
AEY A 9 FFBZANAM 58 F 562 nmilA FIFEE FAAGY.
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Ferrous iron(Fe*)24% ©@x] 0.1ml Ascorbate t)A¢] 0.lml TCAS 73 %
e $a o] £33

A}, Ascorbic acid &3

Sikic §¥¢) Wol W} chelex-1002.2 He§ FF4 3u)S A=) 7w
F TARG 108 F¢ 10,000Xgol A f4E A A5 05mlE HHA
5% TCA 2ml2 @¥9AE JAAZ o], 4TAA 102 F<¢ 15000% gl A
AL AU F5 Y 05miE HalA 85% orthophosphoric acid 0.05ml, 8%
@, a’'-dipyridyl 0.05ml, 3% aqueous ferric chloride 0.05ml& 7}3ic}. A7 &
¢t ferrous- dipyridyl chromophore &30) AAHESE A2 WA} F 55
nmmol A F3EE S} A

of. FAEA
Ztzte] Az A& prooxidant(AFsHE A A9} iron el F2 FEHM EAE
g AANEYR, TAEM L statical analysis system¥ol] w}e} B39t}

3.3 4 2@

7} Oil emulsion®A] iron sourced] @& x|4H4kg}ol o)X= ascorbate?] 3

E A AHEE ¢43F8 YL maleic acid buffer& % (pH 65)& AH&3tQ =
2 o]fE phosphate buffer& % (pH 65)°] #2 irond Fe*'& ZolF: A%
(Fig.1)& 371 W& oil emulsionA|ZA] #2] iron8) HIE CLH B3]
Z3t71 dlME ¢389F iron bindingo] 23 maleic acid ¢Z 8 A Al
s APAs wX = ascorbate?] YFE AWMEW ascorbates HIHE
Fe’'0] &(2.26 MDA ppm)2.th TBARSZel © EStth(Table 1). o] 2@ & ujol
Wl Fe’ol&L X wit# superoxideo] 9)alA Fe¥oleog 417 Arstsm
Fe*o] 22 ascorbated] 9)#|A Fe?'ol2oz #UHT FePo]2e hydroxyl
radical( - OH)-& AAA7ledl FuldE&e 317) &9 Aoz Algdr. o
cycle ascorbate’t 4tstdwj7tx] - OHY A4S AXAIFNA v wa}A,
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ascorbateE M7t Fe?'o] 0] Fe?'ol2Htt of B -OHE 7HAA SolA o &
& TBATS# € YeldiAl g ol olgd A4S o]&F oz AP} B3
(Wills, 1966) = vitamin C ( L-(+) ascorbate)9] 4AtstZ A2 Aol Hed)
ascorbates Fe*'o] & B#AE @AAAA FePoleoz vtsdd 4A Abis} wh
SalA AitstE dodle AL WEA Y AR, Kanners5(1987)%
iron®] #|AA = superoxide, ascorbic acid 283 cystein# 2L FLA
oM HELHORZ FAEUYT H3 Y. FH, ascorbic acde FASA R
A Zggt FASAEN 84S AWASE AR IE peroxyl radical& &
ol ¥Y T HA 45 A2 vitamin EQ] At3}3 € (tocopheryl oxyl radical)
£ Fole v¥e wdn. au, Fe¥ol2(001 MDA ppm)& A9 AWitsts
g o7z ¢kl u)sl(Table 1), ascorbated M et Fe* 0)-2(1.57 MDA ppm)&
)¢ ¥& TBARSEE UENIUTHP<005). olRE Fe¥ol o] ascorbated] o
#4 Fe*oz @45dtdE Ae Uehdn. o die Fe¥ole 71d S
A ABASE FAATE T8 QAT b= Pearson(1977) 59 4+2
o} YA Jct. Hemoglobin(Hb), Myoglobin(Mb)9] hemeX4A = Y& ironFH
of HlsilM 433 ¥ TBARSF(P<0.00)S YEIHATKTable 1). 28y, hemeX)
2% catalase= W93 ¥ TBARSZH060 MDA ppm)S ‘epd#wt ofyel
(P<0.05), 2R Zujz-&o] Hb, Mbte & A . JohnsT(1989) Hb
oA ZEs APAstE dosle XA s Hbst Mbo dlE A
Total iron9] #%<2 ZtZ} 0.55ppm, 0.12 ppme 2 Wi @3] A=A (Table 1), oil
emulsionol A Z&E AP4lsE doFd. a2y, Hb-ascorbate®t Mb-ascorbate
£ ascorbateZ #713HA] ¥ Hb(2.87 MDA ppm)$} Mb(2.77 MDA ppm)X&.t}
k7t ¥ & 221 MDA ppm# 2.14 MDA ppm& TBARSZE ueluiigich oA
& Fe'-HbE A7l Fe¥'-HbE utHolATE= AL 9vsw  Kaschnitz%}
Hatefi(1975)7} Fe’'-HbE @At AgAste dosjtd F'-HbEGART %
@ Zo)dg-e doE wue gXsE Folgh =, Fe¥-Hboll ascorbateE A7t
go2# Fe'-Hb& Fe”-HbZ #UH7] @&o] ascorbate® H7/1etA %
Fe*'-Hbst Fe*-Mbrtl o %<& TBARSEE YA €.

Hbet Mbol F#ZF heme ringd] 98 EIRA Y F99 irong 7HA
glc}. o] irone 938tA heme ringdl 2= 2ol heme?Z2 %Y fdH



717 3] ojYch 2y, catalase= Hb9} Mbol Ml&l incubation® 23t o
¥ total iron¥F095 ppm)el FeEl=HA. welM, ascorbateE HME
catalasei= ascorbate® AH7}etA] ¥& Aol u)s] TBARS# ol ZF719Act
ascorbateE A7}t %-& ferritin# transferrin® 2% z+z} 003 MDA ppm,
0.09 MDA ppme g 22 TBARS#E el =d, ferritin®= 92 transferrindl]
ascorbate®] A& 169 MDA ppmo 2 423 TBARS#H(P<0.06)S Z7HAA
tHTable 1). o] AL transferrin® 5§ free ironol fa o] }etes AL 9
n) gt 18y, Halliwell# Gutteridge(1986)7F ¥.118}7] & transferring iron®)
Fuyaoln Fe¥olgo] dustA Agsol Ao A z2ANAN - OH
A B3 gevtn Budgo. a2y, ascorbateE H7He transferrind
¥< TBARSEE uetdlo] o5 A7 daet AX& A &%th. o] mechanism
< BE3] 37] YA ferrozine$H O 2 total iron?) ¥& APl ascorbate
& A7stA ¥ transferrin® WlZ 77t 519 ppm, ascorbateE F7HE e
% 568 ppmOo 2 £& %9 total irone YEFAJT(Table 1). 28, 7)) A
TBARS#t % total iron¥ 3 Abelo] v]=2]Ql Wo] &AL,

Transferrin® |Z7AA dF3] =L 49 total ironTFHE YelAA 2
TBARS#€ td3] Rolr o]AL incubationA]7]= F¢t transferrin® 2 3¢
free iron°] frEHA Fevde A& AAGH. o HHE FHE HA&EA
centricong A& A proteindl A3 E ironH free irond e AlZAT. Table 4
9} Table 5914 ®W incubationF ferritin®} transferrin®. 2 %8 A9 free iron
°] 0.1 ppme 2 9 79 193%, ascorbate A&l +9 3% 88%AEZ &
g HA ol A dal kA FL& HHL ironEAMF 34 Trichio-
racetic acid(TCA)E At&3}7] &9 transferrin® FZ& HIHAA transferrin
Tz %F3tA s AW ironol FEH WA iron FAHA ¥ total T
FE vetdA e Aol

Y. Oil emulsion®lA] A ¥4atzlo] p)x]= Hy0.9 9 &

Table 20 el g} o] H,0; BE H:0: + Fe&* Ml HO, + Fe¥' A
2|77} total iron®] FFoA HxOr Bk 28] AT EUA T ) Past JE= u)
=¥ AFgolAth H:0.= Hbst MbollN 73 AgEA2A 2gatA|q Fe™



9} Fe*'olge 7$ 4% AstzaAzA 834t 234, Fentonthg oA
H:O; + Fe¥ — Fe*' + -OH + OH 2 %t34o] 57| wj&o] - OHE A
AdA A PastEs £AAZGn A R0 L APASE dovjed s
oAl 24 2L Ad. 9714 - OH o] ZAH A FHEAH] FAdti= B
3 (Halliwell®} Gutteridge, 1984)7F 433 4538 & 3A 4. A, o|& F
Pt Bae $F53 5359 oul Xun Shen$(1992)0] 3L ol &3ty
o 7] el 9 perferrylE& o] Fenton¥-gdA FAdYE= RS AAGAC ot
A, ol &9 W& 7] YA FF B2 3 APE HIeME D
o AAsREY H0: 5 KO & oil emulsion® WA ¥g-Al7)|3 vlx] e
Fe?'ol 22 #7le 79 TBARS#O A aoj7t BA&ATh HO, + Fe*'e
Hbe-o A7 AR o] £RHoR Jojwrirt glolA=d o] EuHoz A
AslE 220 7]7] Hste] Yoz RE Hol2E MolA Hydroperoxide %
o] EAE vtEojol WAzl £AH =Y AWE A viX o] FHrig F$-
H:02 + Fe¥* o wg &8 02 Fe¥ol&o] Fe¥'a AR Astgoinlels]| o
2o & TBARS#S HeldAl €3 oil enulsion® WA HO: o wb-&AIZ 73
S H0; A4 Ao 2RE HolLg mjote 5o] AT Fe¥ol2o] A7}
98 £3H 02 Fe¥'- 02 « Fe¥'- Oz 8 & (perferryl)o] BHEo|A |
o] AL AYozRE Hol&Z Higtol Auitsts A o] ¥
2o ¥ TBARS#S YehdAl dd. wekr, - OHol X ¥4tslel] 37
ferrylel Y perferryl®] FHEAol AA Aiitste fosts Aoz Algdt.
¥, Fe'ol2 I AAME WAsts dosle Uds FHd ZujAoltt. 13
U, 2RL H:0; Y H0; + Fe® 3 w83 %& W TBARS#ol #A8chP<
0.05). olo} digt ML ofA7A] FY&HIA B @ vyl gle X st WA
£ A9E HO: 7t AH Fe¥'9 w8718 Fe'- 0p « Fe*'- 0, A7}
YA =d o] AL A&A|Zho] A (YA E dodl= AYE ZujAzZ o
&g gt 22, oil emulsiondl A H7tE H.Oxe A4 FePoledt wigd 7)
37t £olE 3 oil emulsion® 47l ¥$E 7] HEo Fe¥ol 22 o] g3 &
A @ welA, oil emulsion® {HE¥ HyO® 3 AWAtsls dojle -
OH# Fe*'- 0; « Fe'- 0; BgHE gAst= 5o "oJAM Fe¥olentt
6 @& TBARS# S YEUA He ALg Algdd.

m
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t}. Oil emulsiono|A A FAatste] o)X= KO; £5 XOD systemS 2HE A}

¥ superoxide?]

KOt %83 Fe?0]2(0.73 MDA ppm)& Fe®0]-2(1.12 MDA ppm)¥.t} ]
PAstE o)A et Fe’'o] 2L superoxide radecal® hydroxyl radecal
dosle ZujAzA BAY wek oy} Fe¥'-Oulferry)EL FeO7 (perferryl)
o 9J8|A hydroperoxides, alkoxyl Z18]3l peroxyl radical® ¥a3t=d 2H
o] S cH(Gutteridge, 1984). =&, superoxidet #H$-3 Fe'o] 2L XOD$9} whg-&
Fe’ 0] 2(064 MDA ppm)Eth %7t ¥& TBARS#E UEHNRITHTable 3).

2 olfE superoxides} W@ Fe’'o] &L FA] Fe¥'+ 02 wpHo|A 1, o]A
< H'$ v&alq HO7t AAEA gt o] H:Op'® ARAbsle] A Fdo &4
= 2= A 2o HLO7t A2zt 4+8EE-Q aldehyde, alcohol, ketons 58 RHE
71 AME o] A ZujAl7]E FePol o] 283 R e Fe¥'olo] ¥Z3)
A o ol wkgg APAFA RE7] gEQ Aoz Atgdr. a8y, XOD
systeme incubation® A4 02 superoxided AAAFI o]Ae] Fe¥'o] &
A&AH Fe¥ol&og 4h8A)7]7] W&o XOD systemdlAE 2*& TBARSH
& YeldA =& Aeldh Total iron® ¥& XOD system¥ 4Hg-3 Fe? o] &0
superoxides} uH-3-¥ Fe’ol2xtt o Etdl o]z XOD A7 MigZ:
Fe*ol &g AAQA7)7] B8 Aoz AR drH(Table 3). HZ, superoxidest
4@ Fe’ol-&9 TBARS&©°l XODET 2zt o ¥ tXW(Table 3), ferrozine$
ol 9J3lA reduced iron® =3 7S superoxidest ¥HEF Fe’'ol 2ol &
reduced iron(Fe*)o] &A=2] ¢kskch o] AL BE Fe? o] 20| superoxided 9]
#A Fe¥oleoz AgsHtte RS yehdrh o] @4 Haber-Weissi$-2]
# g FAE JYeus Aotk Haber-Weiss #HgAojA Fe¥ ol
superoxide( - Oz)ol Q&M Fe¥'o] o2 whgo] APHL} F, -0y + Fe* —
O + F&® 7t & @ Aot} a7, @7kx $2% Y& Haber-Weiss W$
2o AMEHE irono] #2 ironUdA oUW AA B HAFE irondA I
gatA @A @A KA AL free irond Fe?'e 79 Haber-weissiH-&
A& 22 e R 7ok Table 39 93H -0 ¢ ¥H-&F heme 4+ oil
emulsiono] A AHAtstE doy)le ZHI FoAAR, MbE - O % wHE3A



< o A3 Zoja] &2 30 Silverstein® Lillard(1978)& Mbo] A @Ak
€ dodl=d HbEY o & Zviadr Judx ey € 4¥Z 3 Hbol
MbEth A3Atste o & ZoiEAE Yetidd. wets, - 07t oil emulsion
A free radical¥t-3-& AlZtsled F2F 84U A AT -0y WEH
Hbo] A W4tslE d27]= mechanism o] A HAM ddd 4 Qi

- Oz ¢} ¥H$-3 catalase(0.55 ppm MDA)E XOD system(0.27 ppm MDA)X.t}
o ¥& TBARS#ES YEHAAIT - O 9 uH§ ¢ catalase™= heme2}£¢1 Hb
¢} Mbell vlal] W& TBARS#(P<0.05)& YElUcH(Table 3). - Oy & wg3
catalase®] 7$-(1.13 ppm) Total iron® ¥& =AY 23 Hb(1.53 ppm),
Mb(1.64 ppm)$} Fzte] zpol= AAATHP<0.05), TBARSEHS HA i) o]
2] dAE hemeM4a9 7§ total ironS 43I TBARSE Alold =gHo=
gt getes AS AAETH el A, centricon®.E AF{AINFE - O 9} wEF
catalase Mb- - O2 ¢ Hb- - O Bth ¢ & %49 total iron# reduced irong
YelUAH(Table 4,5). °) AL catalase2 ¥ EHE %7+ irono] fresHo Y2
dEs AL AALe o] A4S ascorbate A7t 213 TBARS#HQ Z71d) 9
AME FEHoZ die] Ha gtk -0 ¢ W Y ironFFol &, -0
9} w33 ferritin# transferring &3 ¥ TBARS#(ZH2 0.05 MDA ppm,
0.07 MDA ppm)€ YeE S }H(P<0.05), XOD system(ztzt 0.05 MDA ppm,
0.04 MDA ppm)# H]%3% TBARS#E& YelltH(Table 3). IronA3 @<l
ferritin®} transferrin® Fe* o] o] ©ehdis ¥ o] 20olA malondialdehyde
9 - OHAAA A9 FHdA Rste A 2ok 28, Dennis(191)5& Hx
7] 2&FdA F& feritin® KA EFY AWAAEE AN =W FEHOR
#do] g BudA oil emulsiondd BAgE dE AHE AANSFGHAAT
ironol g Aol ironA Ay Ao| Y E irone free radical A& %
A7) A ZJchE Gill9d Joenje(1991)9) Bmote dAshs A& oAU

olgigt Ao digt 7t AL incubationF ferritind transferrine 2 %
H oju@ free iron® fFE|HA &3 Fentonth-$-2 APA717] M - OHS
PRAANY g 72 irone]l §17] wWEo] TBARSSY Ao Ao #Hd A X3
t Aes AlsdY. oJdd FHE AHAF iron®EHd YA FPHR A
(Table 45).
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gt 7] EFEANA A gAkslol] vl A= ascorbate] HdF

7] EFEAA Aw4tstel nlx]= ascorbate?] 93-S ascorbate® 3 7}3HA|
%< control®] A$ Fe*o]2(1.21 MDA ppm)# Fe® 0] &(1.02 MDA ppm)&E 5
7t <& TBARS#E& YelWUA?F Hbe 054 MDA ppmo 2 & TBARS#H
€ YeEhtHTable 6). 7] EFEAA Fe*o] 22 102 MDA ppmo 2 A%
Aibsl 224 A4L s tHTable 6). olg & 117] EFEoA Fe¥ol&
AstE J¥e did )7 RAa Qe $Y9AQ superoxide, ascorbic
acid®} cysteinol o)&jA Feole o2 #AFA7] W ¥ TBARSZS vhehy)
T ALSZE Algdu. a3y, 117] EFEY HbS 054 MDA ppmoz &
TBARS#-& UEelHAEd HbS Hb-Fe* Aol s A3 =& 2 uils &
Ao} m7|ztAe] YA ascorbated] &4 Hb-FeX'Aeiz 3957 o
o ui$ 2 TBARSEE UelA SHe Aoz Atzdd. o3 Adp:
kaschnitz9} Hstefi®7} Hb-Fe*'= A%4tstE doy)=dl Hb-Fe¥' it} o &
W HEE Jds Hue IXSE Aot 1y EFEAAM AA FFL =
A% A3 Table 7) HZTFoAA 084 ppme UYEMQ =0 Fe¥'o]-& lppm A%
719 SoAM ZE3 Atz d3e s 2n%2 ag o 17324871
AAstE dosled A HE /A2 e Reg Ar¥Ey. Kamer §
Yz AWz 43 gns)dA 02~25 ppm AEY FeElFLo) e SAHAL
o] FEANAM Awatste]l AA FFe vwHDn Badgct Fe?'ol g, Fe¥ol&
223 Hb EFA ascorbateE A7} & 79 total iron % reduced iron
FFol F7HH A H(p<0.06) Hb) thZT(1.68 ppm)olA iron 3F Fe¥'ol&
(448 ppm), Fe* 0] -2(464 ppm)ol ¥& 27 @itk Table 6). Ascorbate 7}
of 9shA iron #F F7bol W&l Tufano $®0] ferritino 2 FEH FA#
ascorbated] 9J&#A AL FEAE & ddn o 27| AA A= FS
A=A E FAIRA7] WHEQJA Ao AR

o o

v, 7] EFENA A4t oA H0.9 93
27 EFEA Fe¥'ol &7 g3 H0.34 8 #(1.51 MDA ppm)E wj$ &2
TBARS#€ Yeli s, Fe¥o]2(1.30 MDA ppm)E %<& TBARS#S uehy
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<K (Table 6). 28y, 7] E&E9 Hbt 1.5 MDA ppm< TBARS#E
Eljo] Tt iron sourced] ®3 ZEFd A3 ZWA] YL Ak oo i
714 492 Mby Hb7F HxXO0:9F W3-t peroxide?t iron 47} A3 eiQl 843t
€ heme complex ERA(ferry) S AAAA APiss dozig:s na¥z 3
FHoz2 dyo] Hu dov 2 7|Fd dajAs P&stA ¥, £, iron
sources®} 8133 HoOx+Fe? M 2] 77t HO:A M B eh Aoz ozt & Absh
£ 9L Y2 (Table 6), total iron ¥F(Table 2)% reduced iron ¥F
(Table 8)% H0; + Fe'da 77t Awtdoz FAHP<005). ol disl
HOx+Fe® M2 7#% ZA] hydroxyl radical® AAA717] gj&e] stz
HEgo] HoORth & Ao AFEHY iron¥FE H0:2Y ¢ Bo] EA37] o
Fo AgastE dggo] 2 Ro2 Agd hond 43EN 4¥e Fe¥uy
Fe¥o] 7Zeg Ag&xAAetn oy n7jEFAxE Folex 7Ed
ASE A 4L st

uh, 117] EFEAA APatstol] nXE KO; £E XOD systemO 2 K-8 A
A€ superoxided] %43

7] EFEAAN KO W@ Fe’o]2(1.05 MDA ppm), Fe’©]2(0.94
MDA ppm)< ¥& TBARS#E UYelHA=d|(Table 6), 117] EFEAAME=
Fe’'+ -0, — Fe"'+0:2 AYHAries 7)o EAste 3447 daA Fe*
oj o] FEF AsEAA AL s Fe¥ol2oz Al #UHY i =
< TBARS#E Yelli:= Aoz Algdch W, 17] EFEA AN
superoxides} WHg¥ Fe’ol &9 A HEE FePol€ A (121 MDA
ppmEYE ¢t ¥ TBARS#HE YeUidled o8l 3= superoxideZ}
n7]&e EAQstE YA ascorbateE 4HSIA|A ascorbated] BUAH S A
#A Bl HEQD RAe2 Amdd. ol& IHEFsr] YA superoxidest
ascorbate®] 43 Z8&& Zole ZHI superoxided FE FUHAIIIA I[E
ascorbate®) ¥°] AH 24319 superoxide= ascorbateE AMsAFE ZHE S
3t A oh(Fig. 1). 18}, superoxide®] H&-8& golr7] Y&lA potassiumel ZEEH
Hej wE wg8 dodl= KOt superoxideE: AA 3 ABAAZ]E XOD
system2 ©]-8349 superoxide’t A|Witsle] rxX= AFS HAES]IY. F,
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KO:9 XOD# #-3-% Hb AHe++= 244 031 MDA ppm# 027 MDA ppm<&
2 uj¢ ¥ TBARS#HS HehNUtHTable 6). KOzt XOD$H uH¢-@ Hb-Fe™
€ Hb-Fe¥'2 fU=ojA 4@ Awats} £ AL 7] WEA Aoz A8
gu) o]z}¢ @HE Kaschnitz9 Hatefi™e] M3g fwristes Ao, 183,
Table 1, 2, 394 KO:9 ¥+¢3% Fe?' ion, Fe* ion A2 T XOD system®.th
%7t ¥& TBARS#(P<0.05)& YEA LY 279 HbAXME FAZHLR
ael7t QA A stk 22, total iron §FH reduced iron ¥FE XOD
systemo] © EJ}THP<0.05). oo disl, KO: X279 superoxide: ¢3S
2 Feolest wrgste Feroleoz AgAl7iA ta 3:rld EAEE
ascorbic acid, cystein 59 QAo odHA Fe¥oloz = d v&
XOD system® incubation® A48 superoxide® ABAAI717] wjEo] Fe? o]
o] Fe'olgog Agstas mrjdl &A= A0 & Fe'oleoz
S9=5 Al HAE BAE superoxided] 2JFA Fe''ol 2oz AkslA]7]7] u)
2o A2 KO2th XOD systemo] © BE Fe¥olfo] EAsA Hol e
TBARS&S UetdiAdl 5 Aoz Alg €. total iron %3 reduced iron ¢
FT XOD systemo] KBtk & AL XOD system A#7F 8 7Fxj5 9]
71 W& Aoz Atrdrh uwetA, B 49 i APdst 23 4ge B
Aol wEts ASEAYET E J¥Yo] REHo2 FEYRE A g3 7]
A% E B A Feole o Mgz adPo] FePolea Ao e 3
&g vepdidth
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Table 1. Effects of iron sources reacted with ascorbate or without

ascorbate on lipid oxidation in the oil emulsion system

Iron TBARS' Total iron(ppm) Reduced iron(ppm)

sources None Ascorbate None Ascorbate None Ascorbate
Control 0.03° 0.03° 0.00°% 0.00° 0.00° 0.00°
Fe? . 1.12° 226 509 533 0.00° 5.15%
Fe* 0.01° 157 495° 5.24° 0.00° 5.19°
Hb 287 221° 0.55° 093° 0.18° 0.88°
Mb 277 2.14° 0.12f 0.30° 0.18 0.23°
Catalase 0.60° 1.25° 0.95° 1.04° 0.28° 1.11°
Ferritin 0.03? 0.28° 053° 1.10° 0.00° 0.80°
Transferrin 0.09° 1.69° 5.19° 568 017 523"
SEM 0.02 0.02 0.01 0.03 0.01 0.01

19-thiobarbituric acid reactive substances; ppm of MDA in reaction mixture.

Means (n=4) within a column with no common superscripts differ significantly (p<0.05). 5 ppm
Fe equivalent for all iron and iron proteins; XOD, 0.15 U/ml; KOz, 50ppm; ascorbate, 100ppm;
xanthine, 4mM; Hz0,, 4mM (final concentration).

Table 2. Effects of iron sources reacted with H20: and H202+Fe®’ on

lipid oxidation in the oil emulsion system

Iron TBARS' Total iron(ppm)  Reduced iron(ppm)

sources H:Op, HO+Fe” Hx0» HoO02+Fe”  H:0»  HoOptFe
Control 0.02" 0.20° 0.00°% 479" 0.00° 0.00°
Fe*' 0.41° 0.49° 5.10° 977 0.00° 0.00°
Fe* 0.19° 0.17° 5.00° 9.82° 0.00° 0.00°
Hb 2.35° 2.45° 3.49° 7.65° 052 061°
Mb 123 1.20° 3.85° 799° 037 0.31°
Catalase 051° 0.48° 1.06° 573 0.40° 0.98°
Ferritin 0.19° 0.08 041" 5.34° 0.00° 0.00°
Transferrin 0.24° 0.17° 522 8.48° 0.13° 0.12°
SEM 0.01 0.01 0.01 0.04 0.01 0.02

19_thiobarbituric acid reactive substances; ppm of MDA in reaction mixture. Means (n=4) within

a column with no common superscripts differ significantly (p<0.05). 5 ppm Fe equivalent for all
iron and iron proteins; XOD, 0.15 U/ml; KOz, 50ppm; ascorbate, 100ppm; xanthine, 4mM; Hz0z,

4mM (final concentration).
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Table 3. Effects of iron sources reacted with KOz and XOD on lipid

oxidation in the oil emulsion system

Iron TBARS Total iron(ppm)  Reduced iron(ppm)
sources KOZ XOD KOZ XOD KOZ XOD
Control 0.01° 0.04° 0.00" 0.72" 0.00° 0.38%
Fe*' 0.7%° 0.64° 5.12° 549" 0.00° 0.32°
Fe* 0.04° 0.03° 554° 5.64° 0.00° 0.57™4
Hb 339 152 153 2.15° 0.38° 0.62>¢
Mb 270 0.75° 1.64° 1.22° 053 0.48>¢
Catalase 0.55° 0.27° 1.13¢ 244 0.42° 0.95°
Ferritin 0.05° 0.05° 054° 0.99° 0.00° 0.81%*
Transferrin 007 0.04° 527% 6.11% 0.16° 0.69%*
SEM 0.01 0.01 0.03 0.03 0.01 0.03

!2-thiobabituric acid reactive substances; ppm of MDA in reaction mixture. Means (n=4) within a
column with no common superscripts differ significantly (p<0.05). 5 ppm Fe equivalent for all
iron and iron proteins; XOD, 0.15 U/ml; KOz, 50ppm; ascorbate, 100ppm; xanthine, 4mM; H:0,
4mM (final concentration).

Table 4. Effects of iron sources reacted with oxygen species on the

measurement of total iron after filtration in the oil emulsion

system
Iron Total iron{ppm)

sources None Ascorbate H202 HzOz+FeZ' KO: XOD
Hb 0.19° 0.58° 0.14° 0.26° 0.14° 0.62°
Mb 0.10° 0.08° 0.12° 0.40° 0.18° 0.40°
Catalase 0.66° 0.60° 063 907 0.88 1.45%
Ferritin 0.10° 0.20° 0.18° 0.21° 0.15° 0.30°
Transferrin 0.19° 1.00° 0.10° 0.15° 0.27° 0.43°
SEM 0.01 0.02 0.01 0.04 0.01 0.01

Means (n=4) within a column with no common superscripts differ significantly (p<0.05). 5 ppm
Fe equivalent for all iron and iron proteins; XOD, 0.15 U/ml; KO 50ppm; ascorbate, 100ppm;
xanthine, 4mM; Hz02, 4mM (final concentration).
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Table 5. Effects of iron sources reacted with oxygen species on the
measurement of reduced iron after filtration in the oil emulsion

system
Iron Reduced iron{ppm)
sources Control Ascorbate H:0: Hx02+Fe” KO XOD
Hb 0.00 052° 0.00 0.16° 0.00° 0.00
Mb 0.00 0.10° 0.00 0.25° 0.00° 0.00
Catalase 0.00 0.46° 0.00 0.54° 0.41° 0.00
Ferritin 0.00 0.20° 0.00 0.00° 0.00° 0.00.
Transferrin 0.00 1.03% 0.00 0.00° 0.00° 0.00
SEM 0.00 0.01 0.00 0.01 0.01 0.00

Means (n=4) within a column with no common superscripts differ significantly (p<0.05). 5 ppm
Fe equivalent for all iron and iron proteins; XOD, 0.15 U/ml; KOz, 50ppm; ascorbate, 100ppm;

xanthine, 4mM; Hz0O:, 4mM (final concentration).

Table 6. Effect of ascorbate, hydrogen peroxide and superoxide on the

TBARS" values of raw meat homogenates with different iron

sources.
Treatment ' Iron sources
Control Fe* Fe* Hb
Control 0.30° 1.21° 1.02° 054°
Ascorbate 0.88* 1.07 1.41° 0.73°
Hz0: 0.23° 151° 1.30° 1.55°
HoO2+Fe? 0.84° 195 1.76° 1.80°
KO 0.27° 1.05° 0.94° 0.31°
XOD 0.28° 0.69° 0.51° 0.27°
SEM 0.01 0.01 0.01 0.01

Y 2-thiobarbituric acid reactive substances ;: ppm of MDA in reaction mixture. " Means(n=4)
within a column with no common superscripts differ significantly(p<0.05). 5 ppm Fe equivalent
for all iron and iron proteins ; Xanthine oxidase(XOD), 0.15U/ml ; KO, 50 ppm ; ascorbate, 100

ppm ; xanthine, 4 mM ; Hz02, 4 mM(final concentration).
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Table 7. Effect of ascorbate, hydrogen peroxide and superoxide on the
content of total iron” of raw meat homogenates with different

iron sources.

