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Abstract

To optimize the preparation process of Natto-Ginkgo Biloba-Salvia soft capsules and improve the
dissolution rