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Abstract: Objective To establish simulation and evaluation methods for sensory and physical parameters of Shufeng Jiedu Granules
(SJG, B XSEEEMURL) placebo, develop its preparation process, construct a quality standard system, and conduct stability studies.
Methods A similarity evaluation model was developed based on critical quality attributes (CQAs) including sensory indicators (color,
odor, taste) and physical parameters (particle size distribution, bulk density), with the Pearson correlation coefficient (PCC) used to
quantify attribute similarity between the placebo and SJG. HPLC methods were established for simultaneous determination of artificial
pigments (tartrazine, amaranth, brilliant blue) and sucrose octaacetate for quality control. Results The placebo demonstrated human

sensory similarity scores > 3 (maximum score: 5) compared with SJG. Color and physical characteristics showed PCC > 0.998.
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Electronic tongue/nose analysis revealed taste and odor profiles consistent with human sensory evaluation. HPLC method validation

confirmed acceptable specificity and excellent linearity (R? > 0.999 4), with precision and other methodological parameters complying

with pharmacopeial requirements. Accelerated stability testing over six months exhibited content variation rates < 7.0%. Conclusion

This study pioneered a multidimensional quality evaluation system for traditional Chinese medicine placebos by integrating sensory

evaluation, physical characterization, and chemical quantification, elucidating the chemical basis of sensory stability. The methodology

provides critical support for similarity assurance of SJIG placebo in double-blind clinical trials.
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Table 1 Human scoring of similarity between SJG and its

placebo in sensory CQAs (X £ S, n =6)
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Table 2 Correspondence between AE and feeling of color

difference
AE* H A0 22 S AE* H AL 22
<0.2 NGB 3.0~6.0 A i 22 51
0.3~1.0 NIA] 225 >6.0 ZERIK
1.0~3.0 BrEM
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Table 3 Color difference between SJG and its placebo
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LRI 22.25 53.83 16.91 0.69

AL NS TR 2244 53.20 17.14

HFARSI B AR JE M % RGBL HSV DL B
HINHE BB EAR P (14845 . RGB it
075 ) ABE R (1302 = PR Ak P2 b i Rt 11 700 € A2
Y, T AR AR N HIR 1) €8 3R A e A R8O R Bl
JEVEAELL (red)s ¥ (blue) F14E (green) 3 AN[X 1k,
b /93] RGB =4t 2], &N T

SIC Z SIC %W

FEfc R ER B (B2 RGB B2 045 5 5%
FERZIE, DRI AR 5T RIS 5| N A4 0 6 AN S8 B2 7 JF A

HH) HSV B, e B R R . HSV
P 8, 25 (i) 4SS 2 1141 g G N R G €8 2 1) J R i 3L 4
&, mEAH (hue). WA (saturation) FIHHSEE
(value) 3 MrEM R, ©5 NRBSZ AN 7 AAH
ABLHL 25 (8] PR B 5 AR (B, B REXT it
23 () AT 2 AL A R A s 0S1, mT AR T i [ FH P
HMAR RS KEEEN R R NE R S
IR . ABTFIE Visualizer A% R4 iHEAT G
[RIFEE REE A 74T, DL Python T 5 3RELE Fv
RGB. HSV FUKFEAH 1€ 2 [ 2 AR K, dkif it
TR T 5

P £ R U BRI 2R “ (1)
THE” & RURAVEBCIRAS T e, & T
PrEMA, DL Visualizer G RFEIME, HFEEEG
(K 1.

TR SHL: Visualizer G RS H W GIR, B
I 1H) 2y 180 ms, HZNMEEE, BEGIKT 87%. EIF Ik
9 IPG 1%, 43 #E3% 5 300 dpi.

