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Change of meat color and residual nitrite on pork with aging and heating
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Abstract
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This study aimed to determine the changes in meat color (L*, a*, and b*), residual nitric acid ion, myoglobin (Mb), and
met-myoglobin contents in pork loin aged and heated with the addition of sodium nitrite. The meat color was measured
by using a chromameter, and visual sensory evaluation was used to determine for redness and brightness. When the
pork loin was aged with sodium nitrite, the redness (a*), chroma (C*) and hue angle (4H) values were higher, and the
lightness (L¥), yellowness (b*), and whiteness (W*) values were lower than those of pork loin aged without sodium
nitrite. The residual nitric acid ion, myoglobin, and met-myoglobin contents were increased by the sodium nitrite
treatment. Although the meat color of the heated pork loin with sodium nitrite was similar to that of the aged pork loin
with sodium nitrite, the residual nitric acid ion content decreased. These results indicate that the addition of sodium
nitrite to pork loin, which undergoes color fading during aging, can improve consumer preference through meat stabiliza—
tion effects and reduce residual nitric acid ion formation caused by moderate heating.
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R3] aH7F FTRg] wet HE 7)RE A, By S
Zl, ik}t 2R, uBE oA 28-S flote] thdRt AlE A7t
A7} AFEE1 QQtHHan et al.,, 2012). E35] oF&AFI (nitrite;
NaNO,)Z SAIES] WS IGA7] 1L FRIE SRIAZIH, AF
HHE AA7]e 5 T S8 IS nxIthal d=A
Qo o= SA|Eo| A ofATEHAN] 3R] A2 B L}
EPATH(Cho et al., 2006; Jeong et al., 2010). o]&u} ofLg} of
ZAAAFL Clostridium botulinum®] A3 AA5H1, 54 9
w4 e sl] SAE HAZ AT HESE oI 4
Qlth(Ha et al., 2015). J1#U} olAAIFL 1] AAHRE BAS
7H o e B9t oYz, A AR = AV 27 StollA
N-nitrosamine= B/dste] = IR A UEHCho
et al., 2006; Kim et al., 2014). 3}, opgAIG-L JZ=H] 9]
27V4-& 37FEE AKSMAIA  met-hemoglobinemias oY

(Kim et al., 2014), ©]= 4kA ¥ 58S ASHA7]1L, 34 &
AZE 39 7MsAdo] Qlrkal E1E|T QIrh(Kim and Choi,
2007). o]#gt Fafdoll gt w=2to] Aol &k, dA
TR A FE~t AT A A oFAAAE i 7Rsgt
A D AR 7E e R] Aokt wHEbA] A Eo]oRERPEA
(MFDS, 2020)0] 2} 4}& U 253} obaato] 2] ok 70
ppm oJs}2 Agksio] ALgsfo Tk

4189) 1 AgeRd] Yol 7 2 RS S tlole.
S &H](myoglobin)}> THZR] Z=¥(globin)?t dS 3o}
£ el 9 Teiheme ring)@ FAEI0] Atk(Claus,
2007). Qe ARV 7 F WA A L AAze
sfo] 4g31abA Shoel, ek Bet ool o2l v o] AF
49} H1S5to] HBAIQl SA]ufo] 22 (oxy-myoglobin)o]
ZAo] W Eunto]ZEH](met-myoglobin) 0 &  H$H}H(Faustman
et al., 2010). Greene 5(1971)0] W2H A2 AH|R7F AL
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o] 30%40% A% BT} Wolrlckn HUSAT, 44 &
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g XA Dopaa YAISoct:

ERIETE

Hxlol HE W Y=l X2

Al HASAHEOIA 9% LYDEIEF s, 294 2
F=9] A ugE) AR A F wEAo] A|sHofA Aler
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7% ojno] B2 48 24tttk AXAL Table 13} o]
FeAo=E A, ik, HER C7F ZIFE QAL NaClkE
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NaNO,=99:)E 7Rt AFE N A2F2 sioick. AAA
of et H5E B4 £4 2 7o) Slafo] 35 R,
ol Aeig o) ke M| Aehe] S4L R A7 7]
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g9l S| IV =E o] W 2L (5+£10)9NA 297 54

