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Changes in Residual Nitrite, TBARS and Color of
Meat Products during Storage
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ABSTRACT

Changes in nitrite content, TBARS content and color of meat products during storage were examined as part of studies
addressing the reduction of residual nitrite and to ensure the safety of meat products. All 4 kinds of domestic meat product
tested, Vienna sausage, bacon, smoked-ham and Dduggalbi, manufactured by C and L domestic companies had very low con-
tents of residual nitrite, far below the legal tolerance limit of 70 ppm, and the residual nitrite decreased with storage. The reduc-
tion in nitrite content differed with each product, showing the greatest reduction in Vienna sausage and the least reduction in
bacon when stored at 4°C. On the other hand, when stored at -20°C, the nitrite content of bacon decreased more rapidly than
the other meat products. The results of this study show that the nitrite content of meat products decreases during storage, and
that the rate of decrease is quite dependent on the storage temperature. In addition, the nitrite contents of most domestic meat
products are very low compared to the legal limits, thus the health risks of nitrite in meat products might not be of great con-
cern. More research on the reduction of residual nitrite and on the development of alternatives to nitrite is necessary.
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SAEY Az FrisEe 2arga ol e §49
kAl 1 QP S} (Fox Jr., 1966; Giddings, 1977), Clostridium
botulimum®] 33T =444 A Johnston er al., 1969),
3Eu] s (MacDougall e al., 1975; Sanz et al., 1998), 4t
W) WAl 94| (Eakes er al, 1975) 5 F83 AL 3§
of A AAHoR i §AF HuHoE ALEH
I glok 28 obdargde A9l hemoglobins methe-
moglobin® & AF3HAA hemoglobing] tHA: 2HFEE S A

sizlemA hY ke dololAl Qo) FNES Lo
e = FEEL FUY 5 Ak =9 oABEL A 2

9 35 oluIFel whgale] oo 2 ¢l nitrosamine
S MAAE7IE ShFiddler et al, 1972; Massey et al.,
1978). 28U} o]2i3l 2283 98 7hs/dol=E -8k

=

*Corresponding author : Seong-Hee Choi, Department of Food
Science, Sunmoon University, 100 Galsan-ri, Tangjeong-
myeon, Asan-si, Chungnam 336-708, Korea. Tel: 82-41-530-
2281, Fax: 82-41-541-7425, E-mail: choish@sunmoon.ac kr

298

oA L 2 ARG BRI A 2 F Jde 7H
43 937t 318 B 2 & da 7 THRe odR
71%5-S tAsk7o] A¥e e Edo] upEA| gkot o9
LS s)gata ARgE RS AR Slok V=
L AEF 7|FoZ ol RYEF 200 ppm ©|3l, EUE H
Vg dRg |Fow 27 ofdihtEH 80 ppmt
50 ppm ©|3}, YEI} SURE BFVIESE obdite]
2 70 ppm ©]3}, CODEX 7|&& A7kl AR7# 71&E
o7 Z}7} o}dARIEF 200 ppm¥ 125 ppm ©J3HE &
1. YJTHCODEX Alimentarius Commission, 2007; FDA,
2006; Fisher-Boel, 2006). 1&\u} 2+ oAl 4A% 71748
olg] 1 AMgo] FLHI JYgolE Bskal opEAtEe
=47} ofrlzte] wkgo] wE YEZAIY A4 F 73
23 AIZF AL A7 Qo) opEAAr ARS-2) QPR
HAEA AL 2 A28} et e B A7 8
g Agolth

oldxtade] g B4 sdel] #E AFEE dinitrosyl-
ferrohemochrome 2 2~(0O'Boyle, 1990), &= 4§4~(Rhyu et
al., 2003; Voésgen, 1997), lac 2B4x(Kook et al., 2003), red
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beet A§2~(Kang and Lee, 2003) 52 AF AF Hrlst
o HAEAES duxt = A7), WBE AT AAt
A S el B, A, Pt SRl T R
AH(Chin er al., 2006; O'Boyle, et al., 1990, Sofos et al.,
1980a,b)o]vt 7)EAK(Park er al., 1999; Youn et al., 2001)
A7BEAL AR &A1 T WH(Ahn er al., 2004)
opdAte] AR sl 7FedS Fol7) st HE
A EAL o} opAikd WIS FolnAl e v
o] A= o] th(Lee er al., 2005).
oo B AFoME SAF oldilele IAFF T
Hiol AFe) Agko g JAlFe AHF F ofditolR T
o] Wz} olo] WE JAIFY At HE} 542
e w3t

2 o e

e

s o Y

SANE

AR AR SAFL I C AR} L AbellA] Al
H]AUAAA], wolA, 22337 YE5AF 5 4
o] AFo|oH, TFOoTRE A FAT Alge
o] HYZ ice boxoll Hol 7FEdt g 2153 APHR

skt

£ |2 WA E & |MEe| oFELo|2 TR M}
D717 ARG T SAF) obdidole AR W
3!

9 WESATT L RAerE Y NdteAE
#C WATSl HBIUA sAF o] Frh of@tole
ARAS BAsET of W oldiole ARF BA A

ZHO day)ye AAA| 9} & AZUZRE 24, wo]HdL 4
o, WE SAEL 14¥e] A AEHH

EX7|Z ME & |XME| of2AO|2 THFE, KXWt

i M= Y S24o| W}

A7 32 2 3% A T SAFY okditel
ek, Akl A, S0 WMsls YopE ] #ste] C
sarERy AFre vy, wolA, 87 L AR
TolEt U SAE AEES 2 5o U] 3 1%
& 4o YATO) REshaA 17 134 L, o0&
3l 182 20°C WEId] BAEPEA 4700 134 4714

7k it of o) opdatele FRF BA A0 day)
o 2AAE AzYzRE 39, WAL 49, BE 2,

o

T HAFL 40 A AEAT-

Fo] 8 9 2 AOAC(1994) ol whe} 4

2o Aol AzW 2O microkjeldahly, AW

Soxhlet F&H& o]&3le Z43IATt.

|2 chy

SAIES] g vl g3 3% NaCl 8 &
Sz @RS Biuret W0l 93l B34t A
I X8 52 3% NaCl 20 mL3} 37 homogenizer(DIAX
900, Heidolph Co., Germany)E A28} 15,000 rpmo.=
25 B2t ice AEiOIN TSI dE AL 4°C, 10,000
xgoll A 1057 9412 (Mega 17R, Hanil Science Industrial
Co., Korea) & bovine serum albuming FFHOZ A8
aled Biuret WO 2 TS B3I

EEE

SAE] A3tE AL AOAC(1994) ol &J3) A
B 25¢S 2% £ 05N 22k 20mLE ¥ 70%4]
nitric acid 15 mLE 3718l A)E7F 552 wWj7}A] hot plate
oA ok 1024 % 71E2stact A8t 83" T hot plate
o] & 9 5mLe 7.43% KMnO, -£4-& Artste A
weblo] ApAAY BHe ko] B WA slde F
25 mLe] THFE Wil oF SEX o ZHEit MRS
2% F Z volumeS 150mLE D531 dietyl etherE
25mL B7ksel He & HHa) Aol ferric XA1§Y
SmLE 23 Alg7} g AllAjdA Aol & w7iA
0.5 N ammonium thiocyanate 82122 273}t

B

A
3
T

OFlLh0| 2 24

SAE F obgatold TS AFET(2002)9] Holx
o) wet EA48th AlE 10 g2 80°C 75 90mL
# 3} homogenizer(AM-8, Nissei Co., Japan)ell 10,000
rpmO. 2 30%7t A3 250 mL flaskel] &7]aL, 80°C
=22 50 mLZ 13] homogenizer® 2 Aoy flaskoll T3
t}h «§7)el]l 0.5 N NaOH &3} 12% 3HAtotd &84S 7}
ZF 10mL A Y& T & EE0] 4]o] 80°C water bathol
A 20827} shakingdt & 23], 2AAEE 45 20 mL
S 91 FHFE HF B8 200mlE gF vy 2 &
sate] 10870 WA F ofdte] HZEe] o) oF 20mL
= Bga e AdE flaskol] ol AFPEAo R ALE-S)
Art. o9k A AEE ¥R du Yol FYsHA HT
sample blankE Z=H|&H . F8lE A4 2mLol
sulfanilamide 8<% 0.1mL, NED £ 0.1mL, &7/
03 mLE FH7Iske] & 4& F 208 Fof 3 540 nmo
A F3=E F3%ATH

