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Abstract: The 3M PetriFilm™ rapid aerobic count plate method (3M test plate method) and filter membrane method were
used to quantitatively determine the total number of bacterial colonies in the beverage, and the consistency of the two
methods was analyzed. Seven kinds of bacteria including Escherichia coli, Staphylococcus aureus, Paenibacillus ehimensis,
Bacillus subtilis, Asia Siamensis, Candida albicans and Aspergillus niger were used to artificially inoculate and test the
beverage samples. The experimental results showed that for different strains and different pollution levels, the linear fitting
degree of 3M test plate method and filter membrane method was better (determination coefficient R*>0.95). And the
recovery rate of 3M test plate method was more than 70%, and the RSD values (2.9%~34.3%) were within the prescribed
range of Pharmacopoeia of the People's Republic of China 2020, indicating that 3M test plate method had better accuracy
and precision. For the specificity test of bacterial and fungal contamination and the repeatability test of different batches of
3M test plates, the recovery rate of 3M test plate method was more than 70%, and the RSD values (3.6%~34.3%) were
within the acceptable range, showing good specificity and repeatability. The results of 3M test plate method and filter
membrane method were analyzed by using relatively trueness and accuracy profileanalysis method. The results showed that
the two methods had good consistency and equivalence. Based on the above analysis results, 3M test plate method is
equivalent to filter membrane method to determine the total number of colonies in beverages.
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Table 1 Fitting results of the 6 groups of bacteria determined by the filter membrane method and the 3M test plate method
Vil 2t PLE RER? LAV (log CFU/25 mL)
KA IR+ 3 (0 A 4G 5K A Y=0.96542X+0.03831 0.9934 0.85~2.04
BB Y=0.92772X+0.11569 0.9932 0.64~1.95
A 2 HA T Y=0.94039X+0.09774 0.9822 0.58~1.98
Asia Siamensis Y=0.88296X+0.21842 0.9892 0.64~1.93
SRk Y=0.94128X+0.10110 0.9858 0.73~2.00
Bl Y=0.91512X+0.14216 0.9878 0.53~1.90
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Fig.1 Fitting curve of the 6 groups of bacteria determined by the filter membrane method
and the 3M test tablet method
T Ar £ (O A BRI & KI5 A [QT (Escherichia coli & Staphylococcus aureus); B: % 0&ZS - AT (Paenibacillus ehimensis ) ;
C: 5 ZE AT 1 ( Bacillus subtilis) ; D: Asia Siamensis; E: H {0 & ¥R ( Candida albicans) ; F: 2 M %5 (Aspergillus niger) ; €] 2~
P&l 3 [
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Table 2 Recoveries of total colonies of the 6 groups of strains at different test levels

3MI R B AN RN R i

Vaxiil
5 CFU/25 mL 25 CFU/25 mL 50 CFU/25 mL 75 CFU/25 mL 100 CFU/25 mL
K YA R P+ 4 28 (0 A 4 B AT 109.4% 92.0% 107.2% 102.7% 97.3%
IR IFAUAT IR 122.2% 116.2% 92.1% 94.0% 94.9%
AL ZERAT TR 76.0% 114.7% 107.4% 95.8% 94.8%
Asia Siamensis 122.2% 116.9% 105.0% 108.6% 94.9%
SRR/ 117.4% 108.5% 90.1% 93.5% 103.9%
Bayiiipass 94.4% 117.0% 108.9% 91.7% 95.2%
£ 3 FIZERAEMRREE BEURICR
Table 3 Recoveries of total colonies of the two mixed strains
MU F- 2 [Tk
Vol
20~80 CFU/25 mL
YRR A A (KIGIRA A & ORME BRI . Z BRI . M 2R AT ) 99.4%

HHEIR A (A OESEREE . Asia Siamensis, BME) 95.6%
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BE R WA RSD WLEE 5. 3M I3 s T~k B 0
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(RSB 3R 21.1%~34.3% . 12.4%~17.2%. 7.2%~