C : Control : gw
I 1
T L
A

T : NaCl treatment

CR CA CH
TR TA TH

NR NA NH

: Aging at 5T
for 2 days

s e

N - NPS treatment H

: Heating at 90C
for 40 min
after aging

(R3]

Q000

Fig. 1. Overview of pork treatment. (NPS, nitrite pickle
salt, NaCl: NaNO7=99:1)

Table 1. Formula of curing solution

Treatment (%)

Ingredients
C T N
Sugar 2.25 2.25 2.25
Phosphate 1.1 1.1 1.1
Vitamin C 0.28 0.28 0.28
Water 96.37 90.81 90.81
NaCl - 5.56 5.50
NaNO; - - 0.06
Total 100 100 100

C, Control, no additive; T, NaCl treatment; N, NPS treatment
(NaCl:NaNO,=99:1).

(aging)31ATh. H AT A A7t SUsH @A 4
AR, S40] FRE F IS} 90T 4087
ZH(heating)3t 5 G4 9 EA 24 95kl ATTALS A
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3 A2 F e AgIAT.

M =3

A =42 chroma meter(CR 400, Konica minolta, Tokyo,
Japan)E AR&St] e (lightness)S WEFUi= L*, 2A I (red-
ness)S UEM = a*, B (yellowness) S UE = b*E =73
SIHAL, o F Fol WAk (whiteness) S HEH= WHE L*-3b*
2, A% (chroma)E e C*E (a¥+b*)°2, = 4 }
o|(total color difference)S UERf= JE*abS a*b*(4JL*+4
a¥+p*H22 Mol 222 UEh: Hue angleZ tan’
(b*/a*)E AAISISIT}. o]u L*=89.2, a*=0.921, b*=0.7832] IE
FUTE AFBTI0] HESHE T HE 24 53] sl

=gatsict

ZEE OFEMO|2(residual nitrite, NO,-) &H

Z2 ob&Ato] & (residual nitrite) Q] 742 A1EF4(2002)9]
tlol£3hHS ol-g-sto] EA5I31et 10 g Al=ef 90 mLe] 80T
Z245 Z718le] homogenizer(T25 Basic, IKA, Staufen,
Germany)Z 723t & homogenizer(T25, Germany)S 80T &
50 mL2Z A|#ste] EkATo] E9e3ict 0.5N sodium
hydroxide2} 12% zinc sulfates 212} 10 mLA Y11 E315}0]
80T water bathol]A] 205-7F vkSA)Zl & Al5]
ammonium buffer solution 20 mLE Y1 &35t} &3lst
ANE= SHRSE S 5971 200 mL = BAstal, A2
oA 1082 AT T ojTAE AFg3to] osiect. ol
A& 2 mLY] sulfanilamide, 0.1 mL2] N-1-naphthylethylene
diamine dihydrochloride ¥ 0.2 mL9] ZEH,E E95}0], ol=
2087 WIS & BT Al(Uvikon 922, Kontron, Augsburg,

° .
-, acetic
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Germany)Z 540 nm TPoA SFEE Z7ott. Blanke:
HEEE2 AR g4l SRTE ARSSt] Edt e R &

et

00|22 2YI(Mb) ¥ HIEO|RZZ2YI(met-Mb) &4

ofoleZ2yl 9 wEnte] @ F=2R] FFS S5 Sl
Chen(2002)9] 1L 2171519t} 5 ¢ A2l 10 mLe] 0.01 M
sodium phosphate buffer(pH 6.8)E %1715} homogenizer(T25
Basic, Germany)= &A%t &, 4ToA 1AZF HESAIZ] o]%
1,630xgol| A 3027 ARSI oS et - A
ol 10 mLo] bufferss 7}sto] 22 WO R tlol2Rlg &
o}, B=e ASolg Beleldlt RE AL 25 mLE
ZJ-8-5}o] Whatman No. 442} 0.2 ym membrane filter= o|¥}5}
A} odFHL EPSPEA|(Uvikon 922, Germany)E ARE-51]
700 nm, 572 nm, 525 nmo|A] SLLEE S45R 1, oY &
Alo]| wz} uto] @ F2R1T} w|Eunto] 0 F2H19] Hl&S A&}
A=A nm E8%).