Thiobarbituric Acid Reactive Substances(TBARS) &4
SAIFS) At A=E Brely) 98t TBARS &
S Witte 5(1970)2) Wil wal B4t T). SAF Al
B 5g2 20% trichloroacetic acid(TCA) in 2 M phosphoric
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acid 12.5 mL¥} 3 ice -87] 2t A homogenizer(AM-8,
Nissei Co., Japan)Z ©|-&, 14,000 rppmo& 187t 743}
@k o] AL MaddAnd &1 F, FFF SmLE
homogenizers Ao} W~ # o] &AL FHFZE F 25
mL7} H=E 3tEch Q9452 7](UNION 32R, Hanil
Science Industrial Co., Korea)E AFE-3}a] 4°C, 1,500 rpm
oA 1587 fAEERE & JFstgTh Hd 2 mLY
0.005 M thiobarbituric acid(TBA) €% 2 mLEg ¥o] T3
3 B 95°C oA 3087 7St A% & 9}
530 nmol X FF=E SA3HATH

4y

SAF9 Me MAA|(Chromameter CR-300, Minolta
Corporation, Ramsey, NJ, USAYE ©]&3}o] &3t 1
ZA3-Z Hunter L(lightness), a(redness) 2 b(yellowness) £k
o= Jehjiglon, oln] EFME L=9694, a=0.13, b
=1.93%) EFATHS ARSI

SAHXE]

AP A= SAS program(SAS Institute Inc., Cary, NC.,
USA)9] General Linear Model proceduresS ©]-8-3}]
ANOVA E-Aslgon, 2t A 717 Atele] f9Ade p<
0.05 A Fisher's least significant difference test
(Steel and Torrie, 1980Y2 E35}] HAIHT

Zd

a3 %

=
]

g cabel iy, WelA, 2 LA BF SAIE
IREE-S FAF AFE Table 13} 20 HERRIT

2 e vy 52.99%, wlo]|A 58.48%, A~XAF
63.74%, B SAE 5329%] S HEow, =4 &
o 7hz} 2526, 24.25, 11.46, 23.87%°] AT} H| o)A <]
Ak ghape Ao 34.84%, HA 14.09%2 AF) we} &
alo]E Hom, ol HlojHY ARAl AFRSe] R
A 2 Auke] A4 Foll A batch mit} ztol7} Sl=
Aoz BItKPark e al., 1998). Person 5(2005)2 =&
o] BX Ao ule} EshE) Aol vk 3t
o™, Brewer 5(1995) GAl HR-o] TA7 FAKAT
2 5 ke ZAei A Sksitka stk
vl vlojA, 3 2 WEs-S5AEe Zod ke 1471,
17.21, 13.473%} 15.28%FoH, €844 thlad =ke 1.04,
1.14, 0.717} 1.20%, 99] ek 24z} 138, 1.76, 1.749}
1.07%Z YERdT)

T |2 YA A & SXF<| of2io|2 TRl vst

9717 WA F SAFS ofditel: b W
312 AuHy] Yl o]Eg 4°C WAL EBsiEA
o]Erlt} ofditol AFHFS A ZIE Table 300
el itk vBlAuAA A E 05 7.53 ppm oo 2
A&l 7.29 ppmoE ¥ Rt e 4, 6, 8YolE &
7t 496, 3.71% 4.89 ppmO.E 7+A3IATE Hlo|A A o}
Asbole e oY 15.74 ppmOE HEAEA 0 2 A
o= 16.67 ppm, 443} 6Aoll= 15.699F 14.50 ppmOZ.
oA ztol7t It gAA)E 13.91 ppmoFE AN
o} zEla HAME 0, 2, 4L47EA] ZHz 17.21, 16.849)
1595 ppme. & FA zpol7t glRiot 63 8=
10429} 12.83 ppme2 FA 43R W ESAE A
oldxtol2 Tk 0UA) 1591 ppmolo™, 293} 4
o= Ztzt 15.61 ppm¥} 15.73 ppme #-24 Zfol7t A

