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Abstract: This study focuses on the microbial quality control of the Chinese herbal decoction pieces. In view
of the shortcomings of traditional culture methods such as slow detection speed and inability to detect unculturable
microorganisms, a new method based on ATP bioluminescence technology combined with statistical analysis
methods was established to rapidly predict and quantitatively detect the total aecrobic microbial count (TAMC) and
total yeast and mold count (TYMC) contaminated Bupleurum chinense DC. decoction pieces. Based on the optimized
ATP bioluminesence detection system, accurate detection of pure bacterial solution of Escherichia coli, Bacillus
subtilis and Staphylococcus aureus can be achieved, with detection limits of 47.86, 89.13 and 1 862.09 CFU-mL",
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respectively. The detection time was 6.5 h, and the detection cost was as low as 2 yuan/time. The upper and lower
warning limits of TAMC were determined by the misjudgment rates of 10% and 20%, respectively. And the
warning limit of TYMC was determined by the misjudgment rate of 20%. The proposed crossing method could
quickly predict the amount of microbial contamination in Bupleurum chinense DC. decoction pieces. The constructed
partial least squares regression (PLSR) model could accurately quantify the quantity of microbial contamination in
Bupleurum chinense DC. decoction pieces. The optimal PLSR prediction model for TAMC had a correction
coefficient (R*) of 0.826, a root mean square error of correction set (RMSE,) of 0.468 and a root mean square error
of cross-validation set (RMSE_,) of 0.465. The R>, RMSE, and RMSE_, in the prediction model of TYMC were
0.778, 0.543 and 0.541, respectively. The aim of this study is to establish a kind of rapid detection method and
prediction models for the microbial limit of traditional Chinese medicine and Chinese herbal decoction pieces,
and to provide a more convenient and sensitive detection technology for the microbial quality process control of
traditional Chinese medicine products.

Key words: ATP bioluminescence technology; statistical analysis; Chinese herbal decoction pieces; Bupleurum
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Schematic illustration of operating principle for microbial detection via ATP bioluminescence method. CTAB: Cetyl trimethyl

ammonium bromide; f-CD: Beta-cyclodextrin; ATP: Adenosine triphosphate
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Table 1 Sample information of Bupleurum Bupleurum DC.

Sample No. Lable Sample information
1-15 a Anhui, store at 25 °C
16-31 b Gansu, store at 25 °C
32-47 c Hebei, store at 25 °C
48-61 d Anhui, store at 4 °C
62-74 e Gansu, store at 4 °C
75-87 f Hebei, store at 4 °C
88-97 g Anhui, vacuum storage at 4 °C
98-107 h Gansu, vacuum storage at 4 °C
108-118 i Hebei, vacuum storage at 4 °C
Acceptance limit
Misjudgment zone X

BI/RLU

Upper
warning
limit
Lower
— warning
Misjudgment ;;,j
zone Z

MC / CFU-g!

Figure 2 Schematic diagram of demarcation method of warning
limit of relative luminescence intensity. BI: Bioluminescence inten-

sity; MC: Microbial content; RLU: Relative light unit
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Figure 3 Effects of the concentration of fluorescence reagents (A), shaking time (B), concentration of CTAB (C), concentration of 5-CD

(D) on bioluminescence intensity
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Figure 4 The relationship between bioluminescence intensity and the logarithm of concentration of ATP (A), E. coli (B), B. subtilis (C),

S. aureus (D). E. coli: Escherichia coli; S. aureus: Staphylococcus aureus; B. subtilis: Bacillus subtilis

Table 2 Results of ATP and bacterial assays. LOD: Limit of BSFTR], 335 3R 08 B & 37 °C, M 15 7 &L ik H TSB.
detection; R Coefficient of determination. LOD is determined by 4 -I-%"—ﬁﬂif'l‘?&ﬁ#uIﬁﬁ%‘éﬁﬁ’t}’t)#?ﬂi%%%'l%)ﬂ
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A E 10~1x10" CFU-g"s M IX 1 B Rl i, 28800
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Il TAMC —1
I TYMC ——2
6.5 -3
30000 A
~ 6.0
o0
% =)
é 55 2 20000 I
o A L_—1
= 5.0
10000+
4.5 /./‘/
0 4
4.0 T T T T T
15 30 45 60 0 2 4 6 8
Shaking time / min Proliferation time / h

Figure 5 The logarithm of microbial content of Bupleurum chinense DC. samples under different shaking time (A) and the biolumines-
cence intensity of Bupleurum chinense DC. samples under different proliferation time (B). TAMC: Total aerobic microbial count; TYMC:

