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Research progress in rapid detection of microbial count based
on ATP bioluminescence
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Abstract: The rapid detection of microbial count has always been an issue to be solved in industrial
production and food industry. Adenosine triphosphate (ATP) bioluminescence method with simple
operation and short detection period can meet the needs of general microbial detection. However, this
method still has some limitations, such as the high limit of detection, the influence of microorganisms
and other factors (non-microbial ATP, extractants, luciferase activity, etc.), all of which impact the
detection results. This paper first introduced the common methods for detecting the microbial count and
reviewed the development history and principle of ATP bioluminescence; expounded the effects of
non-microbial ATP, free ATP, microbial biomass, ATP extractants, and luciferase on the sensitivity and
stability of ATP bioluminescence method. Furthermore, summarized the application status of this
method in food industry, medical services, and sewage treatment. Finally, we discussed the optimization
of the detection system and the application of ATP online detection. Through this review, we aim to

provide a new idea for the efficient application of ATP bioluminescence method.

Keywords: ATP bioluminescence; detection of microbial count; extractant; luciferase; ATP measurement
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Table 1 Advantages and disadvantages of different microbial biomass detection methods

Fes ik Mess B E= BTN
Serial Methods Advantages Disadvantages References
No.
1 ATP AWy &6k T AR WSS 324, pH. IR, BFE T, A REEEE [11]
ATP bioluminescence PR, A ANEER
Can be automated; Wide Affected by salt, pH, temperature, ions, etc;

measurement range; Fast and Sometimes the sensitivity does not meet the
easy, with good repeatability requirements

2 A TR T HFER . R AR RS, BBRERT . SR, [12]
Coliform plate count Wide application range and ~ BANE =, I HSE FRfE AR AR
method high accuracy Microorganism selection has high specificity, tedious

and time-consuming, low efficiency, high cost, and
the measured value is lower than the actual value

3 PGSR BOR PR TSN WAL, Yy 52 SR BRI R 2 R [13]
Hyperpectral imaging Fast nondestructive testing Need to build a model, easily affected by the
technology surrounding environment and measurement

conditions

4 PRS- AMIA PR AR . REBUE S ETARE . BBt [14]
Fluorescence in situ Fast and accurate, high The probe is unstable and the operation is
hybridization and flow sensitivity cumbersome
cytometry

5 TR o I AER R DNA $RIUmE, FERF [15]
Nucleic acid assay Relatively accurate DNA extraction is cumbersome and

time-consuming

6 PO RS, PR,  OERAR, YA SOURBU AT [16]
Fluorescence & TR Dy Z R T, e s T R
spectrophotometry High sensitivity, fast and The light intensity is not high, and the linearity is

simple, suitable for not ideal; The fluorescence divergence direction is

high-volume determination  not concentrated; It is easily interfered by some
ions, and the test speed needs to be fast

7 M2 Eoto ok PR HER JRIFRAE | R RN R 2E R [17]
Blood cell count Fast and accurate Limitation, large error when the concentration is
high
8 N R E TR R €FS PR HER JRIFRAE . MR RN R 2E R [18]
Bacterial count plate Fast and accurate Limitation, large error when the concentration is
high
9 [ SuR/iaa &N i fE PR A I A e S B (E i A [19]
Membrane filtration Simple and fast The measured value is lower than the actual value
counting
10 RALIYS WS POE e SRR Z, S T EUE R, [20]
Turbidimetry Wide range of applications, A standard curve is required, not suitable for dark
fast, accurate and simple samples
11 T LT 2R (B [21]
Mold count Dedicated to filamentous Cumbersome operation
microorganisms
12 YlRERI oL A E B 222K BRI, IRZEEK [22]
Kjeldahl method Mycelium can be measured  The operation is complicated and the error is large
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Schematic diagram of bioluminescence reaction of fireflies.
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PR T FLE S R S, YRR R
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RFUEIRE T 10 1. Lee 1 ATP 5990 %
J AR S 2 ) PP S AMP [R] B HEA T4 3, TF
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FHSE, ATP 4B A R A7 AT 5
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AR (1) AP A AU A R 1A 2 R
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PEFX IS, AT 3 ATP A2, N
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Figure 2 ATP amplification route. ADK: Acetatekinase; PEP: Phosphoenolpyruvate; PK: Pyruvatekinase;
ATPS: ATP sulfurylase; APS: Adenosine-5'-phosphosulfate.
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Table 2 Extraction of ATP from different microorganisms

Fro IOk FEIBUR 24 P FEIPURE i PEPURFESAT 275 3CHk

No.  Extraction methods Name of extractant Extract samples Extract the best conditions References

1 ML Tris Z& M G PET5 8 ATP pH 7.8 Tris 28 0 [47]
Buffer boiling method Tris buffer ATP of activated sludge  Tris buffer with pH 7.8

2 RUNERY MR Mcllvaine 2% i OB W AEMI PN ATP pH 7.70 Mcllvaine 22 i [48]
Buffer boiling method Mcllvaine buffer Intracellular ATP of Mcllvaine buffer with pH 7.70

microbes

3 L 1 P I RE FEMRFLAT A ATP 40 kHz, 13.5 W/em’ Fififiie  [49]
Ultrasonic method  Ultrasonic energy ATP of Lactobacillus Nominal frequency with 40 kHz

acidophilus and 13.5 W/em?

4 (887 T AE 15 e ATP T A 800 W, RIS ] [7]
Microwave method Microwave energy ATP of activated sludge 15

The microwave power is 800 W
and the microwave radiation time
is15s

5 iR . Bl Wlg . IR I AE Y ALY Y ATP [50]
Acid and alkali Sulfuric, phosphoric Intracellular ATP of
extraction method microorganisms

6 2. BRIk = TP ATP 1.10 mol/L TCA, 0.25mol/LP, [51]
Acid and alkali Tricarboxylic acid (TCA)  ATP of soil 0.6 mol/L IDKmg
extraction method microorganisms 1.10 mol/L TCA, 0.25 mol/L P,

0.6 mol/L imidazole

7 MR . W ARHGE “HR LTS8 ATP 2.5% TCA, VKIFHHE] 10 min,  [7]
Acid and alkali Tricarboxylic acid (TCA)  ATP of activated sludge  Tris-EDTA ZZ ik pH {H K 7.5
extraction method 2.5% TCA, ice bath time 10 min,

Tris-EDTA buffer with pH 7.5

8 BUEFREGE TR P RRb . IR 150 uL 5 mmol/L CTAB, 150 uL  [52]
Organic solvent Cetyltrimethylammonium  Total number of bacteria 7.5 mmol/L B-CD
extraction method  bromide (CTAB)

9 APLEIRIBGE PNkl = PIREE: AR RE AL 0.015% CTAB, fEf] 4 min (53]
Organic solvent Cetyltrimethylammonium  Total number of Acting for 4 min with 0.015%
extraction method  bromide (CTAB) Saccharomyces boulardii CTAB

10 APUERSREGH kel =R LS DR B 0.015% CTAB, U [E] 3 min, [31]
Organic solvent Cetyltrimethylammonium  Total bacteria in flour 0.25% B-CD
extraction method  bromide (CTAB) Acting for 3 min with 0.015%

CTAB and 0.25% B-CD

11 APLERSEEGE PR SRR SR ATP 2% Tris-EDTA, #UKifi 100 °C  [54]
Organic solvent Dodecyltrimethylammonium ATP of Mycobacteria 2% Tris-EDTA, and hot water bath
extraction method  bromide (DTAB) at 100 °C

12 RS PER % A T ATP 0.1% BAC, )i H}E 3 min [55-56]
Surfactant active Benzalkonium chlorides ATP of mold spores Acting for 3 min with 0.1% BAC
solvent method (BAC)

13 REEMERE FALI RARAK ML T B 0.05% BAB [34]

Surfactant active
solvent method

Benzalkonium bromide
(BAB)

Total bacteria in natural

water
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A ERSE, BAB 5 BAC 7EV5/K) 1EMESE
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VERT, G Mg F% 5 ATP 454485 ATP 5
o> FHILE A Re . s, Hib M4 )E
T Mn* | Ca* 5 MP HMIFEIMER, IF HHAT
BRI U L, (508 4 & B 40 He' L Sn™”
T Cd™ X2 )l 28 TG M 0 8 i/ RO

eI I 28 1 B R R O R Y
TEPE, FERIAEDO R B TSR 59O R
TEPE LRI T 5 T el AR 8 R WG P — R 3t
LR AF Bl A2 p 2R L%, I Dale 2 °7A
FH UG R WIS A8 43 B UE BH 2248 1) B 1V 2
F R R IG I 9O R R IR & I L B
B, AR RV K R T RSO BT