Treatment Iron sources

r YA +

catmen Control Feé* Fe* Hb
Control 1.68° 4.48° 4.64° 1.68°
Ascorbate 1.96° 7.88° 7.68° 3.00°
H202 1.84° 4.16° 4.16% 2.96°
HoOx+Fe®™ 3.60° 6.96° 5.24° 3.80°
KOz 1.96° 4.32° 3.92° 1.88¢
XOD 2.84° 6.16° 6.24° 4.56°
SEM 0.00 0.02 0.01 0.01

n ppm of iron in reaction mixture. Conditions are the same as in Table 1.

Table 8. Effect of ascorbate, hydrogen peroxide and superoxide on the
content of reduced iron” of raw meat homogenates with different

iron sources.

Treatment ‘ Iron_sources
Control Fe* Fe* Hb
Control 1.12° 3.76° 3.76° 1.32°
Ascorbate 1.64° 8.48° 892° 1.72°
H0, 1.60° 3.36° 344" 1.36°
H:O+Fe® 2.80° 4.04° 5.68° 2.88°
KOz 1.56° 4.08° 5.28° 1.40°
XOD 2.40° 532° 6.16° 2.80°
SEM 0.00 0.00 0.01 0.00

1) a-f,

ppm of iron in reaction mixture. : Means(n=4) within a column with no common

superscripts differ significantly(p<0.05). Conditions are the same as in Table 1.
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Ascorbate(OD in 525nm)

0 1.2 1.8 3.8 8 17.5
KO2(mM)

Fig. 1. Effect of superoxide on the disapperance of

ascorbate in model system.

4. 8 %

7}. Oil emulsionA] iron source®] W& A|WAtslel| mX)& ascorbated] F3o
Zascorbate® H7le Fe?o] 2(226 MDA ppm)E.tt TBARS#tel © &gttt
Fe¥ ol 2(0.01 MDA ppm)2 A9 gzt do7)x gsk=dl w8, ascorbate
g A7t Fe''ol2(157 MDA ppm)< ®i$- ¥& TBARS#E uYehuid
(P<0.05). o] AL Fe¥o] 20| ascorbated] 98X Fe*o2 #d9UdtE Ae U
el i}, Hemoglobin(Hb), Myoglobin(Mb)9] hemeX 4T Y& ironFd /ol ¥l
433 & TBARSEE YEHATHP<0.06). 221, heme¥A%F catalases i
3] ¥ TBARS#(0.60 MDA ppm)& YeEpd#¥gt oz (P<0.05), 2R Fuj
Z+g-o] Hh, Mbel= t& A 2t} Oil emulsiono A A 9HAts o] o] 3= H0.9)
FHFEH02 EE HoO: + F&&' AP TE HoOp + Fe®' 42771 total iron®] &F
g HO: Btk 28] AE =AW AR4ds Axe v FIFldd. O
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emulsionoA]  X|%Atgle] pjRE KO, £+ XOD systemo2ZHE AAd
superoxide®) F&F& KO, w38 Fe? 0] 2(0.73 MDA ppm)< Fe? o] &(1.12
MDA ppm)®t} A$stE doy)x] Rt} Superoxidest ¥+-&3 Fe?'o] &2
XOD% 483 Fe’o|-2(0.64 MDA ppm)¥.th %3t %& TBARSZS UEHI
. - 029 8% hemeM4AE oil emulsiondlA A WASE Yoy 7Ed
ZujA AL, MbE - 029 ¥HE&AE o A3 2ujA] Qe st

U Ad59 Adadsted BASE At 2JQES HEHAEd 2FdA
A 33tel| mA & ascorbated) Q3L ascorbateS HIMEHA] 9L Fe?'o]-2(1.21
MDA ppm)# Fe®o]&(1.02 MDA ppm)E %7} %<& TBARSHE ehRA 2
HbEe 054 MDA ppmo2 vul$- @& TBARSZS uWElNAL Fe¥olee
7] E3ENA TBARS#©] 1.02 MDA ppme 2 43d A&z A& 3
. 7] EFEAM total iron FFE FHT DY d2FAA 084 ppme
Yetdo] R7Iz A L AgdstsE oyl e 4o HE s U
t}. Fe*ol &, Fe*ol2 121 HbRFolA ascorbateZ H7Fshd total iron &%
# reduced iron %ol F 7189 o1H(P<0.05), Hb) thZF(0.84ppm)olA A g
FL Fe¥'ol2(224 ppm), Fe*' 0] £(232 ppm)ol ®l&l ZA Rtk m7] E¢F
oM Fe*o] &3 wrgd H,0p MelF(151 MDA ppm)e 7] £¢2 3 wgd
Fe'?0] 2(1.05 MDA ppm), Fe'®0]-2(0.94 MDA ppm) Bo} AHsEA HEo] of
=& FENUY a2y, KO8t XOD9 wg3 Hb AagFE= ZHzh 031
MDA ppm3 027 MDA ppmo 2 vl$ @& TBARS#-E& Yetygiet. ez,
KO:9t ¥bg3 Fe?o]2, Fec]2 AHejit: XOD system Brh ozk &
TBARS#(p<0.05)& Yetd oy diz79 HbllME TAHLZ 307t AA
5z gt 18, total iron ¥ %3 reduced iron & #HL XOD systemo] ©
= tH(p<0.05). Superoxide$} ascorbate®] &84 Yol A} superoxide
o ¥& F7HN7IE ZE ascorbated] FFol HAH #HAdtE AdFo|Urh

_109_



10.

11.

12.

13.

Kanner, J., Hazen, B.,, and Doll, L.: Catalytic “free” iron ions in muscle
foods. J. Agric. Food Chem. 36, 412 (1988)

Ahn, D.U, Wolfe, F.H., and Sim, J. S.: The effect of free and bound iron
on lipid peroxidation in turkey meat. Poultry Science, 72, 209 (1993)
Miller, D.K., Smith, V.L. Kanner, J., Miller, D.D.,, and Lawless, H.-T.: Lipid
oxidation and warmed-over aroma in cooked ground pork from swine fed
increasing level of iron. J. Food Sci. 59, 751 (1994)

Johns, AM., Birkinshaw, L.H., and Ledward, D.A: Catalysts of lipid
oxidation in meat products. Meat Sci. 25, 209 (1989)

. Silverstein, D.A., and Lillard, D.A.: Factors affecting the autooxidation of

lipids in mechanically deboned fish. J. Food Sci. 43, 764 (1978)

. Sato, K., and Hegarty, G. R.: Warmed over flavor in cooked meats. J.

Food Sci. 36, 1098 (1971)

. Love, ]D. and Pearson, AM.. Metmyoglobin and nonheme iron as

prooxidants in cooked meat. J. Agric. Food Chem. 22, 1032 (1974)

. Hidalgo, F.J., Zamora, R. and Tappel, AL.: Oxidant-induced hemeprotein

degradation in rat tissue slices: effect of bromotrichloromethane, antioxidants
and chelators. Biochem. Biophys. Acta 1037, 313 (1990)

. Kanner, J., and Harel, S.. Initiation of lipid peroxidant by activated

metmyoglobi and methemoglobin. Arch Biochem Biophys. 237, 314 (1985)
Ahn, D.U. and Kim, SM.: Role of superoxide, hydrogen peroxide and
ascorbate on the prooxidant effect of iron from various sources in oil
emulsion. J. Food sci.(In press)

Buege, J.A. and Aust, S.D.. Microsomal lipid peroxidation. Method in
enzymol. Vol. 105, 302 (1978)

Carter, P.. Spectrophotometric determination of serum iron at the
submicrogram level with a new reagent(Ferrozine). Anal Biochem. 40,
450 (1971)

Sikic, B.I., Mimnaugh, E.G., Litterst, C.L., and Gram, T.E.: The effects of

ascorbic acid deficiency and repletion on pulmonary, renal and hepatic

- 110 -



14.
15.

16.

17.

18.

19.

20.

21.

22.

26.
217.

drug metabolism in the guinea pig. Arch Biochem. and Biophys. 179,
663 (1977)

SAS Institute.. SAS® User’'s Guide. SAS Institute Ine. Cary, NC. (1986)
Kanner. J, Hazen, B. and Doll, L.: Catalytic free iron ions in muscle
foods. J. Agric. Food Chem. 36: 412 (1988)

Ahn, D.U,, Woile, F.H. and Sim, ].S.: The effect of free abd bound iron
on lipid peroxidation in turkey meat. Poultry Sci. 72: 209 (1993)

Johns, AM., Birkinshaw, LH. and Ledward, D.A.: Catalysts of lipid
oxidation in meat products. Meat Sci. 25: 209 (1989)

Silverstein, D.A. and Lillard, D.A.: Factors affecting the autooxidation of
lipids in mechanically deboned fish. J. Food Sci. 43: 764 (1987)

Sato, K. and Hegarty, G.R.: Waemed over flavor in cooked meats. ].
Food Sci. 36: 1098 (1971)

Love, J.D. and Pearson, AM., Metmyoglobin and nonheme iron as
prooxidants in cooked meat. J. Agric. Food Chem. 22: 1032 (1974)
Hirano, J. and Olcott, H.S.: Effect of heme compounds in lipid oxidation.
J. Am. Oil Chem. Soc. 48: 523 (1971)

Younathan, M.T. and Watts, B.M.: Relationships of meat pigments to
lipid oxidation. Food Res. 24: 728 (1959)

Kaschnitz, RM. and Hatefl, Y.: Lipid oxidation in biological membranes.
Electron transfer proteins as initiators of ;ipid oxidation. Arch. Biochem.
Biophys. 171: 292 (1975)

Halliwell, B. and Gutteridge, JM.C.: Oxygen free radicals and iron in
relation to biology and medicine: some problems and concepts. Aech.
Biochem. Biophys. 246: 501 (1986)

. Caelin, G. and Djursater, R.: Xanthine oxidase induced depolymerization of

hyaluronic acid in the presence of ferritin. FEBS Lett. 177: 27 (1984)
Fridovich, 1., Superoxide dismutases. Ann. Rev. Biochem. 44: 147 (1975)
Granger, D.N., Rutili, G. and McCord, J.M.: Superoxide in feline intestinal
ischemia. Gastroentrtology 81: 22 (1981)

- 111 -



29.

30.

3L

32.

35.

. McCord, J.M.: Oxygen derived radicals: A link between reperfusion injury

and inflammation. Fed. Proc. 46: 2402 (1987)

Sussman, M.S. and Buckley, G.B.. Oxygen denived free radicals in
reoerfusion injury. Methods Enzymol. Vol. 186, 711 (1990)

Wills, ED.; Mechanisms of lipid peroxide formation in animal tissues.
Biochem. J. 99: 667 (1996)

Gutteridge, JM.C.; Ferrous iron-EDTA-stimulated phospholipid perfoxidation.
A reaction changing from alkoxy radical to hydroxy radical dependent
initiation. Biochem. J. 224: 697 (1984)

Gille, J.J.P. and Joenje, H.; Biological significance of oxygen toxicity: An
introduction, Vol. I, p. 1. In: Membrane Lipid Oxidation. (1991)
Kaschnitz, R.M., and Hatefi, Y.: Lipid oxidation in biological membranes.
Electron transfer proteins as initiators of lipid oxidation. Arch Biochem
Biophys. 171, 292 (1975)

Kanner, J., German, J.B., and Kinsella, J.E.: Initiation of lipid peroxidation
in biological systems. CRC Critical Reviews in Food Science and Nutrition.
25, 317 (1987)

Tufano, T.P., Pecoraro, V.L., Raymond, K.N.: Kinetics of iron release
from ferritin to catechoylamides. Biochem. Biophys. Acta. 668, 420 (1981)
Whitbum, K.D.: The interaction of oxymyoglobin with hydrogen peroxide:
The formation of ferrylmyoglobin at moderate excesses of hydrogen
peroxide. Archives Biochem. Biophysics. 253, 419 (1987)

- 112 -



- 113 -






H 3 & x4 x)

A1 A e A did AZIAS ALY 4]
FAEAR vX= 9%
Effect of Electrical Stimulation on the Quality

Characteristics of Hanwoo Beef

Abstract

These experiments were carried out to investigate the effects of electrical
stimulation on changes of physico-chemical properties in Hanwoo steer and
bull beef. Electrical stimulation was performed within lhr postmortem(550V,
0sec.). Electrical stimulated sides(ES) showed more rapid pH decline than
non-electrical stimulated sides(NES). L, a, b values of tneat color in steers
were higher than those of meat color in bulls, but there was no consistent
effects of electrical stimulation on meat color, cooking loss and water holding
capacity. Myofibrillar fragmentation index of sides treated with ES was
higher than those of NES during storage significantly. And ES sides
consistently showed lower hardness when compared with control sides.
Examination of the electron micrograph was revealed the enlargement of
sarcolemma and mitochondria. These results suggest that electrical stimulation

may also improve tendermess of meat.

1.4 &

auRHES) HEFHAYC] e A4o] Fobol we} 4L QAN Lo
q2AAAN Aeoz §AHE Ao LFHW HI on FE AL UAch
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a3y 25FdM B FEAANMY FARA & A @S &
Adol Aotz A, F o dEME HH3A dE nd =52 F
FYE oz nAEY FAL JASIY EFAE AV FAVAIFZA
Zgsts ALY 848 JASt ALl koAU, ALYZFEG 9
& A" 2717 AARE FE o EE5HAGN 2xA AAFTHEE
A Rus d53Addd A d=zd4c EAE A2 254

B2 8o FEWAY PFE A s AAFZAAE Bo] RIHI YUE
Yol ArAFHaAE HFALY £528 FIHAIIR AFEZA L AJFRAIG
& 9&E A (Carse, 1973 ; Bendall 5, 1976 ; Chrystall®} Devine, 1978)3L ©]
6‘]54 Qow, AZ|aAFH K] AEFY L A2dFe] AL/} T A
Q9] slvbo]lx) ek (Bendall 5, 1976 ; Davey 5, 1976), A2 &3 wrzlo]9e tj&
3% A3 JcHGeorge 5, 1980 ; Bouton 5, 1980). E£3 HA7|AFAE
F AT ££02 Ao ZAF EEYFH &go] A=A adojgtn F3
=9 (Savell 5, 1978a), A 7|A = 2ld 9sld pHe JF&3% A7 lysosomal
membraned] €48 X33 autolytic proteolysisE® X3t F33 g
(Dutson %, 1980). ¥ dFE $uete =53 @A HA7|AFTA A %
FANMA 594 E AESZ] A8 AAGSG vAAGSE AP PP g8 =5
F g2, 253F FuxAd AZAFHE 3}, FUEAE dETR sy
Z+Zt FAR-AE AFA ALKAYANUAN BAAHLR oA EAY, Ak, 7HE
54 9 gdsty vstg A

)
rir

2. Alg 2 9y

A 8

NESE ATFERANN ASE AAGSS A2 AARSE TP
o2 3o 28EARE & F, A4 1AL o FWEAd H7|ASAE
(550V, 0x)E &9 & u2 FALEHES AAANAJLEST), A Rtz
TATEHE FAHYF(NEST)E et AMAF Ages 2 £ 2 T A4 A
FHAA Agz Assach
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12

pHE dutxye) Wy o g pH meter(TOA, HM-20S, Japan)® A3ttt 4
Z&3e Y A8 A7 3om, ¥0l 24 9 AVIE SAFEFA FPHA
coringstd 4TolA 3027t &, &A1) ¥, polyethylene @22 & H A
3, A z}A(Color difference meter, Minolta CR-200, Japan)2 <7331 Hunter
valueZ EAISQY. old AL8d EEMT-E Y = 9495, a = 03132, b = 0.3203
o2 djHom 93 wEId FFgoz Aok BrYHy MERFL ol A
(1983)9) wWyoz ZFAHIY. U FA2H3=(myofibrillar fragmentation
index)= Olson 5(1976)9] #HXol we ZLHF &£890100mM KCl, 20mM
K-phosphate, pH 7.0, ImM NaN; )2 &g AF39 05 = 0.05mg/ml 9
TEZ Mg g, 540 nmollA FFEE SHeA 2008 F3oq A2 A
t}. A Z(hardness)= AlBE 3 cm X 6com X 6 cn2 AW 75T A=A
AR FALEI 70CH 2 F 3083 7tEsd HEAHA L corers 0] 83
o 1 cm X12 cm X 3 en® Z7]E wE F Rheometer(Model CR-100, SUN
SCIENTIFIC Co. Japan)2 A3ttt AAdv]Zd #&E Chang $(1976)9
wo) o AlFPstA =, AEE P (double fixation), HI¥, €, Eojg F
Ultramicrotome(LKB) 2.2 %4¥#H-& w59 uranyl acetate$®} lead citrate® 2%
dAg = Hitachi-H 600 F#3 AxdvRFoz AQHAY. FAAAE
SAS-package (1985)9] AwtdFPwdo] o3 EAEM S 3

3.2% 2 ng

b AZAZHYG 9@ olshen B9 wg

289 pHE AEAF Yolxj7] Azt Zalo] gad WAX A&HE 2
o] Yaolth 49 A FHARE BE 0 ~ 4TolA 16 ~ 1841 Pk
ol £Ae) pHE 57857 A, o o4 ALd oa Bl dojuiAY 2
AXA g et Fod ddagol 223 pHASE WA APHY
(Newbold, 1966). EA0l M71A43¢ a9 aiF=rge) 20| o4 pHrt W
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A3t B nE At (Carse, 1973 ; Davey &, 1976). Fig. 1914 NES+¢ pH
T gtetAl ot = wta] ESTE AN F 333 Adsd. A4S NES
T AeF A3 656, 24420l 565F £, ESTE AHeF 3X2H] 564,
24A12bel] 5530tk HIAAI$-9] BLE TS FFo|Ur) Carse(1973)E =] o)
AZNASE oz AR E4E FAANA °E pHASE FEst Aeuxe
BAY £ e AE AFoR ¢EHAL. £F  Bendall(1980)2 MRIA -2
F3td pH 7} 6.0~ S57AI012 HolHE o A2dF9 Aol #HE W2hol
7bedttta g, ¥ A dAs 2y AIZAAA ZAIAF HA/)AIA
g8 ¥ A 3MRFY AXdEFY ddglol ¥AAs stesitdn BaHY
. Bendall(1976)0] 9l&¥ =42F AT MHES & B$, A 28F9)
pH 7.1014 6322 Wolx|5, 3AIZbFo] HFpHA 5474 HojAttn g1
Y A= 105210 28 AR st on, AT (AR ALy
o A"l ¥Fol Jtsdda At £F EEXHFANM A7|ATHEY A
2+ AHgASES zbole] whel pHe A& xst e Afolst 1ol BuHY
}(Bouton &, 1980 ; Chrystall 5, 1980 ; George %, 1980). ¥ &9 A3
A71AS 2A o ALd %9 gl ¥Eol sMsddn Bausdy. oF
e € 4389 dAEY o MELEZ pHIE Y AL 5% =4
F AZNATY 219 AoldA 7dEE Aoz AZHUY, n7]9 4FLe &
Hlz2te) 713xE AA}E Fadd 2ol do Savel#d Smith(1979) 2
Savell (1980)& A7|ZAFAElE & ol#F9 e 2719 54 Yehy
t AU 2948 de Aol FPon, A/AFTE F FS 24A3%F
SAFY AZo] ¢ ¥we ¥ZE Jedtn vl Smith S(1980)% A7)
258 A A5A2Yrrt FA T w6 14%3E AAGUGD 3o
™, Riley (19803, b)& A7|zFAHegd 5540 ¢ ¥ FAE Mo d 4
Ettia st oy 1 FA4% of= Wl £k Table 1, 29 3& AabA
Z Hunter value® &A% gtoltt. L value(B =) A7AZ A FF0 @A
ol AFFT AAAoz2 AALs vAAMSd v& =& e YEAR
(p<0.06), ES+¢ NESTt& AAfF Aol ztol7t Ao, AFF B A
Hog 4 Frlste AEE et tHtable 1). o2 Ha= Boakye 9
Mittal(1996)0] 4 3719] A/ £48F ZAAFo2 169 7A Lito] MR

- 118 -



Hog F7tgts ZAAs) e ATl Table 29 a value(FHE)E B9
AZ1ASAE 7o FAYU} AASIE vAAHS vE Aoz F &
#2 Hetliou Aol AREHA Ygkow, ESH7F NEST &l AA| Ao
2 %t & AFE HehiRoY AolE UG 4 T BF ARAF AAHe
2 F/tske Agoldn AgAYNAA 2 F ZF 1594 JAAE Y
. b value(FME)E L values} a valuest nlR3 7122 AAM$So] vlAAS-S
o W& ¥ AFE JYehiven, & F 25 AZF AAHoz FrEAdd
(p<0.05). olg|§ A= Boakye} Mittal(1996)0l £317] SAHAZHo] £4F 12
d 7hA a value$t b value7t @U3Al Frltstn 1694 FFIde A4 #
Attt AtA o2 EST9 NEST Alol9] ANze atol: itk ol g 4
= AZNAFTAYY FRE 42729 M-S JErdoE Savelld Smith(1979),
Riley $(1980a, b), Smith (1980)8] A#H 4= ozt oy, Powell F(1996)
o] M7IAFANeE Hur|e] Nz7AFH Mz AP dig xolE 2u|AE
ZAHA ERtes A9 FAEIAT. 2719 MBS o sy} ujg Eisie
2 A7AFAHYE st A stdas o8 7hA] R eQle upe gt 4
F7b detvte Aoz AZHAG AT @ stF3AAP Y WaE tEy
F3 BraE S35t At 7t F(table 9L AZIRFHE /5
AMSTA Aol AFelzb AAet. ESTF7F NESTFol s ozt & 7ol
Aoy Aozt gllen, AAF AAAHSZ 109 74X Aol ARy 159
A F7tedh AAdS9 4 194 EST9 NESTE &4z 195, 192 U3,
A7t 1594 2tz 306, 304 °IUTh HIAAS-9] ASE & HdfolojA
194 24zt 206, 221 ©lA3, A 15494 2tz 265, 245 olUdh. B+
(table 5)& AA$-9] 729 EST NEST9 zlo)rt gllen, HAHo=2 ozt
Zaso 1594 fosA ZasAd vAAMS- A= ESTHel vl NES
T7F 2 AFE eI o Aolst it AH o2 S5 A vt
ozteke) Azte} 2 g3t Whiting $(1981)3 Terell $(1981, 1982a, b,
O AZIAFAHEE & BFoE A& 7IFELA ¥ JFE vXAA G=
tgn stgoen, £ Ay /433 v HAgg Hol olE MY A
Adet FAS R oY, AZAF] g HFEAHY &4 deRom #HEHA
o},
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v A7 S AEg dx

HA712F A E 9 dxvt AddYdE 2ae ddd Bh(Davey 5, 1976
; Smith 5, 1977 ; Savall 5, 1977, 1978b). A7|xFd] & =7t HHddd
FAHE 717 F2 ANAZ FYdg. A, FEGe] Ad5E FEdn
AAA=d Davey 5(1976) A71a= A& FAHA F¥Ze o= F¢H
E AHYES #A2dd dxrt AddEYdE F4E s of FFLE g A
AZ gx Joy, Smith 51977 AZ|AFFH TAH Y SHZo|st vAe =
Ao 2adold vl&d Aol Z< 2FA &S A5 ] W AU
Fo 9% AEMA At v H2aSH F¥e QU ¥ 4 gdn &
At ojgld FAL Nicholas®t Cross(1980)9] <& E #AHAUL EA,
Savall $(1977)3 Duston %(1980)& A7|z=d 98 pH7l F&3] AR
lysosomal®te] B371 1A AP =ALE7 £ FHdA 25U @R
RFaELe 848 289 dxst Adddn FEdAY. AA, Saval F
(1978a)2 A& HalF 9 Ad £Fd & 2479 B2FH &40 ey
3 Ax7t Adgdan FFadd 2AE AVAF Mg sd vAE =A%
' 843 o& Fgusty Wiz A48 FHUss dedy dxr AAddda
9. 294/ LESEMFDE 2719 dEE JYeldle $& A®E7E €9
(Olson¥} Parrish, 1976). Table 6& B W, ESTE AAfFFol @A G ol NEST
o vldl 2PARY AW waA APHUAeH, A G A {FolE
A Edct AM$9 39 ESTY 194 MFIE 710124, NESTE 4502
o, 1545 = EST7F 10624 v)a] NESTE 90°I1th Savell 5(1978¢)& A
NAF AT 59 SAHL 7Y AT A Axs MEEHA & T4
21Y £A4 dxd w& 10% o ddAdcn dHgen, ArAS ALt 42
Hoz £47)7e VEAA dux, 2, Fne Aol ssATn At
(Savell &, 1981). ¥ AoA EST4 NESTA oM %4759 MFI9
Aol AMSS Bohs HAASSY A7 4R dA}AY. Savell 5(1979,
1981)2 A7IAZo) % A=Y g FE wet g2y, A nrE B4
e ZAZ Q¥nrIE Agste A6 v ddHe Ryt ada s
B Yo diax o9 dHyo & FEFolth. Rheometer2 ST T
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(Table )& ESF7t NESTl vla) @A3A 2ked, AAS2 B35 1989
=7t EST9 NEST7t 2+ 93, 1450121, 15dAdl= 242 70, 830 Ath.
EST9 194 £ 5949 Zx=7F NEST9 156849 Fxe Hxd F&F0IU
ok olgjd AP vAAHS] Bedx Agkow, 53] vAAH9 PS5 EST
o} 5de AASY ARt AAdAY F, EST9 NESTY 194 ==
24z} 100, 2060124, 159 A= 70, 1202 otz o] Aae A urjE A
A =AZE AZAS A o AxFY E37l Eok= Savell F(1979,
1981)9] Aot AX&Act Fx A= 2AYFLHUs R st AASHA
oo, HMJAHS-Fo @ A7|AS Ao AREH} F& FFoIUG

ot FegE Wzt

A71258 22959 FZFAE Ses ALEF HAaHRd 93 AL
2 Adslo] gh(Bendall 5, 1976 ; Davey 5, 1976). Pierce(1977)= AZ|&AF
AP Ko AEE F7EAT 2L ZFdA 2 dols fFod# zolst
QAT gt )AL A2uE AAMEY ol ot r]|zte] n7le Ax
o 71dgtte AE YA Duston 5(1980)& 7|14 & pH7E 5339
A33t lysosomal membramed ##E 71&3a dARHRELI 2K LE
7t & A7 #e7t A5 autolysisE FAFozAN AxEMNME FESG
3 F&sh £3 Savell 5(1978a)& AZIAFF AT 502 2R &
AL A58 FA4AUYn FHd. Fig. 25 HIAA SS9 EST9 NEST9
194 A0 ArAojtt, NEST++= A-, I-band, Z-line® ez} 2AS A
Aol BPAHAL BAoY ESTFY ASE olg9 AYAHQ ujgo] gajso] 3l

, $¥EWE(Fig. 2b arrowheads)?t B°] Wely o ZKAEIL 0] Y
S Aol AFHJL = 2P ATGo] <zt BdHo| JYNew wlo]EFE=g] o}
P& FRAHUYG. ESTE NEST 4% th £47100] ZAoiPd wap 244
F9 2937 FEAs AL 2L dYoly ESTI % JPHE Aol &
AA o)At ol Y& FRA MU F 5 MFIY A9 & s A
AAZol AxMe 37 UASS AP AU & A4¥9 A= Wil F
(1980)3} Sorinmade F(1982)°] A7|AFHelgd H5n7]9 xulAFxo ALFY
38 BEAE Fate I AAIHAY ol AR Hol AT g% 2K
o dslr)zte) dRE= YR EA A 7]Ad Aol #IHU.