uto] 2251 i me/g) = (Aszs — Ago) X 2.303 x dilution factor
HEnto]oF2H] EH%) =
[1.395 = (Asr2 = As0) / (Aszs = Aq0)] * 100
o
ke TAE a9 159 Adsle] §eto Aol

1
A4 1382 19 FS(extremely slight) 0 & 3111, 47t =&

v
22 o} 73H(extremely much)C 2 75Tt

H
rn
A

7 T2 3 vHESIela, &4 23 groll disto]
SAS(USA, 1999) T & 73S 0|83} General linear model
HpHo g BXMsitt AE Hat 719 H|wE 5] Duncan
multiple range test2 5% FFoA S AASIATH
i o nE
A HH3}

/4 2 7HE ofFo] mE SR EH S84 Hik
Table 29}, AT S49] Y= Table 337 At 4 A}
L*S 00 7P7heSE ZA0], 1000 77hes W0l o
2 +1200] 7252 D], -1200] FHe%E o],
b*2 +1200] 7P7M&SE Ao, -1200] 71755 Moot
(Girolami et al., 2013). E3t, C*& 00] 77h&sE AYslA]
dom, JHE 0°0] 7W7RESE HMold, 90°o] 7phesE

i e

wAjolH, 180°0f] 7P7h&S AgAolH, 360°0] 77k A
AO]CHAMSA, 2012). 312 735, opFEAIES 7Iste] <4
T HA7] SAHNAIA B2 L w2 afgE B
ol2fgt k= obditol gt S QT g A Wy
of oJgt A Ak5te] oA whizoletal wtHch A1 5
A 7HEskE W LAl b3kl foE e g Stskl=t,
ol 7kl st} {Mo] WHE = mlo] IR ¥lo] fET}
o] o3t Ao g AlmEnh MAES Uehfl= WHER ot
AAde A7t SANA)SIAS W A4Sk, 7HFA(NH)

P 1 S7HIATHp<0.05). & Uehfis Cgh2 oFdArd
< H7IRE N A THNA, NH)OJA Fo2 02 £9k31(p<0.05),
Ao) FHE U= 4HE GAAIE H71sHA] 92 C A
THCA, CHYOIA A UEFETHp<0.05). ol oFdArd 2] 7t
ol 371 f C*glo] F7FskaL, 4H gho] 0o 7h7te] 7t
Th= Froehlich 5(1983)2] A+ A3 £ A+ 23t opz
Ao ke =59 40 M= Zow FIHI

Ao SA0] 3%, 1S40 Ao} vl ¥ B
Fo, =gt HxaL7] 42 oA a* gl CHglol
HEO 24 Yehbes 43S Btk ols AdddA 2™
AL 2 E7] A dlolnz Aget A8MS Kol 2o
= g

ot
£
O

ZHE OFUMOIR 312 w5
A obaatol &g 243 ZIHE Table 40 Leh i,

olaAlde At T 44N HTNAPIN AP L
21 obAtol2o] AEEAI(p<0.05), oFF HesHA] ok
7Agst HeHCHEIA 7H B AEEATHp<0.05). FE
7} Be4E, 71 L57 BO4E AR ofuAlolL kol
otk Ale Q1e} usat Ao Fag Hej oA
A obdAlole Flaro] RHASHE A%S RthHa et al,
2015).

Ojo|RZ2Y U HED|QZRY Fa st

ulo] @ 2@y} HlErto] o 2mHlo] TS Table 59} 2.
nlo] 9 2@ule] SRS ok XelE B ke HElTHCR)]
A 7V RHTp<0.05), SRS T AAsHe AFS Btk
wjEnto] @2 wulo] RS 4Alet Hel ol LAMA, 7}
@3k Aol Z7leks Ak Bk oliet ATk 54
£ 5C9 0TOIA 159, 309, 4587 Z459e o, STolA
%4 717k0] Z7KA4E v|ETto] 9 22Yl0] Yol AT}
= Ramanathan 5(2014)] A7 Ao} 2tk £ 24 &
59} 7zto] A2 AlskE ZAAA v|Erto] 9 ZzYl Fgo]
24313, 84 Qg 4o] Holxlcky BT
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Table 2. Effect of curing and heating pork on meat surface color