Table 1. Moisture and fat contents of meat products (%)
Meat product Moisture Fat
Vienna sausage 52.99+1.66° 25.26x1.77°
Bacon 58.48+7.05° 24.25+9.31%
Smoked ham 63.74+0.74° 11.46+0.76°
Frozen product 53.29+0.41° 23.87+0.30°
Values are meantstandard deviation (SD), n=6. Values sharing a common superscript letter(s) in a column are not significantly different
(»>0.05).
Table 2. Protein, salt-soluble protein and salt contents of meat products (%)
Meat product Protein Salt-soluble protein Salt
Vienna sausage 14.71£1.23° 1.04+0.07° 1.38+0.22%
Bacon 17.2142.66 1.14£0.06° 1.76+0.83°
Smoked ham 13.47+1.13° 0.71£0.01¢ 1.74+0.28*
Frozen product 15.28+1.55% 1.20£0.05° 1.07£0.09°

Values are meantSD (n=6). Values sharing a common superscript letter(s) in a column are not significantly different (>0.05).
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Table 3. Changes in nitrite concentrations in meat products during storage at 4°C for 8 days (Lg/e)
Meat product 0 day 2 day 4 day 6 day 8 day
Vienna satisage 7:53+0.56° (27124?ii ? 66983) (3‘:.9267111'?.1;5) (530742&01? 262) (;1483'7273: ;)
T S = =t S
-~ SR i QR v
R e - S it A v v

The Vienna sausage was purchased from manufacturer L. The bacon, smoked ham and the frozen product were manufactured by com-
pany C. The 0 day determination of nitrite ion content was done at 2,4, 2 and 14 days after production of the sausage, bacon, ham and

the frozen meat product, respectively.

Values are mean£SD (n=6). Values sharing a common superscript letter(s) in a row are not significantly different (p>0.05).

Values in the parenthesis are calculated as percentage of diminution.

o1} 697 sARE 13.299) 14.09 ppml T FH o=
st §AFS] opdatel e e Az F A% 7
7¥o] 2ojR ) w} JE opAto) o] A, 53] A
Z F 13Y ool 2 FAaEo] v & R Hial @
u} QIthBard, 1973; Choi er al., 2003). £ AFA &4
& BE AFTAME opdsto]e ZpFFo] AT 0] A
FH3to) we} ZAadths AL & F A, AaFe
AES) 25 wat 2lol7}h glo] vl AAIAZ} 7 A
a1 wojAe] 7 2kt

SR |7 ME = | E| ofElLo|2 TFY, XYY

i 3= W |Ao| Hs}

SAZS 4°CoA 4%, Tl -20°ColA NETE A%
A opditole AFAS ZAHG AFAE Table 49 5
o VRt 4°Cell M AAEE Bl 29 opEito]
& AFFL Z7]9] 18.16 ppmollA 14.49, 10.33, 8.58%%
6.06 ppmOE 45 B¢ WA AASIH e, WolH 2
719 13.93 ppmele¥ 3F7IR = ¢F 1240 ppmoFE X
7] =9 93 Zo)rt igley 45 Foll= 9.73 ppm

o2 HAS @& ke BT oMY ofdilel 2] &
22 16.15 ppmoll A 1590] AU} 12.40 ppm O E 743t
9L, 239 e 10.60 ppm, 3F Fol= 11.95 ppme=
23R} vlwstd 97 xolr) glRlen, 4F Fole
7.72 ppmOE AA3F] 243tk W SAE Aol
%7190 17.00 ppmo A 1, 2, 3, 45 Aol 242} 15.95, 14.09,
11.163} 8.36 ppmo 2 HapHo g 743t