R
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Fig. 1. Before electrical stimulation

electrical stimulation (550V, 90sec)

Fig. 2.
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Fig. 3. pH changes of Hanwoo beef during with

electrical stimulation

Table 1. Effect of electrical stimulation on L value of Hanwoo beef
during storage at 2+2T

Steer Bull
Storage days
ES NES ES NES
1 41.33+052* 42.10+0.71* 36.76 +2.05°* 37.07+1.35*
5 4208+1.31**  4358+0.85™F 4051 +1.50™* 39.03+2.05*
10 45.40+259*" 4481302 4245+1.06™"¢ 4227+1.21°"
15 47.00+2.80*" 46.08+2.71"" 42.78£0.74% 42.60+1.30°
abcd

Means in the same row bearing different superscript are different (P<0.05)

%YZ Means in the same column bearing different superscript are different (P<0.05)
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Table 2. Effect of electrical stimulation on a value of Hanwoo beef

during storage at 2+2T

Steer Bull
Storage days
ES NES ES NES
1 16.42+1.38*  1520%222°* 14.07£1.3"* 13.23+1.20°*
5 17862712 1620+394™*Y  1550+199** 13.63+0.65"*
10 2027+1.79°* 1948+355"*  1687+268°*  14.82+193*
15 2223+143% 2021217 18.89£1.27°" 18.131261°"

abed Means in the same row bearing different superscript are different (P<0.05)

XYZ Means in the same column bearing different superscript are different (P<0.05)

Table 3. Effect of electrical stimulation on b value of Hanwoo beef

during storage at 2*t2T

Steer Bull
Storage days
ES NES ES NES
1 330+0.52* 4.04+0.28* 2.34+0.86™ 197050
5 6.13+0.87" 6.00+1.85* 6.16+1.04" 499+0.42°
10 8.4010.77% 8.69+1.41*" 6.861+0.35°" 494+0.35%
15 903+ 1.04% 8.17+1.16™" 6.60%0.39°" 6.75+1.92%

abcd Means in the same row bearing different superscript are different (P<0.05)

XYZ Means in the same column bearing different superscript are different (P<0.05)
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Table 4. Effect of electrical stimulation on cooking loss of Hanwoo

beef during storage at 2+2T

Steer Bull
Storage days
ES NES ES NES
1 19.45+1.64*  19.16%+154** 2058+221™*  2207+231™
5 23.13+0.62" 21.20+0.76* 22.86+3.76* 20.76 £2.05"
10 2226+1.17" 22.05+0.60* 23.77+£0.89" 21.77+151*
15 3055+054%  30.35%+2.82*" 26.49+0.76°* 2453+052°"

2bed Means in the same row bearing different superscript are different (P<0.05)

X¥Z Means in the same column bearing different superscript are different (P<0.05)

Table 5. Effect of electrical stimulation on water holding capacity of

Hanwoo beef during storage at 2+2T

Steer Bull
Storage days
ES NES ES NES

1 66.73+0.76" 66.33+0.42* 65.43+0.72*  6592+329*
5 64.50% 1.247 65.79+1.87* 64.48+0.77* 65.25+0.37*

aYy abX 65(X) i bX
10 64.44£1.67 64.95+0.89 0.84%% 66.33+0.41
15 57.83+2.10% 55.73£1.18" 58.49+0.59%" 61.03+1.13*"

2bcd Means in the same row bearing different superscript are different (P<0.06)

X¥Z Means in the same column bearing different superscript are different (P<0.05)
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Table 6. Effect of electrical stimulation on myofibrillar fragmentation
index of Hanwoo beef during storage at 2+2T

Steer Bull
Storage days
ES NES ES NES
1 70.88+4.35** 4503+5.24% 60.33+3.76% 34.98+ 247"
5 83.33+4.42%" 69.75+751™ 90.20+7.34*" 50.33+4.76%
10 9735+11.75%  8510+4.12%% 97.43+9.64*** 80.38+4.06°"
15 105.18 +857% 90.33+7.42% 107.33+12.65% 90.38 + 6.90%

=24 Means in the same row bearing different superscript are different (P<0.05)

XY¥Z Means in the same column bearing different superscript are different (P<0.05)

Table 7. Effect of electrical stimulation on hardness of Hanwoo beef
during storage at 2+2T

Steer Bull
Storage days
ES NES ES NES
1 93.20+4.37* 145.18 +551°" 100.18+£863**  205.00+13.46%
5 87.18+8.23** 12613+£1151** 8333+468"  150.351t10.31¢"
10 70.35£5.52%" 105.38 +7.56°F 7503+512%  130.03%10.62%
15 70.23+5.87*" 88.25+7.99* 7035%+4.65%  120.15+897%

*b&d Means in the same row bearing different superscript are different (P<0.05)

XYZ Means in the same column bearing different superscript are different (P<0.05)
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4. 8 <%

GFEAE AZIAFTHYB0V, 902)3td FHAIKE Az, ALAF 3
WA olgdA A, Ax P JAeH 5 wsE AASAYG A7AFAHY
F(ESTH)E AZFHNEST)A vlsl pH7l §33) Aststy A2 3A2d] 5647
A Aststdch. EST9 L value, a value @ b valuex AA$-So] H|AAH>S
of ¥la E& AFIUN ABF FUMEAoY, ARSI g7 ol
AT, AR FLE A71AFAY {FFY AARFTA BAU) FHojst Ao,
A3 43 FUtse AFolUth BEgLe s1d9nFe Wi 2 ggado
Y9G FraUsE EST/E AMRF BAQe]l NEST vla] whzH 35U
on AR7IZ AR KA =qth T3 A=Y AAE Y FLHE
dael & dx Ak ESTY AAER Y ALZL F4HQA wid e g 23
Zduto] Aoiso] JdRon, rlo]Eg=gole] BEx FREHUY dEFog &
227 2EA AVIAFAHE e AL A=MNAY FH}F Fokth
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A2 A B4 N2 AUy wWe] 94 AN B AT
Improvement of hygienic quality of working surfaces
contaminated with hanwoo beef during cutting and
distribution

Abstract

Bacteriological quality of working surface and decontamination method of
cutting board were investigated to improve the hygienic quality of Hanwoo
beef during distribution. Total bacterial count on plastic working surface was
decreased 1 logiunit by wipe with disposable paper towel and cotton cloth
but decreased 2 logiy unit by wipe with cotton cloth soaked in 1% lactic
acid. Effect of lactic acid applied with cotton cloth on decontamination of
working surface was better on stainless steel surface than on plasttic and
wood. Viable cell of Listeria rrionocytogenes and Escherichia coli on
artificially contaminated cutting board decreased below 10 after dipping in
commercial anionic detergent(0.15%) and disinfectant(0.35%) for S5 min,
respectively. Viable cell of cutting boards contaminated experimentally with
L. monocytogenes and E. coli was decreased about 2 - 4 logip unit by
dipping in various organic acids for 30 seconds such as acetic, lactic, fumaric
and propionic. Decontamination effect of organic acids on wood was lower

than that of plastic or stainless steel cutting board.

1.4 &

NES Gt Y WS AEE: NEN AZHE 9, I, AL 5
9 9% #Radoery edo Jo HF AEY EA 4¥L mAT. o
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A AES HE2se 2 UL ALAG AFY 299 94¥E I 3L
29 QA 2% vjPEo] goy £AAAF 29 HY F Y= FHo
o olgd 29ge 5 JRaAH WHL T FE o)lFo Ay 55 =
A, &4t Ag, J1HE, a8 ARAAR Fo 271 HFA &AM o]Fo|dH
(Dicksen and Anderson, 1992, Madden. 1994, Selgas % 1993). &#$%& %+ ¥
TAsE AP dFS AYFT =7 HEALCR REHEH 29| fedy
AGRE AJEFIHE LIHIJAT, FA]jo] BEF AHIY &£Fo] o]Fo
AR A Fole LGPAE A% ojd 2AE FHddxa YA = AdAHolth
AEE 959 29 NdArt EFEFE Sty ZF AgdAdA At
£HE =79 AISNE} F/AEFE ATl FUYFE UK 24 F
7. AXSY AGAARFT 9L AR AEHER AYAAHFT L4994
Q1 g, Z, olFHEFS JAH YA Y AFE 4ot EAdFE
98 A AYETY 2dxE A AQGd X9 A AHE A
paper towel, B3 cotton cloth®} 1% lactic acidE 34l cotton clothd ©]& %
$59 7 AFF AJEF o2 R vAE 2GS HAgHAT WAS
Mz AU

2. Ag 2 9y

7t AAEFe] 4

v 22 989 RE A FAAFY HAAF FAYd EU(stainless
steel, plastic) °]FWE, & F9 29x9, paper towel, E¥cotton cloth$}
1% lactic acidE 4l cotton cloth% & ©|&, ZFE79 EHE 33 FEO=Z
dold = ¥ IE vAES dxTY FIF, dFTIEF, 1SR ITFE
ZA3% Hx A= v At PAESH HALE A @A) 4F
71 Ao 2 33 AAsdey AYF dF 25 15 20THH Ao

o ZAdd e FH0 WE Ay % 42555

FE FEF AYU XYY AR AMEHE 2d# X(stainless steel), YT
(wood), E2+2¢(polypropylene)® 5 x 5cm 37|22 AGstd 2g# 29 YF
= 121TC 15%¥3, 9o 4% Zg282 5% Extran MA 03(phosphate free,
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Merck Ltd) €8] 2427t JAFE dFFHFFE AAF T 4AZ 54 A9A
ZAANA dEsdd. ddd 242 Tryptic soy brotholl 24213t F<b ullgA]
%) Listeria monocytogenes ScottA 9} Escherichia coli ATCC 11775 ui<g<joj
Z+Zt 1833 AAAND F AR AZIAHAANY AHEYA E3o 74
0.15%%F 035%= 3427 Al AMAl(anionic detergent)$} F4& L5A|
(sanitizer)oll ZtZt 5E HAAAA AFR 2cme 98 ngBE o8& swab
method2 AR E AFATF &+ HA |4t TSB agardl] 24213t vjg$ e
colonys & Al&34tt.

ok ZRid 2H 9 fAXE ) mAE f7)4t A B

T71AbS o] 8% AJdEHY MNIFEARE AES 7] H3A Listeria mono-
cytogenes scott A%} Escherichia coli ATCC 117752] ujk e 183 A A
A Adg4Hor ©9A3  wood, plastic, stainless steel ZZH5X5cm)-E& 1.5%
acetic acid, lactic acid, propionic acid, fumaric acid &% 30%9} 602 %< &4
Z} AAANZ F A FTHRTZ AASA Ui F2 YYo= A vAJESL
H3E ASsdd.

2 Az oAETH AL

nAE A HAE 47 A BAAH = swab method(Kotula, 1966)2 A A3+ t}.
W73 2 cm9Q stainless ring€ ©]€3 9 calcium alginate swabo 2 YAHH
B4 ecm)& A, FEHo2 AdEstd 0.1 % peptone A Aol Yol HA 3
A3 F pour plate method (APHA, 1992)2 HA wA)o] HF s ALFE &
A& 24 24 nAAEE wiFz2dT ALGERAE table 1 A BE upg
o}.

Table 1. Media and conditons of incubation

Type of count Medium Temp Time Reference

Total count Plate count agar (Difco) 32C 24 h

Gram negative CVT agar 32C 24 h (Olson, 1963)
Coliform Violet red bile agar 37C 24 h (Richardson, 1985)

* CVT : Plate count agar with crystal violet tetrazolium
( colonies with the violet color on the medium were count)
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3.8 % »g

7t 2ddl B9, 2, ol5HES 24dE 2 8N A}

T FES TH F4AM APF L9E ZaAIE HE 2434 ¢
3 AFse A B9, Z, c)FHEY A w8 2 oF 29L 7
2217171 A% A A el WU o 2 paper towel, cotton cloth, 1% lactic acid&
A4l cotton clothE ©]-& dAcA BZH-E dASA 38 Hold F3} Working
surface®] 1olA(table 1) plastic®] ¢ Fa+E BT 10° CFU/m® ojdout
paper towel I} cotton cloth2 obd Z# < 1 logw cycleo]l ZA3dgod
1% lactic acid& 4 cotton clothE AHE& -9 < 2 logw cycleBE 743
Aot ZAA 7t stainless steeld 7§ paper toweld& AHES A9 FaFe 9
1 logwo cycle A3 A1 lactic acidE A4 gauze 9 3% o 2-3 log cycle?t
23te ZAFE YA A2 {5 AAK FdAFY FE olFe o
S ¥4 ( Gill 3 Newton, 1977)= plasticd] Z$ 1% lactic acid® HA A
15 logio cyclet a3t 2™ stainless steel®] 39 F4EHAE AL FRA3AUL
dEgdrd WsE FAE B et 9ty oz Fepay AAgddst
stainless steelZdid] v]a Qdo] Ad AFES el dF 944 AR
Hx yo} AJd(ErHY 74 stainless steel 2 AMEstE Aol AYF 4R
Aol ARAHY Aoz AIHUY. AJYAAFT K9 guld AgHE
conveyor beltE ZAJAZAAMFE EGu7x] &3 Y HEZHo 2ck 299
Aol Heg Ko JAYH A= T v 2 AYd nPESFE
B 10%cr 01929 paper towelolt} cotton clothE o] & =M MelF £F5E
1~3logi cycleZdFA3t4 2™ (table 2) lactic acidE HA gauzeZ AYEF B
A5 °F 2 logwo cycle XS FA4F Fa2d4ES Jehlon 13475
dFdTre] dae 354 A AFE Jelld. Knifed) 3¢ 3
ol g Mgade FsA JetdA %o, conveyor beltsd A 7
F& JetAT. FAAAZNA HEHE A} APF da2AATY 2E5AE
AHESHE O % BEAAY F oy Eq79 WAZL Kol oo FAo g
€ vt3E £ glenz  AF H/FE(GRAS)E FHI JdE=(Food and Drug
Administration. 1982) lactic acid& ZFYIFAA A PF Azt HA
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A2 & paper toweloltt ZARY Mol HA T dolud AYAPF) n A
T L2EE oA E XY & YLTROZ AGHU,

Y ZAdd B9 FFH0 e A} 2559

959 ABHo f5A #9859 AY £ Wiy} B9 F9 SxAG
¢ APdi(=rh) FHY ABAE aXE AES7| Listeria monocytogenes
St Escherichiag AYAoZ 2¥AZ 2¢ld A(stainless steel), 2 (wood),
%2 E(plastic) S (5emx5cm) A Al#sH 3 gl AAF AEQ A (anionic
detergent)®} d4 A5 Al(sanitizer) & A X3 ALAA 8 7= AHEo) wleg} =
A &hol 2t 58 AANAY F EW ojYEe] WsE DI DI(table
3) L. monocytogenesE AYH o2 2 PA 3] plastic cutting board 9} stainless
steel®] 7J-¢- anionic detergent(0.15%)9] 583 A3 A7k EH vjPE4E= 3
log cycledE ZA2EHE YePA 2™ woodd] A% 2 logi cycle3E 743
o}, Escherichia 29 39 73$ wood cutting board®] anionic detergent
o Neagz sk EW vAE F£= F 2 logw cycle 243 WA stainless
steel®] 7§ 2F 5 logio cycle, plastic ¢ % % 5 log cycled = FR& A 7+
23, Anionic detergentd] He]lFE A% 4 AEAN(Y 033%)0] HAAFF
o] BWAUAESTE L monocytogenes$t E. coli AT F3] cm’% plastic
cutting boardE 10°]39 2 ZAdAdoY woode EWH UAESFE =
plastic cutting baordel]l ®l3] °F 1 logw cycle ©14 =& ZA3%S el
A 2 258504 AJETY A whel Yol woode Z$ stainless
steel & plasticol] ¥laf ¥ 3 FE JetA 29 stainless steel o AH 2 &
SJ337F 7} Foh Stainless stee EH 9] £ %L plastic ol ¥& 538 wood
oA ¥l HQ H9( Mossel & 1966, Ruosch, 1981) Zt= oo AAZ=
plastic °]4} stainless steelo] & #Aoln oiFRE wtE Ag 3= ZAYdie A
§- stainless steel, &7 %2 ZAJdY A% plasticol 7HE QA 5H47 =&
Aoz waA,

o Ao 9 A4A el R A9 w2
A AAL Gxgde o1§Y BS AT FAAAE $FAY AEY
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AR HEY 3$ AAlg ZE2F A AFY F9 AdsE A Ad] A
vz AR Fost 8FHE 9ol Aot olH¥ FAHE MF37] YA
F714kE o) gt AJuUiRH A L YA Ee HAEAE FPFnA
AR A& ot AlEH 3 e RAAQ! wood, plastic, stainless steel Z
ZH5X5cm)9l Listeria monocytogenes scott A} Escherichia colig A9A o=
2 AAZE acetic, lactic, propionic, fumaric acid 1.5% &9 30x% 60x %<t
AAAZ F g9 0| P B ¥stE VAT I Table 494 H& upe} 2
Escherichia coli% 2 A2 wood® 7% plasticel Y stainless steell] ¥ &}
F71% Aeaas dgkon Ao Aol we} ¥H v AEF= FAFG
Q3 60x2F oF 1~2 logll cycle®] ZAFaH}E Jeldiglon ALg {714F
propionic acid®] &37} 7} F83o Chung 3 Goepfert(1970)2 13F9 #7|
A% Salmonella Al & 3= acetic aicd ¢} propionic acid?t 718 &#AHolgt=
B a9 A 43S YelW il Plastic® stainless steel® 3¢ #714F €
3= wooddl ¥lEl FREQYSH 60x HIUF AL RE {7434 93 <10
o|3te] ATAFE YehAYt. Listeria monocytogenes® 2913 cutting board
9] 7% woodel tid f7I4t AA ZIE 302 IAF dzFd H& {7143
wel oF 2-4 log cycle®] MHE BAURAE ¢+ Z4 3o {74 AgiEHdes
A A propionic acidd EH7F 713 FIHHAY 602 JAFY a3
30x A FHE AolE FAY 4 UAUTh. PlasticH stainless steel®] 7§
30 AAF {714 FF74 BAGL 10018y AFFE YErdULY. 53 &
& (bactericidal activity)& YEl= acetic acid £ lactic acids% 9 714t
L A9 A5A=2 de AlEFdnYd o (Acuff & 1987, Quartey-Papafio, &
1980) ¥nty oz tAd HI7IE(GRAS)Z UFHI Jovz YR Tvie
o] ATE AJdle f7j4t A= R EAFE dRFEY vjPEE APEA
A 249 JAAMYd EAAY Aoe2 AAHJY. Acetic acid®] X elE acetic
acid f9 AR Ao Ao A MA D L= AL§r|d FH3ts}
otz #ob= o] lactic acid®} propionic acidg& e 183 38F¢ IXAAH E9E
N Ee] WslE #aF B(Table 5) E. coli 8¢ L. monocytogenes &3] 1%
A F wood cutting boardE A|stn diF-E EA nAEL AlEEH AF
T 100188 Yetego] AN aRst FREAY. A2 A5 FHA A3
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Aagel ot B vAESE FREA Zase AFE Jehdd 5 A}
3t e AY B Bs Aol B FA LHHA ¥ B2 AHY
A o=AE ¥A MAEFE FAAE £ Qg Ae: ADHUHY TS
9 2% =5 #vE & ALHAM 2FE Add (2vhHE AHEE BF ¥
" AdFe2RE AYgd ERoE FAYd ERUAM AdKez 2¥gHE o
AAA 2 AQAGol 2AHEZ AYPET RAZ vt 3D A7 9.
st Azt AldE fAdEde]l a7dd. AdY BEES EY Aoz B
Al AAEFTold AYFE {714 £4& o] &3H FAUNETE FaA
A 2EE o=Ax £Y F YE AV g Ao Addd. AHASS &
 HEFA & SAste AYd 299 vAEL A AAYL 5 ded @7
b EALGA) g3 FAHE g s EHdl v]AET(biofilm)E FH4Y A
T 478 dis Aol BB ojgd iy F7Ie A BE AT
7t ANF38] o]FojAol & Aoz AT,

Table 1. Effect of cleaning method on recovery of bacteria from

various working surfaces ( Log No. CFU/cm®)
Total bacteria Gram negative bacteria Coliform bacteria
. stainless . stainless . stainless
plastic plastic plastic
steel steel steel

A 561+021* 4.13+0.25 4.08+0.15 2.53+0.14 28+0.15 1.26*+0.24
B 461+0.1 349+0.36 3.92+025 1.76+0.15 1.54+0.28 1
C 452+0.12 23+0.18 34+0.33 A 2.59+0.16 A

D 373+0.05 A 2.58+0.23 A 1.84+0.11 A

* : Mean * Standard deviation (n=5), A : Control, B : Paper towel, C :
Cleaned cloth, D : Cleaned cloth dipped in 1% lactic acid
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Table 2. Effect of cleaning method on recovery of bacteria from converyar

belt and knife (Log No. CFU/cm®)
Conveyor Belt Knife
I ] i | ] il
A 44+014 36+026 239+0.28 4.38+028 3.19+0.2 2.45+0.32
B 3.17+0.15 234021 1310 4.2+0.12 285+0.37 4
C 1.78td.35 1.77 +0.07 1 3.38+0.08 1.88+0.39 a1
D <1 1 <1 247103 1 4

* . Mean * Standard deviation (n=5), A : Control, B : Paper towel, C :
Cleaned cloth, D : Cleaned cloth dipped in 1% lactic acid, I : Total bacteria
II : Gram negative bacteria, IIl : Coliform bacteria.

Table 3. Effect of detergent and sanitizer on recoveries of Listeria
monocytogenes and Escherichia coli from various artificially

contaminated cutting board (Log No. CFU/cm?)
Listeria monocytogenes Escherichia coli
A B C A B Cc

wood 6.56+0.02* 4.86+0.07 1 7.37£0.04 4.98+0.06 2.51+:0.44

stainless
steel 6.12+0.02 3.37+£0.04 6.41+0.17 252+0.1 1

plastic 6.67+0.13 3.01+0.06 A1 7.4610.05 2.47+0.15 1

* : Mean * Standard deviation (n=6), A : Control, B : After dip in anionic
detergent for 5min, C @ dip into commercial chlorine sanitizer for 5min after

dip in anionic, detergent for 5min
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Table 4. Effect of arganic acid on recoveries of Listeria monocytogenesand
Escherichia coli from various artificially contaminated cutting

board (Log No. CFU/cm®
Time . . . -
Con{water)  Acstic Lactic Fumaric  Propionic
(sec)
0 592+0.04*
Wood 30 549+017 4.64+0.22 420+0.18 3.58+0.15 <1
60 444+012 2.38+0.29 3.20+0.37 2.511+0.20 <1
0 6.67+0.09
E.coli Plastic | 30 5.30+0.16 1.22+0.24 257+0.42 2.58+0.09 <1
60 4.81x055 <1 <1 < <1
0 659+0.18
Stainless| a5 335+014 2.35+005 2904007 1.62+028 <1
steel
60 283%+0.12 <1 <1 <i <1
0 6.50+0.03
Wood 30 568+0.07 3.471+0.04 3.33+0.06 2.31+0.21 1.39+0.36
60 4.89+0.04 3.11x0.23 251+0.04 1.51+0.14 <1
0 6.64+0.11
Listeria |
Plastic | 30 4.53+0.05 <1 <1 <1 <1
monocytogenes
60 3.45+0.11 <1 <1 <1 <1
0 6.78+0.04
Stainless| 5, 400+004 <1 <1 <1 <1
stesl
60 3.29+0.05 <1 <1 <1 <1

* . Mean * Standard deviation (n=6)
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Table 5. Effect of lactic and propionic acid on recoveries of Listeria mono—
cytogenes and Escherichia coli from various artificially

contaminated cutting board (Log No. CFU/cm®
Time . . I .
(min) Control Lactic acid  Propionic acid
0 5.53+0.66" <1 <1
Wood 1 3.50+0.11 1.13+£0.22 <1
3 2.561+0.22 <1 <1
0 6.71+£0.16 <1 <1
E.coli Plastic 1 440+0.12 <1 <1
3 3.31+0.09 <1 <1
0 6.67+0.11 <1 <1
Stainless | 1 2.651+0.07 <1 <1
3 1.72+0.06 <1 <1
0 6.46 +0.04 <1 <1
Wood 1 4.58+0.21 <1 <1
3 3.85+0.60 <1 <1
0 6.59+0.20 <1 <1
L.moncytogenes | Plastic 1 261010 <1 <1
3 24710.15 <1 <1
0 6.761+0.12 <1 <1
Stainless | 1 262+0.14 <1 <1
3 2.82+0.11 <1 <1

* ¢ Mean * Standard deviation (n=6)
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4. 8 <9

#5& HeEste Add EUY L9E A FAPd gHY YJAH K
B 2 IFA paper towel, EdFcotton cloth®} 1% lactic acid® A4l cotton
clothg ©o]-& Zdd Ed9 HAX=dd njAEY Wsle #Addrt plastic?)
A% F4FE T 10° CFU/em® oJQ 21 paper towel 3 cotton cloth2 Fo}
W A3 oF 1 logw cycle, 1% lactic acidE® A4l cotton clothE& AF&3 7 ¢ <
2 logw cycledE ZAsgrh Stainless steeldl AS$ FFFE HF 10°
CFU/cm® ©l12™ paper towelS AM&3 A% ok 1 logio cycle, lactic acidZ
A Xcotton®] 7% o 2-3 log cyclertasts A% JeEllULE. L monocyto-
genes®t Escherichia coliE A9Ho2 Q2YAZ plastic cutting board <
stainless steel®] 73 Al anionic detergent(0.15%)9} chlorine sanitizer
(0.35%) 5%H4 FAF A3 Fd PAEFE cm’ 100182 ZasATh
Listeria monocytogenes$t Escherichia coliZ 2 G170 L QAR cutting board
9 f714F FA &3 30x FAF dzol vjE #7714k wek o 2-4 logio
cycle®] U2 ZA3}Ao™ woodd 7A-$ plastice]y stainless steeld] Y] 3
w714 Heades vudh AHE #7]4HF propionic acid® & #7 73 SR>3
At

0
o
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A 3 A 7714 ALt 959 AFA vx= 4
Effect of organic acids on storage life of Hanwoo
beef

Abstract

Effect of organic ;zcids and vacuum packaging on storage of hanwoo beef
was investigated to improve the hygienic quality and storage life of Hanwoo
beef. Viable cell of Hanwoo beef contaminated artificially with Listeria
monocytogenes was reduced 1.5 to 2.2 logi cycle after dippping in fumaric,
propionic, acetic acid for 60 second. The color of hanwoo beef was changed
significantly by dipping in various organic acids such as frmaric, propionic,
lactic, acetic, and gluconic acid. The VBN value of vacuum packaged hanwoo
beef treated with propionic, fumaric acids was lower than that of control
during storage. TBA value of organic acid treated hanwoo beef was lower
than that of control during storage. Microbial count in vacuum packaged
hanwoo beef treated with propionic acid was inhibited apparantly during
storage and fumaric and lactic acid showed inhibitory effect during storage.
Fumaric acid and propionic acid showed inhibition effect of spoilage in

vacuum packaged Hanwoo beef for 50 days at 4C.

1.4 &

E4AAT FES AFGAAAN 1712 ¥ A g EACAM Lu|Rte &)
o271 7A o7 7pAl AJ=G, APz}, zAddl, 2G84 (Mackey & Derrick,
1979, Dewit & Kampelmacher, 1981)& %3t 29€tl e duAlEL AMS
A Fafiel FA oste] F Ule] "ok T} WA, LvfSo njBESF
g ZAA2A77] f8 Gdd dAF(Acuff F, 19877 Asso] nBE FF, J
2 24E, A &%, 8, 2B AAY FxFol 4FE nXE= Fa 8o
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2 88 Z H(Stevensons 1978, Ingram & Robert, 1976, Kelly %, 1981). &)
2} cut meat o LYUAEES i A7I7] A AR A5AE AHES &
oy aF f{F714ke] g 8L A9 dige] HolgkR citric acid, lactic acid,
acetic acid, propionic acid, formic acid®] d¥# &3] #FF AF7t B3 (Dickson
& Anderson, 1992)H At ol2ld {74t 57t oW {49 WIHE
3t (Mease, 1993) 7158719 ¥4& {U(Neuburger, 1975)3t22 X1}z 1
FEY {71 ALEE AFEEtd ok & dFE /71AEE o]4% S99 A
ANeleh o]E ol g3 Ko AGWYHES Yt F9Fo ]S o
7148 Bt FUIAAEF AFEZC] &9 AFAo] vIAE ERE HESF
At

2. As 9 ¥

7 A 8
ST RFANA E3d 5 MU 2F 4N AH F A FF AAIA
158 B4 #E g9 FHARYE AFHHH o] &3

. #2714 A&}

Listeria monocytogenes scott A, Escherichia coli€ Tryptic soy brotho] &
Ftd 37CAAM 247 Wi FAZ wlFHE HF peptoneT E ol F AT &9
(10"/mDel 44% golals 182t AAIA clean bench3ol A 583t Az
% 1%9 acetic acid, lactic acid, propionic acid, fumaric acid, gluconic acidsil
Z+2b 60, 12023 JAG F Q75 HWES vlu FAHHAY. .

o #7144 EFAEs AFEFE AFA v &9

1%9] acetic acid, lactic acid, propionic acid, fumaric acid, gluconic acid&
A AZ|2 HIH T4 FHA EFAHY § F AFZZERA
polyamide/ polyethylene, 50ml/m? - 24atm) 3t%lth. TAY 2z} HaFe 4Tl
50U MM ARF7IHEE v]BESA wstie} o|zsty wsE FHAHNI
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o,

2 AN nAESHE QA

T B EFAHAAE A% A& ANFHE swab method (Kotula, 1966)2 A1+
. WA 2 cmQ stainless ring® ©] 439 0.1% peptoneSE A4 calcium
alginate swab2 2 UYAWHB14 cm)E HH, TFHoz Addo 01 %
peptone 3|4 Qo] Po] A 33} F pour plate method (APHA. 1992)2 2z
Zbel whiAle] FFa AIETE AU Z 2 P2 gz ALE
Ul A= table 1 A RE vis} 2o

Table 1. Media and conditions of incubation

Type of count Medium Temp Time Reference

Total count Plate count agar (Difco) 32C, 24 h

Psychrotrophs Plate count agar (Difco) 7T, 10d
Gram negative CVT agar 32C, 24 h (Olson, 1963)
Coliform Violet red bile agar 377C, 24 h (Richardson, 1985)

* CVT : Plate count agar with crystal violet tetrazolium
( colonies with the violet color on the medium were count)

o}, o]8 84 w3l A}

pH 53L& A& 10g° 3FF 30mlE 718t FZA7)(Nihon Seiki, ACE,
Japan)2 9,000rpmol A 287 #AAIZN ¥ FHFSE 7189 100mI2 B 49
€ pH meter(Corning ion-analyzer 150, USA)2 &A&g9on 19 VBN(EHK
FAX, 1975), TBA(Tarladgis &, 1960) &A&dct. SBEQPL Mx}A (Color
difference meter, Minolta CR-200, Japan)& ©ol&3d Al59 ¥AL A}
083 7] Fo E3AA AR L, 3, b#HE AU, ojW] FEML L
& 97.69, agt +0.37, bgt +1.969) WA calibration plateZ AH&3t < t).

