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Application of adenosine triphosphate bioluminescence method in the
microbial detection of chilled meat
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ABSTRACT: Objective To investigate the feasibility of using the adenosine triphosphate (ATP) bioluminescence
method for detecting the colonies number in chilled meat, and compare its performance with the national standard
plate count method. Methods Effects of different concentrations of Triton X-100 and adenosine triphosphate double
(Apyrase) on the remove of ATP from the somatic cells of chilled meat were determined. The colonies number in the

chilled meat was measured using both the ATP bioluminescence method and the national standard plate count method,
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and the reproducibility of the ATP bioluminescence method was evaluated. Results The optimal concentrations of

Triton X-100 and Apyrase for ATP removal from the somatic cells of chilled meat were found to be 0.2% and 0.10

U/mL, respectively, with the best ATP removal effect observed at these concentrations. The results of the ATP

bioluminescence method and the national standard plate count method demonstrated a strong linear relationship, with

a correlation coefficient (r?) of 0.9871. The ATP bioluminescence method indicated good reproducibility, and the

results were stable and reliable. Conclusion This study further validates the applicability of ATP bioluminescence

method for the quick detection of colonies number in chilled meat, demonstrating its advantages over the national

standard plate count method.

KEY WORDS: chilled meat; colonies number; plate count method; adenosine triphosphate bioluminescence method

jilll3

0 35

Wl E TG AT IR F, B E 2O BN B R R
W1, AR TE RIS )™ Wb TS 2% 0 TR VR BE AR g —
ol 2o P A 45 1 B 52 I R VA S Ak, PR BRI
fief | B IR AN KUR AR IR P 1, PR BT, PRIERESE, W
TNEDTEAR . B oK E Y R igEITTE,
WZIWEHRHE TR, CBCARERETGN REHEEAZ
— g, RS A B T e E A K, (H%
SETE B SE . N A8 S AR TP AT 2R 5 22 BRI TS e,
XA S 5, 18 T B X B 2 Al A A v e S
TRCEE T Gl SR 5 ) 4 B PR U 9 P DSR2 —, TRV B
VRG22 0 5 R EE A I A R 5 A B AR AR
FE BV S5 By 6 R Y AR o ae . E G, 0 B s gk
IR T SR AR R0, s GB 4789.2—2022( £ it %
SEFME B RCEY R YR B ) T, &y
VB R FRAE A AR, THEOAT G R VR S, JF
MR B AR O T3 AR S R TR BB SR, AR TSR
2 AR R AE R S R AE R AT, FLR I R B A K
FE S A 7 e L S BB 4 R, s —Fh R
PR LIRS AR V4 B DR B R BRI ik B AR R E

R I 4% =W R (adenosine triphosphate, ATP)J&4fl
J P9 A L R R ERAA, JLF AR BTG TS A0 A A
ATP A=) R Gk i — R s 9 SR AR AR, 38 2 )
FEG TR ATP 586 55 P A i Bt X —
HIF ATP 526K M N A OG-, @ 6Tt
TR B T 7 A G FHCR, DT HE TR & i A P i
Hie o ATP KTk N H A i R | B Py (e, H
or i 25 5 5 B S AR EOE BT — 0, B 20
T4 smEgimmto o gyr a1 R gk
A AR PR T T AR A AR A R S A B i
PR, ReHRMETE R, PR, BnPAENE
5t ATP S THMAY & IR, JU AR /R R
£ 1x10° CFU/mL S my b s W 2 (HilL, SR ATP
AW R ICI A B R EA T A YA VB, A KBRT & ATP,

DL B e A S A i o EAESE, T N A FAEAE Y
ATP BB B2k B TR mE A i hE X-100
(Triton  X-100) 5 = #§ B I # X % B B (adenosine
triphosphate double, Apyrase)2t-& i, Triton X-100 j&—
Rl FRETE ], BES A S AR, B ATP If
TRFFHASEME . Apyrase 1F5—FhK SN, RERSHEIL ATP
(K AL, A5 RAR AR AU BRI YR ATP (e o021 ik —
T RE A SO AR ATP B THE, RIS AE Y H
W, ATP A 40 2 06 1% T oA b s Bt v B pR) v 9 2 PR
AT .

