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Abstract: Objective Surface modification technology was used to optimize the comprehensive properties of Scutellariae Radix (SR)
and Coptidis Rhizoma (CR) extract powders. The study aimed to select the best modifier and process, providing a foundation for the
development of subsequent formulations. Methods SR and CR extract powders and crude extracts were prepared. Three modifiers ,
silicon dioxide (S), micronized silica gel (M) and hydroxypropyl methylcellulose (H), were selected, and the modified technology of
surface cladding (SC) and microencapsulation coating (MC) was used to prepare modified extract powder. Powders were measured
secondary indexes, including H, HR, a, Da, Dc, IH, IC, Ie, Dso, span, width and SSA. All secondary indexes were normalized and a
physical fingerprint diagram was drawn and similarity analysis was conducted. The secondary indexes were converted into five primary
indexes of uniformity, accumulability, flowability,compressibility and stability, and the weight coefficients were obtained by using the
entropy weighted coefficient of variation method. The comprehensive performance scores of the extract powders were calculated. PCA
was used to evaluate the contribution rate of each secondary index to the comprehensive performance of the extract powders, and PLS
was used to analyze the correlation between each secondary index and the comprehensive performance of the extract powders, focusing
on the Dso that the greatest impact on the homogeneity of the extract powders. Results Using SC and MC modification techniques,
SR, CR, and six modified extract powders were prepared. The secondary indexes of each extract powder were normalized, and physical
fingerprint profiles were created. The similarity analysis results were as follows: The similarity between SR and SC modified groups
SR-SC-S, SR-SC-M, and SR-SC-H was 0.977, 0.971, and 0.978, respectively. The similarity between SR and MC modified groups
SR-MC-S, SR-MC-M, and SR-MC-H was 0.717, 0.739, and 0.693, respectively. The similarity between CR and SC modified groups
CR-SC-S, CR-SC-M, and CR-SC-H was 0.904, 0.902, and 0.955, respectively. The similarity between CR and MC modified groups
CR-MC-S, CR-MC-M, and CR-MC-H was 0.729, 0.737, and 0.716, respectively. Significant differences were observed between the
MC modified SR and CR powders compared to the unmodified extract powders, with hydroxypropyl methylcellulose showing the
most significant difference. The SC modification showed no significant effect. The entropy weight coefficient of variation method
yielded the following coupling weight coefficients wjsr: stability (0.121 0), uniformity (0.484 0), flowability (0.186 7), accumulability
(0.099 0), and compressibility (0.109 3); wicr: stability (0.013 4), uniformity (0.394 1), flowability (0.173 1), accumulability (0.288 5),
and compressibility (0.130 9). The results of comprehensive performance scores of the extract powders showed the comprehensive
performance score of SR extract powder was 49.13. The MC modified SR-MC-H, SR-MC-M, and SR-MC-S had comprehensive
performance scores of 62.90, 61.78, and 61.64, respectively, showing significant differences compared to the unmodified powder. The
SR-MC-H comprehensive performance score improved by 28.0% over the unmodified extract powder, indicating the best modification
effect, while the effect of SC modification was slightly worse. The comprehensive performance score of CR extract powder was 50.21.
The MC modified powders had comprehensive performance scores above 61.00, showing significant differences compared to the
unmodified powder. The CR-MC-H had a comprehensive performance score of 61.68, an improvement of 22.8% over the unmodified
group, indicating the best effect. The SC modification with silicon dioxide and micronized silica gel resulted in comprehensive
performance scores of 56.35 and 56.25, respectively, also showing significant differences. PCA analysis indicated that five secondary
indexes a, SSA, HR, width, and span had a large contribution to the overall performance of SR and CR extract powders. PLS analysis
of Dso revealed that width, span, H, and D. had significant effects on the Dso of the extract powders. Conclusion Surface modification
technology can improve the comprehensive properties of SR and CR extract powders. The MC modification technology showed the
best results, with hydroxypropyl methylcellulose achieving the highest comprehensive performance score as a modifier.