3. 3% ¢ @
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Zh f714 AR #9959 W nA g e B

959 A AYFH O 2 Listeria monocytogenes® Escherchia colig Z4
Z} AN A 1% F7idg A0 6029 1205<¢ FAF Hago wsiep $49
HHE ZAIG F3 = table 1 # table 291A B uws} 24 Listeria
monocytogenes® 73-5- fumaric acid, propionic acid, acetic acidel 60% &<
AF 15~22 log y cycle 8 Aad7t ZAasAon 1202 ¢ JAE A
T 6029 vd T3 Z2PLE dEA &} E colidl 3§ 602
F714ke) FAAHE fumaric acid, lactic acidE A& n FIF FLFFL
oY F AR 120 FX FAA HFAL S 602 AAY B A &
AT #2714 AR o 2] W= whitenesst 714 F/FO WA
ol F7tste AFS YN e™  rednesst lactic acid®} acetic acid®] 7 ¢
W sz oy a 9 {714 METe #4353 propinic acid7t 7t
A A& 9t Yellowness® fumaric acid, propionic acid®} gluconic acid®] 7%
443893 lactic acid &} acetic acide 2313 F7/M5Ad. AAS9 #7144 I
e AASe ¥ vAES] & o= A& ZFAaNIDF Jdoy {714 FF/F
of wel &9 WSt of7] B F Jor2 HAAFY Ny AtH Fxo 7o
gg st gasH U,

. 7714k EF At ATEY 59 ARG nAE 2

#2714 AAE vABEY FA FLEHE 7Y F Jdod 49 ¥t 7]
SAd o2 uA 4 QoerZ 1% acetic acid, lactic acid, propionic acid,
fumaric acid 9 #714 €948 4 E¥ F AIAF AT EZSA 4T
AZsAM 959 AFF pH WekE=(fig. 1) 7] ol vl 7714 A
F7F wskow zt Al 33 AANLAAA AA FrsA 0YF AN
o we} ol WsE velo] 408 olF dEFE /74 FHIEFgEs @
43 F7M8dd. /714 AT dzTd v&E AR F AnHes ¢
k2™ propionic acid®} lactic acid®] A2 &EH}7t 71 FRHadd AF F
VBN9] W3} (Fig2)e A#7|zte] A#A gl wet Frlstdon A% 409 olF
Aol wel 200 mg%E YEtdo] R 27] d4& JerdUAT A 409 A
Z} Hg3d VBNAE dlZF7F 1957 mg%, fumaric acidxd&+7F 17.71%,
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propionic acid A2 F#7} 15.84 mg%, lactic acidd 8lF 19.57 mg%, acetic acid
e+ 1864 mg% 28)3 gluconic acid A& F7F 16.78mg% S Yeldo] A
Fo| we} Aol FREHYLH A AA7|ZHERY propionicHE] T+ & A+
of vl3 ¥& AgS et A37|% ¥ TBAY ®¥ae (Fig.d) /714 A
g7t Az & A A7 TG FAG dgker {43 FH e
Aol #EHA FAth Ko £4 F AW EHEL & WL JtFEs
He, o AE Al s AtslA WE st §HA carbonyl complex, alcohol,
ketone, aldehyde &°] FA4E2 Ealdct f714 M7t dizd 08 *&
TBATAE Uetdo] {713 e s AWAAE AAANLSF S Ao BIH
Ak A7 T4 redness?) W3 (Figd)s AA20Y 712 ZE AHgF3es X
e F AEFAE e ey 209 olF /U4t Aagde g8 g7 e
AAY FA2E4E Jdehdidd. {7143 JAAAee 239 G proponic acid
¢} fumaric acid H&F¢ 4t 714 AJd dz2FE AYGF {F7]4t A
79 A9 A% 30d olF vty 4 AL JeEhdY. F9-59 AHFA
FAE A% /71439 AHRS §29 W3lE nAY o YA Boh BT
7t ARARA Yo AdHJ FU|AAY JAFEF &5 AN T FT
9] W3l (Figh) propionic acid A8 F+E A% 27|88 A ARF7|Heg d
ZF9 vs FRE JA| & FehHRA 2 fumaric acid, lactic acid A&
9] AL AAF 7FR dix JAEFE HAFES JEPAAGY. Acetic acid,
gluconic acide F3 & AdAdELGES 3F & 4 AUt AF20Y A dz=++
107cm? o2 %7 RHdA4E JYehiQou proionic acid HTF A
10%cm’e YEHQTh Psychropropss A2#% A E9 Yujo BFAsE Fn|
BEOI. K7|dAed o3 AFEY 959 AYF psychrotrops®] ¥ 3te
(Fig.6) propionic acidxgl+#7] 713 F33d AAazdgs Yvepdgen 19
fumaric acid, lactic acid, acetic acide&22 A &3} E YelAuct.  Propionic
acid¥ 8l FE FT54 FAR 4FE Jvedo] A ARI|EL FRE AAE
A& Jedidd. A f7l4t F propionic acid®) A X A#R7t tF & A
o2 #AHo fumaric acidd 2l 98 AFEXF F¢-H9) AFAHL o= AR
g4 8 4 gleodet AIAHAY. HLAZ K] B uAPEL gram negative
lacteria Q) Pseudomonas, Alcaligeues 5°1 % °o|F32 Q. AFEF 5%

ol A F {714k Aol o a3 2479 WslE (Fig. 7) psychrotrops9
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Astel fAgt 232 Yeldlo] propionic acid A&7 F AgstnE FaE o
AERE BFYE + UG AR 30¥ olF acetic acidM2EF}E FFY F
AR e propionic acid M= A AF7|Zt A dl=Fo] v]s] Fais] JA
He A%E Jdedidd. AFER @959 A F dF 7Y W= (Figs)
gram negative bacteria®} pyschrotrophs® Z3}gE= e g zFe] v §
fumaric acid, Acetic acid M2 #7F A% 20Y ol¥F FHF JA EHE ¥ge
9 propionic acidd et A7 Az v& A dZdEE 71 F
of FE¥ JAAZAE YA 77139 EFAE e o3 A3EY F¢-
o] AFAEE AWAs A, nAEAZY AR A& FHA FTAHE 2
E YelA e propionic acidX 2 &7t b} FR3QY 2w fumaric acid X
HAAE g4 GAHUG A5 A 755 LEE HAissa 29 7
AEe A% AAE AT EAAY HAWd & HAAHA K3 A& 0 ¥
83ttt £A9 cut meatd] EAF}E FuAF PAES F2AT)7] Y8o9 #7
Abell HA =& 5 HE(Acuff, 1987, Andersons, 1988)7F & #F <l ol
™ lactic, acetic, citric formic, propionic, fumaric acids® 9% Ex B§ A&
(Dickson & Anderson, 1992, Dezeure-Wallays, 1974, Reynold & Carperter,
974, Quartey, 1980)2.2 & H W nAE F£= R4 L monocytogenesE
L9A #9599 F7I4F A &= fumaric acid’} 2.3 logio, propionic acid
1.6 logiw, acetic acid 1.7 logi Z4&stF ot Ao H3lgE 78S Yol
715740 4% Aoz AIHUY SHEHA /74 EF F AFEFEY
AR d3 &9 ARgel uA= #7114 M AH propionic acid AT 7
T A% 4CoAM 50Y T FHREYE JELRR] gskeh {715 Fo ket Al
€A Fd wet MaHEs oI dREs {7149 nAE JF9AE pH, A9
e, A& A9 54 F(IngramT, 1950) ol 2lstd dojyn] Ate) £7F
o F5, njAEY FH AZZPA g8 o A37t dE2d=(Ray, 1986) AHY
d 7]A¥ Aoz #EHJY. [ EF MR AFXFY 859 AFAHL
ol F 899 EJAAE 2 vAEY AFo] JalHol K9 AR o F
A ZHE Jetdddn B o]t WHE AA fEAAFT ALES
7l AAME 771439 FHS HYx, AR T, xFA 9 JAHA A
2] el S ¥is) o Fg P AFst AP ojor & Aol
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Table 1. Effect of organic acids on recovery of Listeria moncytogenes

and Escherichia coli from experimentally contaminated Han-

woo beef ( Log No. CFU/cm®)
Listeria monocytogenes Escherichia coli
60° 120 60 120
Standard 6.92+021* 6.40+0.04
Control 6.03+0.24 4.71+057 5.92+0.05 5.77+0.02
Fumaric acid 3.74+0.13 3.45+0.41 458103 4.67+0.26
Propionic acid 4.47+0.13 4.38+0.14 657+0.18 567+0.16
Lactic acid 5.46+0.42 4.71+0.15 512+03 5.44+0.15
Acetic acid 4.36+0.34 4.31+£0.37 5.74+0.08 6.78+£0.03
Gluconic acid 5.04+0.21 463+0.25 6.78+0.13 6.66+0.11

? : Dipping time (sec.), * : Mean * Standard deviation (n=3)

Table 2. Effect of organic acids and dipping time on color change of

Hanwoo beef

( Log No. CFU/cm?)

L

60s 120s

60s 120s

60s 120s

Control
Fumaric acid
Propionic acid
Lactic acid
Acetic acid

Gluconic acid

36.44+1.19 38.41+0.66

37.82+0.93 36.44+1.19

41.91%+1.78 43.69+0.88

40.14+0.88 40.6310.62

39.62+0.11 40.05+0.78

39.93+1.23 41.97+0.41

20.44+0.54 21.42+0.49

17.26+04 17.256+04

19.63+0.05 18.69+0.19

20.53+1.23 17.256+04

23.84+0.61 23.24+1.08

17.69+0.22 15.71+0.31

8.48+0.17 10.21+0.17
7.74+£0.19 7.80%+0.22

77+044 7.7+0.4
9.27+1.07 7.59+0.66
10.8+£0.57 10.48+0.44

7.73+0.52 6.73+0.51
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Fig. 1. Change of pH on Vaccum packaged Hanwoo beef treated
with various organic acid during storage at 4T for 50

days
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Fig. 2. Change of VBN on Vaccum packaged Hanwoo beef
treated with various organic acid during at 4T for 50

days
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Storage days
~@— Control — Fumaric acid —&— Propionic acid
-o— Lactic acid —-8- Acetic acid —A— Gluconic acid

Fig. 3. Changes of TBA on Vaccum packaged Hanwoo beef
treated with various organic acid during storage at

4T for 50 days
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Fig. 4. Change of Redness on Vacuum packaged Hanwoo beef
treated with organic acid during storage at 4T for

50 days
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Viable cell(log No. CFU/n

1 N 1 o

0 10 20 30 40 50
Storage days
—@— Control —&— Fumaric acid —A— Propionic acid
—©— Lactic acid -8 Acetic acid —— Gluconic acid

Fig. 5. Change of Total bacteria on Vacuum packaged Hanwoo
beef treated with various organic acid during storage at
4T for 50 days

Viable cell{log No. CFU/m
O = N W dH O OO N O
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Storage days
—o— Control —— Fumaric acid —&— Propionic acid
-6~ Lactic acid —8— Acetic acid —A— Gluconic acid

Fig. 6. Change of Pychrotrophs on Vacuum packaged Hanwoo beef
treated with various organic acid during storage at 4T for
50 days
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Fig. 7.

Fig. 8.
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4. 8 <%

F713HE o] &8 9 AABAE S olE ol &7 K9 HPWYE &Psnz
T-F9 FEUrAZ U f714e g Fr1AAFE AFER0] §9 A
FAol vlxl= AHE ZHESFYY. Listeria monocytogenesdl L FAI 95
€ fumaric acid, propionic acid, acetic acidell 60x &< FAF A 15~22

log 19 cycle 8] A7t ZadAon E colif 35 602 &< #7149 A
A A #E fumaric acid, lactic acidE A LJ3tn FRAF A2dHE FAY + ¢l
At {143 EFAEd g% JFEH 959 HFF VBNAE #7149
FHol =gt zole FHIAAULW A AA7IHES propionicHE] F ©hE A
Fof vd ¥ AFL Jelydd. TBAY ¥WiEl:= #7114 77 gz
gl d A7 ¢ FA dgoen {714 FH ©E ztojes vehtA
gt fF71dANE JFTEF 59 AR F AAES9 W¥WslE propionic
acid AeF= A 2713 A AA7|EA Az T4 v& FRAFE AA A
€ Yepli ey fumaric acid, lactic acid A&+ A$ AAA 7jtE¢ o4&
A A= AFE JelHAY acetic acid, gluconic acid, acetic aicd= F8%
AdES ¥ & F Uy /771439 EFA G g3 AFEF 59 A
A& As A, nAELGGY AAR d& FRIA FAHE a4E5 U
et 29 propionic acidd @ A7t 7H3 FR3U S fumaric acid e E
Iz i AAHUG,
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A4 4d 35 HEF AADAY vAE] Asie A
A5 #7132 523

Sanitation of Fresh Meat Processing Plant and Effect
of Organic Acids on Quality of Hanwoo Beef

Abstract

Sanitation of fresh meat processing plant and effects of organic acids on
bacteriological quality of fresh meat were investigated to determine the
hygienic marketing system of Hanwoo beef. Bacterial count of working
surface in fresh meat processing plant was 10°-10%cm® of total aerobes,
10-10%cm2 of coliform and 10°-10%cm® of yeast and mold before working.
The bacterial counts of working surface were increased by contact with
contaminated meat during cut meat procedure. Total bacterial count of half
carcass showed 10°~10°/cm® on surface of the carcass, 10°~10°/cm® on inner
part of meat and 10°-10%cm’® on surface of debonned meat. The total
bacterial count of beef surface was decreased average 1 to 2 logio cycle after
treated with 0.1% of various organic acids such as acetic, lactic, formic,
propionic, citric and ascorbic acid. Of the organic acids, formic acid showed
the strongest effect on decontamination of meat surface. Total bacterial count
of Hanwoo beef treated with organic acids was 1 to 3 logi cycle lower than
control after storage for 12 days at 4 T.

1.4 &
VK §5F A olshatAQ W2 23K FFH N FaAR

® ool goi@ 44U £4& 2AY £ ACED B98Y AN HF
au GARA EAY nEe S0 RA %A S F29 FAoly. Be
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9 nF3} Adste ¥§rle dd did A7 &3, AdEe A4
A% FEAAANANY ABA A 2 FAEESH I 7|e®iol vy T8
. E=dE BolE A4 Hezxr] F8H nAEY g x&EHO] B o
dE Hisste Wkl A3 GHolol itk 29 MAAA Hurl9 &
TAYL FAARRGY AAKE 2dE BEFE FAO 0 AKE FESL
2 2¥%3 39 #5842 . & EE LAZAHAYE o]§F AFH ¥ &
Ao ¥ ol PIAES] EEH AAE JAK9 vAEFH FAL A
A A7tk (Kotula 5 1974, Andersons 1981). =2 Al¥ & 4% o8 714
AZAAE AL F o $+F T H(bactericidal activity) & WEFHE acetic
acid £ lactic acids$9 #714& EA9 A£FA2 de A&3taglen
(Acuff 5 1987, Quartey-Papafio, 5 1980) dutd oz <tAdd H/ME(GRASZ
Z+#5 3 9tH(Food and Drug Administration. 1982). #7]4H& ©o] &% T =
= AASE nAE 297 A9 AT lactic acid, acetic acid, propiopionic
acid, formic acid, citric acid ascorbic acid & @5 Tt &g AHE39 3
o] gkth(Ockerman, 5 1974, Smulders,5 1983, 1985, Reynolds®} Carpenter,
1974, Osthold, 5 1984, Bell, 5 1986, Anderson® Marshall, 1989, 1990) & <
T 9559 JAH F5U Y9 d#o2 TAHAAN LujAd o2
SAE A HE getsna FES HeIA JANHE FAES =AY
E9 uAE F£F Higsod HJAAA At A8 FF71% A4S
A 7123 AFE {7149 Agst A% A vAEY vAe EHE
AEs A

2. A 2 9y
7t REEXAS A A4 H
AT 22X §$59 RE TAS A 2329 JAMHT A, olFHE.

Z, A3 ol @ uAESH HAE AAdd @ARle] 47T FFez 33
AA A ol AAF WF 9 L2x& 16- 20THH A
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b =) 44 24
E5FN 2HAF B9 VEA SEAH SUF 2§, BIo] BTY 2T
%9 mAgEYY EAPAE AN

o AlsAAS nBESH A

T A& AALE $1F A& A3 = swab method (Kotula, 1966)2 AA)&4
% W73 2 cmql stainless ringS o843t 0.19% peptoneSZ HA calcium
alginate swab2 2 YAWAHBI14 cm)e A, FrHez ADEY 01 %
peptone 3|4 Aol Jo HA 343 F pour plate method (APHA. 1992)2
Zte) wiAle HFdd AEFTE SASAST. 4 54 vAEE MYz AL
Bz = table 1 Al B uis} o)

Table 1. Media and conditions of incubation

Type of count Medium Temp Time Reference
Total count Plate count agar (Difco) 32T, 24 h

Psychrotrophs  Plate count agar (Difco) 7T, 10d

Gram negative CVT agar 327, 24 h (Olson, 1963)
Coliform Violet red bile agar 37C, 24 h (Richardson, 1985)
Lactobacilli LBS agar (BBL) 327, 48 h

Yeast & Mold Potato dextrose agar 20T, 5 d (Richardson, 1985)

(acidified with tartaric acid)

* CVT : Plate count agar with crystal violet tetrazolium

( colonies with the violet color on the medium were count)

g 714 Aeaq
EHe9 3 vlAE F£E swab method2 &A% o€ acetic acid, lactic

acid, formic acid, propionic acid, citric acid 9 ascorbic acid 0.5% &< 44
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% golelg 22} 12027 YAVE 47is pe wPoz EW vAEHe W
58 2483, 4T APstAN d3BAez APF F4, dnEEs o
Yeast & Mold9] W&g tz7st vjmaia,

3.85% 4 23

7b 2% A A4

dA dFdAME F+KE FEFLE AHEstd AFEH ez AY 459
I Qo BEZeR AHeddr] o ZAE Sedld HF Az Agd
fEEH 279 FHE A28 ddd Y. RES AHg FAHNM 3w
Zddl, 2EAAFT 9 WS conveyor belt, APAI AHEE= Z, A3t
ol F 2ddo2 FH olE9 JBAHE ZAY AITable 1) FYd)
) F& stainless steelollo™ TF A}YF 9 AU B nAE = &F
10°~10%cm* (B 10%cmd)e ¥E rgon, Adge EAsE A=

TE ALAT 10-10%m’, 23R F 10-10%/cm? @@ E 10'~10%cm?,
Lactobacilli 10°-10%cm?, Yeast & Mold % 10°~10%cm® olith. AlAs F o
d Ao ¥3 nAE £ 2745 10'~10%m’ (37 107cm)e) MIE B
IR AlFo] o]FojzA gsittn #HEHIJUTY olw EAEE nAEZES
ALeRdd F 10°~10/cm® 2ZSAFF 10%m’, dZFZESF <10~10Ycm?
Lactobacillif® 10'~10%/cm? Yeast & Mold4+& 10°~10Ycm’2 ¥y BL 4
o] ujAEo] HEHUY AP LY RES HPA AH SEAR P23
22 ZAAdde AL RES vAE £ - FAV Y7 WE o ZAY F
B FE BEE AYAAFT 249 PIABE 5 €9 F U= B¢ 243 BF7Y
ole} & Aoz H|IAHAY.

ZAFdd e FESY AYDAE olFF LR AEHT JE Avo)o] PBE
o ¥ UBEFY A$E 275 10'~10%cm’ olYeH 1 BRI = HLHYF
F 10*-10%em?, 2284 7% 10°-10%cm® dAF 24 10'~10%cm’, Lactobacilli
F 10'-10%cm® Q3 Yeast & Mold%E 10°~10%cm?e) ¥91E yehyich
G P RES ADA ALgse 29 P FFFE 10°~107cmi(#@T 107

off

Hrr Do
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em?9] W9E Y njABe E¥XE ALyFS 10-10Yem? 22 LA
4 10-10%cm?, WA FTESF <10~10%cm’®, Lactobacillid: 10'-10%cm®  Yeast
& Mold% 10°~10%cm’E Jebuiglth. APZ APzl &€& w3sn 29
WA 5] At LS AL Ao uiFASY A BES TN
FAtE 2] dRES dgztely nEARS Fgdn Yok AYF A
Az7b 2este AR AS 245 10~107cm® (@7 10%cmH)E vad =
< HAE RYES YER glon 1 B¥E HeATFSF 100-10%cm? 28 &
A4 10°-10°/cm?, dZF 24 10°~10%cm?, Lactobacillid: 10%-10%cm?, Yeast
& Mold 10°~10%cm’o|itt. n23ze) A$ 7% 10°0~10%m’s ¥
B 2 XE ALAHEF, 2RSHTF 10-107cm’, dZ@FES 10~
10%cm’®, Lactobacilli4= 10°-10%cm? Yeast & Mold 4= 10°~10Ycm?E rehu)
of A AYFTAH Fol A&} HFas E LEo] AsA uAEd 2P
ARG, FEEZFKY] HAAHFT F¢SH HE2EE RE RES #9859
LdYdor wBoFon 53] Add FAH HAAF FLe= AP 299)
FHAATE. P& TASY 55 AFYolyd YasFF ZAHAGAN ul$ vk
2% dolgt AlREHY FE538 s FPFAM BAH AWt MA oo}
B AAHRA #9559 §50) /158 A2 B YUL

Y A BESY nAELY

ESAE U T FF5CAY AR QANHI §959 EFA A
FHFE vAE AH AR &5 EaA X YA GA] o9
T8 20 ¥ F 3tk EEAAAN Ende A BES NE 34
T UE grAHY 959 nAEH JAYNEHE v AH(Table 2) =
A EAY FFFE 10°0~10%cm’(#HF 10Yemd)e) ¥ S Yehyon o0 e
E AAEF 10~10%m?,  aFSATFSF 10-10%cm?, diAFESE 10~
10%/cm?, Lactobacilli% 10%-10%/cm? Yeast & Mold 4 10°~10%cm?*s Y
. =A% ZAEUY EAdE diRY nAELS JME9 wF, /1S, Az,
azgxn v YA hFr)F & L FEtHWorfel, 1995). E4te] A& E =
719l g 29 WA/IReR ngBo] 24GHIE 9 FAYAT ePdo)
g + o= 2(McMeekkin, 1982) 4AQ =49 A, et dosirin B
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959y EXE RERoE AYsts AAF @A = I{HURY FIT
= 10°~10%cm?9] B9 YUt o= 25URrE AU AYse
Zeo gHo2RE Q%9 7|QE Aoz H#GEHUL SS5UF rlAEe £X
= HEARF 10-10%cm? aFSHF 10°-10Ycm?, dZZFZF <10~10Ycm’
Lactobacilli$ <10/cm’?, Yeast & Mold ¥ <10~10Ycm’2 ¥|2 ¥ u]AE &3
o2 A Aoy FES AYE YT IYF FTYS W WAE 5
234 10°~10%cm’E deldol £x9 ¥ YRI{e g Fol v
& A48 Z/hsen ALAFSF 10%em’, 2FSA TS 10%-10%cm?, A3 T

% 10°~10%cm?, Lactobacilli4= 10%-10%/cm? Yeast & Mold 4= 10°~10%cm®
Jeligich, ole ZUAAF ZHE 7|4, 717 EUOZRE 299 7|ddE A
o2 AFolY FEAAFT AAF A/t FutHR && FS 2o 44 FHE
F Ae Ao AdHYY EAE WulE A Mz FEH uAdEd =&
He ¥l Bod REHFE ool AHdl AAFo] dEHEZ(Mackey
Derrick, 1979) =419 HI#AAH 959 Ax FFHAAFAAM 3L w4,
Zt 5 9AE FARY A4S nHANY ¢ e WAl MEsojol & A
o]t}

o =A 2 AHKY] {7 HEEH

EX9 EW uAE £& a5 HAHA PSS FHa, AHS
9 571 A4S Y& 712HA AF 2 acetic acid, lactic acid, formic acid,
propionic acid, citric acid, ascorbic acid®} &7} A4S EH p|YE 0|3
= &7 4T ARFA v HAd vXe s AED dFH {74
A A% Gz79 FFFE 107cm’ Ad v& §714 H T FFFE(fig.
1) iz vls] HF 1~2 logw cycle F43= AFE GeRlAS. AHE {71
Ab ZF formic acid’t 73 A2l &EH7F £k e™ lactic acid, citric acid, ascorbic
acid® $58 FFE UYeuidd. /714 HeF 4CA 1243 AZF FIFF
E dz7sh 107/cm’es Ragde W ww #7014 AT 10-10%em’s)
HAE o AP SRV & Aoz AIGHUA 1°r7|"" A2 Fe A%
%o z+ §714e Ade M2 9 3%E JYedJw. F propinic acidd 3
$ HAFY log reducione 0512 6FFY AHE vﬂ’:l%“ 7Vg Az 53

- 162 -



E Jedid oy 129 AAF9 log reductiond 1.642 AFE #7]4F T WA
o] a3%E Yt oY ascrobic acidy] 2 ¢ ol wraldAA-& etk o)
A3}z vjFo] Heol ZF {7|4t9] bacteriocidal activity 9} bacteriostatic
activity = Zt7] A4ol@d ZAolzt AdHALH, TA XA njABELHY Z4
A4S AZA A% f571¢ 43S A6 ALY /714 1 BFo) we z
7l ©& #7138 H&de ol dS a#4HY Aoz AEHAY. Smulders2
Woolthuis(1983, 1985)& 1.25% lactic acid gl & 14Y HAAF T T
714 izl vAfA Fas929 lactic acid?] bactericidal effectE %
g 7 AAY9r R o Bell5(1986) 06% acetic acid®} 0.046% formic
acidy && 9 bacteriocidal activity= 1.2% acetic acid & &7 vl=% 7
F2 Jdetddda Bustgdo. {714 M o d3FEee] Wie fig 2
A B upg o] FFFSE A FAG AFS e #7714 A2 A
F Z+ 77148 log reductione acetic acid 0.76, lactic acid 0.63, formic acid
1.04, propionic acid 0.77, citric acid 0.99, ascorbic acid 0.762.2 xjg 2 %9
EAde AY vz ZAFE Jebd wbd 4ToAA 1297 AZF 4§40
log reduction® acetic acid 0.31, lactic acid 0.46, formic acid 3.76, propionic
acid 1.68, citric acid 1.07, ascorbic acid 0.10 & ¥ o AAZF AT F9 A3
oXe 77149 2de M2 98 %S Jehddd. f714%F d3ddd o
3 A2 &3} E formic acid, propionic acid, citric acid’} 4§ Z23g JEeHY
Ak 714 Aol o yeast & moldFoll HAE FF(fig. 3) HAAFE
acetic acid®} formic acidol 9% log reductione Z}z} 1.03, 1.090]Ux 1 9
#F71439 Z3e nug FFE Jeddod A 129 F9 yeast & moldell
W 77109 NEaades AEso] At dxFe vs do] o Fas
= A% el ol= yeastd) molde] HH-EE& AAZANM HAHL &
A= 54( Frazier, 1983)q] 7|1 Aoz AdHAY. A9 A Hee
AL AR D BAV donz A9 nAELHL FAAINI 9
o] 7z weto] e R F3Hn ot 4 Xed 98 dA FEHR
AE 59 LUHHE o= Fx NI & AL Aoz AaHJoH, AL
€ Ao FTHE, vxd ©9E e ER AEd, ANedy, Mz 3%
g FHHo)n FAHJA A3t AP ool 959 % MAwcte] 1
How " & A AL BoHAUG.
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Table 1.

Numbers of viable microorganisms recovered from various

surfaces contacted with meat at meat processing plants

( logio CFU/cm?)

Working surface Working surface . X
(During working) (Before working) Conveyor belt Knife Glove(’Cotton Glove(Vinyl)
Total 6.12+0.37° 511059 539+030 507+029 663+027 58*035
bacterial count (558~6.54)° (4.43~6.32) (497~583) (4.76~565) (632~703) (537~638)
Psychrotroohs 468+0.73 4382045 4243018 38205 567037  519%031
ychrotroph (3.80~6.05) (3.80~508 (3.99~441) (328~495) (517~632) (458~558)
G ati 555+0.63 439+027 449057 47702 6352027 531026
ram negauve (4.46~6.32) (4.16~4.88) (38~52) (43~5.11) (583~654) (4.83~558)
Colif 296+0.83 1344059 2224063 1.25%023 383+035  208+0.47
om (1.54~3.92) (0.50~2.15) (117~288) (056~245) (3.38~4.27) (1.54~250)
bacilli 3.29£050 1.85%0.38 2711067 1724048 275034 2.82+034
Lactobaci (250~4.13) (1.34~228) (1.80~349) (1.28~249) (220~301) (2.38~321)
Yeast & Mold 473%0.380 4344026 3914040 298+039 420022  3.79%031
(3.78~5.92) (3.88~4.65) (342~443) (241~3.46) (383~445) (3.33~416)
® Mean(logio) * standard deviation, n=8 , ® Range

Table 2. Numbers of viable organisms recovered from carcass and

deboned meat ( logi CFU/cm? )
Carcass Carcass Deboned meat
(surface) (inner meat) (surface)
Total 4.06x0.75a 288+0.42 5.66+0.28
bacterial count (3.80~5.71)b (2.54~3.68) (5.34~6.06)
Psyehr h 4,18+0.27 2681047 4.4310.23
syehrotrophs (3.85~4.48) (1.98~3.11) (4.16~468)
G . 488054 351+0.44 4641034
ram negafive (4.06~5.68) (2.98~4.13) (4.18~5.08)
Coliform 227063 145051 3.56+0.44
(1.45~2.95) (050~2.11) (4.05~5.30)
. 2924027 0.72%0.33 2.87£0.31
Lactobacilli
(2.58~3.35) (0.35~1.13) (2.58~3.40)
3.2920.73 052+0.39 396041
Yeast&Mold
(2.13~3.98) (0.11~1.11) (3.50~4.58)

* Mean(logi) * standard deviation, n=10, ® Range
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4. 8 <

F959 AAHA FERLE ZHaz BES MNAF YA £ 2
AL 714 Hel £45 HEF A3 FES A FHANA QA HS-
A 9 v FE 3275 100~10%cm’, R FEF <10~10%cm?,
283 Yeast & MoldF 10°~10%cm’2  8lZa @& 49 nAZo] A&HY
o9 2% AYF9 AQd W vBE S FegY. EE3AAA 39
T HEAY W vAE £t 100~107m’ 2EA =4 WP 49 EW u)

E £t 100~10%m’2 vZH YAFA FHoYoy FES PSS 9
2EAF S W MAE FE 10°~10%n’2 Zrtstgn. =39 A4
A Az Bt &H37] Y& acetic acid, lactic acid, formic acid, propionic
acid, citric acid, ascorbic acid® A2 A= 7|4 A FAFE Q27 =7
FE 10%cm’oden #714 AFE 27 vla) AF 1~2 logo cycle 7
adte %S Yetliddh AHE f7)4F $ formic acid7t 7HE M@lE ot =t
o1 lactic acid. citric acid, ascorbic acid® $+% HgS Jeludd. §7)A
AAF 4TAA 1242 ARF FF5E A2 107w’ FHAFFS @ 4
A A7l HalTe 100-107em’e) WAE B ARy ARt Jde Ao
B A
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A5 3 AART A7t 2F #9959 54 2
Aiso vA= 49F
Effect of Electrical Stimulation on Meat Color and

Lipid Peroxidation in Korean Beef

Abstract

The effects of electrical stimulation on lipid peroxidation and meat color
were determined in korean beef storaged at 5C. Electrical stimulation(ES)
medt and Non electrical stimulation(NES) meat were homogenized with
distilled water. The degree of lipid peroxidation in ES meat was not
significantly different from NES meat untill storaged at 10 days(P<0.06), but
TBARS value and Fe” ion in ES meat were higher than those of NES meat
at storaged at 15 days. This seems to be increased more free iron(Fe®")from
binding iron. However, there were a little different in the amount of total
iron between ES meat and NES meat during storaged at 5C(P<0.05).
Carnosine contents also tended to be decreased as storage time passed away,
and it showed a little degradation of carnosine as antioxidant. But they were
not significantly different(P<0.05). Heme pigment gradually tended to be
increased during storaged at 5C, but L value(Lightness) of ES meat was
higher than that of NES until storage 1 day. As storage time passed away,
L value tended to be decreased after storage at 5 days. The a value
(Redness) of ES meat also had the same tendancy as L value of ES meat.
Overall, ES meat color was kept more bright red than NES meat color, but
there were not significantly different(P<0.05).
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AF FRY AZREFT SARAYL APasie) dAE nFS A

