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Quality and Shelf-life of Chilled Smoked Pork Belly Depending
on Packaging Methods
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Abstract The changes in quality and shelf life of smoked pork belly according to packaging methods were investigated
during storage at 5+ 1°C up to 12 days. Three packaging treatments including air-containing packaging (AC), vacuum
packaging (VP), and packaging incorporated with oxygen scavenger (OS) were applied in this experiment. In all treat-
ments, the initial total aerobic plate count (TPC) was 2.4 log cfu/g which was increased with storage period. The rapidest
increase of TPC was observed in the AC samples, followed by OS and VP. The VP samples showed inhibiting effects
on the growth of Pseudomonas spp. and coliforms over the storage. The TBA values were increased in the order of AC-
OS-VP. The VBN values of the VP and OS samples tended to be increased slower than the AC samples during the stor-
age. According to the sensory evaluations, the point of losing marketability in the raw AC, OS, and VP samples was
determined to be the day 8, 10, and 12, respectively. However, the evaluations for the cooked samples showed the AC
and OS samples preserved the marketing value until the day 10 and 12, while the VP samples until the day 12 except
in the parameter of texture. In conclusion, it was found that the most appropriate packaging method for preserving the
quality and extending the shelf life of chilled smoked pork belly is vacuum packaging.
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Fig. 1. Processing procedure of smoked pork belly.

o] rom xRS A EE 4 285 x 213 x
38 mme] styroform Ed|olol] &glo]23l A8E 3x7t 4
Y2 $F 30um 779 7H8-& low-density polyethylene
(L-LDPE) E AT 1 4730 cc/m?/day/ atm at 23°C)
o2 ¥ BAA] B2 190 x 130 x 30 mm,
71 365 ume] PP Eo] Wil &Tto]Agk s 2
z7t 4 g2 F Edo] -] 9ol 1000 ccd T2
23 g2k4A)|(E200, Lipmen, Korea)s F-2F 3, 21 x%
IE91 PAPEZE] B2 thy, 258 EHEI(GH300-
5, Good Package, Korea)S AR5l dB-g3latt
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Germany)ol|A] 48A17F v & oxidase tests Sl FE



=13
oo

el
i

Ofl It}

I

Vol. 16, No. 2&3 (2010) Azt
Aoz HAE colonyThe AlF3sIATE f2kt(lactic acid
bacteria) .= 7F71¢} 22 WA o R HITI & wiAE
anaerobic jarol| FHo] ¥ A 2AkAA|(Anaerocult
C, Merck, Germany)s ¥-2 & d&3lod 30°ColA 724
7F vFSt UF2- catalase tests dfo] 7|7} HAISHA] Qe
colonyE A3t log cfu/gS 2 74] ] o7 L= e =1 R =
(coliform) F7]e e WO 3MS g &
1 mLE F3l 3M coliform petri ﬁlmoﬂ HE: T o)
&Fated 24X 3 FH2 A colonyRHe AlF3aiTh.

2) pH

pHE A89] 437] 728 10 g AF 3t 90 mLe] &
Froll ol ®3171(T 18 Ultra-Turax, IKA, Germany)E
olg, A|ES 243t & pH meter(SG2-ELK, Mettler Toledo
Co., Ltd., Switzerland)ys AM&-3te] 27431t

3) Thiobarbituric acid (TBA) i

Witte®] Vo] wa} o] A517] ¥ES 20g F 3l
ABR ARSI AT AN daolA 15AE W
%] & spectrophotometer(V-550, Jasco, Japan)s AFE-3}eq,
530 nm 3FollA FBEE SANUE o] S wrell S
A4 525 F3t9 TBAZH(mg malonaldehyde (MA)kg
meat)S 2 AHE3IT]

4) \Volatile basic nitrogen (VBN) gf

Conway W& wel fo] A517] #482 10g
Fate] AlEE ARSI WA el 7t BAREA
o APAe Yo & 1%H11°]E10ﬂ o] 37°Col|lA 80%-7¢
Wxsk k. W7 B F auto burette(HWA-1620507,
Vitlab, Germany)& AR&-3F] 0.01N-H,SO,2 ZA3ted 1}
2 7S VBN7E(mg%) o & 42HE3tsi).

