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Effects of freezing storage temperature on the storage stability of beef

Jeong-Ah Park, So Young Joo, Hyun Jung Hwang, Ye Seul Na, Seo Jin Kim,
Jeong In Choi, Joo Young Ha!, and Mi Sook Cho*
Department of Nutritional Science & Food Management, Ewha Womans University
'Samsung Electronics Company

Abstract This study was conducted to investigate changes in pH, volatile basic nitrogen (VBN), thiobarbituric acid
(TBA), a* (redness), shearing force, and microbial content (total plate count; TPC) in beef during freezing storage at —1,
-5, and —-20°C for 21 days. TPC as an effective quality indicator was used to identify the decay point by regression
analysis. The pH, TBA values, and TPC significantly increased with storage at all tested temperatures (p<0.05). VBN
significantly increased and shearing force significantly decreased with storage at —1 and —5°C (p<0.05). TPC showed

significant correlation with temperature at —1°C (R*=0.891),

—5°C (R?=0.856), and —20°C (R?*=0.444). The decay points at

-1, =5, and —20°C, were 27, 52, and 84 days, respectively. The results suggest that a freezing temperature of —5°C is

effective for short-term storage of beef.
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olo] Wt B Ay 2379 WARS Eale] An|RES0)
HelA 22712 Bk of) AR F Y= /1HE WY
o] WEA U &% AL AANEY] 98 712 ATEA, &%
G7)17F AAsh A7) 3hek

2700 et 2318 N2 342
A AL G 5 Sk pH, A, VBNEUEY) A, T
b Az HHE i oS Bz /108 A5

T4 908, §E0 AAE A9 LA ol eI

< oH|
NS
Ng FAT BHE $AGE) FUHF A GEepdEsol
A 25 TS SHRIE 2me] 2T FAR ak3ke] 99

T ZZ]o|€=(LDPE), 3M, Naju, Korea)oll X
;}04 -1, —5, —20°CE AR E 7148 WA IL(RFIOH9012XP,
Samsung Electronics Co., Ltd. Gwangju, Korea)ol] #7dslHA] 0,
3,7, 10, 14, 17, 21943}l 22} Aol FA830

pH &8

pHE A& 5ol /5 45mLE 718 ¥ 471 (homogenizer)
(T18 basic, Ultra—TunaX®, IKA®, Staufen, Germany)Z w2 3}5}3L
&% 9] (Whatman No.)Z o33+ % pH meter (Orion Star
A222, Thermo Scientific, Singapore, Singapore)Z =73}51 T}

MMz =X
2317] A|R2E E¥H(blender) (KF-HM500, Namyang Kitchen

Flower Ltd., Gimpo, Korea)S ©]8-3}] mialst & A=A (Spec-
trophotometer CM-3500D, Konica Minolta, Osaka, Japan)E A&
3to] CIE a* (redness, A %) 72 YeRd) o] w] msust
& L*=96.85, a*=-0.10, b*=-0.162-2 FE 3|3} T}

TBA (Thiobarbituric acid) &3

TBA7R= Witte 5-(1970)¢] "H-E ol-&ste] A@3FATH(15). Al
2 5¢3 $FS 15mLE homogenizer (T18 basic, Ultra-Turrax®,
IKA"Z F4d3}ste] A& °](Whatman No.1)Z oJ3stal 235
ImLE 20mM 2-#}o] @ vH] 52 AH2-thiobarbituric acid, TBA)/
20% Ezlo]ZFZE ZolA| Esktrichloroacetic acid, TCA) 2 mLol|
7Fek & vortex mixer (VG3, IKA")E ©] & 3}01 RS A=
100°C F=0llA 1587 7Hshy BEgAIZ] & A2eoA 108 &
QF W8t wkES AAAZITE WS 045 um syringe filter
(disposable membrane filter SC25P045S, Anseong, Hyundai
Micro Co., LTD., Korea)& ARg-3te] oJzbgt & #3334 (UV
spectrophotometer, T60U, PG Instruments Ltd., London, UK)E
o83t 531 nmellX FF=E Z7F3IA