Y4 F8% AAelth a8y, TAZE ZSdAE ABL 53 A T JIy
9 I dAIES] Ej@o g o]Fo] FAHA A&EH WlE ©
AR vzEA PPt ol AsHQ Wse F2 ATP 28 2 AP
4ol 7108k ATPY §A42 d713elolM e si328 3 creatin phosphate ¥
3 R ADP/} ARE o2 ojRolAY, = PN HFFL] gz B
Abo} sl 259 pHrt Wolzt) pHO A&2 28U adenylkinase’t &
#4353 glycogen® creatin phosphate’t A4 HW ATP9 o] 2338 7+
&Ho] AtFEZ3A o] Az tH(Praendl T, 1988). AL GEL WA 5] 93 23
o2 RY FHFE I/tAME W72 (Electrical Stimulation) .2 E 9]
227t AeeE: 2xdd ol27) A glycolysis®t AHEZA Q) P A
N F EAE Wt AA7 = $HL A7sa AYAA gk =3, A
7125 Age & 2x9 44 89lA proteolytic(lysosomal) enzyme®] U3
fiber structure’l #AHEZ Axst HAHETE BaMiller 5, 1987)7F Q1on
2 3% 24F FUYd 9F A% FL& Fo9 2FKS AN 5 dEe vt
A0l AT 2@ 79 KA AERAE Y AFA ALty
2 e AZIAFTAY7 FHAME AlRe MY wEo ESS FAoz
PHAN(FF S, 1989, A F, 1983), thzt N F(1993, 1994)0] A7|a}Zo] A
T 9 olgdA wse} JYUABAEAY Ao A= o Yg A+
B3zt Q& Bolth. &H, Savell (197902 £F F 18~24A17 Yo ML
B7lAE W A71AS At BAgF B ¢ wa A4 42 eh)
Aot o a2y, SAMEE A AENMA Zrt 2 AV)ASH g
(550V, 902)7F @959 S47 gitsle] nxEe G B} AFxE= A9
fle % 3o mEA, §9F Ar)aF A FES)Y FAYNES)TF2 Yo
A 5ColatAll A 15Uz AAsAA S83 2 wiakste] HWe s Ao

79l

2. A5 29Uy

7h AL <%
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Agd) Algd ANge EFAYolRn, Trichloroacetic acid(TCA), ferrozine
(3-2-Pyridyl-5,6-bis(4-phenylsulfonic acid)-1,2,4-trizane) ¥ carnosine< Sigma
chemical Co.(St. Louis, MO)olA} F3t 3, 2-thiobarbituric acid(TBA)=
Eastern Organic Chemicals (Roochester, NY)ol| A #<13t %t}

Y. 27 EFE Ax

F$E =23 F 14200l e Ao ¥EE A7]RF(550V, 903)A €
g 33, Yoz gEe BAeste 1 F4E ANEE AHE3d, 389 FFTE
7}8t homogenizer2 3,000rpmel £E2 187 EHAAY 4dmie) EHES
polyethylene Al@3(17x100 mm)ol &7 Aol AH&ssAt

t}. Thiobarbituric acid reactive substances(TBARS)&4]

Thiobarbituric acid reactive substances(TBARS)E Buege 5(1978)9] ¥l
w2l EAsA Iml S EEC] AYA AFFE 37C water batholl A 1]
F B¢ vk AR wkgo] Eyat vizl 50uf dibutyl hydroxy toluene(BHT)
72%& AR 7t3q Ashubg g AAAAG HSETFES F 4L ©S 2ml
TCA/TBA AN<g 713tm oAl EF F FEEANA 158 7HEARAA. 71
F ABAAM Al F 2000Xg £z 2 1587 d4dEE ARG F54E 3
%(Varian cary-13) 53lnmolA &A3AR, FARE AR d4idd FHFE 7t
st e wyoz &AsYUY. TBARSE#HS ml ¥HEEGEC disiA ug
malondialdehyde(MDA)Z 2|3 ¢t}

2}. Nonheme iron(¥] #3)53

Ferrozine iron #2149 (Carter, 1971)2 %4 A3 9 &AFHAY. Total
iron E4¢& 984 ImABE AHEERI, 7|9 2% ascorbic acid (w/v)
0.1mlE 718t EE o g AL2(22T)AA 582 gAY 8§ F 11.3%
TCA(w/v) Iml& 7}8tn & tg ¥&E& 3000xgoA 15& 44Ee Al
At A5Y 2mle Al@#Ao &715 0.8ml9) 10% ammonium acetate$} 0.2ml
9] ferroin color reagent(75mg ferrozine® 75mg neocuproine® HCl %<& &
7tete] 8 g0 XAR)E sHete ek 28R, ARE 3000xgolA 15¥3¢
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AAEE AR 9E FFxAANA 58 F 562nm M FFES =R3Ad.
Ferrous iron(Fe®)2M % ©@x) 0.1ml ascorbate tJ4le] 0.lml TCAS 7}a &
Ao B o] Fstich,

v}, Carnosine &% &3

Carnosine #%F &4 Parker(1966)9] o wal &33gct. &4 )
THESH T, FA2F) 5g& IN perchloric acid 15ml& W31 123
homogenizeZ F A3 582t 100TA 5% sttt 28T wathman No. 1.
A2 A oqh 1mlE 10N NaOH 09mlE 7}18chS pH 7.08 2202 3814
WYL FHFE 718t9 H%F camosine ¥E7F 005~0.15 mMeo| HEE 34
&t 282y, 40mM EDTA 1ml, 2% Sodium Carbonate 1ml, Diazotized
p-bromoanilline 2mi#} 95% Ethanol 2ml& 232 ¥HgA & 587 X
Al F FHE S00nmol A F33stAdd.

vb. &4 (heme) &%

Hornsey(1956)9] W] w2} &8 Y (acetone : FHFF : HCl = 40 : 2 :
1) 45mlE ##% A8 10ge] 718t 583 homogenizer® #Ad 3, Wota
AA IAIZE A ATt o] A& whatman No. 1. filter paper® o33 3 o
#HE AR 640nmolA FFEFE FAHSHHU old FABE acetone, F
F, HCIZ 22 80, 18, 2mlE £33 Algsdn 42 dFe o34y
o2 iAo
FM4 ¥F(Epm) = FFE X 680

AL &4 EH

S A7AFANYTEYG FHF2YH AAF AN2E AF 3cm, Eol
24cm2] 272 2AHFEFd FBHA 1) A8 97/0E coringdted 4T A
3083 BAF7 e xEAA BA4AZ ¥ polyethylene o2 & 7
¥ Astd A A (Color difference meter, Minolta CR-200, Japan)& o] &34
Hunter(L=% %, a=4 4%, b=-345)02 EAsqc o 488 EFA
W& 71719 manualdl ol Y=9495, a=0.3132, y=0.3203& &gon, 63] ut
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2ao RERe TR

of. & AAl

Zt A& U3t panelf8 Y 158 A& Hedonic scaledd 9 Al®
vl zjo] Aoz FFHAE AASHAY Z FFHA FEL 10949
AHAEE ol g3ty wi$-Fd 109, BFold 54, wj$ Yug 1¥'e2 Hr}
3] FAANEE AAFAH

2} SAEN

Ztel Algd did FF+FFAZ Yedoen, zt ¢ ©E F9x4 AF
2 BAEANE X 2=005 ¥F9A Duncan’s multiple testoll w2} 43
o}

3. 2% % @

7L 5C AR F AgAtstd vixe A7|AF9 T

A7N1AF A7t 2F @959 AgAsie nAe FFL 4H Br] HEHA
AZ1AS 28 #0650V, 90x)9 FAEYFE 5T AFstdM AWs =&
SR AR AP 104 7R F AT AFatst Fx o F9HA Aolrt
Ao, AF 1594 A71A=F Agrt FAF 2o 4 & TBARS
&g yvehdlo] xukatslst oha wel AP JAck(Fig. 1). olzid X gAtste
ol A% 7B AAR7|te] AUEAM A AZEYAG o]FEYAQ ferritin
o} transferrinll AZ® He A§o] Faso] Fe¥’ T+ Fe&'2 fddA
AR5 E FAANIE FulA 4TS dAS Ae2 Alsdyd. WEA, olg F
AHoz A3} Y&l Total iron &F(Fig. 2)3 Ferrous iron ¥ (Fig. 3)
& &AT A3 Total iron §FS A7 Fo4HA ztel7t AARHA &%
2}, Ferrous iron &% A% 1544 FAHe7 2 ArZjxRFH 7 93 e
2 ¥olM ol2dd AWsE FAANE ASER dwddEd. o % AAg:
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kanner ‘§(1988)0] A Hol2o] &SAFAA A Ridstg doyle F8 oAl
g & ¥ue AdXss AFoIAd

Y. 37|13 F camosine §F Wl njX= AT 4%

5T A %% camosine %] Wl nX& A7|AF9 TS 49 £ d7
(Fig. 4 A71to] Adel] wat A7|AFH e} FAHe]F3 camnosine &F
< 4T Fade AF¥geld F AHEFFHY & Aol AdAHA F(od
(P<0.05). Camosine?] =¥ {FJ =49 JAFAE 13 $HAE +3 47
Y=0.0117X+0.13422.2 eldch(Fig. 5). &, camosine® ¥ X7} F713d] o}a}
HgAeg FAxrt Fr8te 4FE vetdio] camosined ¥EE FHET
500nmol A EA3d AEE § AUl Camosined 7] FAI2 oF &
A&E dipeptide2A] carnosine 05~15%= $4A4%3 ¥ axddoz njrid o
A &% (Decker %, 19D ALY £ % (Decker 7, 1992)9] Agitstg Al
ARAgn 2ndgct, & 48 camosine F L AZ 27| A7AS A
g ¢7F 21.88 mM/m, ¥ 27t 2248 mM/me ol e, AA7Izte] Aol u}
gt AAM3] ZAaste AFolArt 2, A 27| v# camosine FHL A
3 1594 A7AZH e Er} 2578%, AT 3421% RES} pased Y
713to] A gell we}l carnosined] ¥4t} THol i Aoz durdd. uwa)
A, 47130 Adel wel Aol FasE ALE Alrdrh

o A7 T K89 Wtd uAEe A7|AF9) g

5C A F A%7Izo] Adel we} hemeds: FFE =3 22 (Fig. 6)
A 1494 744 = hemeda §FE 2 zol7t Aoy, A 5AANE A7)
A-FA e FAgFe] AA hemeMA #FFS Aozt AR = UTHP<0.05).
Z, A71zte] Agel wat AziArF AT 2ok FA2F 7 A A hemed 4
ol Eskedl, ol AR IZtol X wet F A2+ Bt} metmyoglobin &
Fol Fuhstr] WEQd Aoz dAgdd. F AZAFAYAE $4942 myo-
globin€ oxymyoglobind Bl2 HFAAAF=d vl&l FH2AFE  oxymyo-
globin®] 4 A Atsl=]o] metmyoglobin A EI2 v}it7] W&o FL GAH NS 1}
Bl He Aoz Atgdd. AaHAY F |4 FHXE RU(Table 1) AR
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1949 Lat(FE)S F MIF3td vlzde vd A7jATAYFE 5308%
016302 Fxje]T 3869+0686EF UE3 Eol 48 ¥A fAANIE= &%
€ vEudd. ol AZIAS A 98 %422 myoglobing oxymyoglobin
dHE FAANARZ] WEY Aoz ARHY ag(FAR)E A7|AFH T
257011640, Fx2 771 3204102838 dErlo] A 0dA ¥ o o B
< S92 Yehuidg. FAAA 9@ Fo4 AANME nx9 oyl
AHAHP<0.05). 223U, AF7IZ%ol A wet Lk MM3 asts 2
& YRR, F AeFdd Aole AFSA FRehP<0. 05). ¥4, #53He
2 5 AYFded 43 Frvje 3¢ Zad AR 194 A7AFTAHYF}
9.83+0.035, F 277t 916+0.2302 Hetuiol A7IAF A & K4o] &
9802 ¥k(P<0.05), Fruix AZIASAHY/F A% 144 3P o & X
g vEdley, 2 olFdEe F N7 43 Fnst NN Zirse
AFola, AutHog HA7AIATE FT L FFE YA ol
AZ1ZAFA 2o A 43 Fo)o HHEAE Eg Savell# Smith(1979)9)
Hugt dAse AFgeolUnt. ol F#AE 8% HY ArAITHYE AR
S5UA 72 #& &4 FAEHAE HeEiA oo, TBARSES A% 1594 F3
AT o g4 & F£AE vehdo] At ozt 2R E A Foldrt.
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y =0.0117x +0.1342

Absorbance 500nm
(=]
w

0.2

0.1

0 10 20 30 40
Camosine concentration{mM)

Fig. 1. Standard curve for determining concentration
of carnosine.

0.8

(=]
-]
T

TBARS(mg MDA/L reactior
mixture)

0 1 5 10 15
Storage time(days)

Fig. 2. Effect of electrical stimulation on TBA RS
values in Korean beef dur ing storage at 5T.
E S : Electrical Stimulation

NES : Non Electrical Stimulation
®%  Different superscripts within a column indicate significant

difference(p<0.05)

- 175 -



-
°

5
=
€08 | a a
§ b b b b
g 06
e
E
T 0.4
4
s
€ 0.2
a
Q

0.0

o] 1 5 10 15

Storage time(days)

Fig. 3. Effect of electrical stimulation on the content
of total iron in Korean beef during storage
at 5TC.

Symbols are the same as in Fig. 2
¢ Different superscripts within a column indicate
significant difference(p<0.05)
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Fig. 4. Effect of electrical stimulation on the content
of ferrous ion in Korean beef during
storage at 5T

xmbols are the same as in Fig. 2
#>¢ Different superscripts within a column indicate
significant difference(p<0.05)
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Fig. 5. Effect of electrical stimulation on the content
of cammosine in Korean beef during storage at
5T
S{mbols are the same as in Fig. 2

Different superscripts within a column indicate
significant difference(p<0.05)
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Fig. 6. Effect of electrical stimulation on the content
of heme pigment in Korean beef during
storage at 5T
Symbols are the same as in Fig. 2

Different superscripts within a column indicate
significant difference(p<0.05)
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Table 1. Effect of electrical stimulation on hunter value of korean beef

during storage time at 5T

Storage E sV NES“
time
{days) L a b L a b
0 /1800997  1540+0078°  324+0255° 3465+1598%  1767+0711™ 352+0.049°

1 530810163 2570+1640°  11.50+0.806° 3869+068°  F204+0283°  16.6210651°
5 3685+0207™ 17.30+0226 7.93x0.247° 372840297 20262333  923+1.336™
10 375420166% 13922014 805+1.329° 3852+0212° 235310.148° 1088+0014°

15 RIOE1202° 156921547 37720067 401+1250°  13209+1.344  373%0.205°

Y : Electrical stimulation, ? : None electrical stimulation
Standard : L{lightness)=845, a(Redness)=0.3132, b(Yellowness)=0.3203
Values represent means*S.D.

Table 2. Effect of electrical stimulation on meat color” and flavor® of korean

beef during storage time at 5T

Storage E S NES
time(days) Color Flavor Color Flavor
0 9.22+0.228° 9.18+0.179% 9.72+0.060" 9660068
1 9.83+0.035° 9.82+0.47° 9.16+0.230° 9.12+0.179™
5 8.36+0.288° 8.50+0.158% 7.76+£0207" 8.36+0.251°
10 6.58+0.356° 6.42:+0.460° 6.16+0.182° 6.54+0.456°
15 5.42+0.327 256+0.428' 3.70+0.453° 2420409

U: 1 : very dark red 5 : moderate red 10 : very light red

2. 1 : very unpleasant 5 : moderate 10 : very good

&% Means(n=5) within a column with no common superscripts are different
significantly (P<0.05)
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4. 8 o

5C AR F A¥adst AxE A712F HEgKo] AR 104744 F93A
Aole ALK P<0.05), A% 159Hd = Fx2 SHT Piss g g2
FAE JvehdY. 22d, A3 1594 "A7iAF A FH(ES)7E T4 2] F(NES)
B} %3t ¥ Ferrous iron(Fe™) 3¢ Uehiglod, Total iron &% A
A7t F Aol AR HA & krH(P<0.05). Ascorbic acide 094 ES+7} 5.16
ppm, NEST7} 724 ppmE vepdo] AzjaFxeld 9@ vitamin C7F o|=A
E SId A gou, §Fo4do] AR ithP<0.06). 28y, A 14AF
B vitamin C @§%°] F HeFdA A FAHUAG. {239 FaAsiA
carnosine &%3& M4 2 Aol fou, AA7|zte] A wat FAH
T AR T4 AFHA 4dHP<0.05). SOD EHE FAHLS sup-
eroxide?} ascorbic acid®] 43& Z4AA7Ie AER YEdJded 0dAE F
Aol 2ozt gloy 194 REE EST7F NEST Bod SOD @4 X7t o3t
gaAw F HgFd FA L AFHA FUTHP<0.05). FHA FFES F A
g bl vl ARE Jehdded Aukd oz NESTH/E 49t & Aol
Ao, FAAL AASHA FUTHP<005). MFAZ =4 LAMEE)LS A%
713ko] Angel] wet Fase Ao, AR 1949 La(FR)E F A4
o v B ESHE NESTRT 953 o} $4& ¥ #AAE &
#E Jehdiddleoy, 5dA RHe 5 AR aoles foAde] ddew
(P<005), agt(FM=)E Ze ZAFE Jetydrt. 22y, dAgtzez A5
i BEHoZ ESTE ARV F NEST v& &4 24 #X3tes &
He AFHY FAHoR 2 Aoje ARHA S kHP<0.05).
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A 6 4 Vitamin C ¢ Vitamin E A7} 254 3
59 %4 2 AP HE 4P
Effect of Vitamin C and Vitamin E on Meat Color

and Lipid Peroxidation in Korean Beef

Abstract

The effects of vitamin C concentration and vitamin E on lipid peroxidation
and meat color were determined according to storage conditions(fluorescent
light and dark room) in korean beef storaged at 5C. The meat storaged at
dark room showed low TBARS value, vitamin C was effective to retard
pigment and lipid oxidation, irrespective of storage conditions. However, there
were not significantly different between vitamin C 1% and vitamin C 3%,
according to storage conditions(P<0.05). Among of them, vitamin C and
vitamin E treatment played role as the most powerful antioxidants to reduce
lipid oxidation. As storage time goes by, the concentration of vitamin C
tended to be decreased gradually and vitamin C 3% had the highest
degradation rate. The effect of vitamin C concentration on meat color and
meat flavour were determined according to storage conditions. The lightness
of meat color treated with vitamin C 1% and vitamin C showed a very high
in case of storaged at dark room until 5 days. The redness of meat color
had very similar tendancy to the lightness of meat color in case of storaged
at dark room until 5 days. After storage for 5 days, there was not
significantly different(P<0.05). Sensory test suggested that the change of
meat color tended to be decreased gradually, but there was not significantly
different during storage at 5T (P<0.05). However, vitamin C treatment had a
slightly higher score in meat color than that of control after storage for 5
days, irrespective of storage conditions(P<0.05). Meat with vitamin C 3%

was the most effective to keep meat color during storage for 10 days. And
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also, meat flavour tended to be decreased during storage at 5T, but there
were not distinct different according to vitamin C concentration.

1.4 &

27 59 AFRE T SATAS Ay AdAE 1FF AADF 0l
Y F83% FAlojth. H|F KMol 179 §AEL &Y F& YA LvA
A& FYA 78 T 842 FriHE AL 4% FeYojgn dx
o] o}, olgjgk KM WIE =E5d At AR 1~3Y oluld] dof
w7 d & o]7Izt olFd= AMAEY wiH€E gv F7F @rHRomans#
Ziegler, 1977). °1&1§t o] fF 2= 7] A K9 metmyoglobin¥ A 7 A ¥4ts}
d 71€Et AtRHW old g HA Yot A Ay JEe e AAgn
Aztdoh. S47A L AWas FAYALEE sk e Axgn gl
+d #(Wabb 7, 1972; Marusich &, 1975; Bartov &, 1977, Uebe- rsax %,
1978; Bartov %, 1983), %] :27}(Buckly®t Connolly, 1980)%} 4] 517}(Faustman
S, 1989) vitamin EE 9% $ EA ¥ =53 AAGA Sa49 A
o] AsE AN TN Eel RAHHAZY. 2F A vitamin CE T84
At Al 24 vitamin ES} FE3}H 2 458(Tappel T, 1961)& YEHY
of AF AFINETF FAGFAMZA ol&H 1 Yt ©lgF vitamin C FH}
AES}7] YaiX A Kol vitamin CE #elE= ¥Y(Costilow &, 1955), v =
W (Mitsumoto %, 1991) 28ln 91E ¥H(Okayama &, 1987)22 {49
FAG A 2 At AR EE AESY g 22]d, vitamin CE &
o weta 1 Fdrt E2d nFT(B%eld)e] A o] Aol 23
R AR Raltha 8o m(Okayama 5, 1987), AEX(0.0176%)9 75l
= Cu”'9 ukgstd AstZ R A(Kanner 5, 1977) 4#e Jehddz &g 2
2, olg)¥ vitamin CEHE AFZA(FFTAY, FAADN wep £ £
AAgasidA 5348 AEY Hie AY e R3tvh wEA, AFzAd o}
vitamin C T=¥ 13 &5 472 2 APAs AdAadE FES} A
o] 4¥<& Fd3Art

kol

i
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2. Az 2 ¥y

7h Al ek

Ao AlgE Aleke EFA|eolx, Trichloroacetic acid(TCA), Ascorbate
(vitamin C)® Tocopherol(vitamin E)& Sigma chemical Co.(St. Louis, MO)9j
A} FY43 A 3, 2-thiobarbituric acid(TBA)+E Eastern Organic Chemicals (Roo-
chester, NY)d| A #<l&td

o

17] EFE A=

7] EFEL ¢S] T4 vitamin C 0%, 1%, 3% 218 3 vitamin E 0.5%
53t PE £33 F Aaz AM83dx, 399 FHF+E 713t homoge-
nizer2 3,000mpm9 &EZ 183 EH4AHAY dmly E4 88 polyethylene A
FAH(17X100 mm)ol &A Aol A&

Rt

t}. Thiobarbituric acid reactive substances(TBARS)+ i

Thiobarbituric acid reactive substances(TBARS): Buege 5(1978)¢] ] dj)
wet S38A Iml g EFE] A APFE 37C water batholl A 14]
+ Bt wrg Az wkgo] EuA}l wix} 5048 dibutyl hydroxy toluene(BHT)
72%& Mg st AAEekge ZAAAYG. HSEFES F 4L g 2ml
TCA/TBA AlFE Zlstan oAl £ F B84 1583 714ARG. 7t
T ZAEAAM AN F 2000Xge £x2 15837 AR AAYG 454L &%
E(Varian cary-13) 53lnmolA SA3{ PR FARE AR5 F/HFE 78t
o e WYez ZAH&dco. TBARS#HS ml WHSEREY didiA ug
malondialdehyde(MDA)Z2 EA| & ¢t}

2}. Ascorbic acid &%

Sikic &(1977)9] #wyo] we} chelex-10022 A& ZF5 3v]E A& 7}
3t homogenize Al#H 108 F< 10,000Xgol A A& Aldd A5 05ml
Z &AM 5% Trichloroacetic acid 2ml2 ©@¥AL IFAA ) thA], 4T A
108 F<¢ 15000xgollA  d4Ee A AFd 05mlE HHA 8%
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orthophosphoric acid 0.0oml, 8% a,a’'-dipyridyl 0.05ml, 3% aqueous ferric
chloride 0.05ml-& 7}&t}. 127t F< ferrous- dipyridyl chromophore & 7 o)
BAHEE Ao BAF F 525mmolAd 355 =AYt

oh. {233

£ & vitamin C 0%, 1%, 3% 283 vitamin E 05% 2% Ha§ F9-%
sHo2YEH AFAF ANEE AF 3cm, ¥ol 24cme] 2R 24 A2
BEHA 1] ANEZ 9NE coringdtd 4TAA 3087 AR F7] o =&
A A AR F polyethylene WEo2 & H ¥Aso A (Color
difference meter, Minolta CR-200, Japan)E& ©] &3t Huntergt(L=8 %, a=3
A=, b=F4x)o2 HAHHA ow AlE4d EEMAL 7]7]19 manualol
o2l Y=94.95, a=0.3132, y=0.32032 3dH o, 63 wtEsto FFHe 7Y
t}.

uh. @5 A AL

Zt Azl 3t panel® ¥ 1592 A &3 Hedonic scaledol o4& A=
H X zpo] AEyoz ASAAE AdASALY. &4 A5HA FEL 10249
APREE ol &3t ‘v-¢Fot 10, BFolg 54, vl$ vYwm 1¥'c=2 P}
3o FAANE AASHA.

A BAIEY

Ztzto]l Algol d& HFLFFLXE Yehdglon, Z} o W& {9 A
FE BAEME ¥ F 0=005 ¥4 Duncan’s multiple test] =t} EA&}
At
3. 479 2 a1

7h AZzA wE& xwAksle] v X Vitamin C 559 Vitamin E9] g &

Fig. 1& 5T A% F A47|0d @& Vitamin C =& 1%} 3% M2 H&
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S 354N GLAAFA 1F 959 ARise] vl dYE TAE
gk dzFoAe FFF o GAAZA GAdAZe] A7 T ¥ TBARS
&S Jeruidn, Az #FAIQlol vitamin Hele AS4stE AAsd:s &
#7b At 28y, vitamin C 1%} vitamin C 3% A&l @& 4y 3
F5AZA TBARS# S zole AAHA FUTHP<0.05). ol FJF5A3
G2 A3A TBARSE S Aozt AR HA & & olfr+ Harbers 5(1981)°] 4
7] 5849 500W Hg #ZZAA] vitamin C $E£& 0, 05%, 1%, 5% ¢
€ e, 2F4A 5% vitamin CH 7t 49 AstE QA7 = 713
AFHo|Ydn B dAE B2 B o ¥3FF HFA vitamin CHEE &
Aol Astg AAAIIE BHrE QA H}AY. Vitamin C = @& Aitbst
A g3o] D& Okayama T(1987)L 3% FEE AE3 3, Harbers
(1981)2 5% FE& AM8std 7] 4o ¥ Af X goE 7] 29
el gMo] doji}r] gEo YT & FRAXME 2318 vaAHolgn
A3, AEx vitamin C7F H317] S43 AWitsts AAsted o 343 0]
g3 21 g & 4FAHE 1%} 3% vitamin C Ao o2& 2@4kst
o] ztolE U7l W&o 1% Tt SAFAYG APasE AAs Ayl
HFd sxetn Alsgd. 28y, vitamin CeE RFXEQY 05%°]H(Wattss}
Lehmann, 1952)% A=< 00176%0A4 F&ol&n g7 A4 o A&
AZ ALgde Bu PEHOZ AdXIHE= gl W, AR F
vitamin C¢} vitamin E7} A%4tsle] vl & 98%S 4HR7] 93A TBARS
&g EHE 43 APVl A ot FFFAZ(Figd)d LA
(Fig.5) TBARSgtol F7tste A EE UYehldth. 35439 Fdx d=x
TFHt} vitamin C% vitamin E Hel#7} dwtyoz zuitsirl ¥ FEge
YElHA R vitamin C% vitamin EE §Alo} A& b A@atst A5 Yol
7t Holwo olgd AwAkst Al disl Mitsumoto F(1991)&
vitamin E & 9% 349 37149 4259 vitamin C F5XEE Y9
43 APatst AL E £ FH dE2V R vitamin E §94771 €458
A FA 9 A3ds dAEHE JeEhiATa AT F, vitamin EE Al
o2 FoHol FAYFozA FAEU|TE vyl F84 FAsAA
vitamin C& @&t 45FEE dehdlo] A& Z¥ 3itst 8L dd=

SLofo ofn
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H 3 (Faustman %, 1989)8} UAld= Aot SAAHAE vitamin C&
vitamin EE FAldl X357} Hold A tAaks JA5Ho] gl

b A7t F AREA4 @E vitamin Co F W3}

5C A% F vitamin C &F] Wste] vt FFJsAZH FLAAF) 4%
& A9 & Aa(Fig. 2) AWt o2 vitamin C 1%} 3% A Al AA7]3to]
Agol] wel ZAaste FFgo)Aed vitamin C 3% A7t b3 vitamin C %
A€°) ot 22, vitamin C A g 3% &S dEFE JF7IN) A
of @&} vitamin Co Z47F A9 U3, vitamin C FFE AY ZAHAHA &
2ot ol & AA7Izbd vitamin C W3t AR 194 714 P35 Ao 44
ARG il Ested, ot ¥FFd 4% vitamin CY B3I (Birch T,
1974F AAbstE Aot a8y, A% 594 K E & vita- min C Fxdo o
€ vitamin C¢ ZE&AE A9 W3yt A AAR7izte] A whe}
vitamin C8| Z42 A3 FAs5Ho] oo 24 TBARSH#O] Eol APt
37t FRAHE Aoz wod. ojho] vitamin C= g, A ¥ Wl 93
@A EXAS H7) W&ol vitamin Co $37F oy FA 9 dsist gojd
e B3(Birch F, 19799 FEHo2 YA Aot Ascorbic acid
9 Fxd FFZ(G0mm)gty A4AAAE 12k PFHoez FF Az Y=0.0212X
+0.03872.2 YElycH(Fig. 3). &, ascorbic acid®] ¥X7} 7o) wit v dF
o2 FFE/ F/ste AEE Yo ascorbic acidd T =& ¥ T 525nm
A S FE¥ F UAAH

o A F AFxAY vitamin C FE0 W& S8 2L Fuje Wzl
)z 9§
5C A% F A%71zre] Addl wet §49 UstE SN 3 {49 v
T 4dAZe A9 vitamin C 3%} 1% A&7t A4 54dA 712 714 ¥ &
AE Gl Ao (Fig. 6), 2 o]F5HE S49 yrld & Aole AFHA
&% tH(P<0.05). Vitamin C #2l= metmyoglobin %8 74 A]7]13, oxymyo-
globin &FE F7HAA $4& WA Fx A= Mitsumoto 5(1991)9) A #}
o} A= AFoIAdt. AMKAE vitamin C7t A FASE e FE
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(Omg/kg)°l ™| (Anderson 5, 1985), A317] $42 %A vitamin E9 $&F
34102 mg/kg SA(Mitsumoto 5, 1991)3t+=dl, vitamin C A 8]+ vitamin C
Ejgo] oj=AHx nrjHor FFIHA nI|FHF EAFE vitamin ES BE
st} FASRAZAN TS Fo2H SqLe AHAP L FANIIE Rz AR
9o =8, AAEE 3T 2Ax GAAFY F97 d35ARY Feug
A% 544 7tA o #L S4& JeUAH(Fig. 7). olgid §429 zole
HFsAFA FEsHs W duyAd Y& {442 myoglobin®] metmyo-
globine 2 A3ts= £271 o wEr] gojgta ALREY vitamin C ¥ X9
g% PFFAFA S MAERE 3%HA AT =L AFoYd F9HQ
atole AAH A FATHP<0.05). Table 1& 5C AF F 17 #9599 AL
WA Aot A AA A {49 Q= AFgzde ARl Hxb
Faste AFold, AR 144 7= A Aolst AAHA gt
(P<0.05). 8y, A 594 FEHE dE2F BY vitamin C & F7F §3FA
3 FAAZAM % & SAFA ARE YRR A (P<0.05%), A A%
9} vitamin C 3% A&7} 104dA7A] 7H¢ $£& S48 vehdid. 9, o)
= ARl Ao wel FAsE Aol vitamin C A2l FE4 Wty
FRE 2ol AR, FHFHA FUAFANE dxFRYG F4HA Aols}
AAHA UHP<0.05). ©149 d#E 8% vitamin C Hee SAFA
ot Adss AdAsed ERst AN, 2FAME vitamin C vitamin ES
FAll A sFrt X gasts dAstsd M £ EHE el 53,
BFTAY ke GHAAF] 4L FAs=d g2 ¢4 £94E YU
1=
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Fig. 1. Standard curve for determining concentration
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Fig. 2.
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Effect of vitamin C concentration on TBARS
values according to storage conditions in
Korean beef during storage at 5T.
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¢ Fluoresent Light-Vitamin C 3%
: Dark Room-Control

DR-1% : Dark Room-Vitamin C 1%
DR-3% : Dark Room-Vitamin C 3%
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Fig.
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the content of vitamin C according to
storage conditions in Korean beef during
storage at 5TC.

