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cence (AEFA)e] YelE o] &3t RLU (relatively light unit) gtz $JA¢-=S 7HFoz
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ATP analyser+= 5’_71": AE93 (Bioluminesence assay) g5 ©]83 3 7|2 ol Al
29 ATP 3| lA o % ‘;’-l (ATP-bioluminesence) S Ao ZHN u|dEo] 7IA I Y&

ATPE 53] oS 71-7fj E’_ 2 Z2H3= 71712 o] WEEE WS RLU (relatively light unit, Aj
Sgds])eka dvh. BE Aot Qe AlEs thAF F8oll ol 8FH = °1]L17<]9] =9 ATPE AYH,
WABE Q4do] 571 B4F AUHoE ATPEES 57152 E ATP &3S SAToEN o vAE
o #E 7T 4 AUtk

dRtH o g JAGEUE A48 Sl AlEE vdE AR 7PE 7122 APC (aerobic plate
count)2 YWHAFTE A F3H EHEE CFU (colony forming unit)2t Sith. u]JE AL
Ale Al T 989 =8 '}% Lls
AE (F, F287], AHA %)3”} e
ofd 4 glow, AAAHoR

H ATP- blolummescence techniques+= A9 ol g} 1] 1)
FEo] AA7 o] M &S 7] w2l = YA LP9EE =
T o] MABEY A4S U]ﬂ TS 5 e AEE Adrh
ATP-bioluminescence assay% EZZANA AL3 HZEAE RUHEY fdor dy o851 ]9
A= mAEo] 2AFAY #Hste = Z sample (fermented liquor, activated sludge, starter
culture)ol] §lo] HAEL] &4 5 v}kl Hofpoal A% 1 lt;. ATP-bioluminescence assay S ©]
%?‘& 5, 79 vAEF FZGAM &S AT (WerleinT} Fricke, 1997)7} th B3 gloy
-+ (Bell 5, 1996), ¢ ZZH F2(Ryan, 1996)5 AEA4Hd Awte] 24 1 o]§%7} SU=
i 2}1’/} (Turantas, 1996). ATP BAL 2o thy YHegx o|8E & Jotn RuEQ
1 (Bautista 5, 1995), Marena 5 (2002)2 <=0]|A12] CFUSL ATP7]E Alojol| 7214 91 A o] 9l
T B syl
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§3t0 13 M) 27E HPoE 23 WA AEsto] g AAY RFS Fohu A Sk

=
]
A A8 2T S0 A3 (8, ), SR (2, A2), 2 YOL 2o ol
S =A3517] 95t Clean-TraceTM Surface ATP (3M Co., Saint
paul, MN, USA)& 0]%6‘]—0:] AAHY AL swabslgtl ©]2 Clean-Trace™ NG Luminometer (3M
Co, Loughborough, UK) 7]7]9]] ¥o] RLU & 33}tk

2.2.2. 4EAZENS) IAZe] CFUZ 2%

£ £33 Y3 ATP luminometer§ A NH Al AR 5t v 2, 3, S
, "), a5 (7FR), A% (FFR) UHEE eswab (3M Co., Shanghai, China)& ©]
Aty o, ATP 22X 98 swabd FE2 dukAlF5ol 0513}3_ = 5 eEg ATP
| ARSE REo 7P A B9 T WS AF s AHE A S+ 0.1%9] peptone
water (Difco, Sparks, USA)& ¢]&3to] dste L4 E AT £, ImLs A dvilds S
AL Az G E2 3M Petrifilm™ aerobic plate count (3M Co., Saint paul, MN, USA)dl| HZ3}it}.
Fez2 &A 35k1TolA 2447 w3l 30~300719) H24 Ato] FAH FEL Ao 3M
Petrifilm™ Reader (3M Co., Saint paul, USA)& A$3o2A CFU & Aok

3. A7 A% 2 A

3.1 AR T 2 WS WD
WA 77129 el =FEC] e 7€ AR £ £E Table 3.1 UEhf Sich
Table 3.1 Descriptive statistics for cooking utensils data
ATP (RLU) APC (CFU)
Ttem N Mean Sd Mean Sd
Cutting board 71 30942.20 107462.87 39516.29 99906.94
Knife 68 22212.01 90846.47 10382.79 50998.01
Cup 64 1647.20 3587.63 40296.80 272829.24
Soup bowl (stainless) 64 481.66 1156.28 2501.25 16254.45
Tray (stainless) 48 939.60 1789.84 26556.88 66027.40
Soup bowl (carbon) 65 201.85 276.38 42.23 122.38
Tray (carbon) 59 666.05 3493.44 2313.56 7180.16
teo AR BAL S8l SPNSE APC RO ST 55 W4E ATP o Stk A A
29} WA @ 250 thEl 1x Hteo g 27 W Alg2H JHIe AAEgoen, HF 9
W mde 73] A Wee sol BAL s

