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ABSTRACT - This study aimed to generate a probability distribution model based on temperature data of frozen
food storage facility as input variables for microbial risk assessment (MRA). We visited 8 food-handling businesses
to collect temperature data from their cold storage warehouses. The overall mean temperature inside the storage facil-
ities was -20.48 = 3.08°C, with 20.4% of the facilities having above -18°C, with minimum and maximum temperature
values of -10.3 and -25.80°C respectively. Temperature distributions by space locations of natural and forced convec-
tion were -22.57 + 0.84 and -17.81 + 1.47°C, -22.49 + 1.05 and -17.94 + 1.44°C, and -22.68 + 1.03 and -18.08 + 1.42°C
in the upper (2.4~4 m), middle (1.5~2.4 m), and lower (0.7~1.5 m) shelves, respectively. Probability distributions
from the temperature data were obtained using the program @RISK. Statistical ranking was determined using good-
ness of fit to determine the probability distribution model. Our results show that a log-normal distribution [5.9731,
3.3483, shift (-26.4281)] is most appropriate for relative MRA conduction.

Key words : Frozen storage warehouse, Temperature distribution, Probability distribution model, MRA
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(Ver. 12.0, Statistical Package for the Social Sciences,
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Results and Discussion
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Table 1. The distributions and differences between established and measured temperatures in the space of freeze storage warehouse in Korea

Established Measured minimum Measured maximum
temperatures No. Oiirr:lziz?rage temperature temperature M(i?[sel:;i t;r}r;p ?gzt;l)re
C) (C) C) o
-18 1 -17.9 -10.3 -15.13 £0.91
-20 3 -21.7 -12.9 -18.34£2.16
=25 4 -25.8 -15.1 -22.59+0.83
Total 8 -20.48 £ 3.08
& FE AoR nIAAP, geh Wrle) 55 W
A %m YFFL W] FUT 2EE 4AL £ 3
S5 QBRI W AP B solsee A
A e A7 F7H e dasit
Zon B Y257 AeEHe o8 89 F shvie AdH
S of RAE Mg AAR Sste] Warlel HES FA
gm St & hot gas7t FYE AL, ST AXH A7]8|E 7t
: A-gste] AT A0 R Aol AAEE ZoRE B
o} QTP B Aol 2AbE WERIA AAke] A
" AFE Bob WERT U BALEE oF 42 + 2.0C7}
FeHe Aor 2AFAEH, 53] A F 9] 9
- 21 14 2 o S AT YFREe] fFYSE AFS F2 2k =&Y
renere© o] B a5 WEol F/1H o wEo] dojd & 9
Ei b etuney dioon i fing el (oo Jpsgol sl Aoz depkl. 59, 45 A% 3
freeze storage warehouse in Korea. B oo ekl =EHY ded Adgster s
Qlafe] 28] ub, 2% o] AxsAl= Y& (freezer
burn)e] doju, AGF717F FAL ek FsEo] FFE
A -17.9°CE A Fadol F8E WEAF A% -18°C SHE ALY wiid v Axrt A3, S dABel
olal7t FAHA ¥ e ALR AU wEkA, o} Z7|8F U FUete] F o] s Ho] AFe] FEE
SAE SEUAE AHUS W -18°Colste] 222 B AJA7|AL A7 A E S v F vkl B
#sl7] fsiM e ABLEE HL 210Co)stR AAgsor AHATNY. WEHLY] 2Rk FosHAR Y 2=
A FFA BAIE -18°ColetE 2 Fo] Hyd Zlo=w A 25 FHaslebe A gk Bidte WedEel tig F4
7}t 3} 21Ebd A S Fa8k 2ol & 4 Yk w
AR WEgae] BaE WEAEolA ale doju ghA, o3 B fAo] tiA] Wte R AoRA|7E,
Al FUAIRE, Leygonie 572 =HAL7]9] A9 FAHARE AARAIE F EY0] A2 A 28t AdS AAlst
-15°ColME <F 80, T2 -25°ColA = <F 800 U7t = W oigk ko] F g st
A FE2 FAVE 7FesiH, A S e W FAAES
ZA oA FAsHA -60°CollA] By hohal B = ek, 380 U X E _ERY
o]¢} o], AFo| HALL= AF FHH HAol v A WEFaoA WrE et WlolA 224}
293 g0z AAABAV A, TALES} B olol &gt AAW]F(natural convection)s ©]-&3l= F&F
H2E7F E245F ice dendrite size7} 2folA AEF E£34 g9l ZFx U $£F71E ol&3ste A F(forced
A 7F oAE Y, A2 AES = JE F2H Yol convection)E ©]83= WEIIE Fo] Ik 94X W
2 RALE7 AAL2EHT 5°CHF =obe OF 4350 o] REFEXE AT I 9 2EREEE Fig 29
Z7lke ZAo® RIAFHJTP', T3 Y HACCP ++ 33 Zon, £33 &% 25 23350/ 5 543 24AE
AAME 25 78 A9 AA A= 27t 7w P29 A, W19 A, el =FE ¥ 94| )
A SAEE 3ol fIRIstodoF Frhal g oo, A o] YEFaolA ZHE A5 13,380715 AFAUF 8,169
Fol AATHIA Y7l vdes Y71 £ Sol 3 N, AUF 52170 = vrol Z42E SPSS(Ver. 12)5 ©]
71¢] E50] FFS Fo] 2% & AA AAMe= FF &3t Duncan HAT A I AT 2EFE 2=
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] Ceiling \
-22.92 + 0.071ed2) -22.34 + 1.131 -22.71 + 0.77%f
Upper -22.80 + (.88cdef -22.42 + 1.16M -22.70 + 0.88¢f2
(2.4~4m)
-21.87 £ 0.79% -22.19 £ 0.72° 2222 + 0.62
-22.48 + 1.06M -22.79 + 0.93¢ -22.61 + 1.12fn
Middle
22 21¢gh 22 3gh 22 2 Qede
(1.5~2.4m) 22.60 + 1.21 2259+ 1.13 22.89 + 1.28
-21.78 + 1.304 -21.75 + 1.05! -22.87 + 0.45%
-22.89 £ 1.21¢ -22.91 £ 1.13«¢ -22.53 + 0.852
Lower
-22.90 + 1.28<«¢ -22.45 + 1.194 -22.97 £ 0.97¢
(0.7~1.5m) 90 + 1.28 45+ 1.19 97 + 0.97