SIC L RFNE I

SIC “ZRFIER SIC ¥

El1 SIG REZREFIHXILE
Fig.1 Comparison of SJG and its placebo
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imagel = Image.open(image_path).convert("RGB")

pixels = np.array(imagel)

red_average = np.mean(pixels[:, :, 0])

green_average = np.mean(pixels|[:, :, 1])

blue average = np.mean(pixels[:, :, 2])

HSV HE R BUSATAAES U T

def average hue(image):

hsv_image = cv2.cvt Color (image, cv2.
COLOR_ BGR2HSV)

h, s, v=cv2.split(thsv_image)
average = np.mean(h) * 2
return average
def average saturation(image):
hsv_image = cv2.cvt Color (image, cv2.
COLOR_BGR2HSV)
h, s, v=cv2.split(hsv_image)
average = np.mean(s) / 255.0 * 100
return average
def average value(image):
hsv_image = cv2.cvt Color (image, cv2.
COLOR_BGR2HSV)
h, s, v=cv2.split(hsv_image)
average = np.mean(v) / 255.0 * 100

return average
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hue average = average hue(image)

saturation_average = average saturation(image)

value_average = average value(image)

IR B BAE AR 40 F

gray image = cv2.cvt Color (image, cv2.
COLOR_BGR2GRAY)

average gray = gray_image.mean()
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in electronic nose test

1000 Ty 44 25 A R 11 WU 72 430 5 B o 10 0 25
(bulk density, pp) IRSLE L (tap density, o), 3?
HHEZEMYILLE (Hausner ratio, HR) 1, A=
THiR.

HR=p/pv

(4 FEIT 51 KRR B T R v
FME E/&Eﬁrazﬂn%kﬁa%%qﬂ GRERN 25 C. Xt
RN 80%), 24h JEkEEFREFE (m). L SIG
MZEHNE 2 g, B LREMRS I TR ER
W, KEERRERE (m). HAREMMIT, 3h)55
IR EiGg, MERERE (m) U9, SIERMT
/NS W I TP

H=(m3—m2)/(m2—m)

(5) PCC 5N ABFFRRA PCC 1ER
PR 22 R AR RO AR LR I 2, PCC 2R H
W7 Z B bR Z TR, DAV BREE  #2 11 52
W, WS RB 2 AN RS AR L, —
FEBE R T O m S 0] e f AR 2 AR ALE (cos) iy
> qia)=A

PCC #: 1 B, FRox 2 NMEEZ AFIEIEM
%, B RBEL-1 B, FooR 2 MR AL
k. —HEAN, 2 PCC7E (0.8, 1.0] I, 241
PR A 24 PCC 1E (0.6, 0.8] I, 2 2%
SRANDE; 24 PCC1E (0.4, 0.6] I, 2 ZHEHE H R

=4 SIG RHZR

JEAHDG: 24 PCC 1E (0.2, 0.4] W, 2 AHHHEI5AH
K M PCCTE [0, 0.2] B, 2 HEIRMLIIHCEL
oA R0,

ARG, fdF PyCharm 3 1HE PCC, VT4
SIG 2 R 5 BT R A TR B[R] AR AU o

PCC [igfr A4 T

import numpy as np

datal = [XXX, XXX, XXX, ...... ]

data2 = [XXX, XXX, XXX, ...... ]

Datal = np.array(datal)

Data2 = np.array(data2)

correlation = np.corrcoef (Datal, Data2) [0, 1]

print("Pearson fHK 5 %L: ", correlation)
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Fig. 4 Physical fingerprint of SJG and its placebo
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Table 4 Similarity of physical characteristics of SJG and its placebo

FEah AR SKE/~%  ARIEC) A (gmL )

YRS /(gmL™)

BN B/ %  SERTANLL PCC

Z IR 4.83 25 0.68
TR 5 5.07 28 0.73

0.82 1.44 1.21
0.85 1.26 1.17

0.999 9
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2.3.1 HPLC JA[FB I E AT . TR LA

(1) Bt %4y Kromasil 100-5 Cis £
(150 mmX 4.6 mm, 5um); K 254, 630nm; f£
LR 1.0 mL/min; KRR 30 °C; #EFEE S uL; Wi
AN 20 mmol/L 2B K- F T, Aok e it «
0~2min, 10%HE; 2~10min, 10%~26%H %,
10~15min, 26%~90%HE#; 15~18 min, 90%H
f%, 18~25min, 90%~10% H .