A AF] o) ThA] 22 3749
zosmez 33 AN
2 WA AP, A7
oM 0EAE Sk
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g AB Sl thE 24 A3 9 54

3.2.1. T} z8

Table 3.25 RW & x5 @ 13 W3lke] 2y F 27 W3lvl JFAE #5350 Aoz Yehjon
olmle] 3} FHASE 0533011 AHAS R*E 02840} TG0 R Table 3.39) 14 wWge] 7
Zholl T 23} WS AT AWRY, AFI-AFE W] (A ARE 1A AFT WG T F
e A2E oA AFZ e sglths 9uE Yebidch o)s e guz siAsd k) 13
W3tol =7 Wate] B33 3AS QL 2AAS R2ETE 24 (2H2F 0.6233) 0.388) UEREA R, AT
4 AR o8B0l BE Eo| §2I8E 0.000 FFAHS WEHA) £okw ik mebA, ol o] 2
I Fe) BE wvl AR Aol 13 21 W] 71 HHolzkm 47 4 glrk

Table 3.2 The first transformation result of the cutting board data

Raw Log Square root Inverse
Classification data transformation  transformation  transformation
(@) (log ) (Va) (1/2)
Standard regression coefficient 0.243 0.533 0.462 0.047
Significance probability 0.043 <0.001 <0.001 0.753
Coefficient of determination (R?) 0.059 0.284 0.213 0.002
Significance probability of test of normality <0.001 0.200 <0.001 <0.001
Final choice ©

Table 3.3 The second transformation result of the cutting board data

Second transformation

First ) 3 Log Square root Inverse
. Classification ) . .
transformation transformation transformation transformation
(log =) (Vo) (1/2)
Standard regression coefficient 0.485 0.518 0.363
Log Significance probability <0.001 <0.001 0.011
transformation Coefficient of determination (R?) 0.235 0.268 0.131
(log z) Significance probability of test of normality 0.200 0.200 0.001
Final choice
Standard regression coefficient 0.533 0.623 0.277
Square root Significance probability <0.001 <0.001 0.056
transformation Coefficient of determination (R?) 0.284 0.388 0.077
(Vx) Significance probability of test of normality 0.200 <0.001 <0.001
Final choice
Standard regression coefficient 0.533 0.277 0.243
Inverse Significance probability <0.001 0.056 0.043
transformation Coefficient of determination (R?) 0.284 0.077 0.059
(1/x) Significance probability of test of normality 0.200 <0.001 <0.001

Final choice

3.2.2. Z 28

Table 3.4 As R Y 2k500 th3t I A A (0.920) 2 Z2AA ST R? (0.847)7} 7 =2, o] 3
POl AtAS WEShAl Zekgih wEkA 1a; Mg ARl s 21 gkl FpAdS Uit
w3 12 WSl thak Z2ke] 2 Wisk AHE Vel Table 3.5004 = Alg2-Alg2 Heo] 14 A
o] 21 ARG AAAS 2 AFAF RP7F 22 A (42 0.756 2 0.572) 02 et oy, A4 4
TS WESHA Zgith ol FHElEW, & AR Afole 1a 23 Wgo] HFolgkar Azt

% 4 ek
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Table 3.4 The first transformation result of the knife data

Raw Log Square root Inverse
Classification data transformation transformation transformation
(@) (log 2) (Va) (1/2)
Standard regression coefficient 0.920 0.386 0.821 0.118
Significance probability <0.001 0.035 <0.001 0.535
Coefficient of determination (R?) 0.847 0.149 0.674 0.014
Significance probability of test of normality = <0.001 0.200 <0.001 <0.001
Final choice ©

Table 3.5 he second transformation result of the knife data

Second transformation

First . . Log Square root Inverse
. N Classification . . .
transformation transformation transformation transformation
(log ) (V2) (1/2)
Standard regression coefficient 0.196 0.293 0.030
Log Significance probability 0.298 0.115 0.875
transformation Coefficient of determination (R?) 0.039 0.086 0.001
(log x) Significance probability of test of normality 0.200 0.200 0.047
Final choice
Standard regression coefficient 0.386 0.756 0.051
Square root Significance probability 0.149 <0.001 0.787
transformation Coefficient of determination (R?) 0.035 0.572 0.003
(V) Significance probability of test of normality 0.200 0.001 0.001
Final choice
Standard regression coefficient 0.386 0.051 0.920
Inverse Significance probability 0.149 0.787 <0.001
transformation Coefficient of determination (R?) 0.035 0.003 0.847
(1/z) Significance probability of test of normality 0.200 0.001 <0.001

