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Abstract: Objective To investigate the relationship between the physical properties of Jinzhen Oral Liquid (4% 1 R ¥K)
intermediates and their total solid content (TSC) and the contents of effective components, and to establish a content prediction model,
thereby providing a reference for rapid quality evaluation of intermediates. Methods Samples were collected from two types of
extracts (mineral-botanical and artificial cow bezoar) and four key manufacturing steps (hot mixing, refrigeration, centrifugation, and
filling). Six physical parameters (density, viscosity, surface tension, electrical conductivity, refractive index, and pH value) were

measured, alongside the contents of six effective components (baicalin, wogonoside, glycyrrhizic acid, gallic acid, hyodeoxycholic
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acid, and cholic acid) and TSC. Correlation analysis was performed, and polynomial regression models were developed for the overall
process, the mineral-botanical extract, and the artificial cow bezoar extract, respectively. Results Correlation analysis indicated that
most physical parameters were significantly correlated with chemical components throughout the entire preparation process. Refractive
index showed a strong correlation with TSC (r = 0.845), while density was correlated with TSC and baicalin with coefficients of 0.529
and 0.505, respectively. In mineral-botanical extracts, the correlation coefficient between refractive index and TSC was 0.525. In
artificial cow bezoar extracts, refractive index was correlated with TSC, hyodeoxycholic acid, and cholic acid, with coefficients of
0.759, 0.729, and 0.593, respectively. The regression models established based on refractive index performed well in validation: the
model for TSC in the full process showed a mean relative error (MRE) of 4.04% and a mean absolute error (MAE) of 1.10%. The MRE
values for the baicalin and wogonoside models were both below 10%, and both passed the F-test. The MRE values for the TSC models
in both mineral-botanical and artificial cow bezoar extracts were below 6%. Conclusion The refractive index of Jinzhen Oral Liquid
intermediates shows significant correlation with both TSC and the contents of effective components. The refractive index method is a
feasible approach for predicting TSC and the contents of baicalin and wogonoside during the manufacturing process, as well as TSC
in both extracts. This study provides a novel strategy for the rapid quality assessment of Jinzhen Oral Liquid production and offers a
technical basis for the practical application of online refractometry.

Key words: Jinzhen Oral Liquid; physical properties; effective components; total solid content; rapid quality evaluation; refractive

index; baicalin; wogonoside; glycyrrhizic acid; gallic acid; hyodeoxycholic acid; cholic acid
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Table 1 Results of physical parameter determination for

mineral-botanical extracts, artificial cow gallstone extracts,

and manufacturing process intermediates

SHKT . VHENRE . .
pllgem™) pHIE n P p/(mN-m™) o/(uS-cm™)
R/ME 1.024 475 13449 701 274 6.44
TIUAi%  1.052 485 13704 10.67 372 10.86
Hfir 4 1.056  4.87 137351240  39.9 11.18
EIUafi% 1.064 494 13759 1879 409 12.08
ONE| 1101 5.09 138355038 422 14.81
-1 1058 4.89 137271617 387 11.33
SHKT . NTEHEE . .
plgem™) pHIE n P y(mN-m™) o/(uS-cm™)
w/MA 0.955  9.69 13282 3.86  26.0 12.44
FIOA% 0972 1022 13361 490 277 16.20
Hfir 4t 0.985 10.36 13379 5.08 284 18.52
EMfi% 0995 1046 13400 636 289 20.92

ONE| 1.007  10.62 1.3430 20.56  34.0 24.40
FHE 0984 1032 13376 7.80 285 18.43
SHKT ] 750 7 e ]
pllgem™) pHE n w/cP y/(mN-m™) o/(uS-cm™)

w/MA 0987 423 13361 432 250 2.65
TFUOG% 1.031 551 13420 5.08 359 3.11
Hfir 4 1.041 596 13461 579  38.0 3.28
EMhi%  1.047  6.65 13480 1044  39.1 3.44
S ONE| 1076 832 13592 40.07 435 4.59
A 1.039 600 13451 932 372 3.30
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Table 2 Content determination results of effective components in mineral-botanical extracts, artificial cow gallstone

extracts, and manufacturing process intermediates

MR E AL

il A e ]

ZHOKY  WE WA HER RETR BEEER

IR EEH NASH HER RETR BEAER  ER/

(mgmL™") (mgmL™") (mgmL™") (mgmL") (mgmL') (mgmL") (mgmL") (mgmL"') (mgmL™") (mgmL™"') (mgmL') (mgmL")

w/ME 8235  0.120 0.201 1.079 10.547
TFHAAi% 13539 3.101 2.543 1.444 14.099
i % 15.949  3.498 2.985 1.523 16.040