AW E TiE B AY Triton X-100 Fl Apyrase ¥,
DIBAORAE RBRIEAN DS ATP TP i W] B ASSE w26 T
MTTiHEAL ATP Az 9y & S R Ewa k. Ibsh, HREREZ
PRUEERR I 5 ATP AR W) R SGTETE R fif R T AE A DU
PR FARICR, AL ATP AW RO E B, LY
T4 G PR P DR A B DR I R A — e A T

1 MR5ERZE

1.1 w5

2 GB 4789.17—2024 (il Z2FERRUE a0l
HEYPFREES S A S SREEFIAG IR AR FE ) ML AR IR U
TG IR AR G PR W E U 52 J5 V2 200 24 h A [R] it
WA EP 36 Y, 1| h HIZBISCIRE, F(0+0.5) °C& M
TFAF 0, 1. 3,5, 7do AP RIFHR, #4005 A A
R, LU 6 DyREmIET TIRER .

Apyrase(ZrHrati, BRI AR YR R A |, ATP
FRfE S . Trixon-100(43 M4, db 502 36 R4 BR A A);
SRR (A B AR AR B A BR A FD); 3M™  Clean
Trace™ ATP SRAEHE UXL100 3M H EAG BR A ).

1.2 UE5EF

BSA224S HL T4 R F- (RS EE 0.1 mg, JbaiaE 2R
ISR A IR TD; BL-250 $AFT X5 525 (1 i b B4 il
HIRAFD; YXQ-LS 37 3 i Fe 28 R K T i (T SRR AR
AR, SW-CI B TAEG R L s SEARA



286 B dn 2 4 R R I A 4R

%16 &

MR H]); DHG-9140A HEHVIR R B F2 46 (L — AR (U
AHBRAFD); 3M LM FRea e EM b EA R
7)o
1.3 LWHE
13.1  #ik B

FEM A BCH]: PRI 25 g FEGN, AT 225 mL A B4R
K TEH A4S, FA4TH 1~2 min, HI 1:10 AR
AW T 1 mL TR RAEREL | mL ARSI, R8T
ANEEA 9 mL M BB A LR, RS ER A5,
TG 1072 FES AT T FaRBRAE, H45 10 £5 RAVFBFE
SRR, B 1 mL JOR WA AT

ATP FRfE A BCH]: HERRFREX 0.051 g ATP FREfh,
FH B AR BC B 1070 mol/L ARHEIR I
1.3.2 Ptk m 2 3 % 4k

Fi 18 GB 4789.2—2022, WEEURRBAEECH 1071, 1072,
107 MRE AL BT, TR TAESG b, W | mL B SRR
BELWIERNp, BAMREM 2 DRI, Kbk
15~20 mL ¥ 1 46~50 °CHI VMo S 1 557 S 1
IR, BEJE e sh g IR 5395 o [IEE, M 1 mL %8
FIRRBINA TS b 2 AT REFR LN AT B, KPR
BENGBE [ e, B HORCE T (3621) CCHITH IR B 48,
B 7(48+2) h G i TRTE T 10 SRR R AR BORIAR LY (Y R V%
B, AR ISIE A (colony forming unit, CFU)FE/R
1.3.3  ATP A& k2l %S4

()& 7 bR 2

¥ 107 molL B ATP Fp fE ¥ W, K UK B B AR
107°~10"° mol/L f) ATP VAWK, W5 ILAIXS YL B( (relative
light units, RLU)SUE, M4l ATP ¥ B A X5 B RIAH R Y
RLU XJ$ B2 HilAniE £ .

Q)R ATP iR

Triton X-100 ¥& FEWFFE: B 1 mL 1A GF P AORE A=
W, ABIMA 1 mL 0.1%~0.8%EHLHIRY Triton X-100,
BERIRFHIRA 2 min J5MERGNNE & EIRE, #R5T Triton
X-100 Fr9 v 8 X6F 2 SN A R

Apyrase WM 5T FF 0~0.10 U/mL ¥k B o [ 8y
Apyrase VE ] T2 Triton X-100 42U (14974 2 A /A 21 . ATP

VW, KU 10 min J5 57 BP 100 °C7KIE 1 min, 52 & 68 B,

I3 3 0 A KGR BE R EAS Apyrase X ATP BZK MR

Q)Y ATP Kl

YR 2 AT AR B A58 1071, 10720 107 AR
SIW 1 mL, 2RI A e B Y Triton X-100 F Apyrase,
IR TIEE 10 min J&, KA ETHKEH 1 min
PLKIE Apyrase. 433 ATP SREEHE A LR & RRIRE S,
R P HET IR, BEAR T R ROR AR, R A
25 5N, R SRORARRR, TR N T R
Go BTE I RAAEIEE A 3M LML FHFE R,