Keywords: Scutellariae Radix; Coptidis Rhizoma; extract powder; physical fingerprint spectrum; surface cladding; microencapsulation

coating; modification technology; entropy weight coefficient of variation method; hydroxypropyl methylcellulose
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*1 BENRERDEEMRENMRIE - RIERNELER (X+s,n=3)

Table 1 Detection results of secondary indexes of SR and CR extract powder before and after surface modification (X + s,

n=3)

HR H/% HR/% al®)  Da(gmL™) Del(gmL) H le IC/% Dso/um span width/um ~ SSA/(m*gY)
SR 1267£0.06 345+004 47.06£003 0451001 086£001 193£0.02 1.08+£0.03 48264059 20.00£0.00 396001 79.28£0.01 0.37£0.01
SR-SC-S 11394001 2054£001 41.38£002 046£001 087£001 1884003 101003 46954089 12.62£0.01 3.77£001 47.71£002 0.44£0.01
SR-SC-M 11.30£0.01 2124001 4425002 048+£001 0.89£001 186003 097003 46241088 1574£0.01 351£001 5532001 0.55£0.00
SR-SC-H 10774002 2134001 4301£001 047£001 086001 183+0.02 096+0.04 45354053 15.354£0.01 366001 56.20£0.01 0.47£0.01
SR-SC FH{H 11.49+0.22" 2.10+0.04™ 42.88+1.25 047+0.01™ 0.87£0.01 1.86+0.03 0.98+0.04" 46.18+0.97 14.57+1.47™ 365+0.12"™ 53.08+4.04™ 0.49+0.05"
SR-MC-S 12214001 2534001 4521£001 046£001 0861001 1894004 103+0.04 4710£1.02 6294001 163+001 1026£001 053£0.01
SR-MC-M 12394001 2324001 44.36£001 047£001 084£001 178£0.01 093£0.02 4388+030 647£001 173£001 11.18£001 0.55£0.00
SR-MC-H 12.35£0.02 2464001 37.36£001 046£001 0.82£001 1794001 0974002 4431£036 6.99£001 166001 11.63£001 0.43£0.01

SR-MC F4{f 1231£0.08" 244£0.09™ 42314373 0461001 08440.02

182+0.05" 098005 45.09+1.62"

6.58+031" 1671004 11024061 05110.06"

CR 135714001 3311002 47.01£001 0441001 0751001 1.68+002 092+0.03 40621067 18641001 3924001 73.02£002 0.38+0.00
CR-SC-S 12441003 3121001 4315£002 0451001 0781001 1751004 096+0.04 4297£115 1527001 2751001 4194£001 048+0.00
CR-SC-M 12461001 3181001 4336+£017 0461001 0791001 1741002 0931003 42441064 1087001 2761001 30.04£001 055001
CR-SC-H 12511002 307£002 4432£001 0451001 0791001 174+002 0941003 4237064 1439001 3141001 45.12£001 0471001
CR-SCFH#)ff 1247£0.04% 312£0.05 43.6140.55% 0454001 0.79+0.01% 1.74+003% 0941003 4259+0.78* 13514202 2.83+0.20% 39.04+6.88" 0.50+0.04%
CR-MC-S 13161001 2.99+001 4297£001 047+001 0871001 1.83£002 096+0.03 45.39£058 6251001 1.68+001 1051001 0.53+0.02
CR-MC-M 13124003 2951001 42.331001 0481001 088001 1831003 0941003 45284089 5941001 1731001 10241002 0551001
CR-MC-H 1322001 2961001 42401001 0471001 0871001 1841001 0961002 45594034 7.99+001 1601001 12781001 0511001

CR-MCFH)ff 13.1740.04% 2.97+0.02% 42.56+0.30% 0.48£0.01* 0.87+0.01% 1.83+0.02% 095+0.03 45.42+0.57% 6.73+0.96% 167+0.06% 11.18+1.21% 0.53£0.02*

