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ABSTRACT: Objective To comparatively study the Bact/Alert 3D microbiological detection system method
(referred to as the instrument method) in the detection of commercial sterility items of ultra-high temperature

instantaneous (UHT) sterilized milk, pure milk and room-temperature yogurt, with reference to the national standard
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methods. Methods The inclusivity of the instrument method was assessed by performing suitability tests on 36 kinds
of microbial species. The sensitivity and detection time of the 2 methods were compared by detecting UHT pure milk
artificially contaminated with Bacillus licheniformis and room-temperature yogurt artificially contaminated with
Candida albicans vusing the GB 4789.26—2023 National food safety standard-Food microbiological
examination-Commercial sterility testing (national standard method) and the instrument method; sensitivity was
compared using 50% limit of detection (LODs), and the detection timeliness was evaluated. Additionally, the sensitivity
was validated across 5 laboratories. Results The instrument method demonstrated 100% inclusivity for the 36 kinds of
microbial species tested. The LODsq of the instrument method was slightly lower than that of the national standard
method for UHT pure milk with Bacillus licheniformis, but slightly higher for room-temperature yogurt with Candida
albicans. The time to positivity for the instrument method was significantly shorter than that of the national standard
method. Conclusion The instrument method shows good applicability for the 36 kinds of microbial species tested.
While there are slight differences in sensitivity compared to the national standard method depending on the sample
matrix, the instrument method offers superior timeliness.

KEY WORDS: Bact/Alert 3D; commercial sterility; ultra-high temperature instantaneous sterilized pure milk;

room-temperature yogurt; method comparison
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Tl G AL DA L 20 A kP 5 B e e )
Y o6 B 48 A, 0 I X TR R BE B S T (ultra-high
temperature instantaneous sterilization, UHT)ZL 44 45(UHT
2l A ) VR B R R A R AR S S B, i R L R M JC
RS 2 T 2 2 A FE A0 Aol 7= il ek A 0 RO 3.
EIAT GB 4789.26—2023  frih e FEEIRUE Rl ICH
g ) (TRTFR bR i ) 2 i ok RIS WA Sl 2 75 Hh I
fik . pH ZEfk . F B AR Ak J B G Tl A i g A B 42 ok i
75 bR A I JC R %0 vk B B
SERIIRG I, (EARAEAER I K G 7 10 )P
A E RN T2 00 (AnBa ke 3 MR ) . MELL S
T ARSI A ), e LA 2 BUAELE AT R . B 3h
k. BRI ) T SR U

i AE Rk, BE T IR O RS K AT = B B2 (adenosine
triphosphate, ATP)!"AEf AL YA Py ) DAt B AR /e £ b
AL i S A A I 4oz A A5 2 U, IR AR O 3R
4T 12 7 (polymerase chain reaction, PCRME AR i
AN AR g 2O R AR VR AR E T A
T (14 & e o SR, ZEFL G DI TC A b, ATP A4 k&
Sk PR R, (H AR S B SR A s, ELEL
R ER Y ATP BELIE 00 B 7 AR R T PCR £OR R
T, (AIGIE XA PENG, HELRShr&EED . &g
Vi R 4 & 5 P Re A4 1 Sonir s KA AR T SE B A
A4 BT, AEAE A B A I 25 85 | TR AR e (2 RN 45
K, XELAH R sl oK s s ik rE R v, (1
TR REE AN A PR, B iSE, YOREAR &AL
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EEE A, I E SRR YA ROIRS, RA#REA
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B P JC ARSI 5L 1) R GE R REPF T B ST A A B, JEHh
Z XA R L i 5T e A5 YL R 0T FERIE SRR

AW Bact/Alert 3D U AE MK R ge il ik 24~
TR PEO AL S DA, 3 — AP e O A 28 AT B 6
TR ARG LA, BN UHT a4 rpoi il
PR ZF F60 5 e R TR R W T RE R I AT By, RS
Bact/Alert 3D R 4E 5 EARETER I R BE | 45 R 2
S EA EEME T EN2ER, BENIHRATL AT S
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AW BN FEREEILER 1, AR L& I8P 20w
VEYLIE LI B i X, BT 10 BRI 22 QIR IE, 6 4%
HERPAMETE . 6 BREFAIRR . 5 MRas R R . 5 MREERLLL 4 fk
AEFEECR . WIRIT 5N 28~29 MR ASEER 2 /B 22 R
W, A BRI ok B ] B 2 20 A G A DR R B P
(National Center for Medical Culture Collections, CMCC),