B8 b B AR R A K 8O 2R S RO R
50 fix. A PLG2 Hi#5 kKW, Branchini 55
WFFE T itk AW PpyLit (34 smpfbPEge, & Bin
Al A LIS P. pyralis B 2.9 5 AL SR
FiE 1.4 Ay EbE 75, IR ZRAR
A

DGR I LRI T R X 2 2Kl
& K pH AR T 1 () AR50 5 0 T R
JEE R T RS TR A AT e AR VO 37 °C
pH 7.8 B}, it B R0 AT T LRI 9 R R
FI . BSA, DTT. gepE. Hil 5k
W B AW 705 30 pg/mL. 0.6 mmol/L .
10%. 30%7i1 0.10 mol/L. K b fe ik B i 4%
R FNR G, DU SOt R MR ffisfae
Yo BRI S K B R W Al
FRUESEAT 7O, JFE R T ORI — R0
R iabii| Ko s i K 511 L] LTSN S AN S R =R U p W K
AP T A

BT, 2GR BRGNS OUH RS
T 25T BESE MEA ZE R e — Rk K, iRk g
T P R AR PR R ik — S R [n] RS AT I sl
T3 EAEAN [FA T B R FRABE N FH -
4.5 HbEZRHFM

THAERIFREE . FRAIET . BREGR B A
M5 £ 1 25 S 2 255 ATP A= 9) k S6AG 4
T AN R AR FE B RE M o 7 BR Y7 T 2 A A 2R B
R TEEOOE TR, ATP Ak kS %5
T T R AR BE A, DT S B BE P B AR
BHE B 25 U2 FEvEor B Be v 35 BE I, & B
b2 1T A B PR Tt 2 B2 ATP AR RS i
3 0 ) ERE WA A B A PR SR T A, kR
BUA [v] (R AG ISR B4 ATP {1 22 5t s KT
A, FEBGH R BT ATP &t B T Ak
o WS AR R, TR IS B TR
Xof B ZH 5 5230 2H R S AT A 20 ) 486 R 10 B 22
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171 LA 3R A 5 B e 22 O, IR TR
PRI A FH 5

i LRTIR, ATP A=W k' kA6 T A= )
ATP Tt B P Z B Z RN, B BT
FEBLR R B 1 AR ) AT 37 5k 198 A A 0 42 1
T —E WIS 5ES %, SbR I AR
HR LA AT A S A IR S ) S AN ]
R SR, T SE A Rl P A ATP 1Y
AR o

5 ATP &9 KA EMH A

AR, ATP AW ROGEN T iz, RS
TR FEEMITE, ATP s G B iinlkm
£ 3 A MG B S 2 1l (hazard analysis critical
control point, HACCP){4 Z H %) 4l B 2# Kl
TN TS AR B A R T R T
B, DARWAH S B S R R A 0 K TR SR
TEBRYY 5T, FEM T BT a0 5 SOR

R"3 ATP EMENERBOIEA

o BIFERS SHEEE, LA R 2R 5k
WS REN s FEROK YA B T 2, ATP
A W) e Sk T Ao 0 5 A e oA W K
A A IR T s AT RE . A, fE L
HE . SCPFGORHI BRI T Y 25 5 THIdL AT A5G B
Z ) DL B HGE (35 3).

6 ATP #5485

ATP BRI I F 2k R SE R, F
FH9IEER DR TR R PRI ATP, E AN
ATP GRS A A i, (LR 25 2 AR R 4
B KSR H 25 B TF, ATP K AR B 28 ik,
FENE () ATP A4S i IEFE 2R B2, FRFF &
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b, B DA, B, Hib, @4t Tk
ARFR R B DL IR . KL, W ARG

Table 3  Partial application of ATP bioluminescence method

VAR EEsC LRl RS A H 275 3CHk
Application areas ~ Test content Testing purpose References
Hiih FLHI AL ATP 2 A I Ll it 722 ot s [50]
Food ATP in milk product Milk product deterioration monitoring

WS H AL o ATP S RAGI Azt SE T )l [76]

ATP detection in olive flounder The death interval of sashimi

muscle

UHT A= 95Hh i f A end UHT =93 i 1 o i [77]

Microbial detection in UHT milk Rapid monitoring of microbial quality in UHT milk

AP e L8 s ARG ML Jo 47 [78]