5 SR ¥ "P<<0.05
*P<0.05 *P<0.01vsSR;"P<0.05 #P<0.01vsCR.

67.1%; 2 Fh T 2% CR (1) Dso BIME > BIFRAK T 27.5%-
63.9%, MC SR AR SR IS RE ¥ Dso f2M%L
N . AR SSA H B R 3E n, {EM 0.38 m?/g
WK E 0.50m/g, XFEEAREIHEIR B A B2
7, FEORREMRARRCHTEG span & width B
SFEK, X width B 79.28 um P& & 11.02 pm, 5
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¥ —MSem R . & IR S R OER E T
Pegs R WK 1.
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“P<0.01; 5 CR E%: *P<0.05 #*P<0.01.
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— AR e BTl 0 BiaSE B
FEME  HR 10~0 10—X %
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1N le 0~3 10 x/3 -
IC 0~60 X/6 %
SSA 0~2 5X m2-gt
ettt IH 3~1 (30—10x)/2 -
o 60~0 10—x/6 °
WA Da 0~1 10 X gmL™?
Dc 0~1 10 x g-mL™?
¥—M  Dso 4.98~97.84 x/10 pm
span 5~2 (50—10x)/3 -
width 1 600~0 (1 600—x)/160 —

W4 0.729. 0.737 F10.716, AHAEEAEER 1, A
[FRE 2 (B R 3V S A T, MIC et T2 3 F
RS R MR B AL, MR A B T
o MC SRR WS T4 07 3, K ootk 7 7 B
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=813

®3 BRENMAEERDMEEMRESNMRTE - RIERUESERNA—UENE n=3)

Table 3 Normalized conversion values of secondary indexes of SR and CR extract powder before and after surface

modification (n =3)

B H— e ALE b H— A E
™ H HR @ Da Dc IH I IC Ds span widthSSAl '~ H HR & Ds Dc IH I IC Dso span width SSA
SR 5.78 6.55 2.16 4.50 8.60 5.44 3.53 7.95 2.00 3.45 9.50 1.90|CR 5.48 6.69 2.17 4.40 7.50 6.48 3.13 6.89 1.86 3.61 9.54 1.90
SR-SC-S  6.20 7.95 3.10 4.60 8.70 5.54 3.41 7.85 1.26 4.06 9.70 2.20[|CR-SC-S 5.85 6.88 2.81 4.50 7.80 6.33 3.13 7.05 1.53 7.51 9.74 2.40
SR-SC-M 6.24 7.88 2.63 4.80 8.90 5.73 3.20 7.68 1.57 4.95 9.65 2.75[|CR-SC-M 5.85 6.82 2.76 4.60 7.90 6.41 3.03 6.96 1.09 7.45 9.81 2.75
SR-SC-H 6.08 7.87 2.83 4.70 8.60 5.85 3.22 7.56 1.54 4.46 9.65 2.35|CR-SC-H 5.83 6.93 2.61 4.50 7.90 6.22 3.19 7.17 1.44 6.22 9.72 2.35
SR-MC-S 5.93 7.47 2.47 4.60 8.60 5.65 3.37 7.75 0.63 11.23 9.94 2.65[|CR-MC-S 5.61 7.01 2.84 4.70 8.70 5.74 3.26 7.66 0.62 11.06 9.93 2.65
SR-MC-M 5.87 7.68 2.61 4.70 8.40 6.06 3.12 7.34 0.65 10.91 9.93 2.75[|CR-MC-M 5.63 7.05 2.95 4.80 8.80 5.83 3.16 7.58 0.59 10.92 9.94 2.75
SR-MC-H 5.88 7.54 3.77 4.60 8.20 6.09 3.18 7.32 0.70 11.12 9.93 2.15[|CR-MC-H 5.59 7.04 2.93 4.70 8.60 5.85 3.22 7.56 0.80 11.33 9.92 2.55
H H
SSA HR —=— SR SSA HR —=— SR
—e— SR-SC-S —e— SR-MC-S
—4— SR-SC-M —4— SR-MC-M
—v— SR-SC-H +— SR-MC-H
width o width a
span D, span D,
Dj(] Dc Dc
IC H IC H
]c Ic
H H
SSA HR —=— CR SSA HR —=— CR
—e— CR-SC-S —e— CR-MC-S
—4— CR-SC-M —4— CR-MC-M
—v— CR-SC-H —v CR-MCH
width o width “ / a
span D, span D,
Dc Dc
IC H IC H

I

& 1

Fig. 1 Physical fingerprints of different surface modification processes of SR and CR extract powder
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PRl H. a. TH. Dso span. width. SSA 5455728