5) M

L%k 98.59, a7k 0.09¢F b'gk 03791 WA ¥ plate
E AFESH] calibrationdt TR A5 437 BES 1 x
lem 37|12 A2 H colormeter(JS-555, Color Techno
System Co., Ltd., Japan)s ©]-&3}] hunter L"(lightness),
a’(redness)?} b'(yellowness) 72 43I0, tan'b/a®
ARFste] huegts T-3Hict.
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Table 1. Changes in microbial counts of smoked pork belly dur-

ing storage at 5°C depending on packaging methods
Unit = log cfu/g

Storage | Packaging| Total |Lactic acid Pseudomonas

(days) | treatment | aerobes | bacteria spp. Coliforms
ACY | 247 | <207 2340 | <207
0 08? | 2.4%¢ | <2.0% 234 | <200
VPP | 24T | <2.0M 234 | <2,0M
AC | 4.4 2.84d 3.4 | <200
2 oS 5.0M¢ 2.9A1 2.5 <207
VP 4.14¢ 2.41¢ 3.00 | <20t
AC | 578 4.14¢ <2.08° 2.58¢
4 0s 6.344 4.0A¢ 447 3.64°
VP 5.28¢ 3.6M <208 | <208
AC | 8.14P 5.41b 2.78d 4210
6 oS 7.24¢ 4.48d <2.0A% | <2,0Bd
VP 6.140 5.5%¢ <20 | <208
AC | g7A® 6.342 5740 | <208
8 0s 8.180 5.38¢ 3.3Bbe 3.4B¢
VP 6.8 6.3A° 2.582 4,98
AC | g.57Bab| 5 3Bb 6.6"* | <208
10 oS 8.6" 6.450 5.482 547
VP 7.5C8 7.0A <2.0B° 3.65°
AC | 90" 6.85% 5.34¢ 5.54a
12 0s 8.6" 6.142 <2.08¢ 5748
VP 7.58 6.4 <208 | <207

DAC : Air- containing packaging, 2OS : Packaging incorpo-
rated with oxygen scavenger, JVP : Vacuum packaging.
A-D : Means with different letters among the different treat-
ments differ significantly (P <0.05).

a-f: Means with different letters among the different storage
time differ significantly(P < 0.05).
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o]l AgS Holm F7HITh A% 494} 7HA= OSAl
BollA o AMFEd vs| TPC7F | #=A4] AZEIA
W A 69l s ACKES] FHT7F 8.1 logEA VPA|
E7F 6.1 log, OSAE7F 7.2 logd] Aol vlafl =4 Jebst
th. 8dAoll= VPAIERE AL R] Agtelx] BF
8.0 log ©)%de] TPCE R3Th TPCeE A7+ 5 AC-
0S-VPo 2 wh2A| Z71519 . Egandt Grau!”%= TPC7}
8.0 log °14d w A2 EoitAEla o Gram's
< 259 Fulle 749 log FEoE w|AEoC] AdetaL of
¢ A akgo] Eotdl AxEar siGit)h ol sk K
7126 AC, OS 2 VPAIEE 717} 6, 82 2 1294}
o] RujgAld] ol2Fti & = k. 2y Lee'? 5&
TPC7} 7.0 log W|Wro|t2ts 7o 2A19] 7IE e
A4E AstEE TPCol| o]k 2159] Faf e Aoy
Q1 7182 opEkaL skl

fAHEEE AR 09A 2.0 log PIRHY] 7S YR OV
A7 5 Al AglA F3] FTksle FAE UER
Atk E=3 089} VPAIES] fAkEre A% 7 &
oAl AFgS Kol TRt & ikt A 24
2RE AAF Frkste] A 1095 VP, ACSH OSTellA
747} 7.0, 649} 53 log FEo 2 F718lith TPCS th=
Al A% 6LAHE] fitrrt A3 AR B A
w3} Hlaete] FA] Sk AL A3 R A s
Tt YAl §AE o] fAkEe] A3 feElstAl 2hg-e o
Fog Algdrh A% @719 12930l VPAIRS] Ak
42 6.41log, ACAE+= 6.81log, OSAEE 6.1 loge 712t
LERSITE

