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Identification of taste critical quality attribute of Chuanbei Pipa Syrup and
optimization of formulation based on human senses and electronic tongue
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Abstract: Objective Taking Chuanbei Pipa Syrup (CPS, JI| VIRLAEREZK) as the research object, this study aims to establish the
identification and evaluation methods for its taste critical quality attribute (CQA). Based on these methods, research on its taste
improvement strategy is conducted to improve patients’ medication compliance. Methods Firstly, the taste assignment method was
used to identify the taste CQA in CPS. Secondly, the taste CQA evaluation method of CPS was established based on human senses and
electronic tongue. Finally, the taste improvement strategy for CPS intermediate was established based on human-machine interaction.
Results The bitterness of CPS accounted for 53.42% of the total taste, and it was determined that bitterness is the taste CQA that led
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to the poor taste of CPS. Based on the safety, solubility, sweetness, and other limiting conditions, the optimal taste formula for per

milliliter of CPS intermediate was made up of 4.8 mg stevia, 90 mg erythritol and 90 mg trehalose. Compared with the CPS product,

the sensory evaluation score of the sample after flavoring was improved by 14 points. Conclusion This study focuses on CPS and

develops a set of taste improvement strategies from identification of taste CQA to formula optimization. It provides ideas and methods

for effectively addressing the adverse taste of Chinese patent drug.

Key words: Chinese patent drug; Chuanbei Pipa Syrup; taste; critical quality attribute; electronic tongue; human-machine interaction;

formula optimization
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JERE IR CQA TR 7V, SEEL T/ LEE Mk
WS /N LTE T BURL 2 Fhrb e 2 1 1R el 1819,
DA R ARt 72 B AT AT« A0 58 LA CPS it 7T 35
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TREEHERE (LS 117825000, CAS 5 149-32-
6, JET4=99.0%) FLFERE (5 111109, CAS
5 585-86-4, FiETE=98.0%). LFLHERE (ILS
dt472, CAS 5 50-70-4, JiE/r%0=98.0%). %%
% (it'5 49357c, CAS 5 33665-90-6, JiifE 4=
98.0%) HHZGHEEF (Ht'5 67093e, CAS 5 57817-
89-7, FEDE=97.0%). HEEHE (L5 92361d,
CAS 5 99-20-7, JiE73%0=99.0%) KTt
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211 BRIRERTE R (REZH) 2020
SRR 2 R R 2, SEit CPS H TR H 24 13
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2.1.2  CPS ¥k CQA #HHZER  MRIE (hEZj)
2020 “ERRICE, CPS FHEM I NERHRIRE . K548
PEAEI L AT DG 4 Fobr 2G4, FLBEVR IR R gk
AECEGUILEER 1, 758 R HAE 5 i Lk 2.

1 CPS A HLGHERIEA R R E

Table 1 Taste description and taste assignment of CPS

2 RS ida Wk
JIBERRE WA 77 0.50 4
R BRAET R H 05048 ¥ 1.00 4
AT URE 7 0.50 7
VLA I I 3 U 3% 1.00 %3

®2 CPSA/RTAFNERHENEN
Table 2 Dosage and weight distribution of CPS

i) F /g FIEAE
M IBEREE 45 0.080 4
ity d 45 0.080 4
HEHE 300 0.5357
T ki 170 0.303 6

I “2.1.17 TR 7k EAA CPS HIRE N
0.04, TR TA 0.39, FEIRTFHN 030, RNFELE
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Fig.1 Taste score radar map of CPS
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%5 BB 100 mL CPS 1 [AMAE T 250 mL ke
M, IMAFERFIG, SRR LA 750 t/min
PiFE 15 min, IR TE VMR IR Bl
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HL 3R AR A SR T R A% SRR TR R BB . RN
25 mL FHRBEAH, FREME T B3 ae R
ML, ORGSR AE S S, BRI 1 AR
WHE 1 TGRSR EY 10 s.
232 HLFEME IR B4R E B CPS FRE]
25 mL, KGHEE T HlRER RS AL, e
AL E N 120's, i03% 120's H 7 HRATG IS i
B, THEIXEN 20 s FEEFD B VCH 3G 1 SR 1
RSD; [Al—FESEEMIE 8 K, CFBIMNER 7 R
FEREER A AR, THEIX A 4 K SR B0 11
i BB ] RSD.
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BIINT 4% BRI, HR A AN [0 s ) Rt e
M) L~ S 8 ] 7B () AR A O, 45 B T A
FAERTHFERAS, 2 R S AT (8] 120's, TR R
A ZUX A 101~120 s; MRKECH 8 ¥k, Wi
A A X B 5~8 Ko