VBN (Volatile Basic Nitrogen) 8

VBN Conway®] W& gbyom o3t o] S5kt
AR 5gi S/FF 45mLE 7IskaL homogenizer (T18 basic,
Ultra-Turrax®, IKA®)Z -23}s10c). 42 A0S 7 E50](Whatman
No.)Z &3}8+ & Conway unit] We] 0.01N }131303 1 mLe}
Bruswik A A] 2F(0.066% methylene blue in ethanol: 0.066%
methyl red in ethanol=1:1) 50 pLE ¥+=C}. Conway unit®] 2|4
o 50% K,CO, 1mLE ¥ AA#H 1mLE 7Y § A 74
S 2o} "I AR Conway unitS FHO2 3]7sle] 949
AlEAZ 50% K,CO7F RESBIES aFH, o] uf Waz} 4]0]A]

ws @tk 37°Ce) WY ] (incubator)ll A 90EZE BAAIZIAL )
2l9] H;BO,Z 0.02N 3HH,S0)0 2 4143 A4 }04 U
2ol ©J3] VBN kg AE3lth@, date $FHFE AHEs)
Ah.

(a—b)x Fx0.28014 x d x 100

VBN mg% (mg/100 g)= .

x 100

S: sample weight

a: sample mL (0.02 N H,SO, amount)
b: blank mL (0.02 N H,SO, amount)
F: 0.02 N-H,SO, factor value

Hoie &%

237] AlEE 2cmx2em 7|2 e} 822354 7] (texture
analyzer, TACT2i, Stable Microsystems LTD., Godalming, UK)E
AMg-ate] ZA 31 21, Warner-Bratzler shear blade= <4+
gkl HYsleE Ausitt. o] BAZ71-S pretest speed 2.00
mm/sec, test speed 2.00 mm/sec, posttest speed 2.00 mm/sec,
strain 99.90%, trigger force 5.0 go]AN oW EAE A kgo &

=
HAESH M-S Wrtelr] S8l 7 AlEelA FHAoR
5g5 AHT F At AEAAFE WA S sEITh
5 Uikl S48 I ENA] (petrifilm aerobic count plates,
M Co., Saint Paul, MI, USA)oll HF3lo] 37°Col| A 48-72A]17F

HH%“V‘ F F2UY(colony) 75 =43l CFU/geRE A3

EAEM

B AgelA] dojzl 7ol BA X2)= SPSS (Statistics Pack-
age for the Social Science, Ver. 19.0 for Window)E ©]-&3}32
o, BAHLA(ANOVA)OZE 7} o] Haa BFHAE el ¢
7 T8 91747 (Duncan’s multiple range test) 22 *2|7+e] A3}
Z}ol = —E.—@, sk e Ao Hu) Ald ARS osie]
WHAHEFE 71F0R sl 3RS AAET.

pH
pH #& Fig. 13} o] A 713 5 "47#‘4 i FAE
o7|% Foy BE AT Aut =
Hlow, A% /‘"‘711?—‘51 257} zo 1%::— H‘}iﬁ‘r. 280 A F
pHe| e o Woi %4 Foll Ao AsEde] W3}
A slgle Zaet drdol A Tl 93 ez
3 glem(16), =3t *-'%° *F”W o] pH7} A} %
g o= 25 Wg opnAbe] HalElo] #7171 =Fe] Y

olojetz AZHATH(17).
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M=

237 AR F 2x ¥ (@] HEE Fig 20 Vel
ATH B AN HATE RE Ao 2 717k wet
FrolaiAl s om (p<0.05), —1, -5, —20°C AL A=
Aol 7haFo] AA Yelg=t, ol —1°CHlA 9] Aksirt 7h
2 wEA APEAS ottt o9} 2 A= gy oz
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Fig. 1. Changes in pH of beef with different freezing
temperatures during storage. "a-d: Different letters within a row
are significantly different p<0.05 by Duncan’s multiple range test.
Y A-C: Different letters within a column are significantly different at
»<0.05 by Duncan’s multiple range test.

