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Abstract This study investigated the effects of the oxygen permeability of vacuum packaging film and the storage tem-
perature on the quality and shelf life of Hamburg steaks during storage for 14 days. Control samples (C) were packaged
in a polyamide/polyethylene (PA/PE) film and stored at 5°C. Treatment samples were either packaged in an ethylene
vinyl alcohol/polyethylene (EVOH/PE) copolymer film and stored at 5°C (T1), and in a PA/PE film and stored at -18°C
(T2). The initial total plate count (TPC) was 3.6 log cfu/g. In T1 samples, TPC and Brochothrix thermosphacta counts
were increased, similar to those in C samples, whereas Pseudomonas spp. counts were significantly lower than those in
C samples during storage. Over the storage period, the volatile basic nitrogen values increased most rapidly in C samples,
followed by T1 and then T2 samples. The values of thiobarbituric acid reactive substances steadily increased in all sam-
ples during storage. The colour parameters were not significantly different among the samples during storage. T1 samples
maintained sensory qualities in flavour and off-odour parameters for two days longer than C samples did. At day 12, T2
samples were evaluated as being below the marketability score of 5.0 for texture. In conclusion, using high oxygen barrier
films like EVOH/PE copolymer for packaging Hamburg steaks could extend the sensory qualities in view of flavour and
off-odour during chilled storage. However, frozen storage at -18°C is recommended when the storage period is extended
beyond 14 days at 5°C.
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Zlg)ato], MM Ex] Fo WA 7|27} WAsk= S Alat
SATH



Vol. 22, No. 3 (2016) SETP O] B0l 2

2) pH

pHE= AR 10 g& AF 3] 90 mLe] SF/Tol Yol &
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Table 1. Changes in microbial counts of ready-to-eat Hamburg steak depending on the
the storage temperature (Unit: log cfu/g)

oxygen permeability of packaging materials and

. . Storage time (days)
Microorganisms Treatments
0 2 4 6 8 10 12 14
ch 3.6 3.94f 5.50¢ 6.124 8.14¢ g.2A¢ 8.64P .94
Total bi - -
Os acrobie TI? 3.6M | a0t | sard | ogare | ggab | ggab | gera | g
acteria
29 3.64¢ 3.78¢ 3.98b¢ 418> 428Bb 4,65 4,752 4,982
C <2.0A¢ 2.18f 2.54Be 3.38d 4.18¢ 5.98b 7.142 7.542
Lactic acid T1 <0t | 228 | 3qac [ 5080 | 5580 [ gqab | g3 [ g
bacteria
T2 <2.04 | <2.0% | <2.oBd 2.4C¢ 2.5C¢ 3.5¢P 5.78a 5.98a
C <2.0Af 3.00¢ 3.80d 5.6%¢ 6.1 6.4% 6.6 6.942
Pseudomonas spp. Tl <2.0%¢ | <2.0B¢ 3.580 3.38b 4,982 4982 5.582 5.788
T2 <2.0% | <208 | <2.0% | <2.0% | <«2.0% | <2.0% | <2.0% | <2.0%
. C <2.0A¢ 3.01d 3.5%¢ 4.64° 6.9 7.142 7.342 7.74
Brochothrix Tl <20t | <08 | 338 | a1r | 6780 | gore | 73a0 [ gere
thermosphacta
T2 <2.04¢ <2.0° <2.0° <2.0° <2.0° 3.4Bb 6.482 6.582
C <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Coliform Tl <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
T2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

DC: vacuum packaged in a PA/PE film and stored at 5°C, 2T1: vacuum packaged in an EVOH/PE film and stored at 5°C, ¥T2: vacuum

packaged in a PA/PE film and stored at -18°C.