(2) % F SR ) 2% R B PR BN IR E B
0 A A AT AR FE 50.0 pg/mL. BSR4 10.0
pg/mL AIFEHE 10.0 pg/mL TR 20 B 5L AR o

DAL VAR 1) 5« B SIG 27 100 mg,
JH7K 10 mL, ZK¥#EHI#F4 10 min, 12 000 r/min &0
(E.0¥1% 58 mm) 10 min, B EIEWR, RPAALR
pEaST L

0 SIG ZRFIIPEREf RS a4l
FIZEHE) 100 mg, [RIVEH] & B AL AT -

(4) FikzEgs: R (P EZH) 2020 R
ST ITESS ISR S RS, ST RLLAN
SIS HPLC A ik T T Jm k. MR R K
MR, HEM., REtEAnEE R R, o
BIfFE (PEZH) 2020 FERRIGE

(5) L@ MHEe: A7 TR TS 21 (1) H Ui (1)
5398 4.7+ 8.0 min, SEHE MY HUERTE2A 17.0 mins
FIPERE AT Bk 3 Ao fillsE, e 5 &
LEMERL. ALK S,

(6) MERRFEE: MR EAE 0.010~
0.503 pg B, A s AR S 3R T 3 2 R
IR R, MnifErIZE Y=3 451.56 X+3.774,
R*=0.999 7; Wi R ZLHEAE T 7E 0.010~0.498 pg I,
i S 1 U T AR 5 3 o 48 R R A PR R P Ok
7, harEHIZE Y=2789.60 X+2.365, R*=0.999 8;
SLHERE R EAE 0.001~0.051 pg I, =505 I T AR
St 2 R R R R, brdElhsk Y=
8 833.89 X+3.008, R2=0.999 4.

(7 B ME: SIG EFIFPFEE . it
ZLAISE I B 5T 2y Ho) ) 3.34. 0.85. 0.15 mg/g.
2.3.2  HPLC 7505 BEHE )\ BEER S

(1) %A A% Kromasil 100-5 Cis #F
(150 mmX4.6 mm, 5 pm); P 210 nm; AR
&= 1.0 mL/min; ¥ 30 °C; #EFEE 5 ul; JBhHH
HHEE-K (55 :45),

(2) X BRI 1) 2% R B RR BN IR L IS

254 nm 1
A
2
1 2 N
C
f T T T T 1
0 10 20 30
t/min
630 3
30 nm A
B
3
C
r T T T T T T T T T T T 1
0 10 20 30
t/min

A-TAHEBER AT B-HERRIAT: CRA ST IR 1-hr
By 2-TSRA; 35
A-negative test solution; B-test solution; C-mixed reference

substances solution; 1-tartrazine; 2-amaranth; 3-bright blue.

5 SIG REGiTIRER. RAMTENERMELE
Fig.5 Specificity test of tartrazine, amaranth and bright

blue in placebo

T0 B AR, B IR BN 1.0 mg/mL R J\
e TR T %o R

(3) Pl MBI R 2% U SIG %A 5.2 g,
IONHEE 20 mL, KM 15 min, 8T, HUELUE
W 12.5mL, [FUZET, DIFEEES S 2mL, 12000
r/min B0 10 min, H_EVEWR, BIASAER AW .

B SIG 2 BFIBA R S AN S b )\ BS IR R D
5.2 g, [FNE & RS S VAW -

() J7iEs2sg. 3R (P EZH) 2020 K
IIMT T GAE YR S IR, X )\ BB R Y HPLC
RN EAT B E M. RIER R RE R, EE M,
FaE HEAINRE S e ) B 5%, R RE S (FEZ
H) 2020 FERE -

(5) LJEMERIG: FENE ) \BEER TS 0 H U ] Ay
8.8 min. PHMEFESAT-HIE, WiE kL gt
RiF. tikE e 6.