WK . FEN LT YE AT ik 71,

EFIRK,

B AR IR, R DBUNIZARHE R MR & kT
HiRRE, U riRSeE SRERRE, SHR

TR JoE B A R AR K

REMRERRYR EMARRA I L ZHBE e EE

SC BgM 5 SR. CR IZE K YyEETe o v AH AL
FELERKN SR 5 SR-SC-S. SR-SC-M. SR-SC-H f#]
ABLEE 42 715 0.977. 0.971. 0.978, AHELA itk 4

ThREMZR. CR 5 CR-SC-S. CR-SC-M

CR-

SC-H HIAELE 73519 0.904. 0.902 A1 0.955, AN[dH]
Rl HRSE 25, MUEERT 0.9, 7R SC &
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PERCR A

242 —RARIRIFE SR 2 [ R 42
Wiz B R AR . WAl ml RS 7 T
SRR E R K . IRIETR 4 SRS
WY E R R R 5 & — RARbR TR AR,
BN IE R abr, BUEBOR, VBT .

SC ittt fa, HEREMIEEIEM 6.16 #7
A 704, BET 143%, HWoMRWEERSE
5.21, MR SRR A, N 539, B
&1 12.6%, HERVBRCARIE, B RIS G,
TR TR IR SRS 4. MC B JE S5 IR B —
PESEIR SN, M 4.99 $2E%E 7.23, /& T
44.9%, FaEPEIRE T 0.57, MishtEiRE 7 0.64, H
R R AR AR R A R R A M U I O W R
4.93, WEPERSA GE, HERMERA K.

BIEL SC MG, H—MEAMEM 5.01 3N
6.06, HINT 21.0%, FaEMEREIES T 0.28, Hiz)
PESESE T 0.20, HERR PRI AT He 14 46 0 B2 A2
0.20~0.30 A1 0.08~0.22, H Ao i s 41 20 R A
NEE . MC S EEER R —MHEE M 5.01
WA 7.23, WNT 44.3%, R ESEEMT 0.24,
WAL AT A JLIC AR A, HERR I EUE N 5.95 4
F4 BEMRERIMEENREENE & —RIER

HEER
Table 4 Calculation results of first-level index of SR and

CR extract powder before and after surface modification

Hoy rErE B st HERME R

SR 616 499 380 655 3.63
SR-SC-S 708 501 432 665 372
SR-SC-M 706 539 418 685 3.89
SR-SC-H 697 522 434 665 381
SR-SCFIyfi 704 521 428 672 381
SR-MC-S 670 727 406 660  3.89
SR-MC-M 678 7.6 434 655 398
SR-MC-H 671 725 493 640 381
SR-MC “F¥Jfi 673 723 444 652  3.89
CR 608 501 432 595 384
CR-SC-S 637 626 457 615 3.96
CR-SC-M 633 612 458 625 406
CR-SC-H 638 579 442 620 392
CR-SCF¥f§ 636 606 452 620 3.98
CR-MC-S 631 720 429 670 3.89
CR-MC-M 634 715 439 680 391
CR-MC-H 632 735 439 665  3.87

CR-MC V{8 6.32 723 436 672 3.89

£ 6.720 NFEIFIEREART SR CR 35— 52
K, 56 " JF8FRE Dsov span Fll width, W LIS H
UM S 2 5y B /NI 21 kA, XA R T [
HF) CanfegE. R R L 2K

25 BR-TRRBETESIERNERK

15 AL -AE e SR EE AT AR A AL, 24T L7
BRHPEAS, #hEfaetE. Bt Wi, HEM
PEFIAT RS VPN TR PR A R 3, AR RIS
WE R (wp) HTIFEERE MRS .

251 EBUETHERE RE (wi)

(D TENEH. Kb prisfae e, H—M.
AN HERUE . AT PR e O T,
B EbR. X IERdESs, AR (12) HED,

Xij=Xy—mp)/(Mj—m;) (12)

Xy N i YRR IRERRIGAE, my %R
i, My AR50 P R KAl

(2) HEEENHLAE: BT ILENAHE 5
i MER 0, FEHERGEA B, 7 E0E
SERHATHELRE, Az (13) .