Pseudomonas spp= A7 271 BE AHE|FollA 33]
2.3 log2 AZEAT. 22]v VPAIRAXNE A 444
Bl Pseudomonas spp7t AZHA ¥yt olgd A=
ko] FAstAA  FASE dARFEZR QL)
Pseudomonasd-2] 37o] AAE = Sutherland 599 &
TAHE AB8E F Ak F, it S A2
© 371 A Rsliro] At frakte] 4ol &
ZNAHEA Pseudomonasd-2] 737ge] A€ Ao=Z HelT)
ACNEE 643X 8UA} Atolol] Thl A Rafjsto] 2.7 log
oA 57logE wA F7tetd 1083l= 6.6 logZHAl
Z7FSEALE ol AL UM AFS AT Pseudomonas
spp.2] AV} o] fakre] Falo] FolEHA T
ARfe] S0 8 R Rt OSAEE 84
o whlARFo] 3.3 logdom 1083E 5.4 log2 X
Fx7FTl Hlate] FA| STslGlE], ol OSAEC ¥
Y H ATt 371 mAES] RS AT ¢ Ue
Je2 X i AARE T8I AAA & 3 A
71918 Aoz wekE,

W

5| - 0|47] - O] e B St Sl K|

3 O (colforms)yS A 29AAE RE A
TollA EAEA] skt T 49} ACK E9F OSA
BollM ZHt 2.59) 3.6 loge] o2 T7H AoZ e
Wt VPAIES] 79 8Uatol]l X0 & 4.9 logd] 2
2 271t 109344 3.6 log, 223 12¢%}ll T4
HAEIA vgke g Yepgtt o)& Liu 5l Bd np
oF o] fARtF7E S7FERSE ko] A37do] A=
= Bl 7191g Aoz yehEct

2. pH, TBA®} VBN 2| B3t

A7 71700 w2 pH, VBN, TBARs®| ZZ= Table 2
ol et itk 418-9] pHE AR oflg} By, 1
i A F oy =EF A 8% ¢S Itk
Langlosis®} Kemp'YE GAE & AFo 39 A7 717+
o] sk wAEo] AshAA IAE ko R Qlate]
pH7F Zhasitiar sieict. A 27] W SARRAS] pH
£ 2E HETaA F3] 6290 ALY 5.9~6.0

Table 2. Changes in pH, TBARg and VBN values of smoked
pork belly during storage at 5°C depending on packaging methods

oy | neatments| P | TmARS | v
ACY  62£0.14%]0.07 £ 0.0%% | 5.6 £4.04°
0 0S?  |6240.14%|0.07 + 0.14¢ | 5.6 +4.0A°
VPV 6.240.14%[0.07 £0.2°7 | 5.6 4,07
AC  [63+0.14%(0.17 +£0.05¢ | 2.1 +1.08¢
2 oS 6.3 £0.1%{0.27 £0.01¢| 7.7 £3.07Bbed
VP 5.920.14410.11 £0.0°F [12.6 +2.0A°
AC |61 40.1840.23 +0.0"° | 6.3 +3.0%°
4 oS 6.0 +0.1°410.24 +0.0%¢ | 2.1 +1.0A¢
VP 6.1+0.1%%]0.14 £ 0.0 | 4.9 +3.0*°
AC 6.1 £0.0%410.48 £ 0.04° 4.5 £ 3,04
6 0s 6.2 +0.1%%0.34 +0.0% [16.8 +4.0"°
VP 6.1 £0.1(0.17 £0.0%¢ [18.9 + 1.0
AC |61 0.0 (0.47 0.0 27.0 £ 2,040
8 oS 6.0 £0.0%° [0.41 £0.0% [14.7 +7.08%
VP 5.9 +0.14°40.19 £0.0% [10.5 + 5.05¢°
AC 6.1 +0.01(0.52 +0.14B%8 3 + 3,01
10 (o 5.8 0.0 [0.47 £ 0.14° 4.7 £5.05
VP 5.9 +0.0% 10.23 +0.0% [12.9 + 1.0%abe
AC 5.9 0.0 0.44 £ 0.05° 5.2 + 4,04
12 0s 6.0 +0.0%°°0.55 +0.0%* 27.6 +2.05%
VP 6.0 0.0 0.26 £0.0%* [12.6 +2.0Babc