HEFT SRS 10 5% RLU S0 o i F G TR AE BEER K V25 1
Xof B, RS AT AR IE I 2T ATP
1.4 BUELIE

FrESCR R 3 K, S5RLIEHEARER RN, i
JH Excel 2016 1 GraphPad Prism 10 X384 745340 Hr 3

e
2 HBRE5SM

2.1 ATP trfEfhk

LA ATP Y B XS EE R B AR AR (X, 1gmol/L), AR &
DR B R B A A ARAR(Y), HESL T ATP AR s A Ak
55 R A B 2 ] B O R 5@ A IR A AT AR Y
LM FER Y=0.1768X+5.1532, r’=0.9942, FEHTE ATP ¥k
FEEIE N 107°~107° mol/L Z 8], ATP ¥ Ji 15 & Y3 JiE 2 1]
TEAE B E R MEMSE, ik, ATP L9 R HT ATP
B HAT B AT
2.2 {RRRE ATP JEFR
2.2.1 TritonX-100 3% % 6% ik 45

i IR R BE (0.1% . 0.2% . 0.4%. 0.6%. 0.8%)i1
Triton X-100 ¥ ff A S ERGEATIRANIE ATP (93RHR,
PR IWE 1. RN A SBE W LA B, AR HREE 1)
Triton X-100 X ATP HREGCR AR . Bl W BE3shn, {4
Yl & EE RIS ETHE TR, R RO HEE
Triton X-100 ¥JE K 0.2%0F, X—IRET ATP {RBCRIEH
&, PR, 0.2%F% Triton X-100 HE6 & A 440 i ATP 542
Bk, R RRAE AR B 7R MG MR, Triton X-100 8
T O A R S Ak, AR UERHI P Y ATP B, W
AT Triton X-100 FTRETCIL S8 S0 AR AN L5 HY, RV &
W, SIS sR, (Hd & Triton X-100 ARSI
PO E RN, FECE RS TR

4000
a
b

3000 ::F:i:

= e ;::55: d
— “'55‘
% \-I =
B 2000 L e
g et
N e
1000 | e
e
e

0

0.1 0.2 0.4 0.6 0.8
Triton X-1004¢ /%
e AETFRECR 227 5.3 (P<0.05), €2 [H.
€ 1 Triton X-100 ¥ BE X R BGA &6 AR R I ATP A9 520

Fig.1 Effects of Triton X-100 concentration on the extraction of
intracellular ATP from chilled meat



46

SKRHES, A WRRRNRT A= KOG AE v B A Bl A ARSI v 114 18 AP 287

222 Apyrase iR E #yik

P ARF AR Apyrase A FH 1570004 fif DY AE B2,
FIH ATP A=) & 6750 8 Tl Ay ATP /) ik, Apyrase W
X ATP KRR AL AN 2 ik . Apyrase 7 R4
FERS ATP MK i, HAERPOR Sk E SIS 25
T BE 1A%, TR A UK RFESL R ATP, 23U ATP
B R CMEEE o [ 2 TR, B#E Apyrase WeJERIBIN, R4
ATP (1RGSR EEARWT TR, MERREE S 0.10 U/mL B,
REERALE, KRR EN Apyrase RENS ST /KR
A2 R SR IR W ATP, KETERRAEA R ATP (19 B 9. F L, 3
#£ 0.10 U/mL # Apyrase 1E RAEAI B ATP 3 BRI .

4000,

3500

o

3000
2500
2000

&R E/RLU

1500 r
1000

500 -
0

A\

0.02 0.04 0.06 0.08 0.10
Apyrase¥¢J&/(U/mL)

K2 Apyrase ¥REEXTIAZNAE ATP 3 BRI 200
Fig.2 Effects of Apyrase concentration on the
deleting of somatic ATP

2.3 ATP £MIEZXES TR HEERNEZ S
GEES Sy

Sy ISR ATP A= 40 % 70 0 B b AR50
FEARFAF R EUR &G BE AR 7R AL, LA E AR AR
TN E A TR s S BN B A A b, AH N ¥4 B PR AE
) ATP KA SHEUE AN A bR, 255 A 3 fis, FiE
FERCRBURIE R, ¥ B RRE & R VR S8 2 3 i, ATP
K ICAE A I ALY b TR, Wi 2 AT R 2R
PESLZR(r’=0.9871), XEW ATP AW & ekl AT
fief PRLARE il HP R T A B R AG T