20°Ce] WE B3 SAEER T35 AF7Izte] A
of wet o}dato] R FFHo] A3IATt. HIALEAEAA]
L %719 18.16 ppmoll A 170 Foll= 12.36 ppm, 270€
Zoll= 8.17 ppm, 3/HE FollE 536 ppm, 4719 Foll=
4.09 ppmoZ Z7)ol B8} 77.4% A4S Hlo|S
2719 13.93 ppmo]lew 17]E 3 8.43 ppmOE 23]
Zasgon, 1 F 2 3, WA 4z} 543, 3.3%
203ppm 02 470Y B AL ZAEHT = 7]
16.15 ppme|o™, & & Folli= 11.53 ppm, 271 Foll
7.65 ppm, 3/MEY Tl 5.02 ppmelRe afE Fof
3.46 ppmO.2 YA} 7AAstgon, WESAFS B
o}Aato)le o] Z7] 17.00 ppmolA 1, 27 B

Hore e

Table 4. Changes in nitrite concentrations in meat products during storage at 4°C for 4 weeks (ng/g)
Meat product 0 week 1 week 2 week 3 week 4 week
Vienna sausa 18.16£0.50° 14.49+0.90 10.33+0.55° 8.58+0.66" 6.06£0.11°
lenna sausage SO (20.22:4.58) (43.05+3.62) (52.70+3.78) (66.62+1.16)
12.10£1.51% 12.18+2.77% 12.94+2.66° 9.73£1.62°
+1.18%
Bacon 13.93£1.18 (13.13+8.41) (13.32+12.82) (7.72+12.63) (30.48£7.14)
12.40+1.56° 10.60+1.51° 11.9541.15 7.72+1.21¢
+1.20°
Smoked ham 16.151.20 (22.65+13.41) (34.03£10.78) (25.93%5.00) (52.19+6.49)
. 15.95+1.08* 14.09+1.46° 11.16+0.99¢ 8.36+1.57¢
Frozen product 17.00:+1.40 (5.97+4.81) (17.01£7.20) (34.10£6.59) (50.44=11.01)

The sausage, bacon and smoked ham were manufactured by company C. The frozen meat product was purchased from manufacturer L.
The 0 week determination of nitrite ion content was done at 3, 4, 2 and 4 days after production of the sausage, bacon, ham and the frozen

meat product, respectively.

Values are mean+SD (n=6). Values sharing a common superscript letter(s) in a row are not significantly different (p>0.05).

Values in the parenthesis are calculated as percentage of diminution .
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Table 5. Changes in nitrite concentrations in meat products during storage at -20°C for 4 months (ng/g)
Meat product 0 month 1 month 2 month 3 month 4 month
. . 12.36+1.91° 8.174+0.52¢ 5.36x1.43¢ 4.09+0.38¢
Vienna sausage 18.16x0.50 (32.0249.50) (55.03+2.00) (70.28+8.75) (77.43£2.54)
8.43£1.69° 5.43+0.62¢ 3.13%1.15¢ 2.03+0.30¢
.93+1.18°
Bacon 13.93£1.18 (38.77+14.55) (60.79+5.45) (77.95+6.38) (85.43=1.80)
. 11.53+1.52° 7.65£1.95¢ 5.02+1.95¢ 3.43+0.89°
Smoked ham 16.15+1.20 (28.0611.93) (51.92+14.66) (69.17210.40) (78.486.76)
b c c d
Frozen product 17,0021 40° 13.42+1.00 11.18+1.31 11.32+0.96 8.73+1.56

(20.66+8.07)

(33.61£11.24) (32.93+8.60) (48.68+8.25)

The sausage, bacon and smoked ham were manufactured by company C. The frozen meat product was purchased from manufacturer L.
The 0 month determination of nitrite ion content was done at 3, 4, 2 and 4 days after production of the sausage, bacon, ham and the

frozen meat product, respectively.

Values are meantSD (n=6). Values sharing a common superscript letter(s) in a row are not significantly different (p>0.05).

Values in the parenthesis are calculated as percentage of diminution.