Lactic acid bacteria detection in beer Beer quality control

e SRR Sl iR ioalll] TRITLEW RO s ARG 25 T ) 35 P [79]

Mold detection in concentrated broth Explore the applicability of bioluminescence method for

rapid detection of mold

BES7 515 Y RSB ISR TR . RS S BRI VRN BRI [80]
Medical treatment  ZFT 5 Field evaluation of cleaning and disinfection effect of
and disinfection Pseudomonas aeruginosa and Bacilli fiberoptic bronchoscope

tuberculosis in fiberoptic

bronchoscopy

(155%)
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5k 3)
B Biei b % 25 U A A TR BE B b7 % N 25 UL 2P [81]

Detect the number of bacteria in the Evaluation of indoor air complexity in hospital wards

air in hospital wards

R e A 25 e fa 1 P Bl 2 [ e 0 B o T P i 43 T [82]

Microorganisms at frequent hospital Cleanliness evaluation of hospital frequent contact

contacts surfaces

PR ATP F TS B A B AR [83]
ATP in urine Determine the severity of prostatic hypertrophy
ANRZHCHI(PHMB)H L TR AR PHMB ¥ SN E M HUR A TE TE [84]
SIS AT Anti-anaerobic activity of microbes in vitro at different

In vitro biological activity detection PHMB concentrations

at different PHMB concentrations

K25y BAr RGP I ED) TR i P U P05 Qe BUPEAY [85]
Detection of microorganisms in drug Evaluate microbial contamination in non-sterile drugs

storage systems

HIMBHERIR AT ATP AN B2 7 A i AR Al [86]
ATP detection on the surface of Evaluation the cleaning effect of medical devices
surgical instruments
AW A ATP 23 IR HR R A R [87]
ATP detection in bioaerosols Aerosol monitoring in the air environment
AL R I MBI A ATP A6 L IS 5 P 2 12 [88]
ATP detection released by activated  High throughput screening of platelet inhibitors
platelets
POKAE AL BT, NG K A A BT 2 ATP G s W 35 e A APk S [89]
Biological treatment ATP detection in the printing and Reflect the metabolic state of activated sludge
process dyeing wastewater treatment process
THledniE i Y ATP A5 REEEA XI5 TRk BRI 2w [90]
ATP detection in sludge The effect of energy deficiency on sludge performance
JEK TSI ATP ¥ A TETETG IR KR B AN [91]
ATP detection in wastewater and sludge To evaluate the toxicity of nanoparticles in activated sludge
TEAUE KA BT 25 H Y ATP FI LEP RS AAEY R SRZ ERR [92]
ATP in papermaking wastewater Determine whether the process contains harmful
treatment process substances and lacks nutrients
TS Je A ATP A5 PR AR GOARR T A T [93]
ATP detection in activated sludge Determine the toxicity of silica nanoparticles on
microorganisms in wastewater treatment facilities
oAty WL S0 Y ATP A A=Wy H [94]
Others ATP detection in mammalian cells ~ Biological analysis
AT RTFU T ATP A6 PUR 25 ) UM [95]
Detection of ATP in bacterial Antimicrobial susceptibility test
suspension
BE b AR BE I )75 YRR B VEAN [96]
Microbial biomass on the mural Evaluation mural pollution degree
PO T BT 254 22 [RBATE R P Y 458 S PEpTRR 35 B i 25 5 22 R I 1R (CR-GNB)HIHL [97]
ATP £ HERHE
ATP detection in Gram-negative Guide the selection of carbapenem resistant Gram-negative
bacteria resistant to carbapenem bacteria (CR-GNB) antibiotic combinations
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T A PGETR I 125450 . 2007 4F, ZERITEEDY
B IEI & T I 5 P DA I ) F-45 =X
ATP 5K R 45, ATP K FRi% 13107 mol,
BRAS A 1T 20 s, ACSE 1 000 ZA6 0 2%
o Z B E TR ATP A 917586
ARSI PR BEIAF] 13107 mol, K [E] 4 10 s,
IR N SR E ATP RE SR EEAEXT B AR T
BAMEADC, MCREGEEE] T 0990 2, #HES
0% B AT B A 10 AR TR
ATP DGR T 2EPERR TR AR, EIEZME .
R KR AR E TR, 45 R
TN I REFE PR IR B ER A i R 3 RO
Al o ATP RS IS A A7 A0 A I R A5 AS 5
F % B 22 S Bk, T HUAS [R) 2 W) A2 7= AR 1Y
LMEVE IR, PR e (BN RE A T AH B LR o
FEA G MR, bR T 48 (S R AU | A e
ST LA A AR E , T B 00

