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Application of the test tablet method in the detection of total number
of food colonies
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ABSTRACT: Objective To analyze the feasibility in detection of aerobic plate count in food by applying paper
plate method. Methods The total number of colonies of the prepared bacterial suspensions, natural contaminated
food samples and artificial contaminated food samples were tested by paper plate method and national standard
method at the same time. The difference between two detection methods were analyzed by t-test. A Pearson
correlation analysis method were also applied to evaluate the correlation of the two methods. Results The
coefficient of variation of bacterial suspension and total bacterial colony of naturally contaminated food samples were
0.16%-3.76%, the coefficient of variation of artificially contaminated food samples were 0.78%—8.61%. Difference
in aerobic plate count between two detection methods was not significant (P < 0.05). There was a positively
correlation in results of two detection methods (r?> 0.976, P < 0.001). Conclusions The detection effect of the
paper plate method is equivalent to the national standard method, which can be applied as an alternative method to
detect aerobic plate count in food.
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FAF N ANTF RGO . BN pHAA . BE SRR F E]
25), 1 g(mL)BEAGFE S AR K R i an sl w7 g &
o ) TR R B R T A A A S R R T A T
MEZEEIR, RN EWNE SRR RE/HE AR
R, IHEXHPARAE S G A DA PR I, AR
DAV SO SR AR, 10 W L T AR I 3R R B B A Y
SR, B BE IR AAr o i B R, £l R I AR T2
W, EaERREERANE. mH, HEERTHEY
REAR I R, ARG e A R R AT A R
o, HBXRE . VS . PR SRR, T E A
TAFHMN

BT, &5 P v SO i w0 B A bR
GB 4789.2—2016 { B FbrfE & hh 2 2 B AR E R A
Yr2E K T R B0 2 ) Blep i - ok, %0k —
B S RBUL ARG 10 5B B, 5 NBA
B b 43 B 1 mL & T IR F I 58 R e 5 57
HRG, A RET, HBHR—ENEE—®RN 48 h),
TSR AR LA T B0 T v B, IRIR R B AT 5, 115
HE 1 g(mL)JELBARE S H BT 5 40 T8 A R B R R R A
ORI 7 B LB A, R RS B VR = T
TER K, TERIAE S AR AR 20, 255 s
RLTE U #1127 R 6] 3 N a1 @ 7 = LT
Rl A R N W & R, 22 i B 2R B 9 R B0 3 8 R
FERW Ik ik, 78 fa A B I S B0 B0 m I v 4 R
Ja BRI R AR I A B R R, SR
VE R BT 1 GB 4789.2—2016 ¥R, 7 £ fh A M 455 753
AT 2 BRF RS AT — S AR A A0 T T T
SBOE R tE L TE A R, vk EAsMEf
(Association Francaise de Normalisation, AFNOR), &1
i 2594 B R (Food And Drug Administration, FDA)
A1 3 [ 2 B 4 B 4k 2% Il B 25 (Association of Official
Analytical Chemists, AOAC)Z:, (A nfl7=2), pify2 4110
1E 20 A BUALF AT B S Al 2560 % A T 1A 78 R 550 3
Jriki5 GB 4789. 2 XA B KT L JEIRAR L DK
WA S WIR RIS AL A 8 K2 845 (BT ab ALY
DAV S BOR I A5 5, A5 TR VB el £ L
TR % B BCEEALT E Sl Jr i GB 4789.2 Y4518 . U
RGN F R W, 20T B 78 R O R vk 5 x5
ma RIS RS GB 4789.2 /45 Lz M LB EXF . &
PR AU L B T T I R RO A 1 5 AR G L R4
HLAS PR 3 V5 S5Ok T AR 22 55, 45 H I T 7 S 4k
W 3 7 A U PR 35 TR 9 A 80 T 5 L AR DG | o
HPEE R 92516 . BENJAMIN 26T AF 58 6, B vR

B Rk AOAC &% kA5, H K46 pisf
PR 45 %6 = 24 h,

B R E P E AR A R R TR R 2 o i o e
b, AR . ASHIFIT IR A I B YA R A it
. K10 283k 18 A AR Ay B A T A T I B
WS EFEFHEN D GB 4789.2—2016P 47 &%, #R1TH
FEAR B TR S BN R B SR 0 S AR R,
DA D38 Y6 A1 TR A 5k i v i g RN 5 S B

1 #HRERE

1.1 ¥ &

TEZF RS URE R B R KR G) B RGE
RSP . A= SRR B fa2s) . SRR AR
(BERESRTT . AR, SEAEERS0) . ALl cEA30 . vol
W WE) . BRSO MR Ea), HECE
g T . S GO ) AL A RD7E T A 10 283
18 P AT AR A & S L0 AR A R S A RS
BN V5 YK SEATR, 8 18 FiREM L0 AR5 Y&
Y S | N IR R Sy C e
LI.1 ABRFTERLAESD

RO HEE R BTN P BURIER . Bt
P EEEAT . ACRYIE . BEAERE . AL MR, E
. AW, W, MR 14 R, RN
W A T T .