14.2%. 4.2%~10.5%. 2.9%~7.1%, &ML T AU E
M3 7K S (5. 250 50, 75, 100 CFU/25 mL) F |9
RSD {H & [l 43 51 S8 17.8%~33.0%. 9.5%~21.5%.
8.0%~13.9%. 5.5%~7.8%. 3.0%~7.6%. 0] i 3M il
A7 ik RSD (B 2 2k, HIL S8R
RSD {EAHIT, F2HH 3M Ml A 12 O 48 40ty
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ARMTEOL T, SIS R AR AR, SSRGS TR R
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Table 4 Comparison analysis of precision between filter membrane method and 3M test tablet method

e ANFEE/KSF T BYRSD
Vaxiil HEWiReN
5CFU25mL  25CFUR25mL 50 CFU25mL 75 CFU/25 mL 100 CFU/25 mL
B 17.8% 12.1% 9.6% 5.5% 5.0%
Ty . . . . X
TR i B ARk MR A2 22.6% 13.3% 7.2% 5.0% 4.2%
KA TEREL 31.7% 9.5% 11.7% 6.2% 4.1%
A IMIR Rk 25.9% 14.7% 8.9% 6.3% 3.2%
P BT 31.6% 12.7% 8.0% 6.2% 6.8%
- IMIR Rk 34.3% 17.2% 10.2% 4.2% 4.3%
i Si ) B 31.7% 21.5% 12.7% 7.8% 3.0%
S SAMENSIS IMIi 7 25.9% 12.4% 14.2% 5.6% 43%
A SRS 33.0% 15.8% 9.2% 7.6% 7.6%
- 3MII H- 21.1% 13.1% 11.2% 6.3% 7.1%
i UEREET 31.7% 15.2% 13.9% 7.2% 4.2%
MR 33.5% 16.1% 10.1% 10.5% 2.9%
5 ORIRIE BT BUUA A X AR e 22
Table 5 Expected relative standard deviations at different concentrations of bacteria!'¥
CFU/IML. TRSD
<10 <35%
10~30 <25%
30~300 <15%
26 3M IR RPN e B E B FL AT
Table 6 Comparative analysis of reproducibility of two batches of 3M test tablets
- AR K PR FYRSD
Vaxiil 3MIUEL AR
5 CFU/25 mL 50 CFU/25 mL 150 CFU/25 mL
E[i27q1 .69 29 .0°
SO e AR R iy 22.6% 7% 0%
fitk2 17.3% 10.8% 3.9%
BRI Eiin/el 25.9% 8.9% 3.6%
7 73
itz 30.6% 14.4% 4.6%
Eiln/ g 34.3% 10.2% 6.2%
i B 2 AT 1 ' ’ '
Hitk2 31.0% 13.1% 7.1%
k1 25.9% 14.2% 5.4%
Asia Siamensis .
EjiRV @) 33.0% 12.8% 5.7%
e k1 21.1% 11.2% 6.6%
- Ein/e) 25.6% 13.1% 6.0%
- k1 33.5% 10.1% 8.2%
U k2 34.3% 9.0% 7.9%




- 316 - £ Tl B

20224 1 A

HEWX 1 72 =X ZKF T (5. 50, 150 CFU/25 mL)
Y RSD {ES39M 21.1%~34.3%. 7.2%~14.2%. 3.6%~
8.2%, LYK 2 7E =4~ KT (5. 50, 150 CFU/
25 mL) 9 RSD {H 43 %Il 24 17.3%~34.3%. 9.0%~
14.4%. 3.9%~7.9%. #5577~ RSD {HIWH LK 5
TR, F2BH 3M M- vk BB R4
2.4 HEXITIEFAE (Relatively trueness) 434

FH X 1A 5T & I Bland-Altman 43 Hrik
X CVHEIA I IR S R SRR A T IR A IR Z MY
e i g 2421, I fd B MedCale #44:%) 1.2.2 3k
1S EARIAT ST, XTUERETEAN 3M I -7
T V5 YLl A 2k (pH<4.6) R A B Vs B B —
BT I . PR (Mean) R IT Y=0 BYREZE,
FEEAPRP 1 00 R GEIR 25/ NP, H Y [ RS
SRRSO X AN, AR PR v i — SRR
I, AT DRFE P AD T v e T

VB 3M R 5 4 id 4 A= 22280081
(pH<4.6) H ¥ R 7354 QTR AN 4 B (I A5 BR 1A . 2%
WIS TEAAT TN . AN EL 2R IR . Asia Siamensis. {8
EREE . RAIERM B-A SHTANE 2 iR . FSEHEERE

020 (4
v +1.96 SD
0.10 | 0.126
z ) 3 Mean
2 0.00} o o
W T . —0.006
o @
010k g 7 o -1.96SD
—0.138
-0.20 b . . . ‘ )
0.00 050 100 150 200 250
¥J{H (log CFU/25 mL)
040F ()
0.30 o
+1.96 SD
0201 0214
0.10 - . .
% ° o  Mean
0001 55T 0016
—0.10 | . o e
°  -1.96SD
020 ~0.182
-0.30 b