AC. Means with different letters among the different treatments differ significantly (p<0.05).
. Means with different letters between the different storage time differ significantly (p<0.05).
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fraktre BE ATl A8 27] XHET AE
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FAEA. ARt AEErE W nar gl &
dstet, AP A 7E ARk Aol Bl AkAab
o] Hojub ikl Aol Bt &S AR Al
AT} Lee$t Yoon'& == 4

4 292 uAET

44RO 5.9 log cfi/g?] fikeo
Ae} rRR AR YE A7l o]
7 H R g AlE AT

AR HQ Pseudomonasd-S Adz710] Ze A

=

7

2
2 e o) o

o] AEHAoH, o] o CFolM= TIEG fFroldoR F&
T2l 3.8 log cfu/ge]l AEHIATE F+ A2]77He] Pseudo-
monast2] Ztol= A LI7|7KA] olofA], A7d 14U}
= C7lA 6.9 log cfig, TIFIA 5.7 log cfw/ge] A&
HArk T2l e A A7 §%F Pseudomonasti©)
A& vTko g2 §X1E AeR RIS}, Pseudomonas
& ko] Ao me tiakkEe] el A3 gl Asl€
CHY, wgha | fakgale] S Abaarxiehd )
ol T1 A|FEANHE CAIEANMEYY Pseudomonasd2] 2373)
w3td AoE AbE

Brochothrix thermosphactad-2  Pseudomonasd-3} 720]
WA A A5 SAES AT AeE dHAd
o319 Brochothrix thermosphactad-S- A% 2710 RE
ANBEAA HEFA(2.0 log cfu/g) PITHeE 1F Ut}
A7 2dxpel]l CFoM R 3.0 log cfi/g?] o] AEEAT
C9} T17 AtelelX= A% D717A Brochothrix thermos-
phactadt2] Zpo)7F fojH o2 UehtA] e4Skth(p>0.05).
T27-= A% 1043} A HZ=2 3.4 log cfu/g®] Brocho-
thrix thermosphactatto] FZE o] A7 12¢xll= 6.4
log cfwgZtA] WhE2A] F7VUT}. Brochothrix thermosphacta
o] A7 @7] F43] Tk ol AT LF{IA e
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o} AWER OS2 Brochothrix thermosphactadS 1% ¥
A mAEEAN A2 F2 A& oF7F Vs Ak
M-S AAksAM AES TEAIZITHY. B8, Brocho-
thrix thermosphactart-2 Solv SAIFS 371402 ¥4
A w) Agsie o2 UHA YA, Stanley T8
RAFEAZ Folu} RS0l AL gy T o|gda
AfaktEch 9 wEA 2uE f2AE 5 Aok S99
Coliforme2 A7 717Fg<t HEIHAI(1.0 log cfwg) ©1’dS
2E IR eFodr),

ZAAN 9] AT aEe} Awe wE P 10| A
©] pH, TBARS, 12|37 VBNgte] ¥sl= Table 291 2t
A% 2719 pHe RE AlRoIA 6302 SH=oH, 2
T A% 8 639 752 fAFo A% 149
Aol 6.1 F212<1 Aste UERRTH(p<0.05). 284, T2
AlgofXe] pHE A7 294 64, A7 1487o= 6.52 <
38 7t dsdhs AE¢S Btk Langlosiset Kemp', =1
3L Sanz T SAIF AT T fikde] AAsiEA A
238 Bl S8l pH7E 7HAskAl "rkar Sl o] g o
=2 W AFE coF TIVEESIAM A% 27el pH7E oF
7k pAslE FAIE YR 2102 AdE I

iy RojRFRA AMEE VBNRES A 2700 B
£ AlFEONA 3.9 mg%iom, A7|7ke] Asigte] wEl A
&Ho 7 Zlhe A4S Bth VBNES X2+ & CF
A 71 wEA este AFS Btk A 14949
VBN#RE C, T3 T27ollA 217t 214, 18.99) 84 mg%e]
Atk TIFoA ] VBNgES Coll mlsle] #173 244 e
Froldoz Yk=d(p<0.05), ol TI7ol AREE EVOH/
PE 35HEEe] W2 AT ErE o] Akl 1
g AAAZ Gl 7I0sks Aoz F5Eh

