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Research on the Purification Process of Huangbaiyi Lung Drink Based on Characteristic Map and

Multi-Index Comprehensive Evaluation

WANG Bo', HUANG Xueyan', LIU Xiaoxia', FENG Xiaoli', WU Xiaoyu', HOU Xiyang', WEI Shuchang'**"
(1. Gansu University of Traditional Chinese Medicine, Lanzhou 730000, China; 2. Gansu Pharmaceutical Engineering Research
Center of Traditional Chinese Medicine, Lanzhou 730000, China; 3. Longyao Industry Innovation Research Institute, Lanzhou
730000, China)

ABSTRACT: OBJECTIVE To establish the characteristic map and multi-component content determination method of Huangbaiyi
Lung Drink, and to study the purification process of the extract by ceramic membrane ultrafiltration technology, and to establish a
purification and refining method for the extraction of Huangbaiyi Lung Drinking Water suitable for industrial production.
METHODS HPLC was used to establish the characteristic map of Huangbaiyi Lung Drink, combined with chemical pattern recogni-
tion to screen the differential components, and the orthogonal design experiment L, (3*) was used to optimize the optimal ultrafiltration
process parameters of Huangbaiyi Lung Drinking Water extract with the identification components, the retention rate of total polysaccha-
rides and alcohol extracts and the impurity removal rate were the process evaluation indexes. RESULTS There were 19 common
peaks in the characteristic map, 4 components such as chlorogenic acid, and 11 differential components such as verbascoside isoflavone
glucoside were screened. The optimal ultrafiltration process conditions were as follows: membrane pore size of 20 nm, operating pres-
sure of 0. 12 MPa, feed liquid temperature of 20 °C , cross-flow velocity of membrane surface of 4. 6 m + s ' | the retention rates of total
polysaccharides, ethanol extracts, chlorogenic acid, verbasyl isoflavone glucoside, glycyrrhizin and rutin were 82.86% , 84.23% ,
92.97% , 92.54% , 92.92% and 92.29% , respectively, and the impurity removal rate was 11. 73%. CONCLUSION The estab-
lished method for the determination of multi-component content is reliable, and the selected ultrafiltration refining process has low pro-
duction cost, good safety and high repeatability, and has a good prospect for industrial production, which can provide a reference for
the refining of aqueous exiract of traditional Chinese medicine compounds.

KEY WORDS : Huangbaiyi Lung Drink; feature map; chemical pattern recognition; analytic hierarchy process; ultrafiltration purification
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S1 —extract; S2 —S10 — ultrafiltrate; 7 — Chlorogenic acid; 11 — Calypin glucoside; 12 — Glyeyrrhizing 13 - Ruting 1 -6, 8 =10, 14 — 19 — unknown peaks.

B1 % f 5 RREUR S 9 AR I R i R AE B (A) A0 % R AE & 3 (HPLC) I (B)

Fig. 1 Characteristic map of extracted solution and 9 batches of ultrafiltrate(A) and HPLC diagram of Huangbaiyi Lung Drink(B)
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Fig.2 Systematic cluster analysis of Huangbaiyi Lung Drink
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Tab. 1

Characteristic values and variance contribution rate of

Huangbaiyi Lung Drink

Principal component Eigen Percent Cumulative variance
factor value variance/ % contribution value /%

1 12. 368 65. 093 65.093

2 3.170 16. 682 81.775

3 2.311 12. 161 93.936

PR] 280 £y 2 I AT i e A 0 55 4 S B3 =2 T
MIER, I 2, 85 R U, i 1 Rk 5.7,
10,12 ~ 19, F a5 2 R 1.2 .4 9, 54 3 R
F1%3.6.8.11,
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1593, LhAS F2 8050 %8 7 1) 5T ik 236 AN i R B0 2R
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Tab.2 Factor load matrix between common peaks and princi-

pal components of Huangbaiyi Lung Drink

Load

Common peak
Principal Principal Principal
number

component 1 component 2 component 3

X1 0. 170 026 0.376 415 -0.001 770
X2 0.055 412 0.515 975 0.031 490
X3 0. 190 910 -0.104 439 0.388 755
X4 -0.019 670 -0.492 617 -0.029 710
X5 0.276 878 -0.082 044 -0.069 750
X6 0. 120 453 0. 172 390 -0.520 340
X7 0.278 911 -0.005 559 0. 115 043
X8 0. 187 848 0. 094 069 0.467 396
X9 0.229 155 0.296 297 -0.103 440
X10 0.277 863 -0.004 733 -0. 106 960
X11 0. 164 425 0.116 014 0.505 223
X12 0.282 170 -0.032 585 —0. 044 900
X13 0.280 799 -0.033 471 -0.076 920
X14 0.280 208 -0.029 356 -0.072 480
X15 0.271 533 0. 085 267 -0. 117 960
X16 0.272 568 -0.091 249 -0.087 730
X17 0.222 138 -0.332 702 —0. 080 800
X18 0.273 019 -0.075 890 -0.123 960
X19 0.247 570 -0.238 341 0.074 814