000 050 1.00 150 200 2.50
¥4 (1og CFU/25 mL)

+1.96 SD
0.10 F o 0.116

) . i D/é)
tﬂ_lj 0.00 k °° °  Mean
# i TT0.012
—0.10 . ’ ~1.96 SD
; ~0.140

~020h

1 1 1 1 1
000 050 100 150 200 250
I (log CFU/25 mL)

MCZH P4 P X 250 ) 4808 53531 2 —0.006 . —0.015 .
0.016. —0.040. —0.012., —0.004, 5 Y=0 I fg£kiiT,
Ho7S 25 v AR I 2H 43 B A A 0%, 4%, 8%. 0%,
4% FN 0% S IEAE T —BEX | LIS, B PFR
TR EES R REIRZE/DN, — SRR
2.5 #BEZE (Accuracy profile) 734

A B T AT (s FH P AR 7 Xt 227 = A5 4
SRR R MR SR U T EE A M A R0 X T
15 YK, T -1 BE 25 2L X [A] ( B-Expected
tolerance interval, S-ETI) 5 A] 32 5Z [R ( Acceptable
limit, AL)AH Fb%s, B B-ETI B9 - BR{E < AL F1F BR
{H = -AL B}, 20780 5 B A 20

Fe 1.2.4 vpidimiaal SR X BB, DADE RS
BN E AR AR AR, TR 22 (Bias, Bi) NYAABER, 414
15 Bi. R S-ET1 £k oM B . i v 15
AT 422 32 P B ) S AL=%0.5log10 B, 45453 7
Fe & 3 A, ANAFEMRA T IS 4H Y 3 K
TR B-ETI #y7E n] 4232 B il i B LA P9, 2 BH g AR v
T 3M IR A v I e N IS G i 4k A 2R SRR
(pH<4.6) H BRI VE& MBI 7 156558

030 F
(B)
0.20 | +1.96 SD
010k : . 0.165
o o E’O 8 Mean
- o. o0 &
@ 000 = 0015
% —-0.10 . ° © =]
0.0 -1.96 SD
- -0.195
-0.30 F °
_040 ml 1 1 1 1 1
000 050 1.00 150 200 250
M (log CFU/25 mL)
030} (p)
020 - +1.96 SD
0.10 | o ° 0.142
P o o9
Su 0.00 - 2 M
% ean
ook R o IR —0.040
~0.20 c o ° o° ~1.96 SD
—0.222
_030 O 1 1 1 1 1
0.00 050 1.00 150 200 2.0
J{H (log CFU/25 mL)
030F
0.20 | +1.96 SD
j 0.177
0.10 | °
m N ° % o Mean
g 000 o o ° % —0.004
—0.10 + o ° o -
. ° -1.96 SD
020 | —0.185
70.30 0 1 1 1 1 1
0.00 050 1.00 150 200 250
HJ{E (1og CFU/25 mL)

P2 U 3MOIE A E 6 ZHERTY B-A 2T
Fig.2 B-A analysis of the 6 groups of bacteria determined by the filter membrane method and the 3M test tablet method
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Fig.3 AP analysis of the 6 groups of bacteria determined by the filter membrane method and the 3M test tablet method

3 g

AR

FH 3M Petrifilm™ 5% 22 %50t B v

A QUB IS AN AE A= Z OB (pH<4.6) I I %
SR SIS RIS 7 AP EEARVE TIRIE . R

7 PR RRIEA T 53 2SN TS INAS TR B A B ) T e
W 4E A R K UORE (pH<4.6) 1, 43 5l iz ] 3M
Petrifilm™ TA] 7 & 200 3 772 M8 IR %) FUAS N o

