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Abstract

Detection of spoilage odors from beef during storage was investigated using sensory evaluation with R-index, and
microbial assay for Pseudomonas. Beef samples were tested to measure the flavor changes, which were converted
to R-index, and the Pseudomonas levels during storage. There was a steep rise in R-index until 36 hr after storage
at 25°C, and then a gentle rise from 48 hr, whereas, there was a steady rise in R-index in the whole range of stor-
age at 5°C. Detection time of spoilage odors according to R-index was statistically analyzed at a=5% to be at
30.9243.47 hr and 169.80+11.27 hr for 25 and 5°C storage, respectively, and analyzed at a=1% to be 34.80+4.01
and 176.4149.89 hr for 25 and 5°C storage, respectively. At the detection times of spoilage odors, the Pseudomonas
levels were found to be almost the same, but less than 6-7 log CFU/g generally known as a standard level at occur-
rence of spoilage odors in beef. This indicated that some other factors than the Pseudomonas reactions could be
associated with generation of spoilage odors.
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Table 1. Growth of Pseudomonas spp. in 25°C and 5°C during e "]’oﬂ F4E 16975 1582 THHAE A8, 19
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Table 2. Means of R-index for the Storage times 25°C and 5°C
Temperature (°C) Time (hr) vs. R-index (%)
25 Time 12 18 24 36 48 60
R-index 54.33%3.16 67.3044.822" 78.23+2.62° 90.67+2.18° 94.66+1.89¢  98.28+1.50°
5 Time 36 72 108 144 168 168 192
R-index 50.60+2.19  58.09+3.28  71.20+2.28" 76.67+4.14° 82.90+1.41 93.32+1.67 97.62+2.00°

" MeanstSE with different superscripts in the same rows are significantly different (p<0.05, n=15).
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Fig 1. One panelist's R-index measure for storage times at 25°C
(top), 5°C (bottom) and R-index values of threshold at o=0.05
( ............... ) and 0.01 (— . —)_
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Table 3. Means of spoilage odor development time at R-index
values of threshold at ¢=0.05 and 0.01

Woﬁi&:

Significance Spoilage odor development time (hr)
level 25°C 5°C
o=0.05 30.924+3.47*) 169.80+11.27
0=0.01 34.80+4.01° 176.41.08+9.89"

YMeanstSE with different superscripts in the same rows are significantly
different (p<0.05, n=15).

R

F TG - WE -

o]/\;{

o T
indexi= "5~ A A8 F71eFSITE. 5°Col| A o] AlZkel mE
R-indexE 71871 hAlH o2 &ws] Zrlele A
HATH <F 169.80A17HAl A a=0.05 FJFTe] AARES
A, oF 176.4177F a=0.01 2= AAHS I
o T 7R A 25 BE FuF 2o AAES |

2 ©]F°l R-indexi= vi-¢- 41418] F7FskSAT

A 2= a=0.059 a=0.01 Fo5FFe] AAHE |
7] AZHe HRs|EE, 25°CoAlM = 3.88A17He] AolE B
AL, 5°Col M= F 761472 ztolE YERARITE o=
5°CY W R-index®] 71-&717} £kl 7] wjiolt.

2 AFoxe ol F 149 Al 7k Aol E Lefate]
2 Rafsiviy A= 37°ColA 397 BakE 23
715 AH&StSTh. -l 3 A A AF 2 signal reference
A7l oJate] s BY ok &, B &2 A7
oL} Y& 2% oA BIE A|SEE signal referenceZ €] gk
oh i AR B A F 5 Tk

A|77| SujiF gDt ps eudomonas—l SAle Hiw
Table 19] WA E SRS 3AA st A4 259
a=0.05%} 0=0.01 ‘ﬁ"«]‘r‘%«] T F EA A AIZHS o
date] BT AR 2= 25°CoAM HFoH FFEo
a=0.054 W °F 30.92A17F0] FofF WA FAAHe|BE
aw ] Pseudomonas2] A= F 5log CFU/gol 3L, #2
2 FEo] 0=0.01Y W °F 3480717 F-oiF LA HANA
dolmg auw o] Pseudomonas®] FA & GAl ¢F 5 log
CFU/ge YERITE A &% 5°CollA fel4 5o
0=0.05% m °F 168.80*17F F-3F] WA A Ho|mE
Tu) o] PseudomonasS] = F 7 log CFU/golL, #9]
A ol a=0.019 W °F 176.41A17F0] FfjF] A 7
AXDol B2 a2 o] Pseudomonas®] +X= 7log CFU/g
S de o2 ditEe Rt HASS & 7 AATH
wba A2 sl mE FoFH BB Pseudomonas®] T+
A A7r zpolE BAT gk Aty o g2 Hujjrt @Ay
HATZ YeRl= mAES] = 6-7 log CFU/gSIH BF
sted 25°Ce] A9 o H H“ﬁ«] A& 2HT} ool
3L, 5°Ce] A9 FEdAl Y] fAb Al oA R FHE A

F = AT} o= Pseudomonas7t A 2dO|EE 2% &
%“30] B8 BT, a7 FajF A ¢<lo]
2 &= JAT 2 vl Enterobacteriaceae, Brochothrix
thermosphacta, lactic acid bacteria 529 T2 P E9] &
2], e o, Aol 2, Uil &4 Fo 9
T 71913Hs vERd T

o, signal reference Al oste] FajFH HA A2
5SS HolE=E F3of 32182 signal reference AE
WS A&ste] Bo pAlgk fsles RHHE AA D
BN