RI FoankNERPETFELET
Tab. 3

Principal component factor scores and rankings of

Huangbaiyi Lung Drink

Score
1D Sort
yl y2 y3 Composite score

S1 9.733 78 0. 858 56 0.549 08 612.603 4 1
S2 2.744 65 4. 660 24 0.515 84 250.127 3 2
S3 1.481 84 0.078 03 0.573 95 104.738 8 3
S4 1.069 71 0.221 51 0.889 18 76.748 24 6
S5 0.999 44 0.232 03 1.483 31 79.223 83 5
S6 1. 114 53 1.190 23 1.244 29 67. 824 02 7
S7 1. 368 70 1.463 42 0. 084 05 65.702 75 8
S8 1.237 09 0. 769 66 1.013 04 80.005 9 4
S9 0.191 99 0.452 36 2.370 50 —48.869 8 9
S10 0.090 18 1.267 63 2.950 58 -62.897 4 10

4

=1 s1o

S7
S 0 ; 59 -
@s1 2
2
4
®s:
-6 T \ — T
-15 -10 S 5 10

0
1]

B3 10 #F & o AR 8 E R 0 HE

Fig.3  Principal component score matrix of 10 batches of
Huangbaiyi Lung Drink
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Fig.4 OPLS-DA diagram of 10 batches of Huangbaiyi Lung Drink
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Fig.5 VIP diagram of each component in Huangbaiyi Lung
Drink. n=3
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pg + mL 7 HELF AR Y =8.321 3X +46. 801
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1 — Chlorogenic acid; 2 — Calycosin glucopyranoside; 3 — Liquiritin; 4 — Rutin.
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Fig. 6 HPLC chromatogram of mixed control (A)
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A - Huangbai Yifeiyin benchmark test product solution; B - liquorice negative sam-
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alus negative sample solution; E - lack of honeysuckle negative sample solution;
1 — Chlorogenic acid; 2 — Calyptoflavone glucoside; 3 — Liquiritin 4 — Rutin.
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Fig.7 Specificity investigation of Huangbaiyi Lung Drink
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, extract (B) and ultrafilate (C) of Huangbaiyi Lung Drink
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A2 25 mL &, & .
2.6.3  ZAMEKRFREE FHEWIR2. 4. 17 TR XR
AITAROE B, B S mL BN AEKE 2, il s R
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Xt AR 1 mL B L IA 5% R
3 1 mL.83. 3% WAz 5 mL, $R#% , 3l /K IA30 min,
UKW S min, DL &K O 25 =1, SR Sk o0 B ACTE
488 nmi | A0 I TE WO LA BE Sy 90 A AR
(), 5T o e B2 S B A bR (X)), ST [mT A 5 #E Dy
Y=6.58 x10 X +0.238 1(r=0.999 3) , 2 ¥k
Fl W 25.25 ~126.25 pg - mL™",
2.7 BHEMEREGEENE

2 R ORI AN [F] 22 454 M AR BOR IR
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1,105 CTHepr, iHEH & &
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2.9 Bhattrsemg?

BB 2R R (y,) FEREYIRE R (y,) (2
JERROR B (y; ) (B80S s IR A A B DR B R ()
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Tab.4 Pairwise comparison matrix of indicators of Huangbaiyi

Lung Drink

Index Y1 Y2 ¥3 Y4 Ys Yo y7
Y1 1 1 3 3 3 3 5
Y2 1 1 3 3 3 3 5
¥3 1/3 1/3 1 1 1 1 3
Ya 173 1/3 1 1 1 1 3
¥s 1/3 1/3 1 1 1 1 3
Y6 1/3 1/3 1 1 1 1 3
¥7 1/5 1/5 173 1/3 1/3 1/3 1

MRAE A 3 ~4 THE R IAE R (w,),
5]y, ya ya Ve Vs Ve Xy, BUBLER R B R
0.277 8 .0.277 8 .0.100 9.0. 100 9 .0. 100 9 .0. 100 9
A10.040 8,

w, = (a,a,a;-a,) 1/m NE(3)

w; :wi/élwi, /l_\\j‘«t(“')