(6) MR RFEEE: R \BERR IR ERE 21
1.05~50.3 pug I, WA 5 FERE T 835 230 R 41
LR, FREHIZE Y=37 663.12 X—14.68, R*=
0.999 4.

(7) SR FIRE: SIG 27 Hh e b )\t AR T
()5 =70 208 0.54 mg/g.

24 SIG REFIWREME R
¥ SIG (b5 7230401) K Hz2 R (S
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5 SIG REFIFITIERE. WRL. SIEMFENE/ BB
FREEMREMER
Table S Stability investigation of tartrazine, amaranth,
bright blue, and sucrose octaacetate content in placebo
. (L R S —
1 THE WA W R\
1 B 0 3.34 0.85 0.15 0.54
A A AR Kises 1 341 082 015 0.52
0 2 4 6 8 10 2 3.27 0.84 0.15 0.54
. i o 30334 089 015 0.55
igggﬁ%mﬁ:E&ﬁ%@ﬁ;&ﬂﬁﬁ%%mﬁ;Lﬁﬁ | 6 3153 089  0.14 0.53
A-negative test solution; B-test solution; C-mixed reference j‘] []JE';J_':E’@ 1 3.38 0.82 0.15 0.53
substances solution; 1-sucrose octaacetate. 2 3.29 0.84 0.14 0.53
6 SIG REFIREHE) \ BB AR L B IA 300333090015 0.56
6 3.49 0.88 0.14 0.52

Fig. 6 Specificity test of sucrose octaacetate in the placebo

230701) BEHATK IR E M [(25+2) C, RH (60+
10) %] AhnigEfa et [(40£2) °C, RH (75+5) %]
52, HT CQAs Z4 (WL “2.2.17 F1 “2.2.5” 1)
ST 0 10 24 3y 6 AN H X AR EAT %
2, R “2.37 TUR AN SIG 2R R E
RERNFR bR B 34T B 2 .

2.4.1 € IR TE AR AU ARORE 0 AR 1 B R A
FPEEE . TNSELL. mEANEERE \BERRES 6 D H RIS
BREMEERERNE 5. SR EY, SIG LR

H IR AR e ki, S8 FRAET
7%, FelfE PR o 1K A 22 7 A IR T [ B 48 A
R 1 LA BB ROGT GRARABL A B DG Bk 2 Al

242 CQAs ZHFaEMHERER KE CQAs &
6 AN H AR PN R e B R R K 6. &5
REW, 18 1~6 A MKIAF IR e =2+,
SIG ZJE 5 6 ME'E CQAs ZHFE MR, 5
P £ R T RS AUV R ) A R e M 4 R AR R — 3
WA ARIE T SIG LB B o A 5 AR RO

HHRTER T . SUSRAL. SR AIRERE \BEERNEAE 6
R 6 SIG REFIRE CQAs SHIRMMAI KR EMMMEREMER (XLs,1=6)

Table 6 Stability examination of CQAs similarity between SJG and placebo (X £ S, n = 6)

ZAARLE,  HETTAA R

i R 6 T (R St

KR E

i UKL £ R kL TG W IR IE I
0 3.284+0.22 3.97+0.27 3.38+0.26 4.47+031 4.53£0.31 4.80£0.20
1 3.33+0.27 4.03£0.21 3.17+0.22 4.63£0.30 4.67£0.27 4.40£0.27
2 3.27%0.16 4.20£0.30 3.27+0.16 4.67£0.22 4.50£0.17 4.45+0.23
3 3.284+0.22 4334033 3.23+0.18 4.58+0.28 4.50+0.33 4.50+0.17
6 3.2740.16 4.00+0.17 3.25+0.25 4.58+0.28 4.62+0.26 4.53+0.16
e Jng R 1