AR ATP s o I 45 AE $ fhk b o 58 43 11
ATP il (Hi5KAFE RS H ATP () fa il 225K
e S L % 2 W I 2 W s PR AR AL LU AR ST
KA R GRS BT, (45 ATP P {
#MELL SR 752K o fdft, LuminUltra Technologies
N FEHEH T BugCount®7EZk ATP AL, 7ET.
APEFR K . R HIE . BRI AK . B &R
S5 K Ab 3 A R A S T R /R R A W B TR
ekl . SR, GG LA RS TR
Z%, AnAnrHEBR 15 1 75 PR A R I ok A 45 AT
WY R sZm, SRS TS Ve P 4n e ATP
FIPE IR 5 ATP Rl &%, SEELTE 5 e
ATP BYSCET ., AFAERI, B ErE NN LF AR
il . ARSI EEAE MG IR R AR, b
I TIETETS IR ATP 7ELRR I B4, ik T
ATP $RBGAZH R, B/ 138 PR TS Je i i A I 2ok
G RS I R 7/ Nl B A R Ry E R 1 G o

YA ATP AR BUSCR 5 ATP K INACK , SLEE
eI Ueh ATP RS | S HERI, dnl 523
IR AN g rh A B AR LR A O

25 BRI, XA ATP PRt ks AL A A o] £
% ATP RGN o A, (HI2 07 AT AN BE T 2
TS e LA R 2R R T iAW) ATP & Y
SEEE L BASRINTECR . AN, i ATP Ak
JOVEIE T BB R TN BN S A
ISR, A B AT AR PR Rz 1 A
KEENR . BEE ATP K R 500 A sh L REA
Wkt A ey, & T 3 ATP Az i) (S 25 ik
TR R H, ST ATP A R OGIL I TEL A
ISR B o A 0F K 5 R — A+ e AV T Y
KJETT 1wl o

7 Ew5RE

HAl, ATP AW AOGHECTERMN . BT .
AR T R N A A IR R A A U rh i A W i A
W7 AR T 2 RSN, LA
BT M 0 5 K A BEASCR VAN )y TH & 45 T
VR o A2 07 186 T il A 4 vy ke ) 5L A PRk
R TGOS, B ILS) 32 B 4 K 2R (R
PERT . DR R BRIE M SRR0E M . FEIGH S A
7 25 ) B S M), RGO 23 SR A A AT A AE Bk
. REETH ATP A=) & A DN 25 SR 1 A 1
5iEMYE, DT LS 0 ) R A DG

(1) A~ ATP AW Gk R g, 2¢
M 2 Tt 5 70 V) P R A A 0 235 3 5 i
K, SR H ETEIIE ST 32 A AR X PR — R
R BRI SR . Rk, E45)E
FIEFE R, AR B i R B SRR, SN
FREAS ATP KON AR 2 B BGR] 4 i) 59)
PCE WIS A LA S Sk, Dik—2
R G B MER L S R AR
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Q) X T A S RE RS, AW
ATP ¥ HEF AR FEA g e Al 225K, {H ATP 4”
BB AR A B A7 AR IR TS G DT 7 A = T
o, A ) A PR T g A ok U5 R UM
DA it A e B TP [R) R

(3) H BT AT Mk A X fl A= B8t A ) e =
BB TR R, ) B A ()RS 0 35 2% 7y ke i) B
EAAAZES, 1 H RN A 5 R
BOE SRR EGE AT HEXT, BOREAR. I,
AR A AT M AT AR S5 B 1 0 HEA T SRk A ATl 1
HIRR.

(4) TERBEIRHL 1, ATP YA G
I 32 T S ey MRS U T2 i A O g
PE, HETHIBE IS R RE MBI TIRES . SR
BUBY B ATP A IS s 5 22 DA S 06 5 5 445 X
h A, Gz SR AL I T B, e DI P

15U R GEi AR 2] 52 I -5 WA
PG, 78 SR ol A 4 bR ] 3 R A A

ISR, BE T ATP AW & 6 I AL AL
ISR B 25 AT A 5 R — A+ U TR
KI5 o
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