-22.91 + 0.80%¢ -22.70 + 1.14¢°f

YEach value is mean + SD.

DValues with different superscripts in the same row
and column are significantly different at p < 0.01
by Duncan’s multiple range test.

-21.95 + 0.80%

Fig. 2. Temperature distribution depending on space-locations in
freeze storage warehouse in Korea (natural convection).

Ceiling
Air Convection |
system
-18.09 + 1.4]11abed2) -17.98 + 1.43abcd

Air Convection
system

-18.23 + 1.44%

(;ip\lﬂl) -17.60 + 143 -17.64 + 140 -17.30 % 147
-1740 £ 1517 -18.06 + 1.50%c -17.93 £ 158

-17.82 £ 1380 -17.78 £ 136% -1833 £ 1.66°

(llfgﬁ\dzdzn) -17.75 £ 133% -18.18 + 138% -17.79 £ 139%
-17.78 £ 136% -18.06 + 1.50%< -17.93 £ 158

-17.82 £ 138 -18.14 £ 143%¢ -1833 £ 1.66°
(oAL70~\I'.e;u) -18.00 + 1.24%c -18.06 + 1.50%<¢ -17.99 + 1.28%<
-17.94 + 1380 -18.23 & 144% -18.15 & 1.47%¢

DEach value is mean + SD.

YValues with different superscripts in the same row
and column are significantly different at p < 0.01
by Duncan’s multiple range test.

Fig. 3. Temperature distribution depending on space-locations in
freeze storage warehouse in Korea (forced convection).
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Table 2. Statistic analysis results for selecting the best probability distribution model for temperature of food freeze warehouse space in Korea

Probability distribution models

Measured temperature

©C) Lognormal LoglLogistic
[5.9731, 3.3483, shift(-26.4281)] (-25.8877, 4.6486, 2.8586)
Mean + S.D. -20.48 £3.08 -20.45+3.35 -20.15+5.08
5 percentile value(°C) -24.20 -24.22 -24.23
50 percentile value(°C) -21.16 -21.22 -21.24
95 percentile value(°C) -14.80 -14.12 -12.87
A-D statistic" - 85.2843 134.8636
K-S statistic" - 0.0460 0.0511

DFor each of these statistics, the smaller the value, the better the fit.

SRy g 7P Fed md=Z Lognormal [5.9731, o3l 83Lo] W RAF TN AHE FAe] L
3.3483, shifi(-26.4281)|2 A&tk A E FEEE B A 258C, HIL -103°C, FF 2048 +3.08°Co|U2H, -
Ao oz FAHE S Y Bae A4 S84 18°Col o] WEdaL Bl 204%% ZAMEAT w7
HH34(-20.48 + 3.08°C)H.T} ¢F7F =2 -20.15 + 5.08°CZ SLEYE FAYERE o8t WEAue AL *J%
FAEAJ mEtA, 2 d7E B3 AHE gdEvErd (24~4m) -22.57+0.84°C, SH(1.5~2.4m) -22.49+ 1.
ol YEaE Badd ugE YJlH/HMRA)  FFH0.7~1.5 m) -22.68+1.03°C, HIL2=xFo|& 1.78 °C°l
Al AFYER REEE BYdE vE &89 & Jow, FANFE o8k ¥eRe REEEE AT

b

i.‘

Hﬂ{Hr

N

¥ -y rlo
m{o o
O:

Aoz AztAn (2.4~4m) -17.81 +1.47°C, TH(1.5~2.4m) -17.94 + 1.44°C,

MRA AT A SEEE RdS o|&3h= olfE AAl  3H0.7~1.5m) -18.08+ 1.42°C, HILLEx}0]= 0.94°CE
BE WSHALE WSt IR Bt 255 ST AU EAREs WEHA BRE FeA 2520t o
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A A 74, 715, BAsks AE B4 59 olfE FEEIRYF Lognormal [5.9731,3.3483, shift(-26.4281)]
S Z&ste AL olglwo] ok wEkA el B o] dASIT
o Betgoln ) AL WIF MRAS S 94
Ne e 4FFRAAT BP0 A% % f5 References
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