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Uncertainty evaluation for determination of total number of colonies in food
by control chart method

JIN Ping, JIE Li, JIN Xiao-Hong, DING Hong-Liu"

(Suzhou Product Quality Supervision and Inspection Institute, Suzhou 215104, China)

ABSTRACT: Objective To evaluate the uncertainty for the determination of total number of bacterial colonies in
food by using the control chart method. Methods According to GB 4789.2-2016 National food safety
standard-Food microbiology test total bacterial count determination, the total number of colonies was determined
under the condition of ensuring precision, and the accumulated data was statistically analyzed based on the control
chart method. Results By establishing the superposition map and MR map of the measured value X and EWMA, it
was showed that the measurement result was only affected by the random effect, and the result conformed to the
assumption of normality and independence. The calculated extended uncertainty result was 0.10 1gCFU/mL.
Conclusion The evaluation of total colony uncertainty by control chart method combines the evaluation of
uncertainty with the quality control work in the laboratory, which is simple and easy to operate and suitable for the
application in the laboratory.

KEY WORDS: total number of colonies; control charting method; uncertainty evaluation

1 31 §

PR A T

RN DR P RUEY AN 3) R4S RICTE M)
ARG o PG AN B 2 B2 i 0 kv P

TR & HA e DREA REIRE R TA BER . HET, 4RSI

HEEB: LA AR I-1E4 R R(BE2016664) . ITHRATILRYE “352” AATH
Fund: Supported by Jiangsu Province Key Research and Development Plan-Social Development (BE2016664) and Jiangsu Province Quality

Supervision System “352” Talent Project

“EIWIEE: Tk,

BTN, FEUFFE T W) ALK 43 . E-mail: bobbie 1127@sina.com

*Corresponding author: DING Hong-Liu, Senior Engineer, Suzhou Product Quality Supervision and Inspection Institute, Building B, No.1368,
Wuzhong Avenue, Wuzhong District, Suzhou City, 215104, China. E-mail: bobbie 1127@sina.com



o5 4 1 4

P, A R P B P R R R BRI P AN E 969

S 3R N B OR B B 4R R 15 # U (Guide to the
Expression of Uncertainty in Measurement, GUM)i% 474~
T2 B TP, SRy 10 T o A v 5 S A N A I A,
HERR TR AN R 40, BRAE D RO BB 5 S5 e
RAEFFENER, FNITELRDESSRE =SS
i, MELLVERRDS, ARG IR GB/T 27420-2018 (A6 EE
A W B AR I R OR B R PR E S R OR N E ) O
Top-down F¢ A F il IR TL A TN 18 28 B I I, s il &
PR E B R TV S A e IR E A LSS
Ak, KRMWEDT TAER, HAMRMRMNSE AT,

ASCKHE GB 4789.2-2016 i 4 E ZbRHE £
TR AR T A YR ik, XSRS TE
S TDRE 25 B 40 2 B Tl WU 146 7 081 7 AR B, R4S
— ZAN 0 BT ECE, X R GVEHR AT IE S R ST A
AT, TERIANI G RGOSR ZEMNIEN T, #ilitE
S ) A %5 B b o 254y S0 28 3RAS AR HE B BUAS I 2 2
it — ARG RA 2 BE (U)o A SE R = A A A
e e RS %,

2 MH5EREE

2.1 #RI5EH

UHT - 95 A3 7 R ) .

AR OB (b s BE AT B AR e AT BR A |, K
18 75 FC B AR ME T B (ATCC8099, |7 R IR YL A& YR H A
[FZNEID
22 NFEEERE

KB115 AL 33544 (18 [ Binder /A Fl); SX-700 5575
KT (L Tomy Seiko 23 H]); TYJ-2A Wk TR L
AR )

23 EWHE
23.1 JRAEH &

PRI AR R IR i 3 i R v T AR R A 796 4K
ARG SR, KA MK FEE, MERvPwER; A
YN HL B W TR AT 10 RS LR RE, BRI
PR

Ty RE A K RS R EBS I E 1 L
[ UHT 2B3eh; JRA), RS RAE 1x10°~9%10° CFU/mL,
I35 50 mL KB, 4 CCLRAA7, BRI i fsks:
mhy B H B TR
232 #H#¥ERE

TEWEAE B 400, #2108 GB 4789.2-2016 HLE 5
P R RE AL TR VR BB, BTAEHIE 1R, #
SR 1A, e sE g R .

233 WHEERE
VEE A B 1) A B A 1775 (Grubbs)(HL K 2 7 2 i

GB/T 4833-2008" WAk 1 4~ H FRH B0 it BRI, 20885
HE LR AT, FEAR S A% Uk T P K5 10 1F 25 A <7
PE, 0 ATEY < 1 MFFE IEZS PR PR, 3)HR AT
WA AN BOIMAUES 319 {E (exponential weighted moving
average, EWMA)I¥) /il & RIS 8 2% (moving range, MR),
A 45 S35 R Ao W R s B, 50 A ) 2R 4 %)
S R AR 24, 4) WL RDRE 25 BE (Sp ) A LB = 3k
FFHIBRHES AR E L (u), TR A E (V).

