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Abstract

Beef quality indicators of off-flavor development during storage were investigated in terms of temperature dependence.
The off-flavor development time (ODT) was detected using the R-index sensory test. During varying storage conditions at
25°C, 15°C, and 5°C, elements of beef quality were measured, such as volatile basic nitrogen (VBN), pH, color (CIE L*, a*,
b*), Warner—Bratzler shear force (WBSF), Pseudomonas spp. CFU, and lactic acid bacteria (LAB) CFU. A model with tem-
perature dependence of ODT during storage was developed using Arrhenius-like equation, and a requirement with quality
indicators was mathematically derived, resulting in similar temperature dependence. The temperature dependence of beef
quality indicators was represented by the Arrhenius activation energy (Ea). Upon comparing the Ea of beef quality indica-
tors and ODT, the temperature dependence similarity was found to be higher in the order of three groups: VBN, pH, a*
value; LAB, Pseudomonas spp.; and WBSF, L* value, b* value. Therefore, VBN were determined as the most effective

indicator of beef quality during off-flavor development.
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Table 1. R-index vs. storage time for beef stored in an airtight container at 25°C, 15°C and 5°C.

Temperature Time (h) vs. R-index (%)
Time 12 18 24 36
25°C Ruindex 63.33 99.85 100.0 100.0
+5.81Y +0.25 +0.31 +0.12
Time 18 36 42 48 60 66 72
15°C R-index 51.00 52.22 56.67 61.48 95.85 99.04 100.0
+0.56 +3.85 +3.58 +6.35 +2.68 £1.00 +0.12
Time 36 60 72 96 108 132 144 156 168
5°C Reindex 51.00 53.33 56.67 60.37 63.33 67.77 71.84 95.56 100.5
+0.97 +4.7 +3.85 +4.64 +4.05 +5.60 +5.09 +3.08 +2.01

Y Meansstandard deviation (n=15).
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o] AANE oF 15143417 0=0.01 -J-o)4e
BARE oF 15350070l ol o137t AR}, o]F
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o A &5 ¥ 0=0.059 0=0.01 F9J5F2] AA A
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g & AolE YeRid o= 5°C A ) o]FH ) wist &
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Log CFU/gd o Ad-gdo] |Ethar Barsl)th(Shin ef al.,
2006). Pseudomonas spp.2] 73-F- 25°Coll M= A7 2407,
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Table 2. Off-flavor development time for beef stored in an
airtight container at R-index values of threshold at
0=0.05 and 0.01

Significance Off-flavor development time (h)
level 25°C 15°C 5°C
0=0.05 15.44+0.7252  56.11£1.41° 151.43+0.28¢
0=0.01 16.21£0.51* 57.67+1.20° 153.50+0.76°

UMean=standard deviation (n=15).
*¢ Means with different superscripts in the same rows are signifi-
cantly different (p<0.05, n=15).
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Zo] W= Fig. 1(o)° YERHATE VBN HE§ 278k
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=] ATk A RE7F 25°CY 75 36-48A171, 15°C
o 75 48-60A17F, 5°CY 7% 144-156A]17Foll 4] VBN gk
o] 18 mg% ©1FoZ F718t] HuHASS & F A
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=
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Fig. 1. Changes of the quality variables of meat during storage at different temperatures. ¢ 5°C, ll 15°C, A 25°C. (a):

Pseudomans spp., (b): LAB, (c): VBN, (d): pH, (e): WBSF, (f): L* value, (g): a* value, (h): b* value.
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Fig. 2. Sample data fitting for one quality variable (VBN
value) of beef stored in an airtight container by
regression analysis with kinetic Eq. (5) and (7) of 0%
(a) and 1* (b) order reactions, respectively.
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Table 3. Kinetic constant (k) in Eq. (5) and (6), and goodness
of fit for beef quality variables from regression anal-
ysis with 0™ and 1°* order reactions

0™ order reaction

Tempera- 1* order reaction
tre °C)  Kk(1/h) RV k(1) RV
Pseudomo- 5 — - 5.3x107% 0.899
nas spp. 15 - - 1.08x107" 0.849
(log CFU/g) 25 - - 1.93x10°" 0.845
LAB 5 - - 4.1x10% 0.887
15 - - L16x10" 0.964

(log CFU/g) "
25 - - 1.93x10" 0.082
VBN 5 7.4x10% 0.780 6x10° 0.875
(tg%) 15 2.52x10°0 0969  1.4x102 0.935
& 25 5.3x107 0967  2.5x107 0.875
5 -2.8x107% 0.584 -1.0x107 0.587
L* value 15 -6.4x107 0563 -2.0x10° 0.554
25 -7.4x107% 0526  -2.0x107 0.540
5 2.1x1027 0455 -1.0x107° 0.468
a* value 15 9.1x1027 0783  -7.0x10° 0.763
25 2125107 0.941  -1.0x102 0.960
5 40%x10° 0.067  5.5x10* 0.085
b* value 15 2.1x10?% 0496  -3.0x10° 0.493
25 -5.0x10?% 0.538  -1.0x107 0.645
5 3.2x10% 0.651  6.0x10° 0.651
pH 15 1.02x10° 0.741  2.0x10* 0.740
25 5.0x10% 0102  4.0x10* 0.103
WBSF 5 1.349 0.520 1.0x107° 0.554
(e-force) 15 2438 0.830 3.0x10° 0.808
& 25 4396 0.716  5.0x10° 0.685

DDetermination coefficient (R?)
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Fig. 3. Sample data fitting for one quality variable (VBN
reaction content) of beef stored in an airtight con-

tainer by regression analysis with Arrhenius equation
Eq. 9).

Table 4. Arrhenius constants (A, B, and Ea) in Eq. (4) and
(8), and goodness of fit for beef quality variables
from regression analysis with Arrhenius equation.

A{/h) B(l/h) Ea(kJ/mol) R*V
Pseudomonas spp. - 1.25x107 44538 (1)  0.998
LAB - 5.09x10°  53.539 (1)  0.970
VBN - 4.62x10"  67.967 (0™ 0.985
L* value - 6.75x10*  33.722 (0%) 0.872
a* value - 1.05x10'° 61.856 (0%)  0.891
b* value - 8.88x102! 105.01 (0"  0.566
pH - 1.31x10°  65.506 (1%)  0.982
WBSF - 5.82x107  40.664 (0")  0.999
Uty 2.03x10" 77.270 0.991

UDetermination coefficient (R%)
2 1% order reaction (1%)
3 0™ order reaction (O™)
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Fig. 4. Data fitting for reciprocals of off-flavor development
time (1/t; in Eq. (3)) based on R-index of beef stored
in an airtight container by regression with Arrhenius
equation Eq. (4).
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