Symbols are the same as in Fig. 2
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Fig. 4. Effect of vitamin C and vitamin E on

TBARS values under Fluorescent light in
Korean beef during storage at 5T.

CON : Control

VC-1% : Vitamin C 1%

VE-0.5% : Vitamin E 0.5%

VC+VE : Vitamin C + Vitamin E
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Fig. 5. Effect of vitamin C and vitamin E on TBARS
values under Dark room in Korean beef
during storage at 5T.

Symbols are the same as in Fig. 4
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Hunter value(a)

Fig. 7.
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Effect of ascorbic acid concentration on
Redness according to storage conditions
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Symbols are the same as in Fig. 2
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Table 1. Effect of storage condition on meat color” and flavor® of

korean beef during storage time at 5T

Color
Storage
time Fluorescent Light Dark room
(days)
Control Vitamin C 1% Vitamio C 3% Control Vitamin C 1% Vitamin C 3%
0 9,710,060 9.7+0.060" 9,7+0060° 9.7+0.060° 9.7%0.060" 9.7+0.060°
1 93+0.206° 920207 8610377 92+0.230° 92+0.51° 9.0+025%"
5 7410427 8.110.259° 8010306 7310207° 85%0.311° 840228
10 6910279° 7310471° 741062%6° 6610.36" 7410652° 8010339
15 37+068% 44+0318° 501068 37+045%° 4230627 4710428
Flavor
Storage
time Fluorescent Light Dark room
days)
(days Control  Vitamin C 1%  Vitamin C 3% Control  Vitamin C 1%  Vitamin C 3%
0 9710070 970070 9,7+0.070° 9.7+0070" 970.070° 9710070
1 910.182™  92+0152°  91+0.130™ 910179 920187  91+0141™
5 85+0.152" 8510152 85+0.179™ 840251™ 84+0.251% 8310217
10 651055  5710650° 5.7057F 65+04%~ 6710594 6610611°
15 29+0614' 1.7+0988° 201047 24+0409% 21%0311" 2.1+0277¢

Y11 : very dark red 5 : moderate red 10 : very light red
21 very unpleasant 5 : moderate 10 : very good
#7#Means(n=5) within a column with no common superscripts are different significantly (P<0.05)
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4. 8 %

AFZAEBSAY, Ao Be AdAbsto] MAL vitamin C FES}
vitamin B9 9%& ZAM¢ @3t FdAGel 44712 F *e TBARSHS
guln, AFzdd Al vitamin AL ALPUHE AAGE T 3
Atk 22, vitamin C 1% vitamin C 3% alolo] we AFza
TBARS#®} o= A4HA RUATHP<O.06). TFANME vitamin C} vitamin
ES S Ad@F7t Agzdel BAel Hold AR AA5de] U
o} Vitamin C #%9) W] nA: YF5AFS d4AFY 99 4 2
43 WRFH o2 vitamin C 1%Sh 3% AelA Ag7Ike] Adol et vitamin
Crt Zaste AFolQE), vitamin C 3% A&7 743 vitamin C Fo g0l &
steh. A@717t F A#2AY vitkamin C FEo BE £ L Fo)e] sl
AAE Gae 45 & A% $49 Wt 44439 F¢$ viamin C 3%
19327t A% 59A7A b we 42 Yoy, 1 ol EREE £4
o @rldl 2 Aol AFHA FRATHP<006). BE5AAF 7 S0 Ashe A
FzQol wA AR FLsE FFolt A 194 AT FAHA Holz
AR A FRTHP<005). 22k, A% 5AM FEE =7 ot vitamin C A
97k YREAYR FARAPAA 4B B FAFA AFE YRR
(P<0.05), A4 vitamin C 3% Ael7b 0YA7A 74 & $48 vet
Wlth #, Frjs AgIzrel Ade] ek gasts Aoy vitamin C A
dst sxol webd FRAE Aolx AT ¥ FHE 2%5A vitamin C
Aele SAgxs} APASE dAsted BA7 ARXL, TF AN E vitamin C
st vitamin EZ $A16] Ao ABA5E AA%=H g & BAE U
Uit S8, §45A% 2ok ARG F4AL AR thd $43
Z%E Uehiich

o
e

d
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H 4 3 (3x4 )

A 1A S Ao g AZAST L xdYzo] H
7)ol o|stE o wA= 4
Effect of Electrical Stimulation and Delayed Chilling

on the Quality Characteristics of Hanwoo Beef

Abstract

These experiments were carried out to investigate the effects of electrical
stimulation(ES) and delayed chilling(DC) on the quality characteristics of
Hanwoo beef. At the left half carcass was treated with ES(550V, 90sec)
within postmortem 30 min. The electrical stimulated half carcass was
subjected to chilling temperature at 16C for 24hr, and then stored at 2+2T
for 15 days(ESDC). The right half carcass was stored at 2+2TC for 15
days(NES). ESDC showed a rapid pH fall and tended to be reached to pH
554 at postmortem 2 hrs. But, there was no consistent effect of electrical
stimulation and delayed chilling on meat color, cooking loss and water
holding capacity. Myofibril fragmentation index was higher than those of
NES during storage. And ESDC was showed lower shear force value and
strength consistently than those of NES. SDS-PAGE band patterns of
myofibrils showed the rapid breakdown of troponin T and troponin I band in
ESDC, compared with NES, and revealed the specific band below myosin
light chain-2 pattern in ESDC.
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HAnrle] EFASH YojA 7y FLF 89 Axow, 4n7] FUMY
7 Qo dxd g A5 ANo] Eoky Hnrle] EARA Fod
Bd0 g2 AUk 4279 A5 Fese AFeAozE £ HAPLE
9 AAsIzte] AA BSH(12), WHAARL AIE ARAIE FoF Y
olty., 2y WAAG o Anrle $4L FANMY =5 23 oY)
Aave Hoe 271449 890 9ok gy E2AFY £ O A=
& Aol BATH A7 DA 4179 $4E 2AAINE A
oz AA YrH3, 4). FUINE 4 56, 6)o] olo] Ui ATFE A&
A% AAuzte] AENMY £ Bl YL unsPY. §H, £23F
o A WAAZ HAE FoTH NeUEY AFAA Ay o Axz
2 BAE BAED, LEA 228 FHUAN WL AsAsng HAR
ANE AA BFAN 54597 Aok olAd A dE WA HA: &
3288 FHEBAN D, AERE ANNZIE GEHAFHT, 8, 9), ALwE @
o) wagura|(8, 10)s M)A o 2HES S410) 2 ¥r1H Adstol
A pH® FA3 A&7}l lysosomal membrane? &4 F X8t  autolytic
proteolysis®] £A(12)e] olatq Axr A FAHE Aoz AR Yt
sAUdA 417 N8 FEAYL BY 5T UAZ 5 WAE NS
& EASFAANE Auiso] 129 ol AuHAY WEFHAIN HESHa 3
e aAgow A0 o8 AEMMd g WGl Ado] we suty 4
Bolth, maty 2 AFdME BSEAd A7A3 Aesh NAWZHL WA
ggtesd AnrY A5z ERE Austaz AL

2. As 2 9y

7t A '

2 Ao ALY AE ST dUASE HAASE BPYPoR 53 28
AZ 33, £F 1A olWe HWMEAd et A71AFT A2 G0V, Nx)E
sta 16Coll A 24A1F AAAIZ] & FAHE 228A(ESDC ) 2+2T A3t
WA Ao o] &3ATt FAd $HEME FAYLNES HE qoq =EF

_2(x)_



24X B 212TY SEAN YAAD F FAE ¢ITdo e 2x9 AP
AN dyPel o) &3t

4.3

pHE ¥493Q P o #aA712 #2% o2 pH meter(TOA, Japan)2
SAdAR, UM FALEHAc(myofibrillar fragmentation index ; MFDE
Olson F(13)9] ®yd wet &AL &, 28dJ100mM KCl, 20mM
K-phosphate, ImM NaN;, pH 70022 Z9AR/E EEstn, M3 05+
0.05mg/ml8] F¥=2 Mg o, 540nmillA FFEES SAHsL 2002 Fo
THHAFAUSAFZ AT Ad2(Shear Force value)# 237 % (Strength)
T ANEE 70CY d9dAM 7tdsid NagFARe 2571 75T 2@ og
3020 A F Pgsn, 729 A2 L FAE ZZ IemE 39 Rheo
meter(Model CR-100, SUN SCI. Co. Japan)2 &3 Qt. B8 e olgt A
(1409 By 9g3td FH}AN, B A "y FEYF 2L
AOCAC(15)dl o3ttt 71943 3L 30g Ax9 dolg Agg 75T 9%
A 7tEdtq Age FAHLEZ 70T =359 308 A F, AL 14]
T HINY GE, FEELFE FAHL NE ST F g FESAF
YEE2 YA 854S gdoja] AEE 4TAA 3083 =&AA, ¢4
A2 g, MAHA(Color difference meter, Minolta CR-200, Japan)® &A 31
Hunter valueZ EA|&tc) ojd AHEd FZEMBLS Y = 9445, a = 03132, b
= 0320322 33on, 93 wEsA FARE LA AVGFEL AT 249
Afr @AY F&& 285E 42 2g4 AASY 758%F9 PRB (Pyrophos-
phate Relaxing Buffer)& 4(0.1M KCI, 2mM MgCI2, 2mM EGTA, ImM DTT,
2mM NadP207, ImM NaN3, 00lIM Tris-maleate buffer pH 6.8)%]4]
10,000rpmS.2 14&3t homogenizerd T2, 3,000rpmo2 1083 LA E3Y
o} ZAbe 759 % 9 0.1M KCl, 5mM EDTA, ImM DTT, ImM NaN3, 10mM
Tris-maleate buffer(pH 7.0)8%& 373t 10,000rpmol A 533t homogenizer
¥ oS, 3000rpmel A 1082 AESAG o] =2 33 MEH F 1 2
AFE 759139 5mM EDTA, 5mM Tris-HCl buffer(pH 8.0)8 %o 2 23 A=A
@ o, SDSHE G At F A/|YE 4 A82 Q4. Troponin-TH
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30kDaRd % §9 AEA duwad FAFLo2E= 10~20%9 gradient gel (acryl-
amide : Bis = 30 : 08)3#% 4%9] ¥ % gel€ °| 8% Laemmli(16)9 #¥ate}
A719EEt. 25mM Tris, 0.192M glycine, 0.1%62] SDSE o] &Fojz LA
running buffer2 A& Y. Titin 59 L&A 993 FFLo2+= 2~12%
9] gradient gel(acrylamide : Bis = 30 : 0.8)3 2% polyacrylamide(acrylamide :
Bis = 20 : 1)~05% agaroseZ&¥ &35 gelS A}83t Fairbanks3(17)9 %
€ 43t H2GdETdAY. d5F9 gel& 50% methanol, 10% acetic acid,
0.1% coomassie brilliant blue R-250 A goz Fq% ©t3 5% methanol,
75% acetic acid2 © &40z Mt FAIA = SAS-package(18)9] ¢
HAYEedo] o EAENE 3 FoYAHL 5% FFAAM HAsA

3. 3% 2 2@

7t AZ1AFH A Addzte o o3 ey EXdvst

Fig. 1& EAo disiq A71AF3 Ad¥3E Whdeld AHPF(ESDC)S}
W F(NES)S] A 48712t &< pH ¥slE JEd Aot ESDCHE AME 2
A ZER O] 554, 24X A 0] 5449 W& pHa& YEbd ¥, NESTFE A% 24
A 651, 24X A 57124 ESDCTF 9 pHatS AH¥E9 pH A37t 343
A dolston], £ pHIt: NESTF Buh A ¥yt 289 ALFE pH Aol
W3t Bendall(8)e =4AF H7AF AHeg & 3¢, Mg MF JF
pHY 547HA] "Wolxthi 3 en, Carse(7)% Davey T(10)= ZXo A7|=
& 3td #FF8e Ao s} pH/F WEA At s =3 AFE
259 pHatS @42 xd JsME J& B g3a ded, =49 2
57t 2€4E #3380l F35o] pHASE w219, 20). 289 pHE =
= ZAFHH "olA7] Ao Z3e] 45d W7tA] ALHE o] AntAA
g, Carse(7) Z=Ad H7|A= Mg dozi #FA8E FAAA pHAR
E frUdteEZd ALeds: d4S UWAE F ddn F9en, Bendall(21)E
pH7F 6.0 ~57Alol2 "ol &w, TA7F Ao HIdE ALEF9 99
U 3. EAE 3 AT AAAdWZE PP d 4979 pH
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7t 438 2ol AL A7 AFAEY Ao g2 APt Table 1
& AR Harle) ARF 47 NAAE o] &8 Hunter ValueE 3% 3t
o, LI(FE)E vlidte 2H, ESDCT9 NEST Atold] #2 o]zl 1
T Aoz ygytoen, dAT EF AR 15944 @ 75 YebAh
aft(HYE)E NEST7H 4 & AFolR oy, dAet Alolo] fod Ajo)
T AARHA Wgkon, AF7Ie] AojYo wel Q= Hx}p FriAoH,
AZ717ke] & HMxeo Fri= ESDCH7E t€ F38 9. bH(FAE)E
=471l we} AA Fotst o, S et A% Aol ATk & A
el d3 ESDCTH NEST3 &) ztol7h AAHRA ¢ AL Savelld
Smith(22), Savell 5(23) ¥ Riley 5(24, 25)9] Zals} oy, o8& =
Ao A7AFE Fo2H 24A3F o]F o] FAREY SAo] yteolx|m:, FHE
Aol AFdn ot FHMAY olfed daME uaA gsith 2y
Powell 5(26)e] A7|A5 A& Hurjet 21384 & Hnrjg 42& 4y
2H50] FEEA Eaads AdAYgE dAsE Aoz AAHUYG £ A
Wilo] @AQlel A371ztel wel Hunter Value’tb 3718 A& Boakye$}
Mittal(27)0] 7] SHAZHY Lt $4F AAAe2 F7180, a b@tE
4 1294 7tA gestA Frlsta 168 M4 FF e dAe A= A
o2 AAHAD. AZAFH AWzl Hxr]e sFHAPC vAE IFE
AES7] 5 HdAFH 2y Wsls 533 wlxdgo. Table 29
Yetd 7tdz3 S A 109A 0 NEST7F 943 =& Aoy Antzon
FA el AAole AAHA ggow, HFr|e] wep Fa ForEAG ®
& Beddye A% 10949 ESDCTF7E %Y AL st 7tdzgaA
o vhAJMAR FAHE TR Aol Ao, AGr|zre] whe} Az} PR
on, 7tEZAZH B e M2 F d$d 4345 Jdehddd. ol das
A F®)o ¢ EAE Ay /A 2EEE (ARG AT vy tE9EF
F B4 o7} QAUvhe AHe X3, Whiting 5(28)3 Terell $(29,
300l =AM tid 7|75l AKY pFEAGN Y dFE XA Fevhn
& dag dXse Aoz AGHA,

W, A3 5 Adgze] BE 9% 549 W
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2719 AxE JYeds AB2A 2I¥HF 2U3AFMFDE 359
Table 39 Yetdth. ESDCHE NEST| vt AF x71%H A AR7|¢
T FAsA MFIgkol ®oF 294 #9 4£¥sy #24] AYHJAIS S ¢ F
At ESDCHE AR 144 oln] 64609 A+& vehlidd oy, NESTF&
A 15946 v 24 62009 #L et =F AF 1979 ESDCF4
MFIgtS A3 1084 < 2819 F7HE Jdehdil o, NESTE A% 14 x|
4467904 AZ 10849 56449 E743t ESDCH 294/ L2837t A
5 w2 APHAt. SEFL2USRAFE 21719 AEE HEE AB2A
Ho)7 Az A3 AV 2 AB/FHITH(13, 31, 32). = dF M)At
Zo] AxiMd £80] He AL £5AF9 FYd oFd A2y uz
(1008} A7|AFo s F43] ol pHol 2&ll lysosomal %] 8371 47
Asgso] gy FaFLe 4 F3(12) 2 AZAFA g7 24K 54
d FHEoZ 2HARY B &4 T 7Iddn A A £ A
We 2&AF A2udF @A4s TAF}I3EI), AHFE 27|19 22HA7 K4
& ZAMDA7]7] W& AxMA o] doh. & 479 FFd =FH3F9
EAe A7|AFH AdEZE YA FS 24K 2H88AFI 43 Eol
e AL A7 483 AFAEY FHAAY FE& 89 7|A3E Aoz 4G
HAuh 29 F AU S g A= FA T Alold] AAY Aol
7t A& HAoZ Hol 7AH &4 g% A=ABE Aot AL Ao 4G
5o} Rheometer2 AV HH AFZ=E 5733t Table 49 JetiUd. A%
1949 Ay ESDCH7E f938tA ¥ken, 199 AR7|d= ESDCH
7t NESOl| vj3te @& A S Jetdddt. A3Z == A% 1044 712 ESDC
F7} NESO| ¥lstd {934 2 @2 Yz, dAdyday A33E =25
X713kl whel Fa ol eh ol g AL EA gid A7|AFol A=F
Aol &7t s # Savell 5(22, 34)8 IR} A= Aoz AZGHJYG.
g A F(35)L AZIAF AFoe AdHte]l wiNAFREY Eda o
2 A9 dxs o] dded, olRAe AgAMe zlold 7Ue AL
Azt &, & AdPodMe A7AF AF 2443 BHAd A BE A
i, A & AZNAF He AF ARE o]4347] HEol EF AEE =
ALz 9&iMxE 93-S wid, Pamish 5(36), Field 5(37)°] 471§ 14
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~19TCoA A Aol X 2xoAM AHed AR {3A A= ¥t
Tga 3t & 49 d3 ESDCHE AZIAF3 JAWze] 719 Aste) 7]
o3tn], MFI®| d#(Tab. 3% & A= Aoz AAHUY. oz 2L
A AdYZo] AEE FAAIIE 71FL LLoE A 2YMHHF BA9
A& =7 F7HE7] WE(32, 33)olw, Ay ZHgte]l MFIS F A9
o] & AT X A7 @& o]yl A AW R AGY FHA =3
DR ARl collagend] 71 & &L (35 Aoz Az

o Z49dF 293y HANYF

ESDCT ¢ NEST9] 2944+ @¥93Ag A7|9gss d3= Fig. 294 39 242
Hetido. AR dgAE A7) g5 e dHA(Fig. 2)& E9, ESDCH7F NES
Fol ¥8td troponin-T] &7t WA doju 104F &A3 L4EH, o
o we} 30kDadiol A 14A olFXEH BAH7] AR A 54H ol F
of 7Z&A eElsil(arrowhead), £% myosin light chain-2 ofzfd] Eo}3
band’} uEltti(double arrowhead). ©l8jd AdEs HAJAFTE sHx
troponin-TW desmin F9 ¥37l A7 IR A &2 359 ¥stoq 37
AHol7t A e Eud Ho 9 Z#AE3)%E Ao)7t AU =3 ni
2} @u§ A< titin(connectin)®) 7 $-(Fig. 3)= ESDCH#$ NEST Alolo] & b
o]7} qlo] titin-I7F AF 1Y olFo A9 AAHAT. o]AL titino]} nebulin
o oA AHAZ|AFE FRAY A7|AFE P}A ¥ A A zolst YU
I % Ho 59 Z#A@ER) dAste Aoz AU
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Table 1. Effect of electrical stimulation and delayed chilling on Hunter
values of Hanwoo beef during storage at 2+2T

Storage ESDC NES

days L

a b L a b

0 3901+123% 1576+029 433+035% 4243+147%° 2118+099"" 5.69+1.06"
1 3949084 2089%066° 7.10+078°  4238+1.8"" 2295+358” 6.24+093"
5 4077+1.07 2186%0.29™ 7.49+048°  4253%157° 2356+137* 6.80+168"
10 4025%094~  2423+108° 7.83+049° 4354+300%" 2371+145° 9.05+166

15 4373+124>* 2465+342° 893+065° 4796+3.74>" 24021268 9.75%0.93°

abcd Means in the same row bearing different superscript are different (P<
0.05), X¥Z Means in the same column bearing different superscript are
different (P<0.05)

Table 2. Effect of electrical stimulation and delayed chilling on cooking
loss and water holding capacity of Hanwoo beef during
storage at 2+2T

ESDC NES
Storage days . .
Cooking Loss WHC Cooking Loss WHC

0 20.49+1.33" 73.47+1.85 1908+2.72 73.08+2.23"
1 22.81 +1.94% 71.121+2.10™ 2266+1.13° 71.00+3.80"
5 2269+ 1.64% 72.27+131" 22991129 71.79%+154"
10 22.80+1.42% 69.15+0.63°* 2480+4.27* 64.53+0.76>"
15 25.2314.43° 65.59+0.78° 26.12+0.48 63.6612.21°

2b¢9 Means in the same row bearing different superscript are different (P<
0.05), XY¥Z Means in the same column bearing different superscript are
different (P<0.05)
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Table 3. Effect of electrical stimulation and delayed chilling on
myofibrillar fragmentation index of Hanwoo beef during
storage at 2+2T

Storage days ESDC NES
0 65.40+0.92** 42.47+0.70**
64.60 +0.87" 44671061*"
5 108.53+2.14°* 51.40+0.35™"
10 120.67%0.42°* 56.44+557™"
15 133.53+7.20°* 62.00+0.42%"

%4 Means in the same row bearing different superscript are different (P<
0.05), ™Y* Means in the same column bearing different superscript are
different (P<0.05)

Table 4. Effect of electrical stimulation and delayed chilling on shear
force_and strength of Hanwoo beef during storage at 2+2T

ESDC NES
Storage days
Shear Value Strength Shear Value Strength
0 2264+2.11° 150.70+ 4.22** 26.17+392" 196.60* 12.77°"
1 20.38+ 2,59 14359+ 19.40™* 25.76 £2.88*" 20291+ 6.62*"
5 20.32+2.24° 134.62+11.21** 23.22+2.06" 17442+ 12.05™"
10 20.02+2.26 12969950 21.75+1.70° 152.18+26.29°"
15 16.72+2.14° 134.75+10.16™ 19.70+5.19° 130.07+19.79°

3bcd Means in the same row bearing different superscript are different (P<
0.05), *¥* Means in the same column bearing different superscript are
different (P<0.05) '
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Fig. 1. pH changes of Hanwoo beef during storage at 2t2T.

MFIC -5

A
30k
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5
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Fig. 2. SDS-PAGE of myofibrils for 30kDa during postmortem storage.
Electrophoresis was performed to 10~20% gradient gel at a constant cuwrent

8mA/gel

for 4hr. with 0.1% SDS, 25mM Tris, 0.192M glycine. Gel was stained

of
in

CBB staining solution. ESDC; Electrical stimulation and delayed chilling, NES;
Non-electrical stimulation, MHC; Myosin heavy chain, A; Actin, 30k; 30kDa, TN-T:
Troponin-T.
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Fig. 3. SDS-PAGE of myofibrils for high molecular proteins during

postmortem storage. Electrophoresis was performed to 2~12% gradient gel at a constant
current of 8mA/gel for 4hr. with 0.1% SDS, 40mM Tris-acetate buffer(pH 7.4), 20mM sodium
acetate, 2mM EDTA. Gel was stained in CBB staining solution. ESDC; Electrical
stimulation and delayed chilling, NES; Non-electrical stimulation, MHC; Myosin
heavy chain, T I; Titin I, T II; Titin IL

4. 8 <%

& a7 deutmAle A7) AS(560V, 0x)S AAEI, o] EHS 16T
A 24X AAANZD F FAE B2, 22T H2ow AFsAA olzg
Z g WgE #FE Foltk FAFINES)Y pHE AHE 2412444 651
oAzl Wi H7IAFH AAYLE WP dPFF(ESDC)E 5542 @
< & YgUAY SHNME L, a, bE BF FH T FRE 2ol E Y
BHA] ggton, 719 FA ByEdAME FX e qtztel zojzt Ak 2UAM
oY A o AW SFE ESDCH7E NEST Hda #o3A Estod, A
Y} AFAEE ESDCTH7F NESTF| vt v g Jeluig. 294d+%
g g HrjgE5d d3 ESDCT 9 troponin-T$} troponin-19] #3]7} NES9]
vt wEA 3P o, ESDCTF2 myosin light chain-2 o}z Eo] %
band7} et

_.209_



10.

11.

12.

d

fn

. Bratzler, L.]J.: Palatability factors and evlauation. In The Science of meat

and meat products. W.HFreeman and Co. San Fransisco (1971)

. Judge, M.D.,, Aberle, ED., Forrest, J.C., Hedrick, H.B. and Merkel, R.A:

Principles of meat science. 2nd ed. p.113. Kendall/Hunt Pub. Co.(1989)

. Will, PA,, Henrickson, L. and Moarrison, R.C.: The influence of delay

chilling & hot bonning on tenderness of bovine muscle. J. Food Sci. 41,
1102 (1976)

Marsh, B.B,, Lochner, J.V. Takahashi, G. and Kragness, D.D.: Effects of
early postmortem pH and temperature on beef tenderness. Meat Sci. 5,
479 (1981)

473, AT, A5 @59 B JdA Wl nXE 22549
B3 @A) A], 30, 566 (1988)

Add, Ad2, AL, HI, ojAs: (AP ENTFE F&
o]3etd EAd mX= 4. d=x54513]R), 38, 629 (1996)

)

. Carse, W.A.! Meat quality and the accelaration of postmortem glycolysis

by electrical stimulation. J. Food Technol. 8, 163 (1973)

Bendall, J.R. : Electrical stimulation of rabbit and lamb carcasses. J. Sci
Food Agric, 27, 819 (1976)

Chrystall, B.B. and Devine, CE.: Electrical stimulation, meat tension and
glycolysis on bovine sternomandinoblaris. Meat Sci. 2, 49 (1978)

Davey, C.L. Gilbert, K.V. and Carse, W.A.: Carcass electrical stimulation
to preventing cold shortening toughness in beef. N.Z.J. Agric Res. 19,
13 (1976)

Savell, JW. Dutson, T.R., Smith, G.C. and Carpenter, Z.L.. Structural
changes in electrically stimulated beef muscle. /. Food Sci 43, 1606
(1978)

Dutson, TR, Smith, G.C. and Carpenter, ZL.. Lysosomal enzyme
distribution in electrically stimulated ovine muscle. J. Food Sci. 45, 1097

- 210 -



13.

14.

15,

16.

17.

18.

19.

20.

21

(1980)
Olson, D.G., Parrish, F.C.Jr. and Stromer, M.H.: Myofibril fragmentation
and shear resistance of three bovine muscles during postmortem storage.
J. Food Sci. 41, 1036 (1976)
ol A AsH SAF ENAY. HAESA}F (1983)

AO.AC: Official method of analysis 14th ed., Association of Official
Analytical Chemists, Washington, D.D. (1991)
Laemmli, UK.: Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature, 227, 680(1970)
Fairbanks, G., Steck, T.L. and Wallach, D.F.H.: Electrophoretic analysis of
the major polypeptides of the human erythrocyte membrane. Biochemistry
10, 2606 (1971)

SAS.: Procedure guide for personal computers. version 6 ed. SAS
Institute INC., Cary. NC. USA. (1985)
Cassens, R.G. and Newbold, R.P.: Temperature dependence of pH changes
in oxmuscle postmortem. J. Food Sci. 32, 13 (1967)

Whipple, G., Koohmaraie, M., Dikeman, M.E., Crouse, J.D., Hunt, M.C.
and Klemm, R.D.: Evaluation of attributes that affect Longissimus muscle
tendemess in Bos taurus and Bos indicus cattle. J. Anim. Sci. 68, 2716
(1990) '
Bendall, J.R.! The electrical stimulation of carcasses of meat animals. In
Deveopments in Meat Science, Vol. 1. R.A. Lawrie(ed.). Applied Science
Publishers, London.(1980)

Savell, JW. and Smith, G.C.: Electrical stimulation - Effects on meat
tenderness, muscle structure and the quality indicating characteristics of
meat. Proc. Annu. Meet. Res. Dev. Assoc. Mil. Food Packg. Syst. New
York. (1979)

Savell, J.W. Smith, G.C, Dutson, T.R. and Carpenter, ZL.. Industry
application of electrical stimulation in the United States. Proc. 26th Eur.
Meet Meat Res. Workers. Colorado Springs, 2, K-2.(1980)

- 211 -



29.

31.

32.