X=Xj+a (13)

o AIEIT IR AE X i /ME, ATRIESEE R, I a=
0.001

(3) trdEfLAbEE: T SR, CR H&AEIRIR
S AP FR AR & 8 22 R ROR, VPN Bk
i, XS5 HERFATRHEAREE . WAl (14) 115

Py=X/Y_ X (14)

Py N i ORIAE j SPFERS FIORER, n ki 414

(4) JEMETEEL: Pl br 05 e 8 i I B HoK
P, BT S BCE R, XSRS TR I RE R
. WA (15) THEEY,

ej=—PjjlnPij/Inn (15>
e N ] AR 1)

(5) ZRRBOTE: X5 j Widabrkid, f6bs
ERZFBOR, RUZIARIT SRR, X4EE
P EIE R, 2R A/8dEA (6) 5.

a=1—¢ (16>
o N5 j BARFRI 2 5 R AL

(6) BVFNRFRET wi tHEL: FRAREE RECH
P SR. CR Btk Ja L5 M B Z AR, B4RIR wi
A A7) .

Wj1=a/Za an
i=1
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wi NS j BUHEARIIAE RE m ik BR TR AR 4L
252 BRAFFATFEANERE (wp)
(1) 55 i WHRFFER R R (B N
B=dilxi (18)
O NER { FRARIIARAERE , xi NER 1§ TR AR I 1%L
(2) FVEUT RIS wo A KI5

szz,b’i/z,ﬁi (19
i-1

253 B RBUETHE w RAEHIA B H 3R
Tk, BRI RS ALE R

wi=(wiwp) 2/ Y (wirw)'2 (20)
i=1

254 WA BOEIRHUIR B R SO SR 2R A
AEIPr IRIEAR Qo) HHEES . BEREH %
fabrfasett. ¥—th. Wahtk. HERWER AT R
wy, GERNE S, 6. S wisr 47724 0.121 0,
0.484 0. 0.1867. 0.099 0 #10.109 3, ¥J—1E*t SR
REMGAIERE MR AR E, AR E R
25 B wicr 4714 0.013 4. 0.394 1. 0.173 1.

0.288 5 1 0.130 9, XFZEE 1 REFZWINTF K IR 93

x5 AZREMEIMRENMEEHER-ERALCETE
BRI ERY
Table S Weights of each index of entropy weight-
coefficient of variation method after surface modification of
extract of SR extract powder
bR LGSR 5 RH0E
B €i a Wij1 p Wj2
FasEt: 0.9360 0.0640 0.1130 0.0422 0.1239 0.1210

WijsRr

¥)—P: 0.7605 0.2395 0.4230 0.1800 0.5291 0.4840
VRETE 0.9095 0.0905 0.1598 0.0709 0.2085 0.186 7
HEFRPE 0.9073 0.0927 0.1637 0.0195 0.0572 0.099 0
A EME 0.9204 0.0796 0.1405 0.0276 0.0812 0.109 3
F 6 REREMREMREEEHN-TEAEBETE

B IERINERY
Table 6 Weights of each index of entropy weight-
coefficient of variation method after surface modification of
extract of CR extract powder
bR WGCISES AR5 F 0%
2R €i a Wit g Wij2
FaEtk 0.9450 0.0550 0.1047 0.0141 0.0011 0.0134
¥)—+PE 09149 0.0851 0.1621 7.8488 0.6314 0.394 1
Witk 0.8581 0.1419 0.2703 0.9078 0.0730 0.1731
Pk
Pk