Surface color

ltem” Treatments >
C T N SEM
RY 58.27% 55.95520 52.50%° 1.13
B A 64.90"% 50.36%° 45.14°° 3.22
H 69.64" 73.88" 72.194 1.08
SEM 1.93 3.65 4.19
R 11.76" 12.414 13.04% 0.45
i} 6.00% 4.30%° 7.14%2 0.49
@ H 7.0880 4.73% 11.49% 1.08
SEM 0.95 1.34 1.00
R 4.328 5.25" 4.45 0.29
o 0.03% -3.67% -1.708%® 0.70
H 9.07% 3.37% 1.13% 1.21
SEM 1.34 1.39 0.99
R 45.30° 40.20° 39.148 1.69
) 64.82% 61.38% 50.25"° 2.73
W Bb Ba Aa
H 42 .44 63.76 68.81 4.19
SEM 3.68 3.94 4.68
R 12.53" 13.52% 13.80% 0.44
- 6.11% 5.68%° 7.628 0.36
H 11.68% 5.84°% 11.55% 1.06
SEM 1.07 1.32 1.01
R 8.185 8.914 8.41% 0.20
3.69% -0.62% 2.43 0.80
A H 11.71% 6.92B% 5.844° 0.94
SEM 1.19 1.47 0.97
R 40.22% 4277 46.07% 1.15
32.50%° 46.81% 52.14% 3.19
AE Ba Bb Bab
H 3.041 24.31 26.28 1.20
SEM 1.79 3.57 4.05

U L*, lightness; a*, redness; b*, vellowness; W*, whiteness; C*, chroma; 4H, Hue angle, 4E, total color difference.
2 C, additive—free in curing solution; T, include NaCl in curing solution; N, include nitrite pickle salt (NPS, NaCl: NaNO,=99:1)

in curing solution.

9 R, raw meat; A, aging for 2 days at 5+1C; H, heating for 40 minutes at 90C after aging.
“Means with different superscription within the same row differ (£<0.05).
ACMeans with different superscription within the same column differ (¢X0.05).
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&4 9 7HE ool w2 =AY BB |
TH= Table 63} ATk A[ZHA 0 R AMEL opdAldS 7ot
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(p<0.05), /3 4 7HE5l9E W Yar|Het o I Mg W
AL, oAt S H7ketee W AYavieh 4 E 7hEgh =
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oHl
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st
N

filo

)

P

(e]

l

o

A7) He) AMET FHOR A Uekdrhp<0.05).
Yt oIS A/lote] 71T HRATNH)OA fIH0
2 71 7 e ml(p=0.05), 44 % F1elg W AT
7150k B Y ESehp<0.05). oleie Aok x| ol o
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Table 3. Effect of curing and heating pork on meat inner color

5 Inner color

[tem Treatments o - N SEM
RY 61.59% 52.17%° 56.13% 1.55
P A 61.96% 44,08 49.55% 2.71
H 74.36" 72.67 72.704 0.62

SEM 214 4.32 3.51
R 15.19% 11.82° 14.50% 0.65
. A 11.228 0.97%8 11.75% 0.38
° H 9.15% 9.66° 14.84% 0.93

SEM 0.92 0.45 0.60
R 6.12% 3.75% 4.55% 0.45
o 3.38° 0.82° 3.19 0.54
H 4.828 4514 4.66 0.18

SEM 0.43 0.59 0.48
R 43.23¢ 40.92° 42.49° 0.54
W 51.82% 41.61% 39.98% 2.06
H 59.89" 59.15% 58.72" 0.77

SEM 2.42 3.02 3.14
R 16.39% 12.41° 15,22/ 0.73
- 11.738 10.01 12.248 0.49
H 10.34%° 10.66° 15.58% 0.87

SEM 0.94 0.49 0.68
R 9.65" 7.77% 8.58% 0.35
" 7.46% 5.355 7.34° 0.44
H 8.39° 8.16" 8.71 0.14

SEM 0.34 0.47 0.38
R 38.21%° 46.10° 42.88° 1.31
" 36.67% 53.47% 48.58° 2.60
H 24,628 26.18% 27.56° 0.69

SEM 2.16 413 3.20

U L*, lightness; a*, redness; b*, yellowness; W¥, whiteness; C*, chroma; 4H, Hue angle; AE, total color difference.