1)-3) : refer to Table 1.
A-D, a-f:refer to Table 1.
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Stk ole FAMAL AR % 598 At 285)
QYsA REo] A o} AERE pHAA A3

Ao 71018ty Skt
A% 717kl wWE TBARS A3E B A 2713
EE AlETIA 007 mg MA/Kkgellem A7 717ko] 7
HrF FolH Ads HolH S7IeE A o2 Yept
Turner 590 UZ}EU# 218-9] TBAZFS] 7HIHEE 0.46 mg
MA/kg, &4 A8l 2Jel= 1.2 mg MAkg o’dolgkal 318
th. ACNEE 293} 0.17 mg MA/kg, 42931 0.23 mg
MA/kg® & TBA#C| S718It7t 62xtell 0.48 mg MA/kg
o7 FAM F7lst] 712belA Hof Wohal & 2
t}. OSAIEE ACAES mE7IAZ 2939 027 mg
MA/kg, 423}l 024 mg MA/kgO & F7}althrt 6t
Al 8} Atelol] FAsHA F7Fsted 0.41 mg MA/KkgZHA
713t g VPAIEOIA ] TBARES 24}l 0.11 mg
MA/kg, 4422t 64kl ZHzb 0.149F 0.17 mg MA/kgT
o2 AF Z/RIA 12¢ FAE 026 mg MAKkgSZE
71 SAIES. BE 046 mg MA/kgHth @R wke 7hs
RHojFQr}. o]¢} e AFE FaL B w I3l
/\1&; _S,z_x} 1,}] A]-/\g] 6Lako] LH)]. )\]—ﬁH7]— ﬂ;‘qs] 218 =
Ao R AET. TBARtol A% 717ko] Zastel| wet 5
7Fehe 21& Brewer & 'YoA Ragh wie} 7ro] Avp &
sl aast nAEAE Al I Eke thAREE ) ofs) A
< WEA 711%H.
VBN#t] Wsh= TBA# wlsssh Ago=® bttt
=, A7 271dle Al AlTellM 25 5.6 mg%itht A
717kl A deE SIS ACK B 4YAA
= 63 mg%l RO, 643l = 24.5 mg%zE FESH &
7¥ersitt. ekl AEadel mEm 2152 VBN 7H
AL 20 mg%el3tE g A o] 71Ee] w=w
ACAE= 690 24.5 mg%=A 271537k X8 Fo|3
d Aoz A 0SAFEoIM S VBN#HS 623t
16.8 mg%, 8Ll 14.7 mg%= Thd Fae 2o e
ozl Al AEid Zew WP EY, 1083l =
24.7 mg%= VBNZIo] 543 571 oz Rojdez
AAE Aoz FelFQr), o)ol Hkel] VPAES|Ae] VBN
e 493 6Lt 2} 4.9 mg%, 18.9 mg%E HFH3
Z7FISth 1095 129 & VPAIEOA 9] VBNgE> 7Hzt
129 mg% 12.6 mg%= YERt thE A5 vls) 4
3] WA fAE Aow ERIEQIH. o2 AHE £
AFIZ AN EAM = T4 o] Aaghako] vlof whulzd

F3ll#Q] Pseudomonas spp. 5 27143 VIS A7)

ojalEe] TE Ael7Eel Bl e Falrh A" A

=] Aol WM3l= Table 39 YR Q.
=5 Yepe U ‘94 A% XW 717k w}E °-°41*°1
t‘fo FR

VPAIE7} B} 1194%011 Hlsﬂ A2 o2 ?%Wl@ = E‘ri
=S L3S fA3 Zlo® Kol o] VPABIA 2%
o] skael HES 7137t B A2l Hlsf Ao} 0““"94
metmyoglobin®] B/do] XA A 7|Isks Ao =
Aok ANEE Yepfle at 94 olek fARE A E
Atk A 2719 a'ghke BE AEelA 12,0010
x12P7]7Lo] A2 w2 A 72489 VPAIRS] a'gf
& 2UAIA 642HA] 37 tE FAEeH, 8YAl 1.9
SRt 10431 ThA] 2302 A3t OSAE
231l HlA EL 6,69 a'Ghe HAFTI) 4UA))
152 slEElen 12¢3<l 0.67F4] EolHit. ACAE+= 2
U}l 1.99] a'ghe HoIFEQom AZo = JlEElHA 12
datdl 058 OSAES HIET FFS UEhfdTh
Lawrielg)‘:* QAo 9ol AATiulzo] myoglobin_v} AFAo}
o] WkIdEfel e} ﬁ%ﬂﬂ% %*—‘1‘4 W3l o= Ak
&, 2%, MAEL pH 7% 5 o7 2]l o] gt
L sigict. A1 Alf'i«l A Z A Ax ANE
A 3 dkdo] E AdejellA AR XFEAgTelA TP
=A 949 Aoz =)