112 ALFEADBHS

KIRI . VKR . BIGEE . WK 4 FREERT, BTA R
Yol BT e i g 10 B R BT N R A A IR TR (ATCC
25922)F1 4 T (0 A ER B (ATCC 25923)Hl & IR A H B I,
TRHNKSE . KIS CFU/g). KMk EE(10~100 CFU/g).
T (10°~10* CFU/g) I HEFE( > 10° CFU/g), 43l 4%
4 FPBIH A L5 g S RE A o
1.2 fREE

K W57 S B (Escherichia coli, ATCC 25922); 4x %
64575 3K T (Staphyl ococcus aureus, ATCC 25923); & 578
JE T 1 (Proteus mirabilis, CMCC 49106); i %% 28 7 FT T4
(Bacillus subtilis, IQCC 22710); B 111 8% B 33 37 B% £
(Hansenulaarabitolgenes, CGMCC 2.887),

1.3 ®&E5RH

Stomacher 3500 I% s FA 17 85 (FEE SEWARD 23 H));
MS 3 basic IRHEIR Y 7 (T8 H KA /2 H]); DensiCHEK plus
L CE R IR P EAA IRAF]; BE 700 {REEEFR4 |
WB 22 /K5 (f# E| MEMMERT /A #]); THZ-C-1 fH 1535 K (K
B4 ); centrifuge 5810R B.L:L(F£E Eppendorf
A w]); GM 200 JJ AW (T8 ] Retsch 24 F]); FDU—1110
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T HL(H AS EYELA 5 Bk as bk 202 at); SEART T
R FRILEL S 9281540, 5[ BD AR, EALsN(orbral,
[ 25 LA A RA ], #E5: 10019318), WO IR

[Al ¥ (brain heart infusion broth, BHI)(Z£[E Oxiod A H], L5

2849646); MicroFast*AC B4 M ECIIA A (It s SE 1A YRk
A RA A, #5: 20190614, 20190723, 20190822).

14 ZWTFE

141 B RAFEF &

Z I GB 4789.2—2016 { & % & Z R R iE
VARG B TR SR B s ) B
142 BWHEZEMKK &

TR A B2, o 1 mL BRI A SRk o,
12185 LRI, AR ST B AR RN, BT EIR R
FAPY, 36 °C£1 °CHEFR 48 h, TR B 5% 3 B BAYLr
ETETE
143 BHHEEHMNKKF He QRS ER

WP K B A [CH (ATCC 25922) . 4 v 6,7 2 BK 1
(ATCC 25923), #F FASTEAFHE (CMCC 49106) . HiHLZEALFT
F(IQCC 22710) ., BalHr {A MBI b B £E(CGMCC 2.887)E A
MR . #e iR BHI GRS 4 EcH BHI, F BHI £ 95 I
IR ERET °C, 160 r/min, JRIEHEIFE 18 h), FRbRUER
PRI TR 5, 43I 1 mL AN 9 mL JCE
Az R K b A R A R R, G TR A B KRS B AR R IR
TS, PV S vk TR, SR L RVRTEAS .
1.4.4 B EZFONK R K e aT T M T

2 08 BHI R 68 B Ec il BHI, F BHI 2 78 KR4
[CTR(ATCC 25922)F14x # {445 %5 BR I (ATCC 25923)(37 °C,
160 r/min, E¥EEEFE 18 h), A0 2 PR AIRSIE IRH
W1 mL AF) 18 mL JGEAHEA S, HI&ARS
PRI, FGT A R K HE 10 5B 2 10°°, 1E ik
B, FHO A0 2 A B 1.1x10° CFU/mL, 53K G
PRAE AR KA S < Te s i A R 5 3R . R s R B i e
TR, EERI S K.