0001

335 ¥=0.6866X-0.5133
& =0.9871

20 25 3.0 35 40 45 50 55 6.0
FVE BB EUE/ [1g(CUF/g)]
K3 RivEBECT ATP ROGHIERCR
Fig.3 Correlation analysis between colonies number and
intensity of ATP bioluminescence

2.4 ATP E¥ENEEIME

T VAL ATP AR W) ke STk ARG VA 5 PR A 5 TR 7 A
B A HA RAF R EE M, XA [E] 98 ff A b P i TR
BBET 2K 4). G5RER, ATP Y LSRR ER
itk PR TR VR S BRI SR B R R F B, A0 Rl 4
SEYME BN B, driEfR2E (standard deviation, SD)A 5.08,
FHXTBRUE N 22 (relative standard deviation, RSD)N 3.1%, %
Bl ATP AW & 6106 v f IR TR v S B5okr i P BT — 2 19
AT

200
190
180
170 o . . °

160 P " O
150
140
130
120

&G E/RLU

0 2 4 6 8 10 12 14 16
DR

€l 4 ATP A= 50t S B
Fig.4 Reproducibility of ATP bioluminescence method

3 Wit5%R

PG - RO A I T 7 S AOE 5 2R 48 h
ABEIRATEE R, FERCHIIE], V& A nT AE O 28t A E— 2211
L ARE, EEEPATIGEE, X4 B A
e T VRAE IR, 5] 0 8 AT A B B 5 R 5™ i 78 T BB
TR R P E RGN . I, PO BaL ' bk
JoHE R A BT A IS 5 AT BT A, LA T Ml
PRSHAGHIN 75 5K

ATP AW R Gk 0 T ZAL A T HAG I B R, XA
JECRERL S A W o b JE o T R AR G AR Rk
B RERS PRE U BT A S5O, MTI 8 R AN 3R Y
JEURERPT I, ARE S B T R S AR T2
R AIE, VFEAT LR ATP AR Rk AJL R i A 5
o, DA R LA AR R AR R SR SR P2 AR
FEHRIE Y BE R ATP RXTEUE S C A THIE A BT
FE 5%, ATRE R AR RORIE AR A1 OGN, S B A T
PRV S A TR B E B T, RS IE YT RFE MRS L R
SRR T B R A, ATP AW R GRS EA T B A L
A ATP S, T R E R TR SO T Y
Mr, IEHTEG ATk, VI DR T fif Py 1 22 42
Iesh, EROKFRAETS UL, ATP AW A EERI R
TECRE T REAN G BIAR, X LAMERR ARSI A S M B I B A= 90,
I RE B0 YR R 50,

AW T AEE T ATP A= & il s v& ff 1A 7



288

B dn 2 A R R A

1 F16 %

J% BB, Triton X-100 1 Apyrase J& B v& & N (R4 10 ATP
WA e B 23510 0.2%F1 0.10 U/mL., 7EZMKIET, B
PRI A ATP 75 BRSO el 8 3k Fe v i R PEAS TR A7
RECT WA A4, 0 B SAn AR50 fn ATP A=
W TR B S VR B, SRR PR A A R
IR A e, MR REGHEN 098, HEIMRL . X
T ATP AR BT AE A e PR AV R BOR I Jy T HLA5 mT

T,

RE A% DR Y 070 3t ST 4 6 PR Ot 5T, AR TR B2 Al

TR HAT S0 0 0 5
SE Bk

(1]

T, A5, Vo8 P E U A A B R A M T A
PIZEAIFSE, 2023, 37(10): 42-48.

i, M,
WIFERE L],
WANG L, LIN Y, TAN X, et al. Research progress in main spoilage
microorganisms and predictive microbiological modeling of chilled meat [J].
Meat Research, 2023, 37(10): 42-48.

CASABURI A, PIOMBINO P, NYCHAS GJ, et al. Bacterial populations
and the volatilome associated to meat spoilage [J]. Food Microbiology,
2015, 45: 83-102.

HRARZE, JEER, Adh, 5. TR PO AR R
bt PV B RO R LT 0] A A SRR I AR AR, 2021,
12(14): 5606-5612.

ZHANG JJ, TANG YJ, LI J, et al. Comparative analysis of the total
number of colonies in different types of food based on the Petrifilm
aerobic count method and plate count method [J]. Journal of Food Safety
& Quality, 2021, 12(14): 5606-5612.