FAEE YeRf= bk A 271 1.8 A%
717k0] A3t wet Faske FAE BT VPAIRS
b3S 4Uxto) 61714 FEHEIOL 6ol 8T A
o gdAlo= 4.602 I 1083}l = THA] 5.1

2 AsPon A% @712 12931E 889 b'RES Hol
FATE. ACAFEE 8Yx}o)| b7kl 648 H|wE AE &gt
Fgom, 10839} 12931 8.8, 847 A F7HS v
S W =& FAE AT OSAEE 6UAl bk
502 A% siEiglon, sdxjils 7302 AEsidth 1
o| = EW bR stErete] 1291 4.584 ATk
7P 9 bEe UERITH

Huewtd] S7F= 4849 metmyoglobin®] A3/33 #&
o] ZIth') Hueghe 02}l 0.80190.2H, A% 717ko] 7
Al w}t S7kehs FAIE BAATE VPAEE 2941} 4
Azl 112 FAE 643 AAF S7ksted 109
zloll= 1574 7kt on 1293 thA] 1322 3
2Hlth. ACAES] hueghe 4ol 142 wiE2A F71s13
om, A% rlddle 157 S713th OSAEE 294k
huegte] 0.82A1 W/ Yo 4U}ol] 1302 wEA
S7kslth7E 8dAtell= 15704 S71skaint. 1294 l= 0S

fr l'FU Fl



48

244l

Hol

- J&3] - 01471 - o] e

Table 3. Changes in color attributes (L, a, and b values) of smoked pork belly during storage at 5°C depending on packaging methods

Storage (days) | Packaging treatments L* a* b* Hue
ACY 44,0 + 6.8 12.0 + 1,042 11.8 £2.4%2 0.8
0 0s? 44.0 £ 6.87 12.0 +1.042 11.8 £2.4% 0.8Ad
vpY 44.0 +6.8A° 12.0 + 1.042 11.8 £2.4% 0.8
AC 37.9 +3.084 1.9 2.4 591,74 1.34¢
2 (o 42.7+3.3% 6.6 +0.6%° 6.2 +0.74° 0.8%4
VP 42.3 +7.9A° 3.9+0.65° 73+ 1340 1.18¢
AC 42.9 +1.57be 1.5 +0.48b 7.9 £1.4%¢ 1.440
4 0s 46.5 +£4.54° 1.5+0.48¢ 5.1+1.08¢ 1.38¢
VP 46.9 £3.6"° 3.0 £0.6% 6.1+1.75¢ 1.16be
AC 43.6£3.7% 1.3 +0.280d 6.4 +0.95¢ 1.4B°
6 0S 42.9 +4.2Bb 1.3 +£0.28% 5.1+1.88¢ 1.34¢
VP 54,6 £2.7M 3.3 +0.6% 8.7 0.9 1.2¢%0
AC 41.5 £3.6% 1.0 +£0.18% 6.4+18¢ 1.44°
8 0S 52.6 £2.0% 0.4+0.1¢ 7.3 +0.54° 1.542
VP 46.7 +1.58¢ 1.9 +0.14¢ 4.6+12% ].2Bbe
AC 44.4 £0.7C8be 0.9 + 03B 8.8 £0.9° 1.5%
10 0S 43.9 £0.78 0.5+0.2¢ 5.6 +0.9% 1.542
VP 46.3 +4.2° 2.3 0,500 5.143.08 1.18¢
AC 412 40.1¢ 0.5+0.15 8.4 +£0.07% 1.542
12 0s 51.5£0.052 0.6 £ 0.05f 4.5+0.0 1.4Bb
VP 56.1 £4.17 2.8 +0.774 8.8 0.5 1.3¢

1)-3) : refer to Table 1.
A-D, a-f:refer to Table 1.