) PRI AR R R IE Rl S
0 3.284+0.22 3.97+0.27 3.38+0.26 4474031 4.53+0.31 4.80+0.20
1 3.284+0.22 4.15+0.15 3.20+0.20 437+40.18 4.77£0.18 4.53+0.31
2 3.32+0.18 4.17£0.22 3.33+0.22 4.75£0.25 4.23£0.18 4.42+0.28
3 3.031+0.06 4.25+0.25 3.25+0.25 4.50+0.33 4.27+£0.16 4.33£0.22
6 3.3740.18 4.23+0.18 3.20+0.20 4.45+0.08 4.60£0.13 4.40+0.27

3 g DR B 22 (I AR UM AR 25 DB DR R SLAE R VIR S

B BRI, AR
FIESEADFE A BRI, IR B e 5 K,

SR R . ABFFL A SIG 22 R R
TZE5RT7T: ERER. IrEEEaR. TR
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R MR, —FUENEAAR, BERE\BSRRERVA AR,
SRR G, T8, B, TiEfik. A5l SIG
SRR, ST T T CAQs 8RR FIAALE T 1%,
HAGH T (22 AT Python B 1 BGBRA 2,
CRA PRI Z Phg 8, 3 8] FH T 0 22 BT S AN B
(AR AL DPARY o

3.1 FefEAEMEEITEN G E

TOURL B VPR S T H 24 11 0 A I S 7 v
BZM. 5HMBRER RE. A%, D
&) BB, it T IR E s, L
AEALPE B VFAN T v B 46 AN AP i AR R 1 3=
VPN A DL Z 5 R ARER B VAN Tk e ARSE
UG €0 22 V1V R S 00 5 A A 9 I SRk B2,
Python 1 5 9l N BRI RIAR M E G, A
RGB. HSV FIKEEAE, REEAEER. SEMEE
RIESTTHAT T &, UFEEMBIORHEE TS
HOo} 2 BRI G B AR AP EEA T VR
32 ETXBEHENRENRETRERERRE
SN

LRI T2 E U, —Bo@Ed
PE. Gz e ENE NI, SRR ERE
FUARACAPE oy v 2 22 R T AE s SR AR i
AR, R EE T E AR A ARV T,
B O 22 R ) 5 ARG G AR AUV AN AR e P . (H2
o3 R REAT . AR ARADUAN AR AADA B 73 PR AL 2
SERIHRE AT E N, B A R 7 (B 3y
EL A AR e MR =S, FH SR A R e T
PR PEIREE T AR MR =00,

B ARDRLF D AR, X AR AR AR YRR
THEA AR R e, BN e v, DARE
A0 B 2 R TR AR AR E AR R . 7
SIG REGFIRIHIFIAE T, FrBRde . BSR4, ik
FITEBE )\ i R 196 FH 22 0065 72 it 1 2% R AR AL
AR . H A2 22 R £ 2 R R AR AU
REII E T VR A SRR IER,

AT T SIG LR 3 Fifu R ¥ HPLC
[ B I 7 754 DA SR A\ s BRI 1Y) HPLC 58 T
%, ISR IER E R R RN TIX 4
FlBCE AL ARLE SIG A i Ae s PE i, A
A UL B R AN

RS2 65 34 e PR € R I T A UL B ) B R AR E
FRGER 5T CQAs ZEHHIEM AT T X
M. KR tE S s i e e i, FrigsE. o

RN RA — BN & EREY, KE CQAs
SR, BRI AR 1) A AL 3t — B
RS\ BRI 1) & R AR B ZE R BOR, E
CQAs ZHirh, ¥FBIMGE AR AT LLADLH
T e E PR i PR R T AR B 5 R E PE R b
AR e 3 22 R AU CQAs Z UK.

I LS5 R AT AT, SRR AR
AR 2R E CQAs SEARUEA B —E 1
M, AT LA 2 R R AR AR A ADURIT o B4 4 it
—ERR T BRI R A LR R s
SRS EERAE T, BRI RRL N I s AR E
WA B4R 5 BN E.
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