PR AT S ~7 XA R F i — 2otk
550, 5B — B M LR (CR) <0. 1, RLIE LR
S —BOPE R A RS B R

CR =CI/RI A~(S5)
CI'= (A —m)/(m-1) 23(6)
Ao = 2,2 (ay0/0)m AA(T)

CR Oy FEHL—E LB PR 5, RT S5 H NP I BEHL
— kbR, CL N —SEIER A o FERRFIEAR .
2.10 HEigHAMTZHR
2.10.1  fefEREALARMH L BRALAR BRI T
R0 E 5 TR AL R S5 R R WL i AT O Y
ERENER, TSIZH A A B D B S R B, 1A
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J10.1 MPa B} 90 BE 25 °C B T OR 8 R
4.6 m - s HPRCRIREE . UL, KIS = E S EE
Phyy Yo Y3 Ya¥s Yo ¥, MR R FR, JFAR AL E &
FOtE LA (Y) o T 50,2010 nm 3 B AL
il AR, R E S, HABEH
10 nmfhf,y, & 3 50 #1 20 nm fLA%, {H i 3§ 3B 4L
18 fLA209 50 nm B, B AR DEE R (H v, B
BB AR AN IRAR 255 7K AR 3 v P R sk
8 AR AL 20 nm B BE B

x5 FamROFEELETETIMEFNEER, n=3
Tab.5 Results of evaluation indexes under different membrane

pore sizes of Huangbaiyi Lung Drink. n =3

Membrane Y1 ¥2 y3 Y4 ¥Ys Y6 ¥7

aperture/nm /% /% /% /% /% /% /% !
10 53.37 70.35 89.35 89.91 87.84 86.79 15.21 91.68
20 56.60 74.09 92.52 91.24 90.23 89.36 13.44 95.05
50 61.22 75.41 95.38 96.35 96.68 92.85 10.40 98.70

2.10.2  IEAZSEE ARSEEG E A SLAR 20 nm (1)
TR R Ly (3%) RSB I, IRAEIE 1 (A) |
BHEGREE (B) (BRI I B (C) AH AR, L
Y1 Y2 Y3 YarYs Yo Y2 AP 8, IR A E R 5L
R ZEAES (V) IR RAEBIE T 2S5, W &R
KFILF 6,

R6 HAmfiRERLHAFAFR, n=3
Tab. 6 Factors and levels of orthogonal experiment of Huang-

baiyi Lung Drink. n =3

Factor
Level
A/MPa B/C C/m - s~!
1 0.08 20 1.2
2 0.1 25 2.9
3 0.12 30 4.6

M IEAR (6 7) By 2550 a5 (2 8) T A1, 257
TELRE ([RIZE B) X 8% (28 Il ISR B R I 4l ik T2 255K
IEE AT S, BRI Ty (3R A) T 5 T
(R C) M IR LR 45 A B, 458
TN B8 o P A R P S T A R T S 4
VoS JEURIAIURE , 5 R AT M 25 A, R o B 11 TR 5 R
IR EE SR R SR . e ik
FAEBIE T2 A3BIC3, Bl 45AE & J7 0. 12 MPa, 24
VIR 20 °C BEHIS TR 4.6 m - s 7'

2.10.3  BIESLE A TR T A MR E T, %
A3BIC3EI A AT #BE 3 YR, #5345 RSD ) <3%
VLU IZIR AL T 2R vl 5 Bl 8, WK 9,
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Tab.7 Orthogonal test results of ultrafiltration purification process of extract of Huangbaiyi Lung Drink