A5 huedbd 14324 A 7430 3802 FA 4
A AFL] TR T GAAAASUET AR A gt
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Table 4. Changes in different sensory attributes of raw smoked pork belly during storage at 5°C depending on packaging methods

Storage (days) Packaging treatments Color OuterR:;:)earance Offodour
ACP 8.8 +0.3% 8.9 +0.21 8.8 +0.4%
0 0s? 8.8 £0.34 8.9 £ 0.24 8.8 £ 0.44
vpY) 8.8 +0.3% 8.9 +0.27 8.8 +0.4%
AC 7.0 £1.7% 7.9 £1.0M 7.6 £0.7A°
2 0s 6.5+ 1280 7.5+ 1.0A° 7.6 074
VP 8.6 £0.5% 8.6 £0.6M% 8.4 £0.6M
AC 52+1.15¢ 6.0 +£1.28 6.2 +0.98%
4 oS 5941180 6.0 £0.98% 6.3 £0.85
VP 8.9 +0.342 8.0 £0.7A¢ 7.5 +0.54%
AC 5.0 +1.28¢ 5.7 +0.7° 5.6 +0.58%
6 0s 5.7 £2.08° 5.8 £0.65% 5.5 4£0.58
VP 7.9+0.8% 7.0 £0.9%° 6.9 02"
AC 4.5 £1.65¢ 53+£12° 5.1+1.08¢
8 0s 5.6%1.280 6.4 1,0 6.0 + 1,048
VP 7.9 £0.748 7.6 £0.7A% 6.8 £0.5%¢
AC 3.5+1.18 4.5+ 1,08¢ 4.5 40,07
10 oS 4.8+1.74 4.9+ 1.5 4.7 +1.0%
VP 5.8 +1.44° 6.3 +£0.94° 5.1%1.1%¢
AC 3.1+ 1.28d 3.9 +1.84° 2.7+ 1,08
12 oS 3.7+1.65 3.7+ 1.74¢ 3.0+1.18¢
VP 6.6+ 1.0%° 5.0 1.4 4.8+ 150

1)-3) : refer to Table 1.
A-D, a-f : refer to Table 1
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Table 5. Changes in different sensory attributes of cooked smoked pork belly during storage at 5°C depending on packaging methods

Storage (days) Packaging treatments Cooked
Color Flavour Texture
ACY 8.9 +0.242 8.9 +0.242 8.9 +0.24°
0 0s? 8.9 +0.24¢ 8.9 +0.24¢ 8.9 +0.242
vpd 8.9 £0.242 8.9 £0.242 8.9 £0.24
AC 7.4 +0.98 7.9 +£0.74% 8.1 £0.6M%
2 0s 7.9 £0.78 7.6 £1.24%® 8.0 £ 0.8
VP 8.6 £ 0.47% 8.1 £0.74% 8.4 +0.54%
AC 7.1 £0.74° 7.0 £ 1.24° 7.1+ 1140
4 oS 6.6+ 127 6.3 +1.3% 6.9 + 1.3
VP 8.0 +0.64° 7.7 +0.8A% 7.7 +0.67%
AC 6.3 +0.6"P¢ 5.6 +0.55¢ 6.0 +0.0
6 oS 6.8 +1.0AM 6.7 +0.4A 6.5+ 0.45°
VP 7.6 £0.74° 6.7 £0.4%¢ 6.9 + 0.2
AC 6.0 +0.95¢ 524+ 1.0%¢ 5.4 40.94°
8 0s 6.6 £ 0.74b¢ 5.6 1324 5.8 £0.94b
VP 7.4 +0.840 6.0 £ 1.4%° 5.8+ 1.5
AC 52+ 1.0 4.5+1.0% 5.0 £ 1.0
10 oS 5.6+0.84 5.1 +1.00 5.0 £0.78
VP 5.5+1.0M 5.0+ 1.0 5.7 +0.84Bd
AC 3.5+1.5% 2541484 3.0+1.7%
12 0S 42 +1.7°Bd 3.1+1.5% 34+1.6%
VP 53 £ 1.3% 5.0+ 1.6% 4.8 +2,0Ad
1)-3) : refer to Table 1.
A-D, a-f : refer to Table 1.
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