3 HER55H

30 FEEHREELHBNESER

VR BEORINEE SR L Y FoR, T E A RTE SR
I 45 RAB K RO, RO AR I 45 2R i B A T
B, WPEUE L X TR o A g — il 45 R il 14
L BRI 1. £ 1Y R BBRINES R, ik
1 ATA5 X B9 X =3.57, X 5=3.38; ZHPNFIME X=3.49, brifk
2% s=0.06.

x1 REHREESBNESER

Table 1 Total bacterial colony count of quality control sample

o gwEm CRRY O XCED
1 2018-08-20 3200 3.51 3.38
2 2018-08-21 2800 3.45 3.40
3 2018-08-22 2800 3.45 341
4 2018-08-23 3000 3.48 3.45
5 2018-08-24 3700 3.57 3.45
6 2018-08-27 2500 3.40 3.46
7 2018-08-28 2600 3.41 3.48
8 2018-08-29 3300 3.52 3.48
9 2018-08-30 3200 3.51 3.48
10 2018-08-31 3600 3.56 3.51
11 2018-09-03 2900 3.46 3.51
12 2018-09-04 3000 3.48 3.51
13 2018-09-05 3000 3.48 3.52
14 2018-09-06 3200 3.51 3.53
15 2018-09-07 3500 3.54 3.54
16 2018-09-10 2400 3.38 3.54
17 2018-09-11 3400 3.53 3.56
18 2018-09-12 3700 3.57 3.56
19 2018-09-13 3500 3.54 3.57
20 2018-09-14 3600 3.56 3.57
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Table 2 Ai, EWMA and MR values of the results were measured

isf ] X(lgY) X VR IS pLBYA

FifE  lg CFU/mL Ty W, N A W, N A
1 3.51 3.38 / -2.014 0.0220 —6.1668 -2.196 0.0141 —-7.0967
2 3.45 3.40 0.06 -1.701 0.0445 —-16.3873 —1.841 0.0328 —18.7478
3 3.45 341 0.00 —-1.400 0.0808 —22.5516 —-1.501 0.0667 —25.4424
4 3.48 3.45 0.03 —0.831 0.2029 -25.1220 —0.857 0.1958 —28.0863
5 3.57 3.45 0.09 —0.831 0.2029 —29.3475 —0.857 0.1958 -32.3874
6 3.40 3.46 0.17 —-0.562 0.2871 -32.0522 —0.552 0.2905 —-35.2446
7 3.41 3.48 0.02 -0.302 0.3815 -30.2964 —0.258 0.3984 -32.6692
8 3.52 3.48 0.10 —-0.302 0.3815 -30.9220 —0.258 0.3984 -32.6745
9 3.51 3.48 0.01 —-0.302 0.3815 -31.0023 —0.258 0.3984 -32.0532
10 3.56 3.51 0.05 0.194 0.5768 -26.7932 0.303 0.6191 —27.4486
11 3.46 3.51 0.09 0.194 0.5768 -29.6136 0.303 0.6191 -30.3379
12 3.48 3.51 0.01 0.194 0.5768 —23.7050 0.303 0.6191 —22.7164
13 3.48 3.52 0.00 0.430 0.6664 -22.1577 0.570 0.7158 -21.0631
14 3.51 3.53 0.03 0.659 0.7451 -20.9162 0.830 0.7966 —19.8584
15 3.54 3.54 0.04 0.882 0.8110 —15.8899 1.081 0.8602 -14.3171
16 3.38 3.54 0.16 0.882 0.8110 —13.5258 1.081 0.8602 -11.4210
17 3.53 3.56 0.15 1.098 0.8638 -12.3147 1.326 0.9076 —-10.3894
18 3.57 3.56 0.04 1.098 0.8638 —8.0697 1.326 0.9076 -5.8112
19 3.54 3.57 0.02 1.308 0.9046 -5.3938 1.564 0.9411 —-3.4801
20 3.56 3.57 0.01 1.308 0.9046 —4.7784 1.564 0.9411 -2.9197

X=3.49; s=0.06; MR=0.06; Sp’=0.05
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Fig.1 Overlay Diagram of X and EWMA
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a) W X
o 4 X =349 I1gCFUMmL, L # il R
UCL= X +2.66 MR =3.64 IgCFU/mL, F % il &
LCL=X -2.66 MR =3.34 1gCFU/mL.
b) EWMA &
FEOMECT- 4R EEWMAYHH AR
EWMA,=X,
EWMA=(1-1) EWMA—+AX;, A-42{H, Bt 0.4

oD £k X =349 1gCFUML, b £ il B

UC'—EWMA:Y”SR'J% =3.57 IgCFU/mL, F % il R
LCLEWMA =Y—3SR '1 % =341 lgCFU/mLo

¢) MR &
U0 MR =0.06 1gCFU/mL, EHfI R UCLyr=3.27x

MR =0.19 1gCFU/mL.
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FERTH: LIS 12 I S5 R B, W s 5 R
3000 CFU/mL, HXFH{E N 3.48, IR HERE,
WA Y5 7E 3.4840.10 1gCFU/mL( Bl 3.38~3.58
1gCFU/mL), U 2 X %50 00 45 S ¥ {8 /9 B(E X 8] 2
2399~3802 CFU/mL(k=2).
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