Al el TBARSEES A% 2710 046 mg
MA/kge A=, A3717ko] Zxste] whe} A&H 0= F7t

2 S T AH|0| 329 Z7! 99

she AS Btk A% 14dol= C, T19F T27ellA 72t
14, 1.1 2 0.8 mg MAkgd 45 YERATh Tumer 52"
o] w=m, 4 8A|Fo) 9] TBARSHS] 71]H-S 046 mg
MA/kgolslolH, 1.2 mg MA/kge] 52 <Hd 2l g
2L stk T2 AlEolM 2] TBARSHE AA717ke] €
TE o A A We AAdE Ao K18
3] AR = k7] wWlEot?, TIAES AMEE EV-
OH/PE 5359 Ataapgdo] vhgol= B slal G
o} TIF A& Afole] TBARSH-S A% 144315 A L)saL
= Y40 AolE YRR &3k=t], ol exA Al
Aable] Hert ulg- sk AR 1gE7] WiEoZ AL
g4}

EAA ] ATl AgRrd mE oA
o] A Wsh= Table 337 7t} BEE YeERlE L3k A
Az719] 50622 SAEACE A 1494 C, T1 T2
oMol Lxgke 7t 528, 5242 feldoz St p<
0.05). ANES Yehli= a*gte A 2700l 47= 545
Aoy A 14LdANE C, T1 T270A zH2 4.9, 5.2,
23 472 SAEJe, A7 T dHE SRS
Folglx] kglt). oA, SIS YeRl= bk A2
14490 Ao2 SRIFA) CT2 bk A7 140l 132
2 FolFo g s o (p<0.05), T1F T2olE Z3)
A7 F oA WskE UERA] SUTHp>0.05). S
a0] Jkslel] ofsf 2 goA] S EA S metmyo-
globin® 6~7 mmHge| Akt & P, o]2eh
metmyoglobin®] $HFS UEhlE hueghe Ad=7] 1.3010
ot ey, AETelA] BF A7) 733l wet 1.2
~1.3 Atel€] huegte] A=), W2 Ho| =7} X137
AR W e W AdE A S A9 Aksll
o5t ZMsk= Ao TR e ZoR ERIFIT §H
A7 0k} vlaLste] A7 F A ghe] Wist HrE Ko

Table 2. Changes in pH, TBARS, and VBN values of ready-to-eat Hamburg steak depending on the oxygen permeability of packaging

materials and the storage temperature

Storage time (days)
Parameters | Treatments
0 2 4 6 8 10 12 14
ch 6.310.08 | 6.4£0.0%° | 6.4+0.05° | 6.4+0.0%* | 6.3£0.0% | 6.4£0.08¢ | 6.2+0.0%¢ | 6.1+0.05"
pH T1? 6.3+0.0%° | 6.4+0.0"* | 6.3+0.0%° | 6.4+0.0%" | 6.3+0.0%¢ | 6.2+0.0°° | 6.0+0.0°¢ | 6.1+0.05"
29 6.310.0%° | 6.440.0% | 6.4+0.0%¢ | 6.4+0.0%Y | 6.4£0.02¢ | 6.440.0°" | 6.4+0.0%° | 6.5+0.0%%
C 3.9+1.34¢ | 7.041.849 | 8.4+1.4%° | 8.8+1.14% [ 13.241.84%°| 15.442.4AY | 17.541.842 | 21.4+1.342
VBN
(me%) Tl 3.9+1.34° | 4.6+1.38% | 5341384 |7.0+1.84B¢| 8.8+1.85%¢ | 12.6+0.85% | 14.7+3.3B" | 18.9+0.852
T2 3.9+1.324 | 5.6+1.45¢ | 6.0£1.5%% | 6.3+1.8%° | 6.5+£1.6° | 7.0+0.8°%° | 7.741.3%% | 8.4+2.3%2
C 0.46+0.3A¢ | 0.5340.0%° | 0.61+0.1°° | 0.64+0.14¢ | 0.69+£0.24¢ | 0.73+£0.14° | 1.1+0.24° | 1.4+0.6%2
TBARS
T1 0.46+0.344 | 0.51£0.14° | 0.58+0.12° | 0.63+0.24¢ | 0.66:0.2%¢ | 0.71£0.14% | 0.91+0.34" | 1.1+0.252
(mg MA/kg)
T2 0.46+0.3%° | 0.49+0.14° | 0.50+0.18° | 0.52+0.2B% | 0.55+0.1B% | 0.54+0.2B% | 0.77+0.2B2 | 0.8+0.352
159 refer to Table 1, 2 ®2 refer to Table 1, The measured values are meantstandard deviation.
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Table 3. Changes in color attributes (L*, a*, b*, hue, and AE values) of ready-to-eat Hamburg steak depending on the oxygen per-