Total yeast and mold count



- 2028 - 2% %4/ Acta Pharmaceutica Sinica 2023, 58(10): 2922-2930

AGY AT G R P SR 4 T P TT AT 12
- A B e, iR Ax M E 1 TAMC 1 R BE
1x10° CFU-g" &Il 7E &4 IR, LA 10% 1% ) 2 81 i i |
12

P A 14 000 RLU (S=17g = 10%), L 20% 1% H) 2 K e
T R PR A2 200 RLU (S:f—fg ~20%). FFEARTIK

JGoR FEAE & T 2 200 RLU, Fil 4 TAMC & & Hibr, 7]
HEAT B AR 85 IR A AL I 45K T 2 200 RLU, i)
TAMC & &6 . B 6 iR B2 SE IR H TYMC &
5 A RO 5 A 1 RO R, DA AR R
1) TYMC FIBREE 1x10° CFU-g" %I 5E &4 IR, 1 TiZ 46
W25 S35 ) Ze 45 v, WG4 BT 2 10% F TR
R BL20% %R 2K E TUE R R 298 600 RLU (S =

% ~ 19%), A FEAKOL IR B % T 600 RLU, M A
SRR A TYMC & B 25T 600 RLU, %

TYMC & &A%

& Al

Acceptance limit: 1x10° CFU-g"!

| L]
4.5 I o
: an a0 d Upper warning
—————————————I—ui—'—‘—_—o—.———— limit
.o
404 e 1.4x10* RLU
T R
O g m
w8 .
5 3.54 .'A R 1 Lower warning
é ————————— a2 —'JI- —————————— limit:
~ o *v 2.2x10° RLU
P Ay =
A 3.0 > AR I
LI 4 . I
N - = < | A ¢
. < * 1 v d
2.54 >x ) * 1 * e
> 4 ®
i SRS ! « f
. b : > E
2.0 * h
L] | 3
! 1
T T T T T
2 3 4 5 6
TAMC/CFU-g!

Figure 6 Scatter plot of the logarithm of TAMC and the loga-
rithm of bioluminescence intensity of Bupleurum chinense DC.
samples. a, b, ¢, d, e, f, g, h and i represent nine different sets of

Bupleurum chinense DC samples
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Figure 7  Scatter plot of the logarithm of TYMC and the loga-
rithm of bioluminescence intensity of Bupleurum chinense DC.
samples. a, b, ¢, d, e, f, g, h and i represent nine different sets of

Bupleurum chinense DC. samples

Table 3 Performance evaluation of the PLSR prediction models
of TAMC and TYMC. PLSR: Partial least squares regression;
RMSE_: Root mean square error of correction set; RMSE_.;: Root

mean square error of cross verification set

Indicator ~ Pretreatment method R RMSE. RMSE,
TAMC Logarithmic treatment 0.826 0.468 0.465
Raw date 0.766 0.543 0.544
TYMC Logarithmic treatment 0.778 0.543 0.541
Raw date 0.576 0.750 0.750

P& £ 0.543, RMSE., 18 H1 0.750 P 21 0.541, £ 78 7
Mg RS E T HERE . Bk, ATP AEY R 8
1B 22 B H 87  TRAL B2, 454 PLSR, ] DA SEHLX 52
v TAMC A TYMC St 52 ) PR 3ol vf o & Tl o 3X
PP 7 VAR BT 58 Xk, AT L BE Ay o o R 4 3
AR it B0 L AR P 2 &, T AN — AN
AR E JE Bl . AH R R EIE R AR AR, X 7] /E 2
FH T 79 7 T ) JB RT3 S - 35—, TR 7 v A G ) R
AN, B IR dm i R A A KL B E R ICR
i s [ A i 9% ik, T 7 L 2R T AR K 1 TR T R LR
VHERMREEE . HERFTERTRNTHE

T2 B P A ) A K SR A, T 2 R E P Rl R
1M &, AR Hl AR KA, JCHR T 75 JE A ]
B FRAE N TETE S 55, R, 35 R0 45 SR AR AR A
FESEMAEYIBE . 1 ATP AV R OGIEIE T 92 6 K i
T RE, 7R E AT, 20 3 78 9 G 3 Bl A Mg™ 11
HEALAE FH R 4 57 M b AN Gl A 0 A AR TSR ATP s B2 5
BEBOG T, TR B R KOG EE, BRI
SRR . Rk, 7R AR E ) ATP A9 R 6 Al
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