1.2 MR5RF
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BB IRGLYM B0 (2 AR LR A W), A4



18 XU % BacuAlert 3D UMW REE S FISARAE AR G RO B PO RTIRE LB 213

fig (plate count agar, PCA)RGFE 5L | Th4A Z A EUIR (potato
dextrose agar, PDA)E 37 3(247940, £ [E BD 7~ Fl); Bruker
PRUEE (S E Sigma-Aldrich 23 7]); - k-4- 52 AR
(a-cyano-4-hydroxycinnamic acid, HCCA)(f% £ Bruker 2 7]);
HER(LiE 98%, JtuiE REFHA RAF]D); — Itk
WA CR IR L s & A YRR A FRA R,

1.3 UFE5E%

Bact/Alert 3D A=Wk 2 4t 3k E Mg BLR A FD);
NU-543-600S 4% 446 (32 E Nuaire 23 F]); LT-IBX450F
A R 3746 (36 E Thermo Fisher Scientific 23 ] ); autoflex
F I Bl O A W H TR AT R [A] B 3 Y (matrix-assisted

laser desorption ionization time of flight mass spectrometry,

®1 EWEER

Table 1 Information table of species

haes iR PSS TR BB AT X

1 KI5 K CMCC(B)44102

2 YPI TR CMCC(B)50094

° AICEHITH CMCC(B)31572 B 22 QBT IR, 1~4 TR R 2Lt P 35 T W s 1 B0 T
4 BB CMCCBUS416 SRS YA AR . 5 BB 3L o 3% LG P SO,
5 PR IR CMCC(B)45107 6~8 TPk AR JC T 2L OB HIRE 35 L T B TR ML 25 20
6 HEAAA U RTER CMCC(B)23005 B, 9 BB H DL 2L m T s KoK R, 10 BB IE $R 3
7 BPEAUN R R T CMCC(B)23006 R EH*H??%2&&%@5@{3&#&%?&%#?E‘J’F\'ﬁ‘iﬂﬂ‘f%
8 BRI B AR TS CMCC(B)23010 e, BERIIANT A

9 il £ PA T CMCC(B)10104

10 B IR E CMCC(B)20033

11 £ A A B CMCC(B)26003

12 BRI CMCC(B)32480 A% [, 11 BB 3L o TLAOECRT, 12 BBk L
13 REWETRT CMCC(B)26029 T AAPE T IR I R R BOR, 13~14 B 7726 T
14 HETEIMERTH CMCC(B)28001 TINTIREE, 15 TR A v EPL 1 it o A L S 1) 0 380
15 B2 41 LK £ 254 S B CMCC(B)54012 T, 16 R AE I 5 e 22 2 AR

16 P TEAERMFCHE CMCC(B)54103

17 IEREZFFFT T CMCC(B)63303

18 AR CMCC(B)63552 SFALE, 1718 BB T TRk T AL, 19 BRI 7
19 RO CMCC(B)63501 TEFFLERFRER, 20 FBRA TR B 23 i B (R0 ST
20 A2+ ZHEHFFHE CMCC(B)63612 LI, 21 TR TG 25 B 2R R T, 22 Wk ]
21 BB S U O ZF AR CMCC(B)63509 T34 pH BARFLIR i 9 AR 5§ A
22 1% 1 g PR 2 I ATCC10223
23 HYFLFTH CMCC(B)34134
24 AT REFLITE CMCC(B)34114 R, 23~25 B AETLIR h o 2 KR SRR P
25 TREILFFIA CMCC(B)34135 1, 26 H BRI pH R U3 ELARHE RO FLRR T, 27 T bk
26 8 ERFLAT B R R SIE 3 Ff CMCC(B)34131 P R
27 FOUBUEFF T 22 JLIE AT CMCC(B)93905
28 R B FC14476
29 1% 75 CMCC(F)98028
30 WA FC13400 B, 28~29 Bk N U&Fﬁiﬁéﬁﬁﬁ, 30~32 e H LIS
31 7 #7574 CMCC(F)98801 H
32 A CMCC(F)98003
33 ARIEIAZER) CMCC(F)98018 B RE LI, 33 TP RIS 2 BEFLR A ot v e T 5
34 JEF- 22 R B CMCC(F)98010 FAECL AL, TR, 34 bR T EFL I Y AR
35 f7 N BB EG B 1 T/ CMCC(F)98025 FAETE, 35 PR BCRLN SR AR IR, 36 PR AR R AT TS Yl R I
36 P16 2 BRI CMCC(F)98001 FRYAFFLI o 19 A% P EOR TR
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MALDI-TOF MS)(#E Bruker /A ]); BX61 s H 4
Olympus A #])o
14 SWHE
141 WAAET
ARG R VR T AR N 05 Y sk b A T, R