Serial number A B C D( Blank) Y1 Y2 y3 Y4 Vs Y6 y7 Y
1 1 1 1 1 64.37 89. 84 86. 66 93.35 94. 62 93.97 12.42 92.22
2 1 2 2 2 60. 85 87.63 90. 05 81.36 82.35 83.35 10.79 86. 48
3 1 3 3 3 62.96 88.72 96. 04 83. 65 88.62 86.26 9.02 88.78
4 2 1 2 3 76. 89 85.49 92.41 95.69 94. 68 90. 64 11. 49 95.20
5 2 2 3 1 72.75 89.21 95. 47 80.32 81.42 86.27 9.47 91.15
6 2 3 1 2 74. 08 77.49 95. 67 93.32 92.58 90. 74 8.38 90. 66
7 3 1 3 2 83.97 85.76 93.70 95.92 92.68 90. 58 11.03 97.42
8 3 2 1 3 77.31 81. 14 92.15 80.71 84. 64 85.46 9.18 90.01
9 3 3 2 1 69. 38 89.90 96.23 81.75 85.27 81.51 7.89 89.85
K, 267.48 281. 63 272.89 273.22
K 277.01 264. 16 271.53 274.56
K3 277.28 257.73 277.35 273.99
R 9.8 23.90 5.82 1.34
RS FOEMRWMAEMTZT Z0%
Tab. 8 Variance analysis table of purifition process of Huangbaiyi Lung Drink
Source of variance Sum of squares of deviation Degree of freedom Mean square F P-value
A 20.770 2 10. 385 68. 893 0.014
B 60. 041 2 30. 020 199. 147 0. 005
C 6.179 2 3.090 20. 496 0. 047
Error 0.301 2 0. 151
R FoamfUORERRAELT LRI
Tab.9 Optimal purification process validations of Huangbaiyi Lung Drink
Test number v/ % yo/ % y3/ % y4/ % ys/ % v/ % y7/ %
1 82. 14 82.91 91. 08 92.82 91.85 91. 86 12.01
2 81.75 84.48 93.52 90. 97 93.94 92.87 11.77
3 84.69 85.31 94.31 93. 84 92.97 92. 14 11.43
RSD/% 1.93 1.44 1. 81 1.57 1.12 0.56 2.48
34 i 0.98 Kl 2] 19 A~ ItA7 e, U0 H 4 A FFAE

o i iR EA TE R 2 R B 2 2, &
P RFEIRRE it B kA Al S A IR, S B Vi il
T R Z TN S AF I R TT o AR HORSERH 5
RAEREE VRN E RS R T Y5 BHRR R
R BN 388 W B R A M AN AR . 57K SR
DUMIEE , M98 BAT SE AL i ) e R AR L AN A
ARSI o H T P R e B T v i i
RO LA AR SR P M e P i A K SR .
RS AL e ZE AL B Bl S R AR
1 1 S TR Y3 38 A AT Ik ZE R AL BRSO Ak
PEEBGE M R TSR N S R AL
BIFTE A i B, AN S5 39 P I T 3 € A O B
LZHOMLEAL .

AR S FT A S 69 R Ak R DL 8 OR T

PIE 222k 2025 4F 4 H 5 60 45 7

I3 IR 6 A S B I A A W L A
T, e ad Al e A TR B it B A S B TR R 4 b
HE LA 225y TRl 7 22 103 & &
FEMJT R o MUEPEFIE =S A B 25 A PR B
o AR o

H 2 5 7 v B —F R B P B0 M L S R A 7
B, R IR BT 5 b B R T RE AT . AR SEERTE
TEFE 4 Fh bR s iU IR 2 b B B 20 2
R i U AR AR WA APE 545, DA 41 B2
HIPFAT R TE T2,

TR ZH 7 F S B A R AR B 2 AR
1 2R IR B e s R A A W H R O T
BEHE R YT AR R A F) 1,240, 31
0.47.0.28 32.15.35.59 mg - ¢~ 'k b, FL&at i uE
- 745

Chin Pharm J, 2025 April, Vol. 60 No.7



BRI 2 O SR IR AV A 5 R S S TR R
SRERRAR BE R B 05 A A 80T o 8 Bk 5
g R, TS Y B A 45 O g el Ak T 25
TERGE ATAE, SR AT, Al O B A g AR 7R T A
Je Tl A 4R e 2%

REFERENCES

(1]

[2]

[3]

[4]

[6]

[7]

[8]

[9]

[10]

- 746 -

SUN S Z. Clinical observation of modified Huangqi paste com-
bined with western medicine in the treatment of pediatric bronchi-
al asthma[ J|. Chin Folk Ther( H7 [E R |A)y7¥:) , 2018, 26(3) :
53-54.

Ch. P (2020). Vol IV (1 [& 255 2020 4Ffiz. pu#g) [S].
2020 :26.

RAN X, WAN L J, LI J T, et al. Study on the extraction of
Huangqi and the purification of the extract by ceramic membrane
ultrafiltration[ J ]. Chin Tradit Herb Drugs ( Hi24) , 2022, 53
(19) :6035-6043.

SHI P Q, LIU X X, SUN X Y, et al. Optimization of the prepa-
ration process of glycyrrhizin by coupling ultrafiltration and com-
plex extraction and stripping technology by Box-Behnken response
surface methodology [ J]. Chin Tradit Herb Drugs ( WP 2%) ,
2019, 50(23) :5739-5744.