Z}z} 13.429F 11.18 ppmOE AT, 37 dAlodle 2
NEA fFef2 o R alolE HolA] Fgtor HFgHos
8.73 ppmo 2 AA3F T

olg} Zo] BA| Ag EFoIA A7l Aol
ujg} opdate] ghgo] ZhAdle AFS BRa, Hold
S AE HldukaA A, 2233 9 BFSAEFLS 4°C
of A48 wjrt -20°Ce] AdE HEvt o WeE £E=
opdatel e greFo] 7hAadtATh wHAH Heo|zle] e
20°Co AAE wrl 4ocol AR mun o weE &£
2 ofditol2 FEFe] ZAE BTt g Kim 5(2000)
2 F[E ool Ik Wsp} e AR LxelA
AZ717re] el wet dAH ez AA8] Fasion,
=& AR 2RdAe F53) PRt MA3] Has)
ek Bt gk ofditel 28 SAIFS Ut F
o A Al Al Bl A=Y, 1 Axs 7 A,
25, A T, opdd b, %9 pHS o5ty
FEl B & U] e met vEn, AR} &
=2, pH7} BE5E, At 2555, /HEAY &5
E AMA3] EYFE L ofdilo] 2 o] volxe A

o2 HATKKim ef al, 2000; Lee and Cassens, 1983).

Thiobarbituric Acid Reactive Substances(TBARS) &2

2% ol EAlse BRI A18E]o] hydroperoxide
5 HEEE At Tl da) DNAY) &4 o &
Axle] W Wehe ks, T Ase} =5l F3AX
o §F 2 S7EEY F4e AHstet @A A2
AZAMER= XA, BEAE, S04, 7HEAE 24,
pH & o}l Fofl ofste] FFE RF=TH(Jeong and
Kim, 1986). X3}t 21381e] 231 AAE<] malondiald-
chyde(MDAY= 5 719 TBA 2219} whg-3aled ¢Hyd &
A8 A = (Rosmini et al, 1996; Sun et al, 2001),
SR)Ze] Atafo] wE TBARSS] AL Ataj3 <] Azt
LA WAL 9lo} TBARS 2 SAEFY =S

B7)shR= A7} ft}h. TBARS ol wh& 712sAle &
oA} TBARS ko] 1 MDA ppm oAt wjE Al =7}
wob HE & glo, 71EH =59 4 0.1~02 MDA
ppm FEold g3ty & 4 JTHKim ef al, 2002).

SAFL A J=E HEE) Hste 2 A
717+ < TBARS e A3 A4E Table 67 790
YUEeRATE 4°CollA] WA 23S vlivkAlX 9] TBARS
;e 150 2V|HG oF 25% H= FUlst] 7P w2
e n@o) 2ol thh 7HASIHT) 339} 4%
Ae YA 78I e 2719 frojF e zlol7t gl
t}. 3] TBARS k= RIIVGRAIA9}F FrALsHAl 15790 7F
F =2 @S yeiew, 2579 3Fdle adke A
< HYo} 4ol 139 AY FARE whg vEll
7] PR & 24% A= ST $ESAlES] 4
T 150 27130 oF 16% 7} 718 25l 150
97 AolE Holz] GFgtom 3Foe thih A3}
S Holtrh 4FddlE 159 A FAKE o=
Z7ketdth. wlolze] Aee e AFETHe g9l A%
71zto] AGE 23] ZU18le 4FAlole 7Rt of
56% A= S71E #s BATE E35F 20°Co A WE B
3 SAEE 9A WA HEs A v 48 BA
< BluaAxe}l e 18 Fo 7 2 A4S BA
on, WESAEL TBARS go] S7lsltrt 2€@#o) o
2 Y AT 2U|HOE B2 #e HYon 4
Dol 2|8 oF 52% AE 78I wolAe 18
| F£3] Z71eut 22 vk st oy 429
718} oF 71% AR FUFtAT 2 AFdA opzEih
& ZhFeke] 749} nlE)sle] TBARS 3to] Z71sle)zt
o sld ot HlolAE Aeldtaes e SAFES 571
sttt Aadhe EEAQ WE By ogA A%
71zt % TBARS k0] tka BEsA Hslsle AL 2
AEe] A4 ek @ 24, Ay B g Sl
2)3}o] TBARS 0] FEE Wv) wjio)z}t AR HTH(Lee

o b

nrto

l-)jr 2

O
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Table 6. Changes in thiobarbituric acid reactive substances concentrations in meat products during storage at 4°C for 4 weeks