145 WHEEHMNKR FNE LM LR

Fi¢ B8 BHI R 8 B e ) BHI, 4334 b5 e B bR K
B A5 IRF (ATCC 25922) R HEZEALFT B (IQCC 22710)4%F
T BHI BARRE SR, 36 °C, 160 t/min, JR¥EESEFE 18 h, AT
OD fAE 1.0, FHIHE KK A RE WA 3.1x10°
CFU/mL, MisZEfFFRHesE A 2.3x10° CFU/mL. FHKH
A ERERKCKE 2 FIERTIARRE 10 RS ERBEE 107 107 F1 107,
Ay R . PR B AR IR B TR . I B AR
PR I8 BB A ik A S R . ARSI R
SRR AL TS Y R ST TR DN, A AN 5 IR .
1.4.6 HHEBZHMNKK HE B RAREF Fext b £

4390 2R FH PR 7 R 00 3 v R R ol T R o A
BITRER . H ARG B AR S R 05 e & SRR S A 4G
W, BOFEREESRN S W, i 2 PRI kR g

) —Ek
147 it 5tk

KA SPSS 17.0 AT AT 04T Febe v Sk s
SRR 10 BXTEUE, TR TSRt AT o SR R AR f 22 A
5 RECEZEMA M, SR t A I e Ve S
B R 1R AR IR A IR BB I 45 SR ) 25 R R
B Y45 L, R Pearson AHIC/M A E ¥4 B E0 K
iR B GARE T X AN Rl A R T A % B AU g 4 R
B AR SCTE . P < 0.05 B B RA ST 3,

2 GER55H

2.1 EERHRAZENBAEMHSIRER

2 SIS BRGSO UL 1, R B R A B B v R
(CGMCC 2.887)4b, HABBHBEI K T 21 6 (W RR AR 1 TR VK o
Ji D] 2 BT 7 A B Lk I B (CGMICC 2.887) ML, A
MicroFast®AC E R R H AR Il
MicroFast®AC B & S A I i E ok AR A A e S 2
UL, B REOR R R A T AT

*1 BAMIEER

Table 1 Test results of inclusive expriment

P [RHEA bR Bk @iwi
WKIES
1 PN AN ATCC 25922  HREELE)
2 S A E IR ATCC25923  HIATE(LLE)
3 A AR CMCC 49106 A& (LLE)
4 i B ZE AT IQCC 22710 A HEE )
5 BURAABEREDGINEERE  CGMCC 2.887 TCH &

22 EESHBINK AR LR ER
Tl 2 B4R 10 XS EUE)G, ARSEEIREET,
MicroFast®AC T ¥& b 80 32k 78 55 & # (coefficient of
variation, CV)Z3 51128 2.64%F1 2.62%, W] UL 7% s E0m it -
AER ) SCIER T R 25 SR R A E R 1k, B
MicroFast®AC [ 75 s F0 i A 281 K (3% 2).

F2 WMEMIELER0N=S)
Table 2 Test results of stability (n=5)

S S BRI #+s'(logye CFU/mL)  CV/%
wn 2.13+0.06 2.64
36 °C
KA NA NA
whn 2.10+0.06 2.62
34 °C
KA NA NA

*: ShR I I 22
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23 BEERSHMRAAZENESMN

R 25 Rl e 10 WX B IS, V& SO
T2 X5 A [] i B TR A VR RN AS ) R BT 1) B AR5 G B R
R 25 IR 1) 25 S R AE 0.16%~3.76%, 45RILFE 3
%‘:_{ 40

DRIV AT VS IR it R 3 v VAR 8 S IR it P9 2 S R 8K
KT 5%, 53510 6.67%. 5.85%- 5.01%F 8.61%, BRI AR
WA 2 u BE VS INBE S AL, B RBRE 7 i HAt, 3 Fhe i A i
WAFEERZBERMIG, BRZE CV 53518 7.93%.
9.73%H1 6.77%, Z5FWFE 5. FIREMIEEA: KGN &

XN TI5 3 & AR, B BB R R R R
BAE 0.78%~8.61%, HH KBRIAARIR L | sy BEASINER 5

AR,
KRR

®3 EFERENER DBV ENTREIREE BRGNS R(N=5)
Table 3 Test results of national standard method and paper plate method in bacterial suspensions (n=5)