SRR, PIMOITIRIILIERLS R? HIRT 0.95, H



318 - £ Tl B4

20224 1 A

TERB PRSI BRAR S32eAhT5 G S bR A5 5
A, 3M Petrifilm™ By S B0 32X A T RGN £
P iy [ % Ko RSD 435 SR 33if ft v [ 245 L ) rp o)
PR 7 AR o AR TE A R RIOR R 2] T 53
Arehy, PIRP DT 2 I N AR 1 — B RS . 3R
B 3M Petrifilm™" B&f 7% S 850 72 AT A5 [ ARk
&y FEAT 4k A RO (pH<4.6) HV B 7 S B RS
BRI ZAE, 5KRFH K 3M B S B ik . EISAR
7% (4789.2-2016) Sz 1SO(4833-1:2013) 7£ A% Il 1#]
Ay ARk AT T X LS, JE e Sk S b
FAHSCHESIHT, #3H =FPOrmik BAT Ry —2etE. 7F
AR AL VRBA PR FIT 3M K7 TREE I 0 %o
8 MRTAHEAT 1 M d 43 A7, AR IRt e 4%
PR BTERE S ATRE ) 30 AR S b, 3M I s
RIS VRBA PR 2 il v B — 2k, s
PRI EE AT LIJe 2 e o F el R Tk AR
Skt 3M I A2 HAT AR & A DU ol 5 5, I Hiz
T3 AT LIS FSAS I AT AL BRI B E, I RRAR ARSI
JEUA, FE—E R R b AT BRI i AR T, AR
T T T e . BE— 2B RIS 3M Il Ak
A7 HAD 5 2 R HAD H AR BRARASIN B AR SIS IE T A, XF
ARG RN T A T HE AR O b e, X — 2540
BAOTT AR E B A H HA RGO TS

SE 3k
[1] %, 2L, A, & &R P ARS8 WA #HEn
H AR ]. AR A&, 2021(4): 212-214. [ FAN Rui, WANG
Wenwen, LU Bin, et al. Discussion on the detection technology of
total number of colonies and coliform in food[J]. Modern Food,
2021(4):212-214. ]
[2] &M, w7, BT, RBMBAEMEIEE % LI E 5 %
89 R I, & & % 4 F 7, 2021(3): 94-95, 97. [ GAO Xi-
ang, MA Pengfei, CUI Yaning. The effect of the method for determ-
ination of the total number of bacterial colonies in food microbiolo-
gical inspection[J]. Food Safety Guide, 2021(3): 94-95, 97. ]
[3] MRE. & &P HEEHMN AR R Rs s T,
2021(3):171. [ LIU Fenghui. Research progress on determination
of total number of bacterial colonies in food[J]. Food Safety Guide,
2021(3): 171. ]
(4] 33 Ab o ik taml R oo F B 3% S 40 AT 72 U], LR
&%, 2020(10): 214-216. [ ZHANG Fen. Comparative study on the
total number of bacterial colonies in food by three methods[J].
Modern Food, 2020(10): 214-216. |
[5] PHEAREME T AR GB4789.2-2016 £ & %4 H 47
RS E Y F T B AN [S]. T P B AR A,
2016. [ Ministry of Health, People's Republic of China. GB 4789.2-
2016 National standard for food safety: Determination of total num-
ber of bacterial colonies in food microbiology[S]. Beijing: Stand-
ards Press of China, 2016. |
(6] P EmA T LHAHARTAER T 4. T/CBIA 005-2019 424t
P M A B (B B AT AL B2 05)[S]. AL T P B AR AR,
2019. [ Techbical Working Committee of China Beverage Industry