R W, L, SE. ANEA T M EAN TR SRR R HAL T A
HERE(T]. TAEIAAIE ], 2020, 47(3): 880-891.

KAN YM, JIANG N, BAI KH, et al. Research progress on viable but
non-culturable state of bacteria [J]. Microbiology China, 2020, 47(3):
880-891.

WP, TN, WEDT. 2R ATP A U E T 1 e 4R aE AR
IR R, P R A2, 2020, 42(4): 682-690.

CAO XY, ZHANG XY, YE JP. Regulation of mitochondrial ATP synthase
inhibitor 1 in cellular energy metabolism [J]. Chinese Journal of Cell
Biology, 2020, 42(4): 682—690.

SRR, PNFHEE, ERER, AF. AR AN Y Y RO e
ARWFFEI]. RN T, 2003, 19(4): 483-484.

SHU BH, SUN DL, WANG SL, et al. Rapid bioluminescent technique to

T

detect bacteria in meat [J]. Chinese Journal of Public Health, 2003, 19(4):
483-484.

INAE, pREZAE, FEZET, AF. ATP RJGEEHGEAI Ok i E A ()],
[ £ A4, 2014, 14(8): 233-239.

CONG Y, LU YT, DU Y], et al. Application of ATP bioluminescence
technology for rapid detection of moulds in maize [J]. Journal of Chinese
Institute of Food Science and Technology, 2014, 14(8): 233-239.

ZIYAINA M, RASCO B, SABLANI SS. Rapid methods of microbial

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

detection in dairy products [J]. Food Control, 2020, 110: 107008.

AUEH, WAL, SRR, S5 ATP AEW) R G DGR £ IR O 1
HIBFSE0N. TR ol K224 (A SRR A), 2016, 37(1): 67-71.

LI HY, HUANG JH, ZHANG XW, et al. Study on rapid detection of
food-borne pathogen by ATP bioluminescence method [J]. Journal of
Henan University of Technology (Natural Science Edition), 2016, 37(1):
67-71.

CHO YS, KIM HR, KO HS, et al. Continuous surveillance of bioaerosols
on-site using an automated bioaerosol-monitoring system [J]. ACS Sensors,
2020, 5(2): 395-403.

PSS, W, AH, . ATP YRR PHAGINK A T[],
I TIA KGR 2R 2, 2007, 17(10): 1859-1860.

LIAN YZ, DONG X, L1'Y, et al. Study on measuring rapidly bacterium in
water with ATP bioluminescence technique [J]. Chinese Journal of Health
Laboratory Technology, 2007, 17(10): 1859-1860.

WK, IO, Bt ATP AEPISECHORTE A i A IR 1
R ETAFHERFS ], AR RN, 2021(9): 65-68.

HUANG Y, ZHANG WP, LING YM. Feasibility study of ATP
biofluorescence technology in on-line cleanliness monitoring of meat
production [J]. Farm Products Processing, 2021(9): 65-68.

KAl FR, MTHE, 5 =BT AE YO AT ST IR
YRR RERCR ], h RS 24K, 2022, 39(9): 711-712.

ZHU JT, WANG L, HE HY, et al. Evaluation of disinfection effect of
surfaces in oral diagnosis and treatment environment using ATP
bioluminescence method [J]. Chinese Journal of Disinfection, 2022, 39(9):
711-712.

WA, SE3CH, T#, 5. ATP ZOGKIE AR L4 <
BACRIFNAOBITEN]. HIUBESE, 2018, 24(19): 55-58.
YANG SL, WU WL, WANG J, et al. Study on the evaluation of the

AR EH

efficacy of ATP fluorescence detection for the cleaning and disinfection of
bronchoscopy [J]. Contemporary Medicine, 2018, 24(19): 55-58.

LING S, HUI L. Evaluation of the complexity of indoor air in hospital
wards based on PM 2.5, real-time PCR, adenosine triphosphate
bioluminescence assay, microbial culture and mass spectrometry [J]. BMC
Infectious Diseases, 2019, 19(1): 1-10.

MITCHELL BG, MCGHIE A, WHITELEY G, et al. Evaluating
bio-burden of frequently touched surfaces using adenosine triphosphate
bioluminescence (ATP): Results from the researching effective approaches
to cleaning in hospitals (REACH) trial [J]. Infection, Disease & Health,
2020, 25(3): 168-174.