ST E AR T VAR CPS HR AR R
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FORE S E A1RG 1 he EJEERABENL. S5 M I77EXT
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SED), FAR#E SED R Xl g T M AL ik,
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2,53 HrWRFIECECARE T A AR I R A R )
MEFAINE, KA Box-Behnken SE46 3111575 3
ANFEVFRFIFIBLEL T 2, W inT CPS H [alA J5 3K 15
TRFEM . ZHEAHE IR FH S NREHEES S
IR CQA VRN JTIERT R RAE fh AT e, B %G
KA I TIE, R PCA AbFHL ¥
AL A W SR, v B R RE B TR AR
SED, gt H-IREN 3 Fofr /2% 28038 AU R A O s
T NBCE PO X i iRk 45 R AT e S
ik, FREURECTT -

2.6 CPSECHRIL

2.6.1 CPSHURFIFEI RS R CPS HiF 4 [z
INREERERE . FLRERE . (LAYRERE . cIRE. S b
B NS 6 MR St R A o AR AR e S AE
¥ PCA 2R WA 2 fro, 25 1 B A 2 2K
I3 B BT Z TR N 91.32%, FKBIET 2 A3 s
AT DUSBRERE i UG B o THREIN Ed 6 Fhrivk
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A-cumulative variance contribution rate graph; B-principal

component score graph.

B2 AEHFmIETEERSEINE PCA LR
Fig. 2 PCA results of electronic tongue sensor response

values for different samples

FURE S B A k2 8] () SED 18, 5% W% 3. SED
(B, U B B o R d oz, AUREATTZ TR
IR 72 55 S TG, AT S D A A AR HE R SSCR
AF, UG- RIRAENERIRA . RIRERA; o
Fe N LA BRI ST R A R ) A i
FIRES TR I B ANE A RS, AT T
SRR SED A f5e K A 7R BRI K% B BRI S Aok
4k, SED 1EE 4. 5 HIFSGHEH SHEEMEE N CPS
Hh AR =2 B R B R AN BE PR A R
F R, BETGE G B — FH AR = A R SR

2.6.2 CPSHRMGIAINETHES R HRIERE FDA
®3 AMAEMAERFRFHRS CPS FaEl4kE SED

Table 3 SED between different corrigents and CPS

intermediate
2 SED A SED
IREE R 5.38 GRE 0.25
FLpE R 3.04 iELinss 0.74
Ll ALk 1.75 NS 0.31

HES BT AREE B ADI A 4.0 mg/kg, ZEE A
A5 & 60 kg Al CPS H kA& 30 mL, i€ | CPS
R 2B BRI NN 8.0 mg/mL;  REEHE RS
2% E FDA #HLHERIIAN—B AN TG, i
T IREERERE I I RN NN 300.0 mg/mL; g FE A
AR, HIRAME ADI e, HifnEs%
IREEHERE .

BT ST E R 3 RPN
B, DARKIINER 100%. 50%. 25%H] 5K 5,
Fert Hs it AT 552, S50 EoR, SHA RN
4 8.0 mg/mL. FREEFEREASINE 150.0 mg/mL.
RN DA 150.0 mg/mL I, A LLSE VAT
CPS HrEfAR . DRI, JETVA A IO . R
BRI | 505 (1) 5 RV I 23 il 9 8.0+ 150.0. 150.0
mg/mL.

F B RFRFE AT Be 2 B R R, B 3 B
WP R ) 5 T VA A T T B RN IR T 100%
80% - 60% i1l 25 Ff it 25 SEHT AR T RE T8l B2 11 e R
I BRSPS Rk 4 PR,
SEIRER, AT Hr R ) A 7S 0 = A L
FHAGPETF RN 8.0 mg/mL. FRGERERE A INE N
150.0 mg/mL. ¥ #EHEA IIE A 150.0 mg/mL I )
VP e, R, B TR A4S, FRaEnE
. HESERE I ORI 43 A 8.04 150.0 150.0
mg/mL.

Fd4 FERIET 8 — Gk o 5 A O

Table 4 Overall taste of single corrigent at different dosages

S WINE/(mg-mL™) SR TR
5 p 8.0 T
4G p 6.4 &

FH A 4.8 =
ViN 351 150.0 A
TR 120.0 eE
7 90.0 &
TN 150.0 (i)
TN 120.0 H
TR 90.0 o

SN T 3 G R 22 i A A R R S BORE
i, LA 3 PRI T # R BT E R RN I
100%- 80%- 60%- 40%fHl % FE M, 5 E2Hr k7]
T T (0 S TR N, AN R RS il 1) 2 2 K
PG RNER 5 Fiom. S5REoR, HEsME. 75
BEPERE . WEIERE TSN I 246.4 mg/mL B, J
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#*5 TEIRMETERFKT GHFEE-REEE-SE N 120 mg/mL, HEFRINTEH 120 mg/mL.