0 3 7 10 14 17 21
Storage period (days)
Fig. 2. Changes in a* value of beef with different freezing
temperatures during storage. "a-d: Different letters within a row
are significantly different p<0.05 by Duncan’s multiple range test.

PA-C: Different letters within a column are significantly different at
p<0.05 by Duncan’s multiple range test.

A8 A7t AXFTH(18-19). SAFE 5ol FHrEe] U= vt

0] @ Z&Hl(myoglobin)o] AH2el HEaHA HAHdE A0l 24
ulo] @ F&Z® (oxymyoglobin) & & Wslar, #% 7|7ko ] Azhaha
Al SAmto] o FEHlo] AbstElo] ZHA o] wEmnlo] Q.
myoglobin) &2 W 3}5HH20).

241 (met-

TBAJ}

TBAZV= A% & 4a7)9] A4 Al A= vepdid, A
o] Atslol] ]3] A== LEYH 5] = (malonaldehyde, MDA)
9} Aol @ B FE2 Ak thiobarbituric acid)e] WH-ste] A= &
_10?&[49] 7H:_E_ 524-5]- g}}o]\:}. o] %;o] g_’l:% ;qu}zl/] A}Jﬂﬂ.
ol FYHASS eI, A sk 227) AlFL] %
v, 4% 7HA, ﬂ]*ﬁ“# 225 A ePAZITH22-23). 44714
A F TBAZIS] Wsh= Fig 33 2om, A% 7|7ke] gold
FE A 2xd w2 zpol7t FEsh] UEFTHp<0.05). -1°C
A TBAZRE A% 2 0069904 0.5377F 48k st
3o, —5°C A7l TBAZFE 0.069914 0.2007}H4], —20°C
AL TBAZRE 0.054-0.069 Alo]E 97h= ks Bt} o)
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Fig. 3. Changes in TBA value of beef with different freezing
temperatures during storage. "a-c: Different letters within a row
are significantly different p<0.05 by Duncan’s multiple range test.
?A-C: Different letters within a column are significantly different at
p<0.05 by Duncan’s multiple range test.
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0 3 7 10 14 17 21
Storage period (days)

Fig 4. Changes in VBN value of beef with different freezing
temperatures during storage Ja-c: Different letters within a row
are significantly different p<0.05 by Duncan’s multiple range test.
Y A-C: Different letters within a column are significantly different at
p<0.05 by Duncan’s multiple range test. ”NS: Values are not
significantly different at p<0.05.

= Har1e] A 717kl Al wet TBA7FF 7=
o] A A(19,24,25)9F LdAIehH, o= A e] Abste] wt

1=+ /%] =39 0}01Eia}*}ﬂg(hydropemlde)ol 27 2kl
f71%F, Gdlstol=, A&, 4=
g, 7hRE7] ‘3‘3 %@i] 3‘*"]’ ”Vgﬁ oAbl A 2l gahell
Aol ogt Ao]7] o= AZETH?26).

VBN %P%k 20 mg% ©l&t= FABIAL UrhR7). Ar7le] A%
T 2=9k 7|70 wE VBN e Wsh= Fig 40 WERAL
q’ 2= 1;(01"2‘0“*1 Xixo]' 5_7] VBN ;jLaolz_o‘: ]_j\_\g],ﬂ] =781
ou}, A 14UAE A exel mE fo%e Fol7h v}
WTHp<0.05). —1°C A#&-2] VBN 32 17422 =4 Z718)
dom olh e e AFLEH FoAl zelE Vet
(p<0.05). A& F —5°C AA+2] VBN &zt —20°C A &<]
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shear force (kg)

0 3 7 10 14 17 21
Storage period (days)

Fig. 5. Changes in shear force of beef with different freezing
temperatures during storage. "a-b: Different letters within a row
are significantly different p<0.05 by Duncan’s multiple range test.
Y A-B: Different letters within a column are significantly different at
p<0.05 by Duncan’s multiple range test. NS: Values are not
significantly different at p<0.05.

log CFU/g
w
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Fig. 6. Changes in total plate counts of beef with different
freezing temperatures during storage. "a-d: Different letters
within a row are significantly different p<0.05 by Duncan’s multiple
range test. ?A-C: Different letters within a column are significantly
different at p<0.05 by Duncan’s multiple range test.