Association. T/CBIA 005-2019 Determination of microorganisms in

beverages(filter membrane pretreatment method)[S]. Beijing: Stand-
ards Press of China, 2019. ]
(7] gr, Uik, SRARMG, 5. SR 1A AT 2 2 & 2 AR ARH 2R AL
B8 % v [T, ILAR A e AH L, 2015, 31(10): 263-268. [ XU
Hong, LIU Xiaobo, GUO Weipeng, et al. Effects of six strains of
fungi on physical and chemical properties of vitamin energy
drinks[J]. Modern Food Science and Technology, 2015,31(10):
263-268.
(8] & & ERMAYRLEE ARG ALRI] RERBHAR,
2016(17):25-27. [ WU Leilei. Development of rapid detection
technology of food microorganism[J]. Grain circulation techno-
logy, 2016(17): 25-27. ]
[9] PERIS-VICENTEJ, CA RDA-BROCH S, ESTEVE-
ROMERO J. Validation of rapid microbiological methods[J].
Journal of Laboratory Automation, 2015, 20(3): 259—64.
[10] D%, SRRl %, F 25, 5. RR>TZRHER S KA
ABR G W E 1), &5 T A, 2021, 42(7): 83-88.
[ MA Shangxuan, GUO Gangjun, HUANG Kechang, et al. Amino
acid composition and antimicrobial activity of macadamia poly-
peptides with different molecular weights[J]. Science and Techno-
logy of Food Industry, 2021, 42(7): 83—88. ]
[11] 3RZ, i, § 300, F. R X m AR B P
F R KGR 2 e T kAR, 2018, 39(4): 235-239.
[ ZHANG Lan, XU Hong, WENG Wenchuan, et al. Determination
of total number of bacterial colonies in acidic beverages by flow
cytometry[J]. Science and Technology of Food Industry, 2018,
39(4): 235-239. ]
[12] edgdk, %, FT4, F M MK A H A£G RLFILH &
WA A P ey m A [J] &S Tk, 2015, 36(12):201-203.
[ CHI Fumin, LUO Zhang, GU Xuedong, et al. Application of 3M
test plate method in microbial detection of Xizang yak dairy
products[J]. Food Industry, 2015, 36(12): 201-203. ]
[13] KB4, ALA, RE, . AOAC R ®H M AN T XM H
H A INE R ] A e T A4, 2007(4): 241-243. [ ZHANG
Hongwei, ZHENG Wenjie, ZHAO Hong, et al. Requirements for
validation of AOAC methods for the quantitative analysis of food
microorganisms[J]. Food Science and Technology, 2007(4):
241-243. ]
[14] BRBEER A PHEAREFEGE, =35 [S]. 7 F
E 25 #F 3 B jR 41, 2015: 216-218. [ Natinal Pharmacopoeia
Commission. Pharmacopoeia of the People's Repunlic of China,
Three[S]. Beijing: China Medical Science and Technology Press,
2015:216-218. ]
[15] PUM J. A practical guide to validation and verification of
analytical methods in the clinical laboratory[J]. Advances in Clinic-
al Chemistry, 2019: 215-281.
[16] Z4%, Hwel, x| A, 4. 3 Aokek KA AR ILF A LB
MR EA & I ok AT I, iR AT 5T, 2021, 44(4): 721-727.
[ LI Hui, YANG Xiaoli, LIU Like, et al. Microbial limit test meth-
odology of three imidazole antifungal creams[J]. Drug Evaluation
Research, 2021, 44(4): 721-727. ]
(17] B &, B454%, A, 5 ATP A4 5 3wk ik &
WA A d ey e AT 5T (J]. B R AL F Tk, 2020, 50(11):


https://doi.org/10.1177/2211068214554612
https://doi.org/10.3969/j.issn.1002-0306.2007.04.073
https://doi.org/10.3969/j.issn.1002-0306.2007.04.073
https://doi.org/10.3969/j.issn.1001-1803.2020.11.006
https://doi.org/10.1177/2211068214554612
https://doi.org/10.3969/j.issn.1002-0306.2007.04.073
https://doi.org/10.3969/j.issn.1002-0306.2007.04.073
https://doi.org/10.3969/j.issn.1001-1803.2020.11.006

43 % 1

RIEAH | % 3M Petrifilm™ PO AT HORHH B S B 319 -

771-775,782. [ ZHAI Lei, GE Yuanyuan, CUI Shenghui, et al.
Validation of ATP bioluminescence enhancement method in micro-
bial detection of cosmetics[J]. China Detergent Chemical Industry,
2020, 50(11): 771-775,782. ]

(18] Z &, BhA&, Ak, F. oA Mg R o 69 2 AR A
AR E J]. Bt F k&, 2015,34(4): 417-422. [ WU
Qiong, YAO Dong, HU Bei, et al. Study on the quality standard and
microbial limit of CasinJiangzhiling chewable tablets[J]. Journal of
Microbiology and Biotechnology, 2015, 34(4): 417-422. ]

[19] RAH, o ARk, & 2K, 5. WX & P dem] 5Lk o 49
W% &4 U] P B 5L Tk, 2017, 45(1):47-49. [ LIANG
Chunmei, YU Dongwei, WU Yugqiu, et al. Rapid detection of total
number of bacterial colonies in milk by test plate method[J]. China
Dairy Industry, 2017, 45(1): 47-49. ]

[20] Zwesk, Mk, X 74, F. MK R =& E %% H0hn
T oy B R MAELAE R 0] AR E B, 2019, 62(7): 628—631. [ SU
Xiaoyan, YANG Fei, LIU Wanmin, et al. Study on the application
value of test plate method in the detection of total number of bacteri-
al colonies[J]. People's Military Medical Journal, 2019, 62(7):
628-631. ]

[21] BAF, EHE, Y, F FH ARG ERIENG
i—— | Hrath E AWM A E ] P EAS T A RKE,2001(5):
11-13. [ CHENG Suyun, REN Jinyu, TONG Zhe, et al. Study on
precision control of laboratory colony count—— I factors affecting
precision[J]. Chinese Journal of Food Hygiene, 2001(5): 11-13. ]
[22] KR4, RS4h, BEH, . £ A3 H S HEBES B
P ey AR [J]. P B 44, 2021(2): 66-69. [ FU Guangwei,
ZHANG Zhenzhu, CUI Qichang, et al. Research on application of
automatic colony counter in textile testing[J]. China Fiber Inspec-
tion, 2021(2): 66—69. ]

[23] RAM, FEF, WAK, F. 8 EETHELBR
oy s R AR ] R g 4 R F A F R, 2020, 11(1):
146-152. [ LIANG Chunmei, CHANG Jianjun, YU Dongwei, et al.