DY & I M DB ¢ S DUNLRL RPN RIS S §a

GB 4789.2—2016 DT SOt ik
FE b R E T{E P{E
%£s (logo CFU/mL) CV/% x+5(log)o CFU/mL) CV/%
= 5.56+0.07 1.17 5.62+0.04 0.67 -1.783 0.112
o 1T B
IR A [T h 3.59+0.07 1.84 3.61+0.07 1.86 —0.427 0.680
(ATCC 25922)
1% 1.60+0.08 4.76 1.61+0.04 2.38 -0.472 0.649
= 5.41+0.08 1.52 5.40+0.01 0.24 0.214 0.840
LR H 3.36£0.03 0.88 3.39£0.03 0.92 S1248 0247
(IQCC 22710)
1% 1.40+0.03 2.44 1.40+0.01 0.88 0.123 0.905
*: shRifER 25
F 4 EFRREFZENEEDSEONR F AN BRTERRHRNLER(N=5)
Table 4 Test results of national standard method and paper plate method in naturally contaminated food samples (n=5)
GB 4789.2—2016 TRV RSB R i
FE TH P1A
%5 (log;y CFU/g) CV/% x+5(log;p CFU/g) CV/%
RN 5.05+0.07 1.43 5.08+0.11 2.16 0.509 0.624
B 3.97+0.02 0.42 4.05+0.15 3.76 1.182 0.271
B URS A 5.14+0.20 3.84 5.03+0.11 2.16 1.118 0.296
YRR 4.35+0.11 2.50 4.46+0.05 1.02 2.162 0.063
Bt 4.25+0.05 1.19 4.28+0.02 0.51 1.506 0.171
fif R 7.60+0.13 1.76 7.63+0.10 1.37 0.354 0.732
KR DI 5.58+0.05 0.86 5.46+0.13 2.30 1.961 0.086
AR R 5.68+0.10 1.79 5.78+0.01 0.16 2.168 0.062
4R 5.81+0.15 2.55 5.87+0.03 0.46 0.975 0.358
H AR 2.96+0.03 0.97 2.93+0.02 0.77 2.252 0.054
i 4.91+0.04 0.74 4.91+0.05 0.95 0.182 0.860
HETHI 2% 7.69+0.02 0.30 7.54+0.18 237 1.803 0.109
THIH 4.97£0.21 4.13 5.15+0.10 1.93 1.708 0.126
TR 6.99+0.08 1.15 6.99+0.02 0.24 0.219 0.833
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®5 EFMERENERDENRAESATSR2ERERENLER(0=5)
Table 5 Test results of national standard method and paper plate method in artificial contaminated food samples (n=5)
) i GB 4789.2-2016 R F5E el EWaRrS
B A e * T PME
x+s (log;o CFU/g) CV/% x+s(logio CFU/g) CV/%
Kasm / / / / / /
ik 1.79+0.14 7.93 1.65+0.11 6.67 1.757 0.117
P37
i 2.69+0.10 3.78 2.66+0.16 5.85 0.413 0.691
(=] 4.92+0.03 0.67 4.98+0.08 1.59 1.452 0.185
ES7II / / / / / /
Llis 2.594+0.06 2.26 2.574+0.02 0.78 0.604 0.563
2B E
th 3.204+0.12 3.75 3.194+0.07 2.11 0.288 0.781
5] 4.88+0.07 1.49 4.87+0.04 0.82 0.304 0.769
Syl / / / / / /
) ik 1.79+0.17 9.73 1.91£0.10 5.01 1.379 0.205
UK
th 3.47+0.03 0.89 3.314+0.16 4.69 2.291 0.051
& 4.77+0.06 1.26 4.78+0.09 1.88 0.253 0.807
Kasm / / / / / /
ik 2.02+0.09 4.63 2.1120.02 0.83 1.905 0.093
Wik
h 2.41+0.12 4.93 2.344+0.08 3.54 1.081 0.311
[ 2.55+0.17 6.77 2.59+0.22 8.61 0.290 0.779
24 EERDENKRFZSERRERERMNE RS TG 5 S 1% % BCME Sy A A B 22 S O R ] A B2
ELER 2 BlRE bh R £ [l U9 J7 B ORI B s R B Bl R

FRT 7R 30 5 R 3 A0 [T s oA T 9 o i 5 1) TR
W AR G R RN T G R Y TR TS
BT BOss R 22 6] 1 22 5 BeA Ge it 24 (P> 0.05) (L%
3.4.5), ULWILEA KR rh, 2 i B RO 7 9k 1
45 R — B BT ARG DN K AT X RO R, DL SR
Y 5 1 A D0 2 2R 4 0 MR O B A A, TR 7B B I