Final choice

3.2.3. A 28

Table 3.69] A A2 5 AHEH 12 W3 = o W39 FAAS (0.717) 2 dAAST R? (0.514)7F
7P Eou, o] Beol® Aatde WESHA Xotgith 1A WE 5 21 o] 37 A (0.511) H
AAAST R? (0.261)7} 712 =gom AFAE wESTh 23 W3S A 23 23}Ql Table 3.72 4F
AR AFI-F W (F2 J-AFZ 4F)A AL AAAS: (0.776) 2 2AAS R (0.603)7F 7F
ko, AR WSSt Aok kA, ol ZAE Sl Hd 3 A8 Aol 1a WS
o] 23 WgET} 22 W] AlF2-o WS (52 F-Alg WEhol HHelgn & 5 ik

o

Table 3.6 The first transformation result of the cup data

Raw Log Square root Inverse
Classification data transformation  transformation  transformation
(z) (log ) (V) (1/2)
Standard regression coefficient 0.367 0.511 0.379 0.717
Significance probability 0.003 0.001 0.002 <0.001
Coefficient of determination (R?) 0.135 0.261 0.143 0.514
Significance probability of test of normality = <0.001 0.200 <0.001 <0.001

Final choice
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Table 3.7 The second transformation result of the cup data

Second transformation

First Classification Log ) Square root Inverse ]
transformation A < transformation transformation transformation
(log ) (Va) (1/2)
Standard regression coefficient 0.647 0.580 0.737
Log Significance probability <0.001 <0.001 <0.001
transformation Coefficient of determination (R?) 0.419 0.337 0.544
(log ) Significance probability of test of normality 0.117 0.200 0.200
Final choice
Standard regression coefficient 0.511 0.515 0.776
Square root Significance probability 0.001 <0.001 <0.001
transformation Coefficient of determination (R?) 0.261 0.266 0.603
(V=) Significance probability of test of normality 0.200 <0.001 0.070
Final choice ©
Standard regression coefficient 0.511 0.776 0.367
Inverse Significance probability 0.001 <0.001 0.003
transformation Coefficient of determination (R?) 0.261 0.603 0.135
(1/z) Significance probability of test of normality 0.200 0.070 <0.001
Final choice ©

3.2.4. 72 (2H)

l

Table 3.89] = 2% (2Hl) 289 A A8} 12 W A5 AHEd, 23 WS 279 A5
(0.530) 2 AFAS R? (0.281)7F 7F¢ ko), AFAE wE3ta oy thgo® 13 M3k o
3 7}7re] 23 WSk A7 Table 3.9% A HA AFI-AFT WY wje] 3|74 (0.729) 2 27
A% R? (0.532)7F 12 Wgke] 27 A% of B} S A5 9 23AS RP7F ] E3kou okAE A
L WESA Rtk webA, o5 2HE FHe B FAF (21)9] Aol 13 23 AF
o] FAol2a & 4 k.

Table 3.8 The first transformation result of the soup bowl (stainless) data

N

Raw Log Square root Inverse
Classification data transformation  transformation  transformation
() (log ) (Va) (1/2)
Standard regression coefficient 0.110 0.530 0.437 0.236
Significance probability 0.387 0.006 <0.001 0.256
Coefficient of determination (R2) 0.012 0.281 0.191 0.056
Significance probability of test of normality <0.001 0.200 <0.001 <0.001
Final choice ©
Table 3.9 The second transformation result of the soup bowl (stainless) data
Second transformation
First Classification Log . Square root Inverse )
transformation transformation transformation transformation
(log z) (V=) (1/x)
Standard regression coefficient 0.502 0.522 0.441
Log Significance probability 0.010 0.007 0.027
transformation Coefficient of determination (R?) 0.252 0.272 0.194
(log ) Significance probability of test of normality 0.200 0.200 0.200
Final choice
Standard regression coefficient 0.530 0.729 0.392
Square root Significance probability 0.006 <0.001 0.052
transformation Coefficient of determination (R?) 0.281 0.532 0.154
(Vz) Significance probability of test of normality 0.200 0.002 0.040
Final choice
Standard regression coefficient 0.530 0.392 0.110
Inverse Significance probability 0.006 0.052 0.387
transformation Coefficient of determination (R?) 0.281 0.154 0.012
(1/x) Significance probability of test of normality 0.200 0.040 <0.001