SIBAG M, KIM SH, KIM C, et al. Interference sources in ATP
bioluminescence assay of silica nanoparticle toxicity to activated sludge [J].
Journal of Microbiological Methods, 2015, 113: 65-71.

NGUYEN LH, CHONG NM. Development of an ATP measurement
method suitable for xenobiotic treatment activated sludge biomass [J].

Journal of Chromatography B-Analytical Technologies in the Biomedical

and Life Sciences, 2015, 1000: 69-76.



46

SKHEE, S5 SERRNRTT A ROCTE AL B PR WG v 1) IO

Y,

289

[19]

[20]

[21]

[22]

[23]

[24]

[25]

BAUTISTA DA. ATP bioluminescence: application in meat industry [J].
Encyclopedia of Food Microbiology, 2014(1): 97-104.

FAERK, BB, K. AW Rk E R AR K AN B R i B
ATP [EBR[T]. BSR4, 2014, 20(6): 1091-1095.

WANG JX, CUI LL, XIE B. ATP bioluminescence for determining total
bacteria in natural water to remove free ATP [J]. Chinese Journal of Apply
Environmental Biology, 2014, 20(6): 1091-1095.

TR, HRAERL, I, SF. ORI ATP ARV S A B B[]
s E RO R, 2022, 55(19): 3841-3853.

SU YY, ZHANG DQ, GU MH, et al. Characterization of chilled mutton
by ATP from different sources [J]. Scientia Agricultura Sinica, 2022,
55(19): 3841-3853.

TR, W, SCHT, % ATP AEMIRGHEARSE S G L
FAT 5800 R B T e DR W []. 252~ 4k, 2023, 58(10):
2922-2930.

ZHANG ZS, XIE MM, WEN YQ, et al. Rapid determination of microbial
contamination of Bupleurum Chinese DC. decoction slices by ATP
bioluminescence technology combined with statistical analysis methods [J].
Acta Pharmaceutica Sinica, 2023, 58(10): 2922-2930.

HEWAGE SN, MAKAWITA P, GIBSON KE, et al. Relationship between
ATP bioluminescence measurements and microbial assessments in studies
conducted in food establishments: A systematic literature review and
meta-Analysis [J]. Journal of Food Protection, 2022, 85(12): 1855-1864.
MORETO T, NORMANN MA, SAEBO HR, et al. Evaluation of ATP
bioluminescence-based methods for hygienic assessment in fish industry [J].
Journal of Applied Microbiology, 2019, 127(1): 186-195.

MOAZZAMI M, BERGENKVIST E, BOQVIST S, et al. Assessment of

ATP-bioluminescence and dipslide sampling to determine the efficacy of

[27]

(28]

[29]

slaughterhouse cleaning and disinfection compared with total aerobic and
Enterobacterales counts [J]. Journal of Food Protection, 2023, 86(10):
100155.

BUCZINSKIS, MORIN MP, ROY JP, et al. Use of ATP luminometry to
assess the cleanliness of equipment used to collect and feed colostrum on
dairy farms [J]. Journal of Dairy Science, 2022, 105(2): 1638-1648.

AU, LA, SRR, S ATP A CR IR R AE A S i A A e
BE FPERFSE ). H ATk, 2021, 51(6): 513-521, 527.

LI T, SHEN Y, CAI JS, et al. Applicability study of amplified ATP
bioluminescence assay in microbial detection of cosmetics [J]. China
Surfactant Detergent Cosmetics, 2021, 51(6): 513-521, 527.

AR, A, XU, SF SRERRIRT AR RO R R AR A
TR RGHI BE 1y T 114 7 FRTATR 9 a0k JR 0], 63 22 42 s AT 41, 2024,
15(14): 1-8.

ZHANG T, XIE MM, LIU YD, et al. Research progress on the application
of adenosine triphosphate bioluminescence method in improving the
detection ability of bacteria in complex samples [J]. Journal of Food
Safety & Quality, 2024, 15(14): 1-8.

LIU S, ZHAO J, GUOYY, et al. Application of ATP-based bioluminescence
technology in bacterial detection: A review [J]. The Analyst, 2023, 148(15):
3452-3459.

MRS, B LART ATP AEWRSEHOR MM AT I]. B,
2023, 29(10): 42—44.

YE PD. Application analysis of ATP bioluminescence technology in food
engineering [J]. Modern Food, 2023, 29(10): 42-44.

(WiE%E: =452 T