VBN 32 HISzs S7hehe 43S Balou, A% 174 o

FHEE fFolA] Zol7t UERTHp<0.05). olAH A7 717k
733etell wet 4]32719] VBN 3hgo] F7tehe A3t v B
g vk SIvh(13,19,24). o138 A A5¢] A% 5 VBN 3
F 7k 7] A $ se 25 o] 9id E8) |
2o} v Eo] Eulshs AL 9sle] 2§ o] ofn
Ao g R, T ofrlisite] A EAke] 7] AAg e
H Aol o3t Zlow AETh24).

—=

Adge 289 ARE Yeple HEolH(28), & A
= A% 71Zke] st wEk BE Al ko] 7hA
AthFig. 5). A 3YAEE —1°C A9 Zd_f&é% e &
oF o Z Ygkom (p<0.05), —

dejo] 4 B2 w, A9 A 1t 5o
AekEle 78] aalsith. 20C A2 A4S A A F
Aeeo] Pasts A2 Yot A7zl wet o142

Table 1. Regression equations of total plate counts for
establishment of shelf-life

Storage temp.  Regression equations ~ R?  Estimated shelf-life
-1°C y=0.991+0.181x 0.891 27.6 days
-5°C y=1.284+0.089x 0.856 52.9 days
20°C y=1.197+0.057x 0444 84.2 days

ztolE YERA] Skt ol#g A= Huff®} Parrish(29), 3
Bouton®} Harris(30)2] 413271¢] ¢mxol] thsl Aol <=4 7170
Aok A Aol Fadske Halel AA|3t Song (1)
2 Moon 532y 21#9] B4 ST, o] WAd Ax,
ek A5 ol wet tEA vepdtial Bagk vt

YstiESol e SHAE oS
A R F A3719 FL L A ) M 2 9%
£ e Wl A% P olte3). 43719

A=

] 557 #4H
2 7170l wEl Ikl BE A4 Srkeke A
ATkFig. 6). A 717ko] Azl wap duaEsrt =
AL ool A A12534,35)0] Aol AXs) A
Hog —18°C olake] 2EoME Wl o3 nAE Fuzt
AAEA Ak36), A5 AR Je 7PEE WA
Me Mg AA Bt 2wt Adsslr] wjie] ghkabAuet v
*@a«l 7ol 1163513}1 S}(37). 7HE WATA —18°Ce]
T2 SAMEAEE s vheHle] FAWsE A AT
(37)°ﬂ"1‘\: A7 A 11D Zfol| 2F7b 7% o)F LS
'0“7]'01'/\}\»——134, B3E 59 ?4—%(38)01]}‘1—1— WEsAE Bt v
Bo] Aol pEahA =
FAAEE AR5 flete] Al FAE o] &5t 3
Aae F39.0H39), AL Table 19] A5 Ch wAE
o] 1.0x10° CFU/cm* %=+ 1.0x107 CFU/ecm? =20 =eshd 4
7} A2 AL, 1.0x10° CFU/m™1.0x10° CFU/em?® P2 o) 2
3 F4o] AstHo] FHlFH7E A vehdri BT 9l
t33). w2 A7E nAE £F9 IS S79 5
7} AFEE AR H7lEE 1.0x10° CFUm’® gzg stath.
e @M AN fE FAFFEe] IAA(Y)E sk 2
Weo] A 71K EES olF FuAHoR AT
BE 342 frelshAl WeERow (p<0.05), AEAFR)E
~1°CE 0.891, —5°C= 0.856, —20°Cx= 0.444% UEPsdt). 7Hz}e)
2w FHAHS &S A3, -1CollME 2764, -5°CE
5299, —20°CE 8429 el
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A Abf A E}IHE BA7}°ﬂ7\1~ -5°C XW:Lo] -20°C
ARG AR AES Bom, il vl AMEE o
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