AR A F2 2 H A S B PR AR AL R A AR E L E

T 25080 % A1 58— K& ORI o 43 R 36 Fhidid: W fef
BEFR N AR TR R, 20 LRI A 24 K 1 1 7
MIH, 40 °CHIA 2 h 5, R GETEVLTE 16 h, @it
SRR T RO TR P I RIRE, AT R AR T
—40 °CIRAF4

142 ALEH A

B 36 FRE MR T80 45 U, A 1 mL A= BRER /K 5 i,
WRAE A P 0K B 2 B R = 10'~10° CFU/mL,
TEREESERIRE 10 mL AW HIHEA 1IAST KiFiiAn
ILYM K380, PRI A TR I o T 0 5% 35 4 3% i Al
SR ER, EEZEHTNEEN, FEWHTER.
1.4.3 LE %L BArE 240K

GB 4789.45—2023 { &/ &L EHZmE MEDRLK
Ty BEEN] ) BRI E NIRRT, AL 20 F
TIRERRY . A, ARBFSEEBRIEE 3 R, LR 2
P R, B ARHEE 4 AR E 30 S TT.

FAH AR FEAAT B CMCC(B)63552 ¥k T dl A 195 4
UHT #4305, Hrp 1072 CFU/ML(RMR EE)I5 4L ik B 30 17,
107 CFU/ML(H )15 e B 20 173, 10° CFU/mL(f v %)
T YRIREE 20 1, FANERARN . HARBRAEMT: TRy E
S A P TC T SRR B 10 mL FR IS S AGE B IR0
o, B3 NVREE A RS BRI O A TR A E (e (E Sy
B9 0~1, 1~10. 10~100 CFU, $RJ5# 853530 B T Hs
36 °CHEFF 5 d A TR . AHSTH UHT 42453 il iAST
RS, WIRRRLE T iILYM B3, AR 107 CFU/
AL (MR BE )75 Y R 32 30 43, 10° CFU/ALE (i ) 75 e vk
JE 20 3, 10" CFU/uE (v B )15 Yol i 20 1y, B 3 ik
BEM A3 T S A W A B BB 290 0~1, 1~10,
10~100 CFU, #RJ5FERZAM, HAEmE T 36 °CLRE
10d, WZRENK . pH. ERAME, FFTER A

HR 46 VAR o0 A IR, 2 0 R T 3505 e I T
1 CFURHRE R 0.6 CFU)T, 3204 5 il BB S brAe 43 Bic 2
TR, DRI R KA R AE T 100%.

e BRSO, A RS ER A TS g R TR
W5 50590 VSRS 12 R A v A ARG
144 SIENEIE

L 5 LI (A~ 1.4.3 T AT R IAE, %%
RSB 2 ARG R B R H i B A4 ARG 5 (3 i o

1.5 BiEE

5 GB 4789.45—2023, UK HRAE 25%~75%FH)
15K, HAA 50%46: H FR(50% limit of detection, LODsy),
PRI A (1):

0.7xdxm
LODs= T i) W
RrP: d ARSI YLE R, CFU/ML; m Jikke i, g/mL; n
IR y S S SR

R PEN A THE R AT S, (HFH SPSS 18.0 il 4
LODsy 95% B {7 X [a], Xt FHH:(p=y/n)E3T. Clopper-Pearson
it — I E R X8 [y, pol, HAILAK2)FI3):

0.7xd
LODsq = (- py) (2)
0.7xd
LOD50)U: ln(l _ pL) (3)
Arp: py Al pL 3 BEAS L IRAES TR,

2 HERE5HH

2.1 UERER 36 MMBEMKRE A MENRAER

ALERIEXT 36 FPIIAT A AT 100% (36/36),
XA [F AP R BHES AR e — g 22 5%, JLiXE 15 Fhamy
(A BRES (] /NF 1 d, X 4 F TR RN 6 4t B ) 41 PR S 114
T 1~2 dZa, %4 FhELEA 6 RPN B4R A E AT 3~4 d
Z A1, X ER T 8 DA AR BHES ) T 4 (3 2).