Riley, RR, Savell, JW. and Smith, G.C.. Storage characteristics of
wholesale and retail cuts from electrically stimulated lamb carcasses. J.
Food Sci. 45, 1101 (1980a)

Riley, RR., Savell, JW. and Smith, G.C. and Shelton, M: Quality,
appearance and tenderness of electrically stimulated lamb. J. Food Sci.
45, 119 (1980b)

Powell, V.H. Dickson, R.F., Shorthose, WR. and Jones, P.N.: Consumer
assesment of the effect of electrical stimulation on the colour and colour
stability of Semimembranosus muscles. Meat Sci. 44, 213 (1996)

Boakye, K. and Mittal, G.S.: Changes in colour of beef M. longissimus
dorsi muscle during ageing. Meat Sci. 42, 347 (1996)

Whiting, R.C. Strange, E.D. Miller, A.J., Benedict, R.C.,, Mozersky, S.M.
and Swift, C.E.: Effects of electrical stimulation on the functional
properties of lamb muscle. J. Food Sci. 46, 484 (1981)

Terell, RN., Ming, C.G., Jacobs, J.A., Smith, G.C. and Carpenter, Z.L.
Effects of chloride salts, acid phosphate and electrical stimulation on pH
and moisture loss from beef clod muscles. J. Anim Sci. 53, 658 (1981)
Terell, RN., Jacobs, J.A., Savell, JJW. and Smith, G.C.: Properties of
frankfurters made from electrically stimulated beef. J. Food Sci 47, 344.
(1982)

Culler, R.D., Parrish, F.C. Jr., Smith, G.C. and Cross, H.R.: Relationship of
myofibril fragmentation to certain chemical, physical and sensory charac-
teristics of porcine longissimus muscle. J. Food Sci. 43, 1177 (1978)
Koochmaraie, M., Babiker, A.S., Schroeder, A.L., Merkel, R.A. and Dutson,
T.R.: Acceleration of postmortem tenderization in ovine carcasses through
activation of Ca-dependent proteases. J. Food Sci. 53, 1638 (1988)
Lochner, ]J.V., Kauffman, R.G. and Marsh, B.B.: Early post-mortem
cooling rate and beef tenderness. Meat Sci. 4, 227 (1980)

Savell, JJW., McKeith, F.K. and Smith, G.C.: Reducing postmortem aging
time of beef with electricla stimulation. J. Food Sci. 46, 1771 (1981)

- 212 -



LA, &3, WFE, HAA, AAFY: AAFe] AZF F989 g
A Wty W= 9 =2 FEs x|, 25, 252 (1993)

. Parrish, F.CJr, Young, R.B., Miner, B.E. and Anderson, L.D.: Effect of
postmortem conditions on certain chemical, morphological and organoleptic
properties of bovine muscle. J. Food Sci. 38, 690 (1973)

Fields, P.A., Carpenter, ZL. and Smith, G.C. Effects of elevated
temperature conditioning on youthful and mature beef carcasses. J. Anim
Sci. 42, 72 (1976)

. Ho, C.Y., Stromer, M.H. and Robson, R.M.: Effect of electrical stimulation
on postmortem Titin, Nebulin, Desmin, and Troponin-T degradation and
ultrastructural changes in bovine logissimus muscle. J. Anim. Sci. 74,
1563 (1996)

- 213 -



A2A dese 944 452 98 AAd wY9
A9A= B

The Devolopment of Sanitary Treatment Method or

Surface-adherent Microcolony for Hygienic Distribution

in Hanwoo Beef
Abstract

Effects of commercial detergents and sanitizer on survival of surface
adherent microcolony of Listeria monocytogenes and Escherchia coli fromed
on the various cutting board such as wood, plastic and stainless steel were
investigated to improve hygienic quality of meat processing plant and retail
stores. The effect of organic acid on inactivation of the surface adherent
microcolony was also investigated. The cleaning effect of plastic and
stainless steel was better than that of wood. Log reduction of each cutting
board after treatment for 5 min. was 1.22 of wood, 2.23 of plastic and 2.86 of
stainless steel, respectively. Surface adherent microcolony of stainless steel
and plastic cutting board decrease significantly after dipping in commercial
detergent followed by commercial sanitizer for 5 min. But wood did not show
apparant decrease after the same treatment. Viable cell of each cutting board
was reduced about 1 to 2 logiecycle by dipping in 0.5% or 1% of various
organic acid such as proponic, fumaric, acetic, and lactic acid for 1 min.
Effect of organic acid treatment on stainless steel was more higher than on
plastic and wood cutting board. Propionic acid and fumaric acid were more
effctive than other organic acids in nactivvation of surface adherent
microcolony. Surface adherent microcolony of L. monocytogenes and E coli

showed similar tendency in inactivation against organic aicds.

1.4 &
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AE7HE Z1ARAS 2 B8 EWd Rz o)A E(attached cell) & 38
A AKAd F3HQ MEEY WAl Z3tch(Frank & Koffi, 1990). 4% 2] 1]
AE 29L& EY B, IVIZ2HEH dA8Y 24, 4F9 AF 2 NEEAF
7HE71A ®9, AHgelA REH eddEd. B3 AER HFEss A YAL
AEAA YoM wie- T asojrt W HAlo] Lol FLL AA
oz} t2n Aoz xd#2o YAXYst EeAgoly YR uE &
olsth.(Mossel's 1966, Ruosch, 1981) °ol& EWO AHHo] BEZFEsFAY &
LY PAEL EUE 294 7 A7) dEoltt, EWd FAE ngEL
AA3 st 10/cm’3 =9 microcolony® HA A SW EWS ol biofilm
< J4Ft o2& biofilme AA e antibacterial agentol] 73 WAdo] o
HEFAAATH SN B FAHE #2428 + Arklee and Frank, 1992,
Lechevallierr and Lee, 1988). 272% &89 A 8L vAlEo] gloy x4
HAT LEL Y 5 = AAo o 29 29 gRFAHN U
€ T F2 o]Fo An 53 =M, guh A, J1F, aea AZHAY Fo
1719 HFo osjA o] oA h(Dicksen and Anderson, 1992, Madden. 1994,
Selgas & 1993). &9¢%& ¥ & A= 2 dFL AAF £79 vEALL
o2 A3HE AYETE FH 4= k. MK o¥L AN gAs} B
FErE I/ 4F A dANA ASHE 7Y AHSNES) ZYFo]
M E SUldt @988 AFSe AU EAE AAS 2% o999
A¥E dvf. VA% AAAAFT 29e ALY AdHgue AYRYF 2
d4 AU, Z, o]FHEF AN LL FYPL A FE AFot} B
Fe d¢% A AYET 29E ZAY §9%9 AR FAF: FYPAA o
2 FH nAE 29S HAsE] A3 BAE 23 dA AT

2. Az 2 #y
. AgEF

Adherent-microcolony A&+  Listeria monocytogenes  ScottA 9}
Escherichia coli ATCC 1144& A}8-3%27 Trypticase soy agar(TSA,
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Difoc)ell HF 2443 WG F 4T BN AHE-3AH.

. Adherent-microcolony 9] =]

Adherent-microcolony= Lee and Frank(1991) W& $&3d &9 {55
Al BU9 QI AHSHE 2d# 2(stainless steel), Y F(wood), Eet2¥
(polypropylene)& 5 x 5cm A7|2 AYstd 2" 29 ¥ &= 121T 1583,
Ao ¢ ZetA¥Y L 5% Extran MA 03(phosphate free, Merck Ltd) £l
4N JAF AFZHRFE AAF T 2443 54 A AN A BT A
o}, dFAdel¥ el =Z4E  Tryptic soy brotho] Ho] 24412t wi¥$  Listeria
monocytogenes ScottA$} Escherichia coli ATCC 117758 HZF3d o 21TAA
24zt wik¥E B phosphate buffer2 AA F A2 wiAo] FA 2¢3¢ v
B ougoz F 84t wigsd Az A

o ZAdd 99 FHol W MAA E A5A MEHY

¥ A Listeria monocytogenes ScottA $} Escherichia coli ATCC 117759
adherent-microcolony”t 34 ¥ 5§, &Ee}2E, stainless steel £22}E HF
phosphate buffer2 A3 § AZZAHAAHY AHERAl &3t 2+ 0.15%%
0.35%2 3|4 A1 A% A A (anionic detergent)$t ¥ 4% A (sanitizer)o] @5

= BEAE2 742 583 JAAAA dz7¢ vzstd.

g Ao 299 YJAA 9 F714 AHE 53

Adheremt-microcolonyol] Wi¥ #7]4F A A#}= wood, plastic, stainless
steel ZH(5X5cm)2 1.5% acetic acid, lactic acid, propionic acid, fumaric acid
FAo] 302 602E< 4 HAANN F BF FHTE AHRA 4719 22
Hyoz gW nAESFY WEE ASHAY.

ul. Alg A} v AT HA

D AESAHAE 98 A5 AHE swab method(Kotula, 1966)2 A5
o, WA 2 cm? stainless ringS ©]83t49 calcium alginate swabo2 dAFA
A(3.14 cm)e A, FFHeZ Hdste] 01 % peptone HAdol Yol HH
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8l43 ¥ pour plate method (APHA, 1992)2 AA wix o] HF o AFTES
ZA3%AY. 4 &4 vAEd wIzAT AHSuAE table 1 A B s}
2.

Table 1. Media and conditons of incubation

Type of count Medium Temp Time Reference
Total count Plate count agar (Difco) 32C 24 h
. . (Olson, 1963)
Gram negative  CVT agar 32T 24 h .
. . . (Richardson,
Coliform Violet red bile agar 37T 24 h 1985)

* CVT : Plate count agar with crystal violet tetrazolium

( colonies with the violet color on the medium were count)

3.d% 2 3

7} Zidl W] AA € adherent microcolonyoll @ Al Aet A% A 9

el &%

FE5 AgAAold dnt AKX KA AAF AR A3 HF
st Aol EUHE wHEALS I BEF3ET Ao A3y AHF9] 24 Ho)
o FAdd AAZ AHEHE UF, Eet2H, stainless steeldl L monocyto-
genes 9} E. coli®] adherent microcolony® HAAIA ol thd A|@AA|9} &
A4 AHYAEAE AESFACD. ABAAE AHEHo wel A=x38o]  adherent
microcolony”’} 84 ¥ U5, Eel2¥, stainless steel: A4l & fo] 1, 3, 5%
AA A F oL ¥slE #FF d3 (Table. 1) AJd AAo] plastic
o]} stainless steeldl A% woodit} Mg Xagdrt Fhon 58 ¥
wood?] ¢ log reduction® 1.22, plastic 2.23, stainless steelo] 2.86-8 el
Ad. Woode th3Aolnz Zet2gd) ulstd AFHol v LHEA AA7 o
% (Hudson & Hay, 1989) M A &37} ZelA€gol} AdyAayc doy B
S}t E coli9) adherent micorocolony7t A4 € plastic®) 7§ AlAlod) o3
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AMYEAE TR} stainless steeld) Z$ 22 5342 dF & 5+ AN
. AR AAd) SEFS AAEZ YT, Fe2¥, stainless steel EHY YA
adherent microcolony®] 3% AA &AAE FFF & A A1} AA A}
& o MAE AHEE B9 FX7F @ol adherent microcolonyd A3 &3}
T ZId37] 8¢ Aoz AdHAY. 24254 ANzt 2Add g 23
© L monocytogenes &t E.coli®] AEC| vlal= A+ Table 2.914 B v}
o Ao, d4 AEAY ANEYAHdE Nl Ao we AdERE F
7t8t Q2™ anionic detergent XM 2l&E 3 B HA F3dF FALEHE YEY
. L monocytogenes®] 7% 5% X el¥F log reduction® wood, 332 plastic
440, stainless steel 515% YEIU©o] stainless steeld]l W& A=& 37 714
FH3AY. E coli®) 3% wood 1.98, plastic 6.18, stainless steel 4508 }Ee}
o] plasticol W A2F5&5H47} & rydgid® YERIUTE. Mosteller and
Bishop(1993) & surface-adherent cell®] 747 =(log reduction)e] ¢ 30 =
d ARAA 4aZolgtn AU} olE VTR T 9 AR 9L LEAE
AHgRi o wel 7bE ZAIEHe| A}8¥ 739 adherent-microcolonyoll W@ &
A4 ApdERE ZId¥ F AL Aoz AIHAT. Anionic detergent 9
hypochlorite & 9 2] L monocytogenes®t E. coli® Fgddl &9 n|A o) st
E¥Ae] adE ZES Z3A(Table 3.) L monocytogenes & 3% cutting
boarde] A|A o] plastic?} stainless steeel®] ¢ AAY A=ae] BFgxgz
2 Ae 79 log reduction & 2tk ¢F 59, 605 Yello] SR AFs9
£WYE Y UG E colidl FAME o9 AR FFE e
Cutting board®] Aol U5 S AAYg diaE54 BgAdE BTF59
FRY 4P FFY 5 ANen AY L A5F gdd 107/em’HE T
EaAdd. $7E Z9 =% T2YUEY A X FHH $FB A
e TAEFE UTFEU FAHE 589 vARSFRY 84 831 UEHA
A9 EHEL ETd2¥d vd Y AdAE A7) wWE(Worfel 5,
1995) ol&9 MHG A&t 2ESHA GFolA H$ A2ge Yo €
F A Aoz BT}

. 2 EHe)l AA Y adherent microcolonyol ti¥ §7)4F g &3
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At oz AHdLAL FPFAME dFALe) BdF AJd FH A
B} AFA]o] o] FoXn. Aol AFAHH Ko FFo2 AP FAHL oY
o] AlZs o] Fgjo] APHE T4 2L FAHHO FA HFo) g AMKe
LEAEE F718HA € AQd ¥9S AYFH T ¥ wAESFE
2A18 F Je AT A dcte] dPEdw AHK 2d& =Y 7 ¢
o AAdsT HEY A §9 Fold 9IS v)AA %3 APdd EH F
A A5AEY ARE AdE F JT WA ZAIA AYg FAHA FE HFo)4
M2l a%E AEY ZFHA= Table 49MEE o} 2o} Biofim& A
U5, stainless steel, plastic Z2Z}% proponic, fumaric, acetic lactic acid 0.5%
Sl 183 F43ATE & Ad5e A3E A A wood? 73S #7214
o} FH BAQC] 1 logw cycleeldte] #HAFEHAE et on plastice] 7
§ fumaric acid$} acetic acid M@ &Z#7} thh E=%o} 1.8 logo cycle I E
Badte AFE YeUl A Stainless steel®] 73 WUF 4 plasticoll B8 /7]
A APEAN} 2%em 9} 2-3 logo cycle AE FAFAG. AHE {14 F
propionic acid®} Fumaric acid®] &37F £& 232 Jelddg #7144 5%
g 10%E F7HAA Y¥, stainless steel, plastic ¥Hol #HAE adherent-
microcolonyE #7]4te] AA|§ Fo WalE A Zi} table 544 e v
o Zd. AME §714F fumaric acid®] M2 At 7 Ftew HEdF E
coli adherent microcolony9] log reduction® wood 4.43 logicycle, plastic 2.73
logiocycle, stainless steel 6.46 logicycleo] Utt. L. monocytogenes®) adherent
microcolony® E. coli®t A& ZF-& Jeb AT, Lactic acid2 M3 2-$-
ZAdd ¥ M- FH FAIGlel L monocytogenes adherent microcolony
& 1-2 logicycle, E. coli adherent microcolomy® 7% stainless steel 2.8
logicycle, wood$} plastic hH = 0.2-0.3 logcycle & ZA2EHAE JYetudidd.
Propionic acid ¢ acetic acid A& ol%}t FAHE ZEE YU, A4S
Agste APl FHL F2 UF Y ZFeg28e Agsn lon ALgNxs)
Mg E 7 F A4F 274 98 X ZEA Fol A7A 4 47]4)
AFY AAZIZE 7oAl HA o5 &AF AMAE ul$- ANYAM AAR 4
EZR580] WojX1 uAEY JYE FTFY 9EE o FrloF F 29U
gt (Worfel, 1995) Zdl 9] U4Fd AL g3 Aojojy +&& A &
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F3te §Aol Aok Edol &L FFaA HY njAEed 2dx goldfiAn
294E tABEY AAX oI (Welker T, 1997) F¥oly 2vlde 2]
di2 AlFo] Lol E2¥YE FF}R Jdh.(Lapping & Connor, 1991) &
A3 Z3 AA9 EHo AMAE adherent microcolonys YF XY plasticd}
stainless steelE¥ o] AAZL A Hot AAAHQA ALs Lol Aoz AdH
U EgAge B9 wtE Algoz FAC ZAIZT FAH A AMFHe UF
B o oglg d@ie] Ut 2ex AIAY AHEE A9 TS A4
nsodor ek HI UFeo FiHA et FEIEAs dde BnrHAk,
1994) 2ESH R o] UF Adde AHHY Lo JAF o]fo A + J9H
ZtRolu Aviel A GHsA AHEE £ A AZddd. 2y Ad%
AT A AEHE FPd ABAHQA AHEH FEE AHME AYA EW
o AAde A8 A ¢ Feld TFd A7 B FAHoln FHHAA A
g sjojof & Ao,
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Table 1. Effect of dipping time on survival of surface-adherented L

monocytogenes and E. coli in anionic detergent soln(0.15%).

(log No.CFU/cm?
Cugh};lg)e lggard ’I‘ime)(min Listeria monocytogenes Escherichia coli

0 7.30+0,09° 736+0.17

. emme s

Wood 3 6.20+0.19 6.40+0.44
(1.10) (0.96)

. 6.08+0.19 632+0.15
(1.22) (1.00)

0 479005 6.56+0.00

. 462%0.10 461+0.19
Plai ©0.17) (1.95)

astic 3 355+0.16 381+0.23
(1.24) 275)

5 256021 365+0.1
(2.23) (2.91)

0 554020 374+0.16

oy

Stainless steel 3 450017 3.49+ 0,09
(1.04) (0.25)

; 2,68+0.24 3.15+0.27
(2.86) (0.29)

? : Mean standard deviation (n=3)
( ) : log reduction
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Table 2. Effect of

survival of surface-adherent L. monocytogenes and E. coli

dipping time in hyphochlorite soln.(0.3%) on

on various cutting board

(log.No.CFU/cm?)
Type b%grc(jum '(I;nul?s Listeria monocytogenes Escherichia coli
0 8.23+(.34° 829%0.28
T x
Wood ) )
© 3 6.02+0.12 7.45+0.44
(2.26) (0.84)
5 5.06+0.25 6.31+0.59
(3.32) (1.98)
0 8.35*+0.24 752%0.11
1 550%0.19 4.66*0.58
Plasti (2.85) (2.86)
astie 3 427+0.04 3414029
(4.08) 4.11)
5 3.95+0.11 1.34+0.15
(4.40) (6.18)
0 7.27+0.31 6.51%0.17
1 423%0.10 427026
Stainless steel (3.04) (224)
3 3.32+0.31 3.67%x0.10
(3.95) (2.84)
5 2.12%£0.22 2.01x0.27
(5.15) (4.50)

? : Mean standard deviation (n=3)

(

)

: log reduction
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Table 3. Effect of dipping time on survival of surface-adherent Listeria
monocytogenes and E. coli on various cutting board.
(log No. CFU/cm?)

Type of cutting

board Listeria monocytogenes Escherichia coli
I 5.90+0.06° 550%0.29
I 468%0.24 485%+0.11
Wood (1.22) 0.65)
M 352%0.21 352*0.41
(2.38) (1.98)
I 6.02+0.16 571+0.23
: 2.86*+1.41 2.98+0.09
Plastic I (3.16) (2.73)
I <1 <1
I 6.03+0.13 554*+0.35
Stainless steel I 2.82+0.29 250*0.1
(3.21) (3.04)
11 <1 <1

® : Mean standard deviation (n=3)

() ! log reduction

I : control, II : dipping in anionic detergent aoin. for 5 min, III :dipping in
hypochlorite soln. for 5 min after dipping in anion detergent for 5 min
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Table 4. Effect of dipping in various organic acids{0.5%) for 1 min.

on survival of surface—adherent L. monocytogenes and E. coli

on various cutting board.

(log No. CFU/cm?)

Control  Propionic  Fumaric Acetic Lactic

Wood 653+020° SEEOI4 5724033 69019 6154019

A Plastic 6.20%0.30 5~2(%§%23 4-3(21}%)531 4“1(1128536 5.29(%}2'8506
Stainless 6.10=017 3387027 321036 431026 3842012
wou Tissuis S SRS OGO O

B e ssom SR RIS TR SRS
suies 622055 VLB B0 4908 434340

A E. coli B : L. monocytogenes
2 : Mean standard deviation (n=3)
( ) : log reduction
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4. 8 ¢

ZAAdd AAZ AL = U, ZeAH, stainless steeldl L. monocytogenes
8} E. coli®] adherent microcolony& BZAIA ol g A|BA A L4 A
JEAE AEY AYd AAo] plastic )Y stainless steeldd F-F wood
g AAe a7 Fden 5% HeFE woodd 7§ L monocytogenes
9] log reduction& 1.22, plastic 2.23, stainless steelo] 2.862 YetfUct 73 $-
cutting board®] AjAo] plastic# stainless steeel?] 3% MA% A2ZA9 B}
A2 z+ AT log reduction & 4zt oF 59, 6.08 YEhio] FRE A
9] A2 L FAY £ UG E colidl ANME ol FARYF HAFE o
ettt Cutting board®] AFo] U4FY A9 MM dL4L5A Sg§Aed
E AEFY T A2dLL FEFY 5 Ao Ay ¢ AS5F g9
10%ecm’3= #&sgch. Biofimg 34A17) U, stainless steel, plastic 22
¢ proponic, fumaric, acetic lactic acid 05% &4 1¥3F 24X F F wood
o] AS H714k FF #AGC] 1 logo cycleclde] #HAaAE YEHUUL
¥ plastic®] 739 fumaric acid®} acetic acid A& &AA/ i F}oy 18
logio cycle 3% ZAaste 33 Yehdfdd. Stainless steel® 3¢ Wiy
plasticoll ®l&] F714F M2 ERF ko™ & 2-3 logw cycle BE FAFA
t} AL& #7114 % propionic acid® Fumaric acid®) %7} ¥& ZF%E& Y
W ow, L monocytogenes® E. coliNA A 7332 eyl

”
M
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A 33 A% 75AZT AR EAES A A
AFAs A 34

Screening of Natural Antioxidants for Prevention of

Lipid Oxidation During Distribution of fresh Meat

Abstract

This study was carried out to investigate the effects of plant extracts on
lipid oxidation and free radical reaction in iron sources reacted with active
oxygen species. The results were summarized as follow; The effects of plant
extracts reacted with Fe*ion and hydroxyl radical on lipid oxidation in oil
emulsion were tended to be high in pinus densiflora(PD), sasamorpha
purpurascens Nakai(SN), capsicum annuum(CA), diospyros kaki(DK) and
perilla frutescens(PF) in order. At the same time, PF among plant extracts
were tended to be showed a little catalytic effects. Active oxygen
scarvenging ability of plant extracts didn’t show, but plant extracts played
role as a strong chelating agents to bind iron if Fe® ion exist in oil
emulsion. Especially, pinus densiflora(PD), lithospermum erythrorhizon(LE)
and PD+LE were acted as a strong chelating agents to bind iron to reduce
lipid oxidation in oil emulsion. The content of Fe®* ion in ethanol extracts
from LE and PD+LE were higher than that of ethano! extracts from PD
amounts. And also, the content of total iron was the same tendancy. The
content of ascorbic acid of PD(16.36 ppm) was a little higher than that of
LE(13.08 ppm). Electron donating ability of PD was more higher than those
of LE. But, the superoxide(SOD)-like activity of LE was showed optical
density(O.D), compared to other LE and PD+LE, which means the most
strong antioxidant reaction. The nitrite scarvenging effects were tended to be
different, depending on pH value, however they were decreased overall as pH
value was increased. Especially, they almost didn’t show the nitrite
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scarvenging effect in pH 6.0. In conculsion, the PD and LE extracts will use

as natural antioxidant sources to reduce lipid oxidation in raw meat.

1.A &

AF9 73 2 ARG Foll dojues AHAY Aste A F lojA d¥7He
Ast 5 FAAS} 8 Bt opz} sl s MAPHE AF A3 AHEL
olu} 312 dozidsu & Utk E3, free radicald A3 £ DNA,
RNA, @A, AA T3 w3stad ATy z2o] &8 F33ns QA ol
58 FANA A6 ddge NAvgn @ o|g ¥Ads] dH £
A =& AQ F44s8t Edo] AEH gou, O A AAY R GAA
2o dAZ Bo] AMEH T de AL {4 F43AZA4 BHA, BHT, EDTA
So] glon, A FAsAZME tocopherol Fol Aoy, RS HEAY 7|E
de FasEHs $1? 7170 dws nskd Rel AAolth 2, ENF
ArstA = 7t8ld), Zv4 F microsomal enzyme activity?] 7} MW FFEA Y
AR EHE L gy BAsFUE AFARYO we} AQo=RH A
kg 2 radicald) ¥HEAE AAY £ de FASEAS FE QUL Sy
olgolxm Y ¥ dREe FFgHn k. a2, FAY APAselM &
F Axe] o= AsgAA} RE FHY FAFA ZL AshEA AAE e
WA Eaxo] 54 Edo] AN Aguty & radical ¥HS Awke] A
WSS AdASAE Eactn B, §4444LS FHY radical source
agx, ¥g7)1Fd me $EAS AAT & de s EAY AL U8
dotn Alsdd. =23, S50 dAHoz AAR Je A& HEde
vitamin, minerals, polyphenol# T AZ# Ao F23% JFEA diAMIEC] T7
go] Aom?® ol Al AEo] wetd x5F dudce 7Y AP R
2 sol A wmetd, Y dANEL OF FHRn Ye EWpinus
densiflora), W45 (sasamorpha purpurascens Nakai), S (perilla frutescens),
23 Y(aapsicum annuum), % <A(cudrania tricuspidata), 7S (diospyros kalki)
g Az (lithosoermum erythrorhizon)®) A4 $%%E9) free radical W33}
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Hol-)s

d3t AAITAE Frtgo 2N AF9 71T A=A B oklE, ¢
AdgastazA AAdK9] AstE dASGs dAdNYAAAR ARGt

a1z ¥ 4de Fisud

@ 2

2. Az 93y

v AL 9

AYo] ALY A% EFAeFo)l:, Trichloroacetic acid(TCA), Griess
reagent(sulfanilic acid, naphthylamine)% < Sigma chemical Co.(St. Louis, MO)
A FYstg s, 2-thiobarbituric acid(TBA)E Eastern Organic Chemicals
(Roochester, NY)ol A F43 At

U HEA =E

&9, dUTY, EAY, 259, ¥, F9e A7 0¢ FE F FTFF 100ml
Z b8t 85TCoA 3hr T 238|WHE F%& 313, Whatman #1202 33 & ¥
8] HF S0ml2 BEsto] AR, Agast gAso] dAd £97 =
Z B 5g2 ethanol 150mlol AEAIA 60CAHAM 1At FFF254 ANg2
A8t

t}. Oil emulsion |3

Oil emulsion® Ab&3t71d o] vHE 31 maleic acid buffer(8ml, 0.1M) pH 652
BAT g 50 Tween-20, 05ml AE9 ololAdFHE Y 1587 avg ¥
KOH 2~3x7} ¥51 mwteieiA 0.IN KCIZ pH 653 A= AME3 .

2, AlB x4

Alg ZAE oil emulsion 0.5mio] 4AFAF{40mM Hz0; Potassium superoxide
(KO2), 40mM H:02+50ppm Fe*'( - OH)} 0.lmlE 7}3t2, 50ppm Fe*, Fe*'& 2z
Z 01 mist 4F FAaAsA, HEANFEEFR 242 0.1ml8 F7He AA 1mlvt
HEE FHFT2 2R3 445 A A
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vl. Thiobarbituric acid reactive substances(TBARS)® 4

Thiobarbituric acid reactive substances(TBARS)E Buege 59 Ve u}
2t AU Iml ¥E-g EFEo] Y2 AFH-E 37C water batholl A 1413
¢ A ¥hgo] EuA wkAl 504t dibutylhydroxytoluene(BHT) 7.2%
< Agd 73t Asukgg FAANZAGYG UNFEFES F He g 2ml
TCA/TBA A% 713t oAl EF F BEEAA 1583 719429, 714
T ZAEAA A F 2000Xgd $E2 1587 QARIAAY. A59e F3F
Z(HITACHI UV-200D) 53lnmolA &35 FAEE Agdgild FH5E
7betd & Yoz ZAYrt TBARS#HE ml wHSEFEo dAA ug
malondialdehyde(MDA) 2 E A 5t o},

4}, Nonheme iron(¥] 3 3)34

Ferrozine iron £4%44"7¢ o3t £33t 2334} Total iron ¥4& 4
A ImlA &S AR, 7] 2% ascorbic acid (w/v) 0.1mlE 7t8to &
Fe o5 42(220)A 523 A w8 F 11.3% TCA(wW/v) Imli&
7Htn HE o WS ES 3000xgolA 158 dAEINADL 459 2mlg
Alg @l £712 0.8ml9] 10% ammonium acetate®} 0.2mi2] ferrozine color reagent
(75mg ferrozine® 75mg neocuproine® HCl &8 718t 8 = A)
& 718ty Heth 283, AEE 3000xgolA 1582 AN oS 3
AN 58 F 562nmolH FFEE Z43A} Ferrous iron(Fe®)EME
2 0.lml Ascorbate Wi4le] 0.lml TCAE 713k F 999 whys} o] 35
t}.

A}, Ascorbic acid 3

Sikic ¢ W] ule} chelex-1022 HAF ZF4 3WE AR 7ta
5 FAs 108 F¢ 10,000xgol A A& AAY 45 05mlE H&A
5% TCA 2mi2 9HFA & F AN tha], 4TAA 108 F 15000x gl
AAEGAAY. 45 05miE a4 85% orthophosphoric acid 0.05ml, 8%
a,a’'-dipyridyl 0.05ml, 3% aqueous ferric chloride 0.05ml-& 7}gt}. 122 5
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¢t ferrous dipyridyl chromophore EZo] AAHTE A2 HAY ¥F 525nm
AAx FJ=E SA3AH.

ol AAFTAT &3

AAFA5 e Blois'e uye W =Hsgct Z A& 2mle] 2x10°M
DPPH 1.0ml¥X vortex®@ ¥ 308 &< WA th& spectrophotometer 517nm
AH FFEE 23R AAITASL 10-[(A8H7/HF F3=/FH7+9
£35)x10012 JehiAd.