WEI X J, CHEN Z L, SUN C R, et al. Study on the process of
ultrafiltration purification of Lianhua Qingwen Granules by inor-
ganic ceramic membrane [ J]. Lishizhen Med Mater Med Res ( Ff
BEERZ)), 2010, 21(1) : 166-168.

DUANT H, XU R R, LI R, et al. Establishment of UPLC fin-
gerprint and its antioxidant spectral effect relationship between
Angelica chinensis [ J]. Chin Pharm J (H[E 25 2% 24 3&),
2024, 59(10) :896-903.

LIUY R, LET R, SU J, et al. UPLC-MS/MS method was used
to determine the multi-index components of Red Ginseng, and the
quality of ginseng grains was evaluated by chemometrics and en-
tropy weight solution distance method [ J]. Chin Pharm J( 1 [H
2y, 2024, 59(15) 1 1445-1452.

WEI'SC, YUAN W J, YUY, et al. Study on ultrafiltration pur-
ification process of Red Astragalus extract [ J]. Chin Tradit Pat
Med( P AYZY ), 2011, 33(4) : 599-603.

WAN L J, HE H J, WANG B, et al. Study on nanofiltration
process of ultrafiltrate of Astragalus membranaceus and drying
method of nanofiltrate[ J]. Chin J New Drugs( ¥ [E#25Z43%) ,
2024, 33(7) :722-729.

DING M, WANG L L, QINY C, et al. Study on water extraction
process of chlorogenic acid from Honeysuckle[ J]. Zhejiang For

Sci Technol (Wi T A BM ) , 2022, 42(2) :15-20.

Chin Pharm J, 2025 April, Vol. 60 No.7

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

CHEN H W, TIAN P P, HE X H, et al. Optimization of extrac-
tion process of Wenxin Decoction by multi-index comprehensive
scoring method[ J]. Chin J Exp Tradit Med Form ( " [E 325 J7
FlEZRik) , 2018, 24(20) :25-31.

WANG D D, LIU S J, BAIS X, et al. Optimization of spray dr-
ying process of Liange Xiaoke extract based on multi-index com-
prehensive scoring method[ J]. Chin Mod Appl Pharm ( H [E ¥
RRLFHZE ) , 2022, 39(15) :1962-1966.

ZHU Y H, LIU X X, WANG J L, et al. Study on the purifica-
tion process of licorice glycoside by ammonia extraction combined
with ceramic membrane ultrafiltration technology [ J]. J Chin
Tradit Med Inf ( "h B v 25 (5 B 244 &), 2017, 24(6): 71-
74.

ZHU Y H, LIU X X, WANG J L, et al. Study on the simultane-
ous extraction and purification process of glycyrrhizic acid and lic-
orice glycoside based on ceramic membrane ultrafiltration technol-
ogy [ J]. Chin Tradit Herb Drugs ( FH¥52y), 2016, 47(23) .
41734178.

YAN Z P, WU R J. Application progress of ultrafiltration mem-
brane separation technology in the production of traditional Chi-
nese medicine preparations [ J|. Chin Tradit Pat Med ( " i,
7j), 2018, 40(7) : 1571-1575.

ZHU M Y, CHEN S L. Research on pollution and prevention of ul-
trafiltration technology and ultrafiltration membrane [J]. Mech Elec
If(HUEAEE) , 2018(35) : 14-19.

LIU B B, LIJ, SUY, et al. Study on membrane fouling of lactic
acid fermentation broth clarified by rotary ultrafiltration membrane
assembly [ C]//China Membrane Industry Association, Beijing
University of Technology. Proceedings of the Fourth China Mem-
brane Science and Technology Conference. Proceedings of the
Fourth China Membrane Science and Technology Conference,
2010:495-500.

ZHANG Z H, LI L, ZHAO S K, et al. Application of ceramic
flat membrane ultrafiltration in treating low-temperature and low-
turbidity water [J]. Clean World (7 ¥t AL) , 2023, 39(6) .
22-24.

WEI L, YUE H. Application of ceramic ultrafiltration membrane
in chemical wastewater [ J]. Ceram Sci Art( PGBl 525AK),
2023, 57(3) :58.

NIU S F, LI L. Feasibility study of small-pore ceramic ultrafiltra-
tion membrane in inulin extraction process [ J].
(fL TR, 2021(6) :164-165, 184.

FENG X N, XIONG R H, MA W J, et al. Study on membrane

fouling of ceramic ultrafiltration membrane for separation of natu-

Chem Manag

ral organic matter in water[ J]. Water Wastewater ( 45 /K HE/K) ,
2020, 56(S2) : 136-141.
(IR H 3 :2024-08-13)

272k 2025 4 4 55 60 B 7