meability of packaging materials and the storage temperature

Parameters | Treatments Storage time (days)
0 2 4 6 8 10 12 14
ch 50.620.6"° | 51.243.54% | 52.8+1.5% | 51.940.6%% | 52.0+1.24% | 53.1+0.74% | 52.1£0.6"%° | 52.8+0.87¢
L* T1? 50.620.6%9 | 52.740.4%% | 53.4+0.84% | 49.3+£1.15¢ | 51.2+0.9%9 | 51.9+0.75° | 52.3£0.44%° | 52.0+0.44¢
2% 50.620.6% | 51.3£0.67% | 50.5+0.859 | 51.7+0.54% | 51.6£1.14° | 53.420.8%% | 50.9£0.65¢¢ | 52.4+1.44%
C 4740340 | 4.8+0.5%° | 4.6+0.3%° | 4.6£0.35° | 4.8+0.24° | 4.6£0.25° | 5.1£0.2%% | 4.9+0.24Bb
a* T1 4.7£0.3%° | 442035 | 4.6£04%° | 5.120.6"° | 3.8+0.4%¢ | 5.4+02% | 462028 | 52+0.44®
T2 4740350 | 4,620,148 | 4740340 | 474038 | 4.7+£0.4%° | 4.6£045° | 53+0.6% | 4.7+0.7%°
C 14.4£0.4%% | 13.5£0.6%° | 13.6+0.8" | 13.8+0.6"%° | 13.2£0.85° | 14.3+0.44 | 13.4+0.54¢ | 13.2+0.45¢
b* T1 14.440.4%% | 14.0£0.45%° | 13.4+0.9% | 13.6£0.94% | 14.520.6%% | 13.320.6"° | 13.6£0.6""°| 14.6+0.942
T2 14.4+0.4%% | 14.0£0.4%° | 13.620.6" | 13.620.44% | 13.520.6¢ | 13.4+0.35° | 13.5+0.67 | 14.241.17
C 1.3£0.04% | 1.240.08% | 1.2+0.04% | 1.3+0.04% | 1.2£0.05%° | 1.3£0.0%% | 1.2£0.0%° | 1.2+0.0A%
Hue T1 1.3£0.04% | 1.3£0.04% | 1.240.0%¢ | 1.2+£0.08¢ | 1.3£0.0%* | 1.240.08¢ | 1.2£0.04% | 1.2+0.07%
T2 1.3£0.0% | 1.3£0.048% | 1.2:+0.04% | 1.2+£0.0482 | 1.240.0%° | 1.2+0.0%% | 1.2+£0.0%° | 1.2+£0.14°
C - 2.8+2.34% | 2.6+1.3A% | 1.6+0.44% | 2.2+0.74 | 2.5£0.6%* | 2.0£0.6%% | 2.6£0.74%
AE T1 - 22404580 | 314074 | 1.8£1.28% | 1.5£0.55¢ | 2.0+0.4%% | 2.0+0.54% | 1.8+0.65*
T2 - 0.9£0.5% | 1.240.5% | 1.520.84¢ | 1.6+0.6%¢ | 3.120.8% | 1.4+0.7%° | 2.2+1.14B°

159, refer to Table 1, A% 2 refer to Table 1, The measured values are meantstandard deviation.