Study on the application of automatic colony counting instrument in
milk detection[J]. Journal of Food Safety and Quality, 2020,
11(1): 146-152. ]
[ 24 ] ISO. Microbiology of the food chain—Method validation—
Part 2: Protocol for the validation of alternative (proprietary) meth-
ods against a reference method[S]. 2016.
[25] NO DOGAN. Bland-Altman analysis: A paradigm to under-
stand correlation and agreement[J]. Turkish Journal of Emergency
Medicine, 2018, 18(4): 139-141.
[26] MANSOURNIA M A, WATERS R, NAZEMIPOUR M, et
al. Bland-Altman methods for comparing methods of measurement
and response to criticisms[J]. Global Epidemiology, 2020, 3:
100045.
[27 ] CAO X, BAI Z, SUN C, et al. Bland—Altman analysis of dif-
ferent radiographic measurements of the hallux valgus angle and the
intermetatarsal angle after distal osteotomy[J]. Orthopaedic Sur-
gery, 2020, 12(6): 1621-1626.
[ 28 ] OHNLUDBROOK J. Confidence in Altman—Bland plots: A
critical review of the method of differences[J]. Clinical and Experi-
mental Pharmacology and Physiology, 2010, 37(2): 143—149.
[ 29 ] MFEINBERG. Validation of analytical methods based on ac-
curacy profiles[J]. Journal of Chromatography A, 2007, 1158 (1-2):
174-183.
[30] HUBERT P, NGUYEN-HUU J J, BOULANGER B, et al.
Validation of quantitative analytical procedure, Harmonization of
approaches [J]. STP Pharma Pratiques, 2003, 13(3): 101—138.
[31] #44%. VRBA 4= 3M Petrifilm™ He i 91l iX 4 & & #il K
W T A6 ML AR LA 2 D). B H AU BAT AT, 2021(1): 17-22.
[ XU Jinbang. Comparative study on the performance of VRBA
and 3M PetriFilm™ rapid aerobic count plate for quantitative detec-
tion of coliforms[J]. Research on Quality and Technical Supervi-
sion, 2021(1): 17-22. ]


https://doi.org/10.3969/j.issn.1001-1803.2020.11.006
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1004-8456.2001.05.004
https://doi.org/10.3969/j.issn.1004-8456.2001.05.004
https://doi.org/10.1016/j.tjem.2018.09.001
https://doi.org/10.1016/j.tjem.2018.09.001
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1001-1803.2020.11.006
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1004-8456.2001.05.004
https://doi.org/10.3969/j.issn.1004-8456.2001.05.004
https://doi.org/10.1016/j.tjem.2018.09.001
https://doi.org/10.1016/j.tjem.2018.09.001
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1001-1803.2020.11.006
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1004-8456.2001.05.004
https://doi.org/10.3969/j.issn.1004-8456.2001.05.004
https://doi.org/10.3969/j.issn.1001-1803.2020.11.006
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1001-2230.2017.01.012
https://doi.org/10.3969/j.issn.1004-8456.2001.05.004
https://doi.org/10.3969/j.issn.1004-8456.2001.05.004
https://doi.org/10.1016/j.tjem.2018.09.001
https://doi.org/10.1016/j.tjem.2018.09.001
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.1016/j.tjem.2018.09.001
https://doi.org/10.1016/j.tjem.2018.09.001
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/os.12759
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004
https://doi.org/10.3969/j.issn.1674-5981.2021.01.004

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 菌悬液的制备
	1.2.2 多梯度水平测试
	1.2.3 混合菌液测试
	1.2.4 重现性测试

	1.3 数据处理

	2 结果与分析
	2.1 线性分析
	2.2 准确度及专属性分析
	2.3 精密度和重现性分析
	2.4 相对正确度（Relatively trueness）分析
	2.5 精度剖面（Accuracy profile）分析

	3 结论