(he/®)
Meat product 0 week 1 week 2 week 3 week 4 week
Viemssasge ossoo OSSR (Nlne e
I Tt - A i o
TSR T = vy R w S
Prozenproduct  2.3340.14 s 7oe1198 (52741051 Fae (15.4211.95)

Values are mean+SD (n=6). Values sharing a common superscript letter(s) in a row are not significantly different (p>0.05).

Values in the parenthesis are calculated as percentage of increment.

Table 7. Changes in thiobarbituric acid reactive substances concentrations in meat products during storage at -20°C for 4 months

(ng/e)
Meat product 0 month 1 month 2 month 3 month 4 month
) . 1.08+0.05° 0.72£0.03¢ 0.83+0.05° 0.93£0.04°
Vienna sausage 0.84:£0.06 (29.77+11.75) (-14.17£2.54) (0.00+5.78) (12.025.49)
. 0.99+0.09° 0.7610.03° 0.8540.03° 1.04+0.13
Bacon 0.60+0.08 (67.68+33.66) (27.74+14.95) (42.68+19.80) (76.96+36.97)
0.99£0.03" 0.81:£0.08" 0.86£0.06° 1.0420.06*
b
Smoked ham 0.83+0.06 (21.08+11.47) (-0.9313.83) (4.33+13.39) (25.90+9.31)
Frozen product ) 3340.14° 3.06+0.06° 2.62+0.16¢ 3.01£0.28° 3.52:0.12°

(31.7549.49)

(13.02+14.16) (30.10£18.11) (51.73+13.85)

Values are mean+SD (n=6). Values sharing a common superscript letter(s) in a row are not significantly different (»>0.05).

Values in the parenthesis are calculated as percentage of increment.

and Cho, 1995).

s Ha}

SAFT) Az Luixte] AF A" A 7|EC| He
2938 QQloJthKim er al, 2002). =S 2F] Mz ¥
she AE Ug, 949 FHe| ¥sls RoFe= 3H:
gl & 4= Qti(Hong et al., 2003). SAIF] AHzZ2 4:H|
A7t AEFS S o 7)F0] He Fa8 &5 F9 3
Lol A& e o}Ad e 1 gk A8 T
9] shtolth. §AIF H7hA olAatge A& HolA &
A=lo] MBS AJAFEIaL, olAle] 1171 F2l myoglobin
3} vheste] GRS Q1 nitrosomyoglobing- YHEH, o] ¢
2 gAe 7144 ¢sl nitrosohemochrome®] o] 3]
SAE EF9 A4S FAYTH

Table 83+ 9= Z}z} 4°Ce} -20°CoA SAEL] #47)
7o W AT WEE AAE o8t SAT Aol
th 4Cco) A AR HldusAAE HEE YEiE L
ol 25714 HaR ez Frhsithrt 359k 470l = 2
Z9} fold zol7l gidloyt AgrIgte] HoAFE &
7Fstact. AAEE Yehlls a g A% 7] 1500 &
23t 0u oAl F7tsle] 4Fols 2719k F9F zbo)7)
aged, SAcE Jehlle b g2 FNxe) nirA]

2 1FodE tha ZAsgon 1 F A7) A
2 Z7keiint. @2 HErh 15N S 1 dEE
fAstg e, Jume GEs 15712 A7t i3l
o} 27N ST BESAIEY B e
7 A ARE vehlal, FAEs A7kl A
5 rasig ot Adse Wt gisict Holze o
2 §AFEE g8 BEs AHAEr A7l wet
HAskebA] gt A= v SRR