REABTNT | d B PEMRA SRR 2EMUAT I . KB IR
B AN I 2 770 o N R N7 o o N 223
ARG . P TTICET . SEABRET , AT . RIS
[CTR . BAAZ MG A AR TR IO . S i A BkIs . /L
HIETBRE | SRR R AR, XKLL TE 35 °CHESR A T AR
KRR, AIPLHF=4E COye HEAERE . B ATEENR
TEEE . VEAUN R RTETN . BE R ROR T . R IR 2 A
FF . TR me ) Bihss . MYz E . B R
BT RS LA BB A 1~2 d, %20 AR R T 0 T,
HAERHECRIT 28U, A0 o8 RPE & o bk GO e
A TEADA PR, (FARMIA v R R B B S, R
Pl 225 . IRBHBTE N 2~5 d B RARELFRIIE 2 . MRMA
SORERTED . NS L ZEHIFFTA . rEAAIE R 7 b 2E AT 0
PR FCFLAF A AR . OBUEFF R 2L Rl . T RE L
FROE . RS EE . PR L AR I PR T DA R S5 1 1 R
PR E, R 0 08 TR I U5 M 2F TR B M AR T AR ZE A R
7 35 COIR T HBEEIREE 55 °C) 4T i k18, 1EKH
FFBE GRS % LA B LA R U A B HL A T T
P, HAGARKBE, SO 05 3580 IR BH B A
BRANLIREL,



A8 x| i, %%: Bact/Alert 3D fltAE WA FR St 5 [ AR v Jr vk e 2L i v b TG B R HR %) o7 AR X LAY 215
2 NEEEX 36 MMEMBBIMEMINER
Table 2 Inclusivity results of the instrument method for 36 kinds of microbial species
B il P 2B IR % PH s 1] /d Fe HHRER 58 A
% 1 NB A S 28
1 AR ZEMLFF B CMCC(B)63303 + 0.40 20 W L IR IRRR AL + 1.28
ATCC10223
2 KIpE7 T CMCC(B)44102 + 0.44 21 HEYH 2 R + 1.44
CMCC(F)98010
3 B IR} 7 AT B CMCC(B)45416 + 0.45 22 M5 CMCC(F)98003 + 1.53
4 B ZERIFF B CMCC(B)63501 + 0.46 23 FHPIFLFTF CMCC(B)34134 + 1.61
5 P AFHE CMCC(B)45107 + 0.49 24 R % £} CMCC(F)98018 + 1.75
6 B IR E CMCC(B)20033 + 0.49 25 BT IS E CMCC(B)34114 + 1.79
7 YT HE CMCC(B)50094 + 0.51 26 U B FC13400 + 3.56
T Py
8 BRI CMCC(B)32480 + 0.53 27 MR AP S G + 3.91
CMCC(B)23010
%43 ]
9 HKFHFE CMCC(B)63552 + 0.55 28 AZ LA URF + 3.91
CMCC(B)63612
e
10 MR EB R CMCC(B)51572 + 0.57 29 PR PRIV 0 2 ST I + 3.91
CMCC(B)63509
%4 A T
" AR AT A A . 0.73 30 7 P LA BT R 1 SIE I N 391
CMCC(B)54012 CMCC(B)34131
e e R EEs:=" . T
n P LA G N 073 31 K UUE A 2 LI o N 301
CMCC(B)54103 CMCC(B)93905
S F AR R
13 + 0.77 32 & CMCC(B)34135 + 3.91
CMCC(B)26003 TR ®)
14 FLBHEBRE CMCC(B)26029 + 0.79 33 17 % CMCC(F)98028 + 3.91
15 B 2R LI CMCC(B)10104 + 0.82 34 7RI T & CMCC(F)98801 + 3.91
. = 5
16 SRR N 104 35 it It B8 £ e B AT N 391
CMCC(F) 98001 CMCC(F)98025
Wit KA I
17 i N + 1.07 36 B35 % FC14476 + 4.05
CMCC(B)23006
A 7 e il T
18 HAL R RIS T + 113 37 B4 o 1 WEE 5
CMCC(B)23005
19 JBE R IBR A CMCC(B)28001 + 1.16