2 C, additive-free in curing solution; T, include NaCl in curing solution; N, include nitrite pickle salt (NPS, NaCl: NaNO,=99:1)
in curing solution.

9 R, raw meat; A, aging for 2 days at 5+1C; H, heating for 40 minutes at 90C after aging.

“*Means with different superscription within the same row differ (£<0.05).

"“Means with different superscription within the same column differ (X0.05).

stk Wb, X 17|S H9ES 1) The] WA ofste]  wal JEES vXLA] Lopual A1 SAS AFgStol
Ho] 9.2 zulo] AAEE 820] Sulul/] HE] SATAE 24 FEolAtole, woloTzyl W HEnte]oZzY T
arimet B 9 B5kE Zlolet e o 52 FAABGI ol RS Wrtstel SRS 1) A4
o Aol S5t WA AE ol dilole g

=F) Sl=Qith o]& QIsle] ofdAatdo ol 84 QF

A 2
= = =
£ AT opdalde] 7t G50 wet &4 2 Zhdo] o] A A} AFHel ojt A A} AAIE AT S AUA
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Table 4. Effect of curing and heating pork on residual nitrite

ltem Treatments c T N SEM

R? 0.79" 0.47 0.62° 0.13

Residual nitrite A 0.73"% 0.38° 14.78% 2.42

(ppm) H 0.28° 0.49 0.39° 0.05
SEM 0.11 0.06 2.43

" C, additive—free in curing solution; T, include NaCl in curing solution; N, include nitrite pickle salt (NPS, NaCl: NaNO,=99:1)
in curing solution.

2R, raw meat; A, aging for 2 days at 5+1C; H, heating for 40 minutes at 90C after aging.

2PMeans with different superscription within the same row differ (£X0.05).

ABMeans with different superscription within the same column differ (¢X0.05).

Table b. Effect of curing and heating pork on myoglobin and met-myoglobin

[tem Treatments c T N SEM
R? 3.06" 0.00° 2.38 0.79
Myoglobin A 0.008 0.00° 0.52 0.12
(ma/g) H 0.70A8 1.00% 0.73 0.12
SEM 0.61 0.19 0.58
R 66.458 0.00%° 66.65° 11.15
Met-myoglobin A 0.00° 0.00° 49.86 10.99
(%) H 75.76" 75.70° 71.19 1.25
SEM 11.96 12.62 7.98

" C, additive-free in curing solution; T, include NaCl in curing solution; N, include nitrite pickle salt (NPS, NaCl: NaNO,=99:1)
in curing solution.

2R, raw meat; A, aging for 2 days at 5+1C; H, heating for 40 minutes at 90C after aging.

2bMeans with different superscription within the same row differ (¢{0.05).

"“Means with different superscription within the same column differ (X0.05).

Table 6. Effect of curing and heating pork on sensory evaluation

[tem Treatments c T N SEM
R? 6.17% 5.67% 6.83% 0.10
fod A 4.67% 6.50"° 7.42% 0.18
eaness
H 6.42°° 6.10%° 7.29/ 0.09
SEM 0.13 0.08 0.08
R 5.67° 5.678 5.67¢ 0.06
Lt 6.50" 6.13" 6.428 0.09
| ness
9 H 6.17°° .46 6.79" 0.08
SEM 0.10 0.08 0.09

" C, additive-free in curing solution; T, include NaCl in curing solution; N, include nitrite pickle salt (NPS, NaCl: NaNO,=99:1)
in curing solution.

2R, raw meat; A, aging for 2 days at 5+1C; H, heating for 40 minutes at 90C after aging.

*"Means with different superscription within the same row differ (X0.05).

ABMeans with different superscription within the same column differ (X0.05).
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R oFgtol 2] Fgol dulelA $HHe AL v
Aoz AR olaagS rlstel Zidstge u) 44
=3} AgEe|A 98] BrhEiglon, WE obslele 3
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