2}, SOD AR &3

SOD #AMZAE2R =4& Markiund®t Marklund™9] widl wel 2 A8
02mldl tris-HCl buffer(50mM tris+10mM EDTA, pH 85) 3.0ml$} 7.2X10°M
pyrogallol 02mlE 7}8t3 25THA 1083 ¥wx ¥+ 10N HCl 1.0ml2 9&&
AAAZ F 420nmolM FIREE 54 U

ap, ofAAY AL £F

Kato™” 59 wge2 ImM NaNO:& % 2mlol & A& Imlg 7t33, 0.IN
HCI(pH 1.2), 02M FA4t&Z&d(pH 3.0, pH 60)22 2z} pH 1.2, 30, 6022
BRAE oS ug 4o 29 E I0ml2 ATt o] §4E& 37TAA 143 ¥
AN F 2z vrgd ImlE Ha 2% 244 Y 2mish 30% 4§ Hoz LA
Griess reagent(1% sulfanilic acid : 1% naphthylamine = 1 : 1) 0.4ml& 7}%
% vortexdte] A2dA 158 WA £ 520nmelA FFEE FAAUA d=x
TE Griess reagent W4l FHFE 75t SAdAL, olAAdY £AZES
ANBHFY FHIMTF) HES(R)E HEHHUT

Bl SAEHY

Ztzbe] Ago] s FFEEFLAZ YerWgow, Z Fo g F9at A
Z2e BAERNEL & F ¢=005 £ Duncan’s multiple testoll w2} #2413
At



3.4d3%4 R 1%

7t HEAE #2259 Adads AAEH

Fig. 1& @45 22219 Fe'ol 9@ xwAst JEE TBARS (2-thio-
barbituric acid reactive substances)® YWEIWHA 1, hydroxyl radical® ¥ 3 A7}
T HEA F2ES ZY) A3 FFE dF FEEF AN A3 B4
e A &9, duTY, 1349, ¥Y 282 #FYL iron binding )
T892 hydroxyl radical £3538 & g= Aoz ey a2y, $7)
212 ethanol F%| 2% hydroxl radical scarvenging’s®-< H7t¢ 23 o
532 E3%+= 28 hydroxl radical scarvenging’s 3o} YebcH(P<0.05). &, o
ZFo A+ 0894 MDA ppmE HERAR, £UYFFE4AME 0650 MDA ppm,
A2FZEZAAME 0632 MDA ppm 281, 93 AxFSHIgEqdAE 0630
MDA ppm& YEehfo] T Hl&] £UFEFANME 271.3%, A2FEENA
T 203% 283 €97 A2 EREAME 295%9] EITE JEMAUT. oA
& dFFEEYE {7180 FEE9] free radical £ E A0 ¢ Wo] EAF
ge AL AALstER T,

1. Iron sources$t Rt&% A EAH FEFEE9 cheleating &3

Kanner 5”& free ionic irono] $AEdAN APAsE doy= FLEuA
g s9e9, Ahn $9E FANZ KA APAEE ZHAAIE irone A E
iron°o] o}yz} free ionic ironolgt B 1 st o]y KA FoA ¥rt oy
2 oil emulsion AEINE Fig.l, 200149 2ol Fe* ion ¥77#E 426 MDA
ppm< YERN O] Zg A HAst FAR2E-E et e, old AEN F&E
E3 whgAR 43 £9 1.09 MDA ppm, A3 212 MDA ppm, 2832 &9
22 EFE 1.78 MDA ppme YHEIU Y] irond bindingAl 7] 530l AE AL
2 YeEhgohi(P<0.05). o8 g FEESY A8 EFAA ¥ L = irondFH 3
AstAl HEE &= ascorbic acid $F & AT BA £U9 total iron¥FS
044 ppm, AxE 1.28ppm, 183, €434 AZXEFELS 1.27ppmd WY,
vitamin C& %<& &9%0°] 1637 ppm, Atx7} 13.06 ppm 281, €J3 A2 EF
E°] 1974 ppmE JEtHo] AxEYE £YFEEY Fi48 g3t 4G F



2242 NAEY

. AAFTAS

B4%4L FAME HE 2 AR (Fig. 6)& 7HAY, AAUdA Ay
3 x3E JdozitE gz AAFELE HORg EYsa £AAE ¥y
I gdzd AARE T A A= W] UG o] FHY F FaA9
FEA HAFTAHS LS AAAASY QNG FAHE A B free
radicald]l AAE FA3toq 41stE AN 7= A =7 @) wepA, ol 7E:
d & MAFATE FAT A £AFEEC] 664T%2 L2 AANFAEL
eI A 2 H(P<0.05), AARFEEL 267%E ¢ e AAFTFAS L JEHIY
. a8y, €93 A2EFEL 4889% 8 el £UFEFd T HAAF
% AF7t FAGAL. ol ARE F Fol Bn'%F 70% acetoneo T F
=8 &3] 826%, £FEE°] 458%9 HATAF A4S UYegd dRug o
A& 2 FXE e oy Aty oz £99 g3 3.

2t. SOD FAlg4 &4

A&7 Eo] H7AA 438 LAA F A WA AHEQ superoxide( - 02)9)
As A 2H8& golr 7] Yl Fig. 82 superoxided} ¥Hgdte ZHEEAL U
T pyrogallol AFAstgo] AAZ A 420nm FFE FX7t £ 055, A=
7} 030 282, £} A2EFE] 0425 Jeldo] £Yx¥= 2327} pyrogallol
9 2AFAEE WA {7 I SFIFAHP<0.05). WEA, SOD FAHE
HAEALE 99 98 A2/t 58 superoxide £S5 E 7hA Aoz Algd

o

of, obAYY £AZE

QAN 27, 37 olAFo st wke) AFAAY opANGL A2F
% ZAF Sol ®ol FFHol A;, ol R 2,000ppm7tA HEHGL B3
go] Jo?. olai @ opAMGS) AAREE % $9% o] pHY el uhe
aA%so e Aoz yehgon, pH 1244 £943 2zt 42 97.95%,
3353%9] otAMY £A%E HeUAed AzxE £90] Zd opAMY &
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Ase YEIY. 2, pHAt 3748 £ £ ohAAYG aA%Ee 2
Aol on], pHEOAME 22(208%)& AdHnE A opa4rd
JERRA eskeh

off S
rlr

P
I
to

CON PD SN PF CA CcT DK
Plants extracts

OFe2+ B _.OH

Fig. 1. Effect of plant extracts reacted with Fe*
ion and hydroxyl radical on lipid oxida-
tion in oil emulsion
CON : Control
PD . Pinus Densiflora
SN : Sasamorpha purpurascens Nakai
PF . Perilla Frutescens
CA . Capsicum Annuum
CT . Cudrania Tricuspidata
DK . Diospyros Kaki

b
c
d
PD LE

PD+LE

CON

Pilant extracts

Fig. 2. Effect of plant extracts reacted with Fe*
ion on lipid oxidation in oil emulsion

CON : Control
PD . Pinus Densiflora
LE . Lithospermum Erythrorhizon
PD+LE : Pinus Densiflora + Lithospermum Ervthrorhizon
*%; Means in the same column bearing different superscripts are different(P<0.05).
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| | l
PD LE PDHE

Plant extracts

CON

Fig. 3. Effect of plant extracts reacted with hydroxyl

ppm of ascorbic acid/ml reactio

mixture

25

20

radical( - OH) on lipid oxidation in oil em—
ulsion
Symbols are the same as in Fig. 2

%b: Means in the same column bearing different
superscripts are different(P<0.05).

b
- I c
PD . LE

Plant extracts

I

PDHE

Fig. 4. The content of ascorbic acid in ethanol

extracts from plants

PD : Pinus Densiflora
LE  : Lithospermum Erythrorhizon
PD+LE : pinyus Densiflora + Lithospermum Erythrorhizon

8¢ Means in the same column bearing different
superscripts are different(P<0.05).
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a

a

0.0
PD LE PDHE

Plant extracts
OFe2+ W Total

Fig. 5. The content of Fe” and total iron in
ethanol extracts from plants
Symbols are the same as in Fig. 4

#¢. Means in the same column bearing different

superscripts are different(P<0.05).

100

Electron donating ability(%

PD LE PDHE
Plant extracts

Fig. 6. Electron donating ability of ethanol extracts
from plants
Symbols are the same as in Fig. 4

3¢ Means in the same column bearing different

superscripts are different(P<0.05).
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100 | 8
80 |
60 |

40 | d

Nitrite scavenging abllity(%

20

1.2 3.0 6.0
Plant extracts
[opp BLE mPDHE]

Fig. 7. Nitrite scavenging effects of ethanol extracts
from plants
Symbols are the same as in Fig. 4

#%: Means in the same column bearing different
superscripts are different(P<0.05).

| a
b
| l
PD LE

PDHE

o o o
FS -] [--]

Autoxidation of pyrogallol{420nm’
©
N

o
o

Plant extracts

Fig. 8. Autoxidation of pyrogallol in ethanol extracts
from plants
Symbols are the same as in Fig. 4

¢ Means in the same column bearing differen
superscripts are different(P<0.05).
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4. 2 %

A5 FE8AR T APAAs FAE A AQAFASAE AT g
g £2QA9! irond bindingAl 7)1 ¥ & A 4ars 8L Pl
ek 2 FAA 7158 EAR "ol ALHI e HEA FEEE AHESY
iron binding A#& HEHV=d £U4F% % 714 Fe¥ion binding T 77}
AN, dUF 328, 13U FEE, 2Y 5589 £o2 Yy o
2, o] ¥ FEEES L activity oxygen £3 532 gl Aoz v, A
WAtsle] FAHAHQA HEE = hydroxyl radical scarvenging 53& #71317]
9189  oil emulsion’ el A Fe®ion binding’s @3} hydroxyl radical scarve-
ngings ¥ & FEHFAG. o|AH} 3 NEA F28 F £UdFEER A2 F
£ E9] iron binding 3 ¥ o}t hydroxyl radical scarvengings®e] $-F
A ol FEEES APAst FFAAQ iron@FS EAF di &9
Bohe AHx7F FePion ¥ total iron @30l Eith e, AWAtss BA g
F = vitamin C FFE FAHYT AAdx £9 F%£E(1636ppm)o]l A=
(13.08ppm) BT Eol #itsto] 43 FEE2 A1 & UG =7, o
g FEEE ddHor a3 $HE Frtehr] Hstd dAAFAE, opAAY
T&ls 2 SOD(superoxide dismutase)fFAIE A EA S AESFHUC AxFAE5L
Azpoe €90 $4HAR, £AH} A2E EFAN AYFE X @ER
e =€ AAFTATS YA £, olA4Y EdTE €Yol AxEc)
pH 1.2 ¢ pH 309X 9435% 2% & Uetuo] 7154 AE=R o848 + A&
< Yede] F1 k. 22y, pyrogallol®) 2HEAHEE Bl F & QU=
Aol ttd SODRAIZAEAo] o= Fx FHHo dvxn Fristes Py
Ed2 SODTAIEA S Hrtst Za Azx71 £920 pyrogallol AH54H31E W
At ZA7E AAFHUY. ol e ofd Ao AxxE FL& F4s A
BE AH8E F ASE AL

(R

%

(2

3
2.
=

o
o
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A 44 AVNAFTALY AAGASA 9 SHAAE}
doFo AFAdo) viA= a3
Effect of Natural Antioxidants and Electrical Stimul-

ation on the Storage of Hanwoo Beef

Abstract

The effects of plant extracts(Pinus Densiflora, Lithospermum Erythrorhizon)
and electrical stimulation on lipid peroxidation and meat color were
determined in Hanwoo beef during vacuum packaging storage at 0C for 90
days. The electrical stimulated(ES) meat treated without plant extracts
showed a similar tendancy until 60 days, compared with the non electrical
stimulated(NES) on the base of TBARS value. But, TBARS value of ES
meat was tended to be higher than those of NES meat at 70 days of
storage. The content of total iron and Fe® ion were tended to be a little
increased, irrespective of treatment of plant extracts and ES. However, there
were a little different in the amount of total iron and Fe®' ion between meat
treated with plant extracts and meat treated without plant extracts during
vacuum packaging storage at 0TC(P<0.05). The plant extracts from Pinus
Densiflora(PD) and Lithospermum Erythrorhizon(LE) were effective to retard
pyrogallol autoxidation of meat, compared to meat treated without plant
extracts. The content of heme pigment gradually tended to be increased
during vacuum packaging storage at 0C for 90 days, but L value(Lightness)
of between meat treated with plant extracts and meat treated without plant
extracts were not different during vacuum packaging storage at 0C for 90
days. The a value(Redness) of meat treated with plant extracts also had the
same tendancy as a readness value of meat treated without plant extracts.
However, ES meat color was kept more bright red than NES meat color in

view of sensory evaluation, but the color and flavour of ES meat treated
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with plant extracts were not improved, compared to those of ES meat
treated without plant extracts.

HZ A& F3AFE TEAAFEGE AHKE ad2 BEFHEA oA
g Fad gdet FFHoz FFH ste wgog Yopria ot wekA, £4]
S3e} A3t JHo R orHYx F¢59 Aalrivte]l zEE Felztn Ut
axy, AFHE F 959 FAEE 98 23F$$E AAdsax AR
& A R AL MR 2R ol @, ARF FAYs ddez &
Aol wgtel A atstrl F8 8de] HuJeHAF, 19773, AF, 1997b). whet
A, SAFA L AGAAse] A 7S AAFaY FoY Aol £4
FA L Ayarst gAY gL F2 H(Wabb 5, 1972 Marusich %, 1975;
Bartov %, 1977; Uebersax %, 1978; Bartov %, 1983), 3 3]317](Buckly<}t
Connolly, 1980)%} 4 7](Faustman %, 1989)9] vitamin ES o3 & =33
AAKANN L9 Ao Astg FAaATE BHoz Zgso] g 19
v, 3 o vitamin CE A $H A RANAF, 1997b), daE
W (Mitsumoto F, 199122 §43 uhitstes wA sz Ao 2,
Aoz He Astubg K radicale] $E&A4E AAY £ U F4d5 2L ¢
Mt gasteo] S FEFES AAK BE3te AParste Ay §4
o] ¥3lE AEY Bae A9 = X stk wEA, 7 §issEH AR
g FAAsEE VR £ A2 E AHESHY A [ EFHUS W
59 S4FA 2 APzt JdAEHE AEIFRA o] 4YE FP&AUrt

2. 48 2 ¥y

7k A ok

Ado] ALRE A% EFAYolx, Trichloroacetic acid(TCA), Griess
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reagent(sulfanilic acid, naphthylamine)%< Sigma chemical Co.(St. Louis, MO)
A P33, 2-thiobarbituric acid(TBA)E Eastern Organic Chemicals
(Roochester, NY)d|A {13,

4. AgAg

2 A7 AHgE AR dFEHAA ASE AATE BPhYez =53
o 2EEAE & 9§, A AZ|AFTAH(550V, 903)E 1, 16TAAA
24AZ QYA bdE FASEES AFsAT AFE FHASSEAA &9
F&9, AxFEY L $9% AxFEHE THT £92 2F EFdxn AF
¥ A (ZEAA: polyamide/polyethylene, 50ml/m?, 24h - atm)@ 2, 0CoIA 90
F AFstAA Aded A8t

o HEA F3&

£9, A2 E Z+Z 50g9) ehanol 1,000mlE 713l 24hr A0l AXNAHA F
£33, Whatman #1 93 3 £ vacuum rotary evaporator® %% ¥ 1%
ethanol §do2 G5 AL At

g 453

A 89 ZXx(hardness)EAS A|8E 75C9 d9goM AsFTHFY 2=71
70Co =€9% F 308 71983, core® o439 lemX1.2cmX3cme A7)
2 W& ¥ Rheometer(Model CR-100, Sun Scientific Co. Japan)2 A st}

v}, Thiobarbituric acid reactive substances(TBARS)¥4

Thiobarbituric acid reactive substances(TBARS): Buege 59 #™d] u}
g 533, Iml ¥HE EFE] YR APFE 37C water bathdll A 14T
Bt ke A Z wkgo] BYAl vkzl 5048 dibutyl hydroxy toluene(BHT) 7.
2% & AR 7t AsSE AAAAG. WMFEHFES A 42 dS 2ml
TCA/TBA A& 7hstn oAl &3 F HEEAA 158 7H9AAH. 71
3 AEAAM A F 2000xge] £x2 15687 AEY NG 3549 FF
E(HITACHI UV-2001) 53lnmolA A3 FARE ANadidd FFT-E
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7bet] e Wyoz 2A45YY. TBARS#E ml ¥HSEFEA diasjA g
malondialdehyde(MDA) 2 ¥ A} 3o}

v}, Nonheme iron(H] 3 3)334

Ferrozine iron £4%4¥g ozt £33 43U} Total iron £4g 4
A ImANEE AHEI AR, 9719 2% ascorbic acid (w/v) 0.1lmlE 7}8te &
T odF d2(22T)AA 5&3 ARG ¢ F 11.3% TCA(w/v) 1lmlE
7t 4L og v ES 3000xgolA 1583 d4EE ARG 45Y 2mliE
Algdd &712 08ml¥ 10% ammonium acetate®} 0.2ml®] ferroin color
reagent(75mg ferrozine®} 75mg neocuproine2 HCl %&£ & 718t &9
EAA)E 7tetd ded agla, AgE 3000xgolA 158 A& AR o
& F3=ANAN 5% F 562nm AM FHEE 3% %th Ferrous iron(Fe”) %
ME @A 0.1ml Ascorbate A 0.lml TCAE 713 ¥ 99 Wy o] &
B3t

Al &M A (heme) #F

Hornsey(1956)8] wijol ulel & & H(acetone : 3575 : HCl = 40 : 2 : 1)
45mlE A A& 10gol 7Msti 527t homogenizerZ T A3, WgAdA
143 A &9k o] A wathman No. 1. filter paper2 #43 F 7 f2
A28t 640nmoAl N FFEE SAH{}AY. ojd FAIRE acetone, FHF, HCI
< 742 80, 18, 2mlE &3t AR M4 $FE Aoz I
o}
F424 #F(pm) = FFxE X 680

°}. SOD FAI#A &3

SOD #FAMMAEA 24 Marklund®t Marklund'®9) #hgd] wel zt A&
0.2mle] tris~HCl buffer(50mM tris + 10mM EDTA, pH 85) 3.0mis} 7.2X
10°M pyrogallol 02mlE 783 25CelA 1087 ¥x F 10N HCl 1.0ml2
Hgg AN F 420mmiM FFEE &4 s
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Z 454

FHAL €974 Ax FEEL S T4 EFXNIAY £ AN2E HA
3cm, ¥°] 24cme] FA72 2T EE HBHA 1) AARD 990E corings}
o] 4TColA 3083 BAFT7] Behol xEAA LE4AQ £ polyethylene B &
o2 ¢ H A MaAH(Color difference meter, Minolta CR-200, Japan)
€ ©°] 839 Hunterdl(L=9 %, a=3Mx)0o2 FA&Yc ol Algd EF
AB{E 71719 manualel whel Y=94.95 a=03132, b=0.32032 & gon, 63
wtEao] HAF gL T

ab, #sAA

2t A& td panel® ¥ 1598 423 e Hedonic scaled] 91§ A&
I Apo] Ay or H|AFHAE AASAY. &4 AFHA FEL 10949
AHEE ol 88 ‘wj+Fd 104, B5olg 58, nj¢ Ymg 13'02 Hr}
st FAAEE dAd

7t BAEA

Ztzte} Algel di& A tEFAE YeERYow, ZF Fo g 93 A
F< TAEHE & £ 2=00 %94 Duncan’s multiple testol] W} A3}
A

3. 4% R a&

Zh AgAdstdl vl N e A7l AAPasia B 9

Agast dzlso] ¥ SYFEE, £UFEEY AXFEEL EHAT
AeTE ALK FFAest] AFEARAND F 0CAAM 90YD ARsAA
109 Ao AWidst =g SHAed AHog AAFAsA s
A e AZAS MAFE 09 7A FH T ¥ ol Aoy, 70Y
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A FEHE AR 4T 22 FFE JEHUALKFig. 1), olE® AFEA
F A7IAF o Aatsie ol Frld 4F HEFo] AgE ] wEo) A
Ao oF st de d{Eo) ofsiEo] AHY F Aol WEQ Ao
2 Aadd. agd, Addge £9, $d+A2FEEL EF A A
A7 Ee B vehiia gl olgd F&E9 3iste e £90] 71A
I )& 7% iron binding 533 radical £ 5% W& Ao Argdc) uw
2k, ol& FAHoR #&A387] YA Total iron #F# Ferrous iron FFS
4% 2 Total iron FFES AG7|zhell we} 7 Frtsts A Folen,
AtH o s £9ATF R £Y+AxAYF7t ¥ AFE YA Ferrous
iron ¥FE A 604 ¥H FAT Boh A7AFT A7t Rt S
cd o2 J& APAstE ZANAE Aoz BAA(Fig. 2,3). ol A
T kanner 5(1988)°] Atf Aojo] KAIFM APsE o= Fo &
A2t @ Baet AXs= A oIt Pyrogallole] AFASE BFE T
& Frtg da Aoz £9 2 AxAYys FAHYFEY 2AFARE o
AAZle EHE JEUJAHFig. 5) ol AQ FF 80| AWst Alg 549
superoxideE EH A7 = SODRAIEHEA S AT FH3a o] AMS[9)
AEAAstE WEE ERE JeENAS Aoz dadd,

WS4 9 Fu9 Rzt nXe Ar|xFg AQdGAstA BgAee o
¥
0T ATEFE T AR wtel hemeMa: FFE SAHT P (Fig. 2)
A% hemeMA #FE unaA Tt Agelv & zolst Uk ¥
U, dAtd ez ARF FAHEF/ dAgasA At B 43t & hem
AAEHFS el o] 5T polyethylene(PE) filmA&#FE AHM&L $4
32 Q3 oxymyoglobin®l 417l metmyoglobin &8 Atgls= A= dix
2 37171 e AFZFERLHAME oxymyoglobin ¥ AAME AL BRI
metmyoglobin® 2 4t3}57] oJg7] W EQ Aoz Addct AMAd o &
A SAHAXNE Y AEF A9 H(Le 4 AYgFdz Zolvt e Re
2 yeygd. o, A% 60971A FA el vj& A7zF AT, A7|AFH
g7 &9 2 £94 Az EfATF 9 & AFL delizn Qg

o

22

2
2
lo
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(Fig. 6). olal&d {49 Late] Aolrl FREA @= AL AFxFoz A%
Aae] F&£E AT 22 M oxymyoglobin®] FFE oz FAARI] o
¥ Aoz Alsdd. a3y, at(ANE)S A7zt & WS g @
, BoHo2 4 A7 A Frig S3F AR AF 04X A=A
e F7F 97010122, T4 37t 962101798 e o] AZ|AZT A 9
SMo} 82 AR WP<0.05), A 0A7A AZ|AIFTA e FE FAF
Abolol & Aol YU 2, HAH o2 £98 AHYJFFE £€9S HYsF
A #E FAYFYE AZAST At v S0 o5 AFS JYelud D,
€3 AxE EPAAY 7 o SAo] ¥tA FUdH(Table 1). Frle HAQ
gagA FAE7 A% 109712 wrdHor & AgoAoy, A 304
FEHE 2318 HAFISA Med3rt 28 39 EH4E Jehidd ey, A
o2 &9 A2FEEY AZF Ful FAL FAF v&§ dQAFsA
A 77t AWAHE AAA] Y YA o YA S £ Ao Algdn. A
WA A g0l 54 EUAFEE, $UFEER AxFEES EFAA AHEY
TE S EFAY}A JAFEFAZ F 0CTAA 90U AFHAA 109
t#H o2 Rheometerg ©| &% AESZAHZE Fig. 29 Jetdid. A7 AFT F
A F(NES)S] A=t AAZ 4044 7, AZ/AFT HF(ES)Y A= AR
3084 7kl Hz ga3e AUt AR HeEd ©E dx9 zolE
A 3098 7AA & Aol7t o] EEF ZAo dig A7|AFe] AxA
SR Adrt dgol AFHUY. 28y AV|AST HEF AQgAsiA A
d mE dx9 WsE AAFHA ol EUFEEIY AxFEFES JHZY
FislA 2 ol g3ledHd WE $9 dXdE 4% nX2 Fevn BAGHY
o}.

& 4 &
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Table. 1. Effect of electrical stimulation and plant extracts on meat
color” and flavor” of Hanwoo beef during vacuum packaging
storage time at 0T.

Color
Treatment Storage time {(days)
0 10 30 60 90
NES 962+0.179°  942+0084°  762+0228° 33210179  1.36%0.114°
ES 9.70+0122*  950%0.158'  7.76+0207"  356%0207°  1.80%0.158
ED+PD 958+0130°  932+0.084'  698%0.259 2540230  1.04+0.055

ES+PD+LE  9.62+0.084° 9.4210.192° 7.34£0.270 2.96+0.623" 1.06+0.089"

Flavor
Treatment Storage time (days)
0 10 30 60 9%
NES 9.64+0.089" 9.32+0.148° 7.48+0.192% 346+0.261° 1.04+0.055°
ES 950+0.122 9.24+0.114° 7.24+0.297 266+0.241° 1.14+0.152°
ED+PD 9.00%0.187° 858+0.148° 8.14+0.152 416+0270™  25610.365°

ES+PD+LE  8.82+0.130' 8.46+0.134" 7.66+0.288 3.80%0.200" 228+0.1927

NES : Non Electrical Stimulation

ES . Electrical Stimulation

ES+PD . Electrical Stimulation + Pinus densiflora

ES+PD+LE : Electrical Stimulation + Pinus densiflora + Lithospermum erythrorhizon
Y1: very dark red 5: moderate red 10: very light red

31: very unpleasant 5 moderate 10: very good

*~": Means(n=5) within a column with no common superscrints are significantly different(P<0.05)
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Effect of electrical stimulation and spray of medicinal

herbs on pysico—chemical and microbiological charac-

teristics of vacuum packaged Hanwoo beef during

storage

Abstract

Effects of electrical stimulation and medicinal herbs on self life of vacuum
packaged Hanwoo beef at 0'C were examined. pH and volatile basic nitrogen
(VBN) did not show significant difference among treatments and decrease
rapidly after 70 days of storage. Pinus densiflora(PD) spray, PD and Litho-
spermum erythrorhizon(LE) spray and electrical stimulations significantly
reduced the total bacteria and psychrotrophs compared to control and
produced a 1 log cycle reduction in both bacteria. Vialbe cell of these
bacteria was inhibited apparantly during storage. Self life of wvacuum
packaged Hanwoo beef with electrical stimulation was improved by spary of
PD and LE on surface of Hanwoo beef.
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Table 1. Media and conditions of incubation

Type of count Medium Temp Time Reference
Total count Plate count agar (Difco) 32T, 24 h

Psychrotrophs Plate count agar (Difco) 7T, 10 d

Gram negative CVT agar 327, 24 h  (Olson, 1963)

* CVT : Plate count agar with crystal violet tetrazolium

( colonies with the violet color on the medium were count)

. o|5ehA Wt ZHAL

pH A& Al 10gd FH/F 30mlE 718l #FA7)/(Nihon Seiki, ACE,
Japan)2 9,000rpmalA 287t FAANZ F FHFE 718 100mlE & &9
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MA, 19750 A3 A
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o AR A7 AA AZIAF AR 7 FRY WEE JehdA ggte
H Ed% & Ax EFAHT A AF 20Y 7HA dzFd) v A Y
gxtoy aF JdAHF AIFE FFY & Ay AR7IRd @E 0TAAMY
VBN® 3 =(Fig. 2) A% A 7|zte] AA AT A stA] e gz79 £
A7 wgonm A7l AFA e & gAe Eile v dAHSE AL B



Aok S79 Wfr Aol wet SR L ofnita) R oly] AL
EAMHAGEGRNA, 1975) &7 AZ7Ite] Zastol uel a4 g7 A4
gFol F71 AR T 1990) 15mg% ol dd B$ FHAFHE =2 5 Jdo(s,
1988) A% 704 °lF H# FHE BAY F AUoH FAA F2AS BFY
A9 Aode dE2F Hs ¥ £XE 2o 27 AdEE ¢ 5 9
Aok A71zASAe g FFA FEE EFAYUF AFEAE Hav|9 ARF
T WsE Fig 394 B et 2o A7 Ao o Sxae F
e Fase 39S deddes J43710F B vg ¥ AL
HJeli At AZx7] £3FE FAATY A 107cm’, A7AS HEge
10%cm®& Jeblo] @71akael 98 o 1 logucycle 8 FAEHE el
YERAASG A7 ASE 7HetA 42 dizFe AR 8 7|13%5¢ A7AFE 7}
 OzFEYg & £ HAow, £9 F3298 EF AT, €9 A
Z EHAYFY B F AT BF dZ2 T 8 235 2L AEgS
AR, 53] Axg £9 FE49 EFEY EFNY ARE HF A7
AA S ArjAsAes SEUY vPEL FaAE £ U AR F
A FdozA ALHJoY FY FIdF FdHAE AY £ Ao (Kastner,
1982). Riley3(1980)2 AZAF A &d FZAAA AR 20§ nAE
FE A Zaddoen AZAFAYGE -5 9 ARr|ne 29AE 4%
ARG Baustgad. Fidde] Yebd JF 704E ez B W A
Fol g AFEASY BV o 108 AE AAHE AFS YU
943 A2 A g3 oS AFHE FEFS YepdAdd. ANRAIAY, &
A, Az £99 EFAHY MNFEY #9599 0ClA 9 psychrotrophse]
Wake (fig. 49 FT9 dste 48 AFE Jehdddg. A2x38 [2%
AFXAHAA £AH} A2 FEEE E5F AT AF 1094 <
g AYE BAou A 209AFE @A FEAE EFF Aot d4A
F Agsta &8 AZAF AYS B F A 3L AFE Jdetidd.
A712= Aol 98l psychrotrophsE 05-0.7 log cycle 2434 th A&7 7t
e 0TAMY NFEY 39-59 gram negative bacteria®l ¥ 3} (fig. 5= A
50 olF 4 A+ T8 AEFY F/AEAES Jehdx gt Az
Aol g 2F ST ZaAE FTTFUY AL vAEF v&E vgade

¢

e

_259_



EUYE AT €93 A2 FF At AR7AFL dxz T H
Fd Za¥4 e UEUAY. %5 =M9 F7]ASH e psychrotrophs
FEZIE AQANA FARSVINE 394 dFAZen AZASE =M AN
A £S89 ARl oF 34T AFARATE Rileys(1980)¢] B3t A7)
A5 SFYU VAES FAATE AAFHA BYoldE Hi(Bawcom F
1995)%F & d3d@# =A9 ArZATHAE SEY vAESFE FLAIE &
FHQ Wgog AmHAT AZ|AFTA Y o] gANN ArASF A% {7
o] EFAY W¥E&ES FHER vBE Fad AAFHIH(BawcpmT, 1995)
2% acetic acid & A7l AT B ANee 59 vASHY AL E
Adsed &dHolgtn E ¥ Tinneys(1997)9 Z et & AdgA(E F4l
AZ1AFALY v BE FLEHRE {7180 a9 S F2ANDF A=
W yEHA ALY By 2 AdE ¢ FIE F AL AoE wdHY
on &£d3 Az HEAYE AFXH ¢S5 ARE TV AFAHY AL
2 AsHAd.

o & £

pH

54

pH

4.6 1

4.2 Y \ ¥ ¥ T T T v T
(o] 1 10 20 30 40 S 6 70 80 9
Storage time(days)

[—o—NES —8—ES —A—PD(ES) —8— LE#PDIES) |

Fig. 1. Effects of electrical stimulation and plant extracts on
changes of pH in vacuum packaged Hanwoo beef during
storage at 0T
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Fig. 2. Effects of electrical stimulation and plant extracts
on changes of VBN in vacuum packaged Hanwoo
beef during storage at 0C
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Fig. 4. Effects of electrical stimulation and plant extracts
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