FI9fi%r 1848 3959 3.903 1.758 18.694
CYN | 24645  5.176 5.496 2.019 22.204
FHH 16.060  3.346 3.201 1.579 16.177

6.453 0.467 0.110 0.052 0.000 0.009 0.030
10.415 0.817 0.175 0.174 0.013 0.096 0.077
13.422 0.933 0.196 0.202 0.032 0.114 0.095
14.869 1.013 0.220 0.231 0.058 0.138 0.117
21.135 1.233 0.279 0.290 0.094 0.248 0.175
12.806 0.907 0.195 0.204 0.036 0.114 0.097

B 5D R B A
2.3 REFERNZE

FEEMRIL S g FEMIA, BCTHREEERE
(Xo) WzgRmd, EhisE (XD, BKifEET
J&, 7E 105 CHMF M ZREE &, %8 TEST,
AH 30 min, HEFERE (X)), & FHARITHE
AR, e RN 3.

S E R B = (X — Xo)/(X1 — Xo)

®3 THEYRE. AIHERE. SRR PEEHRD
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Table 3 Determination results of total solids in mineral-
botanical extracts, artificial cow gallstone extracts, and

manufacturing process intermediates

SHOKT _ lé\ﬁzti%<%+ ‘
WHEWEE ANLAHEE  §HdRE
5 /ME 27.24 9.78 13.13
I LR DA 30.84 12.59 20.17
7 4L 31.55 13.56 23.42
BB e 33.36 14.97 2431
=N} 40.22 18.25 33.60
“FIME 32.03 13.80 22.71
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FRbR¥To A .
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Table 4 Correlation of physical parameters with effective components and total solids in mineral-botanical extracts,

artificial cow gallstone extracts, and manufacturing process intermediates

o o — HIRAA
W pH 18 P FE Kk HFE
R A R (A FSNTIEES 0.529** 0.435™ 0.845™ 0.086 -0.318"™ -0.373"
WETFR 0.377" 0.447" 0.489™ —0.158" -0.353" -0.313"
S5 0.505™ 0.228" 0.599" 0.010 -0.265™ -0.292"
AT 0.465™ 0.304™ 0.537" —0.054 -0.359" -0.165"
HERR 0.430™ 0.348** 0.468™* 0.013 -0.194" -0.306™
KX AR 0.315™ 0.532™ 0.456™ 0.035 -0.422* -0.218"
JHER 0.241* 0.219* 0.389" 0.049 -0.173" -0.206™
YR E SNEIEES 0.326" 0.123 0.525™ 0.334" 0.012 -0.201
WEFR 0.472" -0.149 0.472** —0.047 0.033 -0.237
pigoas 0.408™" -0.208 0.236 0.099 0.128 0.274
ST 0.313" -0.315" 0.174 0.146 0.268 0.350"
HERR 0.363* -0.040 0.102 -0.205 -0.101 0.188
ANLAHEE FSNTILES 0.089 0.192 0.759** 0.055 -0.029 0.363"
B EHER -0.101 —0.084 0.729" -0.017 0.039 0.095
JIHER -0.121 —0.234 0.593" 0.017 0.071 —0.042
*, *FHIE 0,05, 0.01 A R Mt RE.
* and ** are significantly correlated at 0.05 and 0.01 levels (two tails) respectively.
#x5 ZLAEAEAHTRE
Table 5 Polynomial regression equations
HEEES fits S [E] WEIRZE O PE Z AU A TR
HlFd Ak SE AR AREE —311.78008 9334 —3.34 0.00 y=-311.780 08+458.974 64 x—168.771 89 x?
Bl 458974 64  138.85 3.31 0.00
B2 -168.77189  51.64 —3.27 0.00
WA #REE —1848.59881  745.16 —2.48 0.01 y=—1848.598 81+2 727.010 80 x—1 005.135 40 x>
Bl  2727.01080 1108.50 2.46 0.02
B2 —1005.13540 41225 —2.44 0.02
PR BE  —446.40446  168.67 —2.65 0.01 y=-446.404 46+659.700 53 x—243.609 51 x2
Bl 659.700 53 25091  2.63 0.01
B2 -243.60951 9331 -2.61 0.01
T HEWRE RERE #FE 27579337 79.96  3.45 0.00 y=275.793 37—403.789 71 x+ 147.960 87 x2
B1 —403.78971  116.97 —3.45 0.00
B2 147.96087  42.77  3.46 0.00
ANLAHEE lkE 8RR —6.595 56 0.94 -7.05 0.00 y=-6.59556+5.034 55 x
Bl 5.034 55 0.70  7.20 0.00

B1 A1 B2 73552 2 WA BT AL 1 IRIURN 2 RIS [l A R 4

B1 and B2 are regression coefficients of the first-order term and the second-order term in the polynomial regression equation, respectively.