Wijcr

HEFUE 0.8838 0.1162 0.2215 3.0783 0.2476 0.2885
& 0.8733 0.1267 0.2414 0.5815 0.0468 0.1309

k. HERRIE B A A w REAFRSIERE
MHIZRETEREVE 7, ZRAVEREIE M E R — S ditn 5
wp RIEYT K 10 it SR EREZGETEGE
PN 49.13, 4 SC MR LR G R H o, H
PR AR, ZRETEREIE N 53.48. 3%
MC PEER G PTEREVF o A ORI, e R i
A YERALRETEREIT 7 62.90 Jyffil, BRI
At 7 28.0%, —SAlE K IR LR & 1t BE
PP T 61.50, SORBUMEIR BRI A LEZE R A
A,
FOER B ETEREYF 0y 50.21, K SC X
P, AT R AR Bk ER G PR REVE 70 2>
BN 56.35. 56.25, MHEEAREMEAA —ERERTR
e BOEREH MC AL ETERIE BN T
61.00, HAFE A FEALER ARG TEREVT 77 61.68,
BRI T 22.8%, SRR BERWAHLLZE
FHARZEE. SGatkroSiiEr, MC it
Xt SR+ CR MEZREPERERCMIRCRIL T SC itk 2
PR S AR AR TR . S Akt
MR R RERR B A, LA VEREVE S A HER L
&7
®7 RE. AERERRENEN-ERRYURGES TR
5
Table 7 Comprehensive score of entropy weight-coefficient
of variation of SR and CR extract powder

Moy LREMRETEA A A LAY A
SR 49.13 7 |CR 50.21 7
SR-SC-S 51.53 CR-SC-S 56.35

6 4
SR-SC-M 53.48 4 |CR-SC-M 56.25 5
SR-SC-H 52.53 5 |CR-SC-H 54.34 6
3 3
2 2
1 1

SR-MC-S 61.64 CR-MC-S 61.08
SR-MC-M 61.78 CR-MC-M 61.36
SR-MC-H 62.90 CR-MC-H 61.68

2.6 REMEZEMEER PCA

FIFH SIMCA 14.1 AR 3855 12 A =45 bx
BT PCA AT, VAL RS T 20NEE
SEAMEREMREI . S5 REIR, ER 1 TTRREEN
51.00%, s 2 KITTRRAE AN 28.20%, R TTHAE
L E] 79.20%, B HR S0 B Ak, R T
JR 43 R TR F RS RY F2 R4 1 FEEE H TH . width,
span, a. HR. TH. SSA fl D. ik, SREMEE
PERETTHR R EE K F i 2 H Hy Dev Dso~ IC Al I
WL, EThEsmESHEMERES, KIS
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[ AR SGHERGE, 25 LIS 2. PCA BB 531454 ]
BIR, MC SRR B ISR G ERE A BUN 7B

e A R Sk 4 22 TRV PR 25 5 PR e 22 57 0K SC il
PERIR BB AT B S, ARSI ZAA K.

1] e B 2 A 22 Bz R W 22 5 BUE 5, SR 55 SR-MC-
H 2B BRIz, B OGS 3R B M XU R 28 R e
W, GRLA 3.

[

0.5 4 D_a = H
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) Dsy
= 01 “1c
I _ |
0.0 M Gigm
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-03 :
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2 B’E PCA BB 7 EIE
Fig. 2 Load dispersion diagram of SR PCA model analysis
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Fig.3 Score plot of PCA model analysis of SR

X 12 > T RARIREEAT PCA BRI AT, 45
Rfon, Fo 1T ZTTRRE N 76.40%, Y
2 [ITTHRAN 16.50%, R 92.90%, FFEGEHFFr
o B 2 #UEH av SSAL HR. Das IC. Iev De X
span 55 ZHE T s | ETURREE , REEB R,
SRR R R . TRy 2 M2 H.
IH FURLAE Dso #48,  ElHh Dso. TH PR & IR fU80%
MR BRI ERETERER RN, 45 R WK 4.

PCA BRI R L, SC etk 20 AN
IIHG ANTRIEVE TR 73 [8] OB o 7 R AR T
MC S PER BRI AT AR S, B BN
Beslo AL, HEEIREH S EEAAE B T 2L
BEEE, RUSHERCRYIE, FHRIA 5.

)

0.6 “H
1 SSA
= a H
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o Ispan =] -
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Fig. 4 Load dispersion plot of CR PCA model analysis

A
4 4
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5 FHiE PCA BRI HEBNE

Fig. 5 Score plot of PCA model analysis of CR
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squares, PLS) 434
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MiAH (variable importance for the projection, VIP)
ERT 1, MRS 12 A 50 R AR e 1) s i i 3122
WHRAIRRY], HEREN Dso FM R 4R
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De Da J% SSA XY SR B K Dso S0 B e % .
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El6 HEEMEZE PLS REM VIP 57
Fig. 6 VIP distribution of SR and CR PLS model
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