Y=1.004X+0.005, r’=0.999, P < 0.001(F# &, & 1A));
Y=0.976X+0.145, r’=0.989, P < 0.001(H %A 75 YL £ & #f
i, 1B)FI Y=0.969X+0.076, r>=0.976, P < 0.001( A T.
BYE RS, B 10). LIRS R UL, FYE B
F 3 AN TR A T A ORI 45 SR 5 T R v T TR A
&5 5 2 IE A,

= 7
z al0rB abrc
56 2 of g
sl s 8| s
g 27t 2,10
® 4F o6 f =
23 I 1
z 2 sf =3t .
30 € , Z o
o o N b= s
w 2 @ o3[ m 2 "
i prs P L
Sl £ 2| L B!
4 iﬂ] H
E 1y &
EO IHO PPN SN PR S PR TP PR SR RPN | E L " L 1 1 1

01 2 3 4 5 6 7
I VB BB S 010 CFUg)

0123456728910
W 7k B SRS S (log 10 CFU/R)

0
0 1 2 3 4 5 6
B BRI Helog10 CRU/gE)

T A HEWG B ARG YRR A, €0 AT ekt

K1
Fig.1

B 7 S 0 AN TR S AR i B e BB 45 2R 5 TR AR v vk R R AR

Linear relationship between results of paper plate method and national standard method in different types of samples
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A ELdEBEEELRBEWRKA LS GB
4789.2—2016 %t 8 FeZsHbit 18 Fhr i L o v B V& M A G
WE5E, BRI T AEAG I A & b B 7 R 550 T A4 1
Hirfl. BFFERM MicroFast®AC TEV& Szt A i By 7k
T A A A K T (B 3 B R PR 24 5 3 B 3 AR
BB, VAR PR NG . F R, Bk
PRI, 4% | mL FEIRG AR SRS o, 1818 b
B, FERROE B AIRSRIEIR, 16 36 °CHigR 48 h ), 3R
EPEHEHRAIEY 2,3,5-5 4k =2 mUwk oy g 40 5 i =
YA AL, FERE R e e

L5, MicroFast”AC T 74 BB A HAT R
ALZEEFITR AR o 30 o TR VR A B0 it ek 1) 2 0 M s %

DA S B0 i R 12 5 ) R O A ) 8 25 ARG 25
T LU ST, B LAAS B0 k0 s R OR F AR TS Y
sl A S AT 25 SR A AR S R ECR: 0.16%~3.76%, BTN F
TRAE BB RORT H AR5 Y B e i ARG 235 SR ] ) — Bk 55,
ERBZBUNT 5%); HREIMER A 2o N T3 Y &b be i 19
A S RHON: 0.78%~8.61%, i K BRIAML . ik BE U IneR
Ml PRI AR R B S AR o PR i v EE TS IR AR S R
BOIHR 6.67%. 5.58%. 5.01%FH1 8.61%, Tk KkBEHA
WEETRINBE S AN, E bR GB 4789.2-2016 X FHith 3
TS IR 0 A 0 25 S AR S5 R AE AR 2B O, 430
7.93%. 9.73%F 6.77%, T REY 5 KA KR N &
F, LASELE S AL A 2 FhoOT B TR B SO
B RZ M, PR B T ek R B K bR i T ¥ GB
4789.2—2016 HHI T AR REKT 5%HEN . #id t
K96 438, RN R 2 PR . BRI G A A
N 05 Y8 SRR B BRI 45 1 5 K AR B GB
4789.2—2016 il 45 5 2 (B %A 2 2% (P < 0.05), &
TEAISEAHE, 2 PRSI i ARG I 285 SR 2 ) S I AR G (r? >
0.976, P <0.001), ] JL 575 B EC i H 76 A0 KR ik
GB 4789.2—2016 kil 45 J 2z [a] 45 PIAHC

IR A 1 0 i B S (0 5 9% i [ 2 AR B K 48 b,
FEFRFE N O A DA A TR R SR A R R Y e )
B, YFES P AR AR, ISR R, AT
A R B E R A KO R AR B e ! S E R bR
WE A B, T R VR R T B T e i 5 7R 5, W A b
FUAT MRS R Y5 BT @, (TR R, i ELE R
SO R P PR TR, P IR R A 85 A R ARG T
REAR N AR

27 bR, MicroFast®AC BH7& S0 A et i 45 51
SEZFRMEE GB 4789.2—2016 —%(, HAG LM,
HAEREMEE A LB, XAk AR, & A
BRI T AR, Bk, WA e T8 S A g
M A ETE YA B R A sk A A A L

Y FP B 7 BRI 7 v LA K e T A AR T AR I3
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