Final choice
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3.2.5. 27 (2H)

Table 3.109] A (28l) 2kgo] Tl 14} W 43S AvjRd, 9 2459 ZE 14 W 259
Ao sl A A SR EEE 12 AF A5 2 ou|7t vk & 5 itk 13 WEE
of thaff Ztzke] 22 MRS A3 Table 3.119] ZAFoME BE 24} ¥ A5 thaf A4S W5

SHA X3l mEbA, A (2d)ef Aol ol Aol :
gut, whoF At A Ao FEES 0010 drhd 13 Mgl Aes 21 W 28 94
<= (0.946) 2 AFAS R? (0.896)7F 7HF Eou, 23} M A9t Ra-AFI WS 2w A
% (0.943) 2 A%AS R? (0.889)7F 7P Eom {2 % 0.048% 0.05 71 7Pke ghe HolF
I glof 12 Wgke] 21 Wdke] HHojgt & 4 gtk

Table 3.10 The first transformation result of the tray (stainless) data

Raw Log Square root Inverse

Classification data transformation  transformation  transformation
(=) (log x) (V) (1/z)
Standard regression coefficient 0.846 0.946 0.934 0.839
Significance probability <0.001 <0.001 <0.001 <0.001
Coefficient of determination (R?) 0.716 0.896 0.872 0.704
Significance probability of test of normality  <0.001 0.011 0.037 <0.001

Final choice

Table 3.11 The second transformation result of the tray (stainless) data

Second transformation

First . . Log Square root Inverse
X Classification ) i X
transformation transformation transformation transformation

(log ) ) (1/2)

Standard regression coefficient 0.938 0.943 0.926

Log Significance probability <0.001 <0.001 <0.001

transformation Coefficient of determination (R?) 0.880 0.889 0.858

(log ) Significance probability of test of normality 0.011 0.048 0.004
Final choice

Standard regression coefficient 0.946 0.896 0.886

Square root Significance probability <0.001 <0.001 <0.001

transformation Coefficient of determination (R?) 0.896 0.802 0.785

(V) Significance probability of test of normality 0.011 0.042 <0.001
Final choice

Standard regression coefficient 0.946 0.886 0.846

Inverse Significance probability <0.001 <0.001 <0.001

transformation Coefficient of determination (R?) 0.896 0.785 0.716

(1/x) Significance probability of test of normality 0.011 <0.001 <0.001

Final choice

3.2.6. 1% (F11)

= 3% (74R)9 9 A8} 13 WS x50 B4 A7l Table 3.128 Avwd, 27 W A5l
AL W5 AT, A A5 vt AAG D AAASF R GA U} HE3A] oksict.
wbA] 13} W3S tie] Zhzhe] 23 W3S A =3F 3¢l Table 3.13041= Al Fg2-AlF2 HIto)
12 ke 20 ARG S|AAS @ AAAS RP7F 24 vehgon, AAE st ok et
A, 3R (FFR)Y Aol 24 HE 5 AFZ-AFE M| HFolgtn & 4= 9
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Table 3.12 The first transformation result of the soup bowl (carbon) data

Raw Log Square root Inverse

Classification data transformation  transformation  transformation
(@) (log 2) (V7) (1/a)
Standard regression coefficient 0.456 0.110 0.633 0.090
Significance probability <0.001 0.617 <0.001 0.681
Coefficient of determination (R?) 0.208 0.012 0.401 0.008
Significance probability of test of normality = <0.001 0.200 0.012 <0.001

Final choice

Table 3.13 The second transformation result of the soup bowl (carbon) data

Second transformation

First . . Log Square root Inverse
) Classification X . .
transformation transformation transformation transformation
(log ) (V2) (1/2)
Standard regression coefficient 0.042 0.075 0.016
Log Significance probability 0.850 0.732 0.943
transformation Coefficient of determination (R?) 0.002 0.006 0.000
(log ) Significance probability of test of normality 0.017 0.104 0.001
Final choice
Standard regression coefficient 0.110 0.703 0.023
Square root Significance probability 0.617 <0.001 0.916
transformation Coefficient of determination (R?) 0.012 0.494 0.001
(V) Significance probability of test of normality 0.200 0.200 <0.001
Final choice ©
Standard regression coefficient 0.110 0.023 0.456
Inverse Significance probability 0.617 0.916 <0.001
transformation Coefficient of determination (R?) 0.012 0.001 0.208
(1/z) Significance probability of test of normality 0.200 <0.001 <0.001