PE4:75:75) MRMAOR
Table 5 Overall taste of compound corrigents (stevioside-
erythritol-trehalose 4 : 75 : 75) at different dosages

N/ (mg-mL™) SR T
308.0 5
246.4 g
184.8 T
123.2 T

FUESEN L T AR A2 & . ik, &2
TR A S B KIS N BN 246.4 mg/mL, HH,
THAGREEY . ARBERERE. MFEERELLGIN 4 075 175,

R LRTIR, AWPRET A ERE.
SEBCERFE 4 ANYE R AR R & AT BR &
WE T 3 FHRURFILE CPS H A4 b B AR I &,
ENEH 2 E AR INE N 6.4 mg/mL, FREEFEELRINE

2.6.3 CPSHMRGIMLLLIRILAE R o2 4 i ik
HER SRR . AR EERERE R ERE 3 MR A B
fEH, £ Box-Behnken SZ4% %11, “KH] Design-
Expert 8.0 it 3 BKIE 3 AKFIAFE] 17 ANk
77 %, Box-Behnken SZ56 %117 & F 17 ANFRWREE A
(S1~S17) 5 CPS AR ¥ H L& (AHS.
PKS. CTS. NMS. CPS. ANS. SCS) Ml Nt &%,
RT3 6.

KH PCA XT3 6 &5 B ATAb B, 25 1. 2. 3 &
R4 B BT Z DTN 92.40%, R IRT 3 AN F
4 AT DARRRE 18 /NMRE R IRBERAE B THE 17 MR
FEa B AR SED, HE 3-C ifLLEH, S11~
S13 SHE 5 rhaE A SED e K, R LIk 3 Fikk
RAE i R S AR A A . (R, 3% S11~S13
SFEEEAT NEE T

% 6 Box-Behnken SEIGi&H A ERBETEHMELER

Table 6 Box-Behnken experimental design and determination results of electronic tongue

- AN/ (mg-mL?) i WA

ElPEE  JREENERE PR AHS PKS CTS NMS CPS ANS SCS
s1 48 120 60 46057 1805.06 713.87 88330 213372 183953 733.30
S2 48 60 60 471.87 1606.41 711.22  666.15 193360 184599 741.97
S3 48 90 90 481.49 1389.69 683.65  446.78 1726.15 184884 747.35
S4 32 120 90 45530  928.39 64354  141.87 127758 1811.00 725.79
S5 6.4 90 120 47227 94446 63511 12233 128458 181091 739.18
S6 48 60 120 44442 112752 58174 20829 148053 176219 717.97
Y 3.2 60 90 43471  633.02 540.89  358.03 99522 173594 709.22
S8 6.4 90 60 47024  666.46 558.90 33835 102099 139214 735.61
S9 32 90 120 480.73 93514 558.10  106.10 128350 1157.97 744.60
S10 48 90 90 47993  907.41 313.74 1992.86 55226 183594 743.54
S11 48 90 60 488.02 4466 34756 152576 91.39 1851.11 749.45
S12 48 120 120 522.09  760.26 40450 183077 41533 181162 778.60
S13 48 90 90 49110 30528 39458 134564 17058 177218 750.72
S14 3.2 90 60 45548  159.89 379.77 120151 21115 174026 72524
S15 6.4 60 90 466.35  523.33 41362 52297  877.74 174486 735.32
S16 48 90 90 508.56  960.09 483.03 10571 1302.68 177251 767.74
S17 6.4 120 90 485.68 1051.62 506.39 49.96 140210 164596 748.21
CPS hE{A 0 0 0 309.49 215025 865.36 1461.18 281884 196273 633.17

HL -5 0T 1759 2 (1) 3 AMRIE TR AE it 2 CPS A%
i BB VRN S R 4 BoR, 2T FESM T 7%
R3] 4 MR E N R R 7 s, R T
ATH, 3 AMEIERE SR YT CPS it H S13
SREVP R . R, BE T CPS At FEREL Ty
NEHZGHETER 4.8 mg/mL. FREEHERE 90 mg/mL. ¥

BE 90 mg/mL. #HELT CPS fibh, Al B 7 A
AR E VPN R T 14 5.
3 FRERE

AT 5T R RV R GRS B S B 1
SR (] /120, DL CPS A, (K 24 i Hid 4
RS 57 AR AT VPR TRAR, i v R A 924
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intermediate
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Fig. 4 Sensory evaluation results of optimized taste-

adjusted samples and CPS product
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Table 7 Human sensory evaluation score results of

optimized taste-adjusted samples and CPS product

.- ZRInE/(mg-mL™) o

R IREEHERE RN 353
S11 4.80 90.00 60.00 80.75
S12 4.80 120.00 120.00 81.75
S13 4.80 90.00 90.00 85.50
¥ 0.00 0.00 0.00 71.50
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