FERIF A R R, e x) EiRTR R
DL RUFIIRAERE S, FTA [BIABE Y BA Siit 2%
BEME (P<0.05). SFEAEBE PG IR R,
WHSE R? 2 0.702, AR (F=164.75, P<
0.000 1), X} 5 FE N y=-311.784+458.97 x—168.77
x2o WA S POEES A AL H AR &

M (P<<0.05), MAMEES 7N R2=0.460 I R2=
0.377. fE0 HYNR BB, SR ERA RS0t
2R (P=0.003 1), {HPLEILE B RE (%5
Ji R?=0260), HI7EHK y=275.79—403.79 x+
147.96 x*>. fEANTAHEEEN B, s ek
BZEEELMERR, AN y=-6.60+5.03x, [#]/
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Table 6 Statistical results of polynomial regression analysis

HEEES LA ARSI A R R? WG R Fi& PiE

i) 7)o A ] 4 oy EikuS = 0.069 92 0.029 07 0.706 32 0.702 03 164.746 31 <0.000 1
HASAF 1.578 73 1.852 99 0.460 04 0.452 16 58.361 51 <0.000 1

DU ST 0.059 78 0.094 93 0.377 44 0.377 44 43.136 25 <0.000 1

YR E PENEIEEN =y 0.006 38 0.014 66 0.303 08 0.259 52 6.958 00 0.003 1
ANTAHET oy Gk =y 0.010 13 0.006 45 0.610 98 0.599 19 51.828 22 <0.000 1

AE S (P<0.000 1), %5 R2 M 0.599, 5
RUA]fRE S A B2 60% 11138 7

AR I T 3 TIOR8
PEFROIAE AL, (A B 558 R PP FR bR R? 2 2 50k B
B e u s, R PR RO B T E SR
1 R2E, TINS5 MAr GRS, KA PR ZE
(mean relative error, MRE) FIPFI4E%1 1% % (mean
absolute error, MAE) 5518 EW s BTl i 22 (1)
febr, ZRE TP B SEPR TN §E /) 50 A %
253 [AlAREALESUE 9 PEAl B R 52 22 I 5]
VARG R R SO P e, AR 55K FH A6 IR SR AT AR AR Y
BEAT A5, 3 v A 5 SIHNE < 18] (#) MRE Al
MAE PPt 8 () el v a1, 25 R ank 7 Fros

F7 EVIMRBIIGIELEER

Table 7 Validation results of regression model

HEEES Fekr MAE MRE/%
FIFSAE R A BEAE S 1.10% 4.04
AT 0.08 mg'mL™! 8.79

WHEEH 0.02 mgmL™! 9.76

YR E RERE  1.71% 5.57
NLAHEE MERE 0.66% 4.93

FE ) 77 A I FE A A e, ] A A AR 1) T
MRE 4 4.04%, MAE A 1.10%, 5 & 32Fr8
FEFEBIR, ZASE R AT o) 7 2ok 2 o R [ A B e R
ML ARSI XTIy, BT S DOE ST
(RIFRI MRE 43514 8.79%F1 9.76%, A7 [ Fim 4
RESAb T T2 VE . W REYIR B SN LA RIRE
(1 ] R B AR A 451 R I R 47, MRE 43311 5.57%
4.93%, ] T SRR PR A

RS R RN, BT HrGR M T H &
EHHERAYE SR E . MR R AINGE R
HHITM MRE KT 10%, A4t fam A
TR TR B B B e [ A = TN P OC R
MRE /NT 5%. AHF 7SIl e S50 50 5 1oy
() SRR A o B 4% SE B LA E R T T,

FE AR TR 7 AT LT e O %0 1 i A2
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3 Wig
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ZAAEAT A AL G A =g TR AR
T EORSR AL 7 ISR, Dy rh 2GR e R A 5
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