Final choice

3.2.7. A& (718)

A 259} 14} W 2pgo] Z7}< Table 3.145 A5 W, 271 W3 259] 37 A4 (0.879) 2
AAS R? (0.773)7F 7H8 3 B4 WSS gleh 230 W A= A< Table 3.158 43
Hd, AF2-2a 93 -2 A8 s|AAS 2 BRAS R 7P B3 AFAE wEE

o}, 12 M8 Apge] 210 WE AAAS @ ARAS R FYch wEbA, A (71R)Q 7
e 1A gl 21 Wk 23 MBI AlF2-21 WET -2 wighe] HH gty & 4 Uk
g, A5 5533 22 WEE Tk et 14 23 dEE sk Zlo] 7Y AEE

30 &L

o

Zlolth.

Table 3.14 The first transformation result of the tray (carbon) data

Raw Log Square root Inverse

Classification data transformation  transformation  transformation
(@) (log 2) (V7) (1/a)
Standard regression coefficient 0.604 0.879 0.796 0.599
Significance probability <0.001 <0.001 <0.001 0.003
Coefficient of determination (R?) 0.365 0.773 0.634 0.359
Significance probability of test of normality <0.001 0.200 <0.001 0.003

Final choice

©
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Table 3.15 The second transformation result of the tray (carbon) data

Second transformation

First . . Log Square root Inverse
X Classification . . X
transformation transformation transformation transformation
(log ) ¥a) (1/2)
Standard regression coefficient 0.833 0.861 0.756
Log Significance probability <0.001 <0.001 <0.001
transformation Coefficient of determination (R?) 0.694 0.742 0.572
(log z) Significance probability of test of normality 0.200 0.200 0.200
Final choice
Standard regression coefficient 0.879 0.867 0.731
Square root Significance probability <0.001 <0.001 <0.001
transformation Coefficient of determination (R?) 0.773 0.751 0.535
(V) Significance probability of test of normality 0.200 <0.001 0.141
Final choice
Standard regression coefficient 0.879 0.731 0.604
Inverse Significance probability <0.001 <0.001 <0.001
transformation Coefficient of determination (R?) 0.773 0.535 0.365
(1/x) Significance probability of test of normality 0.200 0.141 <0.001

Final choice

£ AFolae] 2AE FA4e] Euh 4, 4, 2R (&), 2 (FRE), A (&) 3 AR
(ﬂi)oﬂ et o]de A7EE FARCE FAdel AT A7t A Aol AA8E =S
SHA it APCSE ATPARlol Al 7h 54 ¢F2 B-fol ditdos =1 e o 5 #4319
th & AFeAe FAHeE 23 ‘ﬁ%‘r ole] The W2 AEslT 1x} W] AFAE nio R 23
RAB7EA] Al mste] 73 A Qe RS ot gtk 24 o5 77HA]9 ZEIE £ 2F 9 AR A
Folle A& TSI O}JDP EE AR 13 dEE g AET we g o HEs o9l

2 A3
o] 27} WBE 2ol 14 Wako] el Tl 21 Wek, AFZ WD W o WAL ATt A A
2, 13 A8xE 9 23 ABAR S U £ A5 zespEe okl thed) 2. 9] 3%
A Aest AXYH Tul, 2 FO5 (2H”), A% (F1R) A5 = 12 W3ke] 27 W3lo] %3} 39
As D ARAS R*7) 718 £A dEton, 7 Ahas 23 Wk Alga-od W (3L dAF2
Wghol] £23) HAAS D BAAS R 7 24 debdth 33253 (FhR) A 94 2
o AFZ-AFZ AFo] 23 HAAAST R ARAS R AE FA GEo A ( =
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I>
w2

2 571 Atk mebA B A7 doe 2 o FA449 AR (2d) 9 e
o
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A study on the optimal variable transformation method
to identify the correlation between ATP and APC
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Abstract

In order to secure safe meals, the hazards of microorganisms associated with food
poisoning accident should be monitored and controlled in real situations. It is necessary
to determined the correlation between existing common bacteria number (aerobic plate
count; APC) and RLU (relative light unit) in cookware. In this paper, we investigate
the correlation between ATP (RUL) and APC (CFU) by using three types of transform
(inverse, square root, log transforms) of raw data in two steps. Among these transforms,
the log transform at the first step has been found to be optimal for the data of cutting
board, knife, soup bowl (stainless), and tray (carbon). The square root-inverse and the
square root-square root transform at the second step have been shown to be optimal

respectively for the cup and for the soup bowl (carbon) data.

Keywords: Aerobic plate count, adenosine triphosphate, significance probability, test

of normality, transformation data.
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