T +RRER BT, -FoR R A

K, 77 CO, BN TR Y, SR BHE i 4008 i
PRAA ve B IR, A Lb [ (4 P 2R 20 v R /R 1l
W, AR R ARAL, 7T B TR R A QU Bl Bl
BIRTRA R, NS 1R H 08 0 1 Bk TR 2R
FRPE, ZEZLH SR 2 o i3l Nt R, R B2 T B
S WL VR B R R IR K AR HIS TG B T 08 T IR
BRI R 22 BB, 7T RS ARG . AR LA % .
22 (MUEEESEREMNKALSEERRBELSR
22.1 HMRFHAFHALIG LG UHT 45 mmX &R

XA PRI (0.6 CFUAR) YL T AY 30 0 FE i AG: 2R
i 63.3% (19/30), £FE6HUHER . Xk (6.0 CFU/R)
FIE e BE(60.0 CFU/MR) YL B AL A HH 2R 3428 100% (20/20),
SRR 3. PRILESSITAE, {XER LODs, o 0.42 CFU
(95%E {5 X.[[] 0.26~0.72 CFU),

IRHEE BRI (R 4), PATEXT R I KILS:, pH
6.705 3 AU N IG5 YR MR Rk B 42 . IR
W EE(0.6 CFUMRERE ML BER A 22 50% (15/30), FF4

TG pH AT 6.61~6.67 2], FFHE (6.0 CFU/MUAE)
F = W B (60.0 CFU/AL 3 ) ¥5 e bt d B i th 23250 100%
(20/20), pH Z3FIAT 6.42~6.60. 6.25~6.66 Z[i]. &I 4E
RIS, EARIEE LODsy A 0.61 CFU (95% & 15 X [H]
0.35~1.13 CFU),

222 GEB/KREALTEGFRRIMNKLER

AR (0.6 CFUMR) UL T 14 30 G3RF ik %
H 50% (15/30), £F4 WHATE FEL X AR e 3 (6.0 CFUAH) A
HRJE(60.0 CFUAMR)YSTRFR TR IR 100% (20/20), 25
RIF 5, PaasRHE., (UEF%A9 LODs, 4 0.61 CFU (95%
F{FXIA 0.36~1.15 CFU),

HE EFRIE (R 6), FAMEXT IR U KIS, pH h
436, TN 213.86 g MUK (0.6 CFUALSE) L THEE S A 4 d
THAA KPS H I, 5 10 d 34t 60% (18/30)kE 5 H P
RN G, REMRE SR S B, A5G UGS pH A
F 4.31~4.36 Z ). HFHRFE(6.0 CFUMUSE)FIE R EE (60.0 CFU/
A YHREA E S 4 d 4 100% (20/20)H B AR 42 H. 45
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Y B, pH A T 4.31~4.34 1], R4S Bitar, Ebr
1) LODsy N 0.46 CFU (95%8 {5 X ] 0.28~0.81 CFU).

23 MUESEAESERENRAA L SEERRGEXR
EBEIEER
23.1 SEEBRENHRF M EALS 6 UHT b4 43
m X 4 R

5 FRELLG % A SR I A Ti5 4 UHT 24351
K25 R0 7, YK Eh 0.6 CFUMRRT, {#R%T 40
BYRESR RS 2l 57.5% (23/40), FRETATEE . Rt

H. LODs, 4 0.49 CFU (95% & {5 [X[A] 0.32~0.80 CFU), it
FEA:IRHE] R 0~2 d; YEBRIZKSF-N 6.0 CFUARII, [kt 40 47y
FE 5L BOHS HH 28 100% (40/40), #:H FEPERRE] A 0~1 d.