Table 4. Changes in instrumental hardness values of ready-to-eat Hamburg steak depending on the oxygen permeability of packaging
materials and the storage temperature

Storage time (days)

Parameters | Treatments
0 2 4 6 8 10 12 14
o 9,727.1 10,092.8 | 10,908+ | 10,0474 | 11,657.3 | 12,065.5 12,290 11,230.2
+433.4%¢ | +£14437b | 3583M%¢ | 156 0 | 1568 04% | 1616447 | +£532.14% | £1879.9A%
Hardness 2 9,727.1 9,951.9 10,5263 | 10,093.1 11064.7 | 11,276.5 | 12,0587 | 12,984.4
(g/cm?) T +£433.45% | £103.2AP | £821.94% | +198.7AP | £641.94% | £54734% | 1338440 | 1£]068.2A
- 9,727.1 11,158.5 | 10,091.6 | 10,363.7 | 11,883.1 | 12,1604 | 11,880.1 | 13,930.7
+£433.44° | £114.0%% | £125.78¢ | £276.8A¢ | £863.14% | £191.34 | £191.24% | 1697248
159, refer to Table 1, 2 ®2 refer to Table 1, The measured values are meantstandard deviation.
FE ABRS A 2dA C, T1, 2813 T27olA Z4=) zfo]E Holz] ekth(p>0.05).
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Table 5. Changes in different sensory attributes of ready-to-eat Hamburg steak depending on the oxygen permeability of packaging

materials and the storage temperature

Parameters | Treatments Storage time (days)
0 2 4 6 8 10 12 14
ch 9.0+£0.04 | 8.2+0.3A% | 7.9£0.34° | 732034 | 6.9+0.5%¢ | 5.3£0.287 | 5.120.8A | 4.8+0.3%¢
Colour T1? 9.0+0.04% | 82+0.3A% | 7.9£0.24° | 7320349 | 6.9+0.3% | 5.5+0.2%48 | 53+0.848 | 4.8+£0.24"
2% 9.0+0.0%% | 8.2+0.24% | 7.9£0.34° | 7.120.4% | 6.940.4%9 | 5.5+£0.24¢ | 512047 | 4.9+0.4f
C 8.9+0.24% | 8.3+0.24% | 7.5£0.4%° | 7.120.2%° | 6.6£0.4% | 5.4+0.2%¢ | 4.5£1.08 | 3.9£0.48¢
Flavour T1 8.9+0.24% | 82+0.3A% | 7.5£0.24° | 7.240.3%° | 6.940.3% | 5.4+0.3%¢ | 5.1£0.8%° | 4.5+0.47¢
T2 8.9+0.24% | 8.0+£0.4A° | 7.3£0.6%° | 7.120.3%° | 6.7£0.4%9 | 53+0.4%° | 5.0£0.6"° | 4.9+0.4A°
C 9.0+0.14% | 8.2+0.24% | 7.6£0.3%° | 6.9£0.149 | 6.7£0.5% | 52+0.24¢ | 4.5+1.0%F | 3.8+0.6%¢
Off-odour T1 9.0+0.14% | 8.1+£0.24% | 7.6£0.4%° | 7.120.4%9 | 6.8+0.4% | 5.2+0.37 | 5.120.6M7 | 4.5+£0.4%¢
T2 9.0+0.14% | 8.0+£0.4%° | 7.6£0.5° | 7.0£0.349 | 6.7+0.4%¢ | 52+£0.247 | 5.0£0.6M7 | 4.8+0.4¢
C 9.0£0.0% | 8.3+£0.34Y | 7.720.24¢ | 7.120.2A¢ | 6.8+0.54° | 5240287 | 4.8+0.8%¢ | 4.2+0.55"
Texture T1 9.0+0.0%% | 8.0+£0.048% | 7.7£0.24° | 7.0£0.24B¢ | 6.8+0.3%9 | 5.4+0.24¢ | 5.1£0.7°° | 4.6+0.4f
T2 9.0+0.04% | 7.7£0.6%° | 7.4£02P° | 6.9+0.45¢ | 6.5+£0.4% | 5.3£0.34B1 | 4.8£0.48¢ | 4.4+0.67B"
C - 64.3 78.6 57.1 35.7 14.2 0.0 0.0
Pre{ﬁ/i‘;nce TI - 357 214 286 50.0 429 57.1 143
T2 - 0.0 0.0 143 143 42.9 42.9 85.7

3. refer to Table 1, A @2 refer to Table 1, The measured values are meantstandard deviation.
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