A= AT7F o] FolA oF Tt



o
)

-

231719 A F WA E
R-indexE 483} Hull3 XA

71

S 3}3L, Pseudomonas

=4
o] 23} vlwEA A ddolA AN EH S F3lo]
signal reference(37°C, 48A17F &<t A7t 23171) noise
reference(-2°C, A7 Al7ke] §le AlAdg H37)E o]
7Fsdt=2 &tk Stimuli samples(7d = 2 A17F &

2 271)9} noise referenceE 70| Algste] FulF WA
o f-o] galxo| wat 47FA] F-7k(signal sure(S), signal
unsure(S?), noise unsure(N?), noise sure(N))2.Z 3 7}3}HA|
S shodnh. &9 25°C A WA 221 5°Ce]
7HA] A& B A AlZke] ekl wet R-index7t 5
7vstdTt. 25°Ce] 739 A7 36AI7HA] FA % ks B
olthzt 36417k o] % $hRkel WslE Helow, s°Ce A+
7k uf-9- eRbsiAl FapA o= wWststdth #d 70 R-
index’} +o]5F a=0.05 2 0=0.01°A ] AAHE
AL FfF A A S ekt FelE A A
AN ZHE 0=0.052] 7 25°CoNA 30.92+43.47A17F, 5°Co
Al 169.80111.27A17F,  0=0.012] 7%= 25°CelA]
34.80+4.01A17F, 5°COIA] 176.41£9.89A k.2 A& E| )
T FH 7 A AT AR E AF A Pesudomonas
o] & AR 2= Aol7t UL, Fjetitial Aty
= 6-7 log CFU/goll <33 XSt o= njAlEo] &aL
719] Foj 3 Ay el 7] A 9E, 21 gtel] 7533 <
L, Aol A, yld 24 59 891% FuF A
of 7l gtth= A& AlAFgHT

=
o

=X 0]
T M

HAle 2
B AT sHFAE TN Faske wH71sEd
THA ] AR o] Fo)R u}, o]of] A} =YL T}
anes

AOAC International. 1998. Bacteriological Analytical Manual, Food
and Drug Administration 8th ed. USA.

121

Argaiz A, Perez-Vega O, Lopez-Malo A. 2005. Sensory detection of
cooked flavor development during pasteurization of a guava
beverage using R-index. J. Food Sci. 70: S149 - S152.

Bi J, O’Mahony M. 1995. Table for testing the significance of the R-
index. J. Sens. Stud. 10: 341-347.

Bi J, O’Mahony M. 2007. Updated and extended table for testing the
significance of the R-index. J. Sens. Stud. 22: 713 - 720.

Kim G, Lee KJ, Choi KH, Son JR, Kang YC, Chang YC. 2004. Odor
analysis for beef freshness estimation with electronic nose. J.
Biosystems Eng. 29: 317-322

Koutsoumanis K, Stamatiou A, Skandamis P, Nychas G-J. E. 2006.
Development of a microbial model for the combined effect of
temperature and pH on spoilage of ground meat and validation of
the model under dynamic temperature conditions. Appl. Environ.
Microbiol. 72: 124-134.

Kim WJ, Koo GH. 2003. Sensory Evaluation of Food. Hyoil
Publishing Co., Korea, pp. 40-45.

Larmond E. 1982. Laboratory Methods for Sensory Evaluation of
Food. Canada Dept of Agriculture. Publication 1637. Ottawa,
Canada.

Nattress FM, Jeremiah LE. 2000. Bacterial mediated off-flavours in
retail-ready beef after storage in controlled atmospheres. Food Res.
Int. 33: 743-748.

O’Mahony M. 1992. Understanding discrimination tests: a user-friendly
treatment of response bias, rating and ranking R-index tests and their
relationship to signal detection theory. J. Sens. Stud. 7: 1-47.

Park HJ, Lee SJ. 2008. Sensory detection of off-flavor development
during pasteurization of Aloe vera gel using R-index. Food Eng.
Prog. 12: 235-240.

Park KB. 2004. Meat Science. Sunjin Publishing Company, Seoul,
Korea, p. 211.

Robinson KM, Klein BP, Lee SY. 2004. Utilizing the R-index
measure for threshold testing in model soy isoflavone solutions. J.
Food Sci. 69: S1-S4.

Robinson KM, Klein BP, Lee SY. 2005. Utilizing the R-index
measure for threshold testing in model caffeine solutions. Food
Qual. Prefer. 16: 283-289.

Shin HY, Ku KJ, Park SK, Song KB. 2006. Use of freshness indicator
for determination of freshness and quality change of beef and pork
during storage. Korean J. Food Sci. Technol. 38: 325-330.

Villegas B, Carbonell I, Costell E. 2007. Inulin milk beverages:
Sensory difference in thickness and creaminess using R-index
analysis of the ranking data. J. Sens. Stud. 22: 377-393.

Wilkes JG, Conte ED, Kim YK, Holcomb M, Sutherland JB, Miller
DW. 2000. Review sample preparation for the analysis of flavors
and off-flavors in foods. J. Chromatogr. A 880: 3-33.