YPKTEH 0.6 CFUALEERT, [EFRIEXT 40 O FE Y
G R 50.0% (20/40), FFATUHTER . $EIEiT5 LODs,
3 0.60 CFU (95% &5 X [A] 0.39~1.00 CFU); YLK N
6.0 CFUMLZZHT, {XEFIEXT 40 HyFe Sk 2R 100%
(40/40), 255 L35 8.2 NYLR /K THE S AE6+1) °CLRE 10 d
EF NS

F3 EEEMMMRFETFEALSE UHT 44 REERNLER
Table 3 Sensitivity results of UHT pure milk artificially contaminated with Bacillus licheniformis by the instrument method

75 447K /(CFU/R) A/ FH R /%
0~1 1~2 2~3 3~4 4~5
0.6 (n=30) 10 0 1 0 63.3
6.0 (n=20) 20 0 0 0 100.0
60.0 (n=20) 20 0 0 0 0 100.0

F 4 EFCEIHMRFEFEALSE UHT 4R EERNER
Table 4 Sensitivity results of UHT pure milk artificially contaminated with Bacilluslicheniformis by the national standard method

15 YK /(CFUAL %) FEUR I it 1] /d FHME AR PSR FHE /% pH Hif/g
0.6 (n=30) FNUND1S 15 30 50 6.61~6.67 217.28~217.54
6.0 (1=20) EUNAIS 20 20 100 6.42~6.60 217.44~217.54
60.0 (n=20) E NS 20 20 100 6.25~6.66 217.63~218.01
O(BAPEXT ) EN91S / / / 6.70 216.75

TE: AARMBL, T IE .

x5 UFREANBESHREALS

RERBRIRYERMER

Table 5 Sensitivity results of room-temperature yogurt artificially contaminated with Candida albicans by the instrument method

i PR % /d

15 YK F-/(CFU/R) FH /%
0~1 1~2 2~3 3~4 4~5
0.6 (n=30) 0 15 0 0 0 50
6.0 (n=20) 0 20 0 0 0 100
60.0 (n=20) 18 2 0 0 0 100

xo6 ERERNBESREALSERERNRYELER
Table 6 Sensitivity results of room-temperature yogurt artificially contaminated with Candida albicans by the national standard method

15 YLK F-/(CFU/A 3%) F IRk ET ) /d [{ERE B FHE /% pH Wh/g
0.6 (=30) 4 18 30 60 4.31~4.36 211.07~214.29
6.0 (n=20) 3 20 20 100 4.31~4.34 212.28~213.73
60.0 (n=20) 3 20 20 100 431~433 213.16~213.85
Rk ENUIN 7S / / / 436 213.86
F7 SHRIWERUE AN RFBIEALISE UNT 44 232 5 REBRENGELREA LT L FIRBIIN X
M RBELER

Table 7 Sensitivity results of UHT pure milk artificially
contaminated with Bacillus licheniformis by the instrument
method across 5 laboratories

ANTT53KF W5 B 2B B/ S50

N LOD
/(CFU/R) A B C D *
0.6 5/8 5/8 4/8 4/8 5/8 0.49
6.0 8/8 8/8 8/8 8/8 8/8 /

ZR

5 FRAH S FH A BRI LTS Yo F R R 1 A I 25
W9, YIR/KFH 0.6 CFUMRT, {XRHEXT 40 (3RES A
HHEN 45.0% (18/40), FFG TG ik iT55 LODs 24 0.70
CFU (95%E {5 X [A] 0.44~1.22 CFU), #iH BRI 0~3 d;
PR 6.0 CFUAERFRMAT, 1R 40 e i i
K1 100% (40/40), F i BHPERS [AIFR 0~2 d.
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F*8 SHRIWEREEGNMRFAIFTEALSR UHT &4
PR RBUE LR
Table 8 Sensitivity results of UHT pure milk artificially
contaminated with Bacilluslicheniformis by the national standard
method across 5 laboratories

PSR IR 6 a5E 19

AN T 55K

e LOD
/(CFU/45.%E) A B C D E %
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Table 9 Sensitivity results of room-temperature yogurt
artificially contaminated with Candida albicans by the instrument
method across 5 laboratories
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Table 10 Sensitivity results of room-temperature yogurt
artificially contaminated with Candida albicans by the national
standard method across 5 laboratories
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