3 -20°ColM AFE By AR BEs A
A71Zke] e} Ajolg melA] gigren, Az Y
Ao FrtEAt ol Baeted 2719k AARE & 2
Aok FAzE URLA F71E F 1 EE FAIE
ok WolZe) AT} Fze A7 5 2 Wbt
ey HEE vidAdl FASTE A 718
ou} 2719 947 o7k YAt W ok N
B A7) AGFE HAH LR ST HNEE
LA F7rATE vhEAe) Fasta oAl 3
Aol ST viAl Zells 27]9) ZopHth ¥E
FAFY AF BEe P BRIAR A S7KEe
B ANzE URE7A 718t sEAd 43 &
Ao igAdE Bl STkt AN e AR
71Zke] AgFE ATE HAFUT Hong 5(2003)
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Table 8. Changes in color of meat products during storage at 4°C for 4 weeks

Meat product 0 week 1 week 2 week 3 week 4 week
L 65.93+0.83° 66.66+1.40% 68.36=1.03% 68.64+0.932 67.66+1.29%
Vienna sausage 13.04+0.24° 12.33+0.51° 13.23£0.27° 13.06+0.23° 12.82+0.43%
b 7.06+0.19% 6.88+0.54° 7.48+0.28% 7.47£0.22% 7.7240.36"
L 62.26+3.40° 62.82+1.22% 62.16£2.43% 64.08+6.55 65.92+1.38°
Bacon a 11.91+1.42° 11.70+£0.87° 12.26+0.92° 10.83+1.57° 10.77+1.45%
b 6.82+0.85% 6.38+0.56° 7.24+0.60% 7.41+0.86° 7.44+0.95°
L 61.42+1.35° 63.45+1.19° 63.87+0.47° 64.22+1.06° 64.61+0.69*
Smoked ham a 11.73£0.30° 11.59+0.39° 12.36£0.27° 12.53£0.61° 12.4440.37°
b 6.78+0.45° 6.61£0.63¢ 7.35+0.24° 7.86£0.36* 7.34+0.24°
L 60.96+0.77° 62.55+1.08° 62.49+0.45° 63.1241.19* 62.06+1.23%
Frozen product a 6.58+0.23% 6.33+0.29* 6.55+0.14* 6.38+0.46" 6.38+0.52°
b 13.44+0.34° 12.77+0.49% 13.2240.55% 12.08+0.42¢ 12.26+0.50

Values are meantSD (n=6). Values sharing a common superscript letter(s) in a row are not significantly different (p>0.05).

Table 9. Changes in color of meat products during storage at -20°C for 4 months

Meat product 0 month 1 month 2 month 3 month 4 month
L 65.93+0.832 64.30+6.54* 65.71+1.03" 65.27+1.14° 65.27+4.05
Vienna sausage  a 13.04+0.24° 14.05+0.24° 13.03+0.48° 12.68+0.84° 13.29+£0.57°
b 7.06£0.19° 7.75+0.19° 7.62+0.16* 7.79£0.31° 7.53+0.23°
L 62.26+3.40° 62.57+1.442 58.57+2.79" 60.04+3.79% 61.5442.03%
Bacon a 11.91+1.42° 11.79:£0.88° 11.97+0.92° 12.50+1.72° 12.40+1.18°
b 6.82:+0.85° 7.24+0.53* 7.77£1.37° 7.81£0.32° 7.38+0.70°
L 61.42%1.35° 62.23£0.51% 62.89+1.30% 62.75+1.18*¢ 64.00£0.92°
Smoked ham a 11.73+0.30° 12.65+0.26 11.77+0.34° 12.68+0.64* 11.78+0.41°
b 6.77+0.46° 7.85+0.37° 8.20+0.282 7.97+0.43% 7.02+0.42°
L 60.96+0.77¢ 63.24+1.46° 62.15+1.00° 64.44+0.43° 62.81+0.98°
Frozen product  a 6.58+0.23% 6.73+0.68% 7.1240.39° 6.340.20° 7.04£0.36%
b 13.4440.34° 12.75+0.57° 13.04£0.25% 12.67+0.58° 12.56+0.47°

Values are meantSD (n=6). Values sharing a common superscript letter(s) in a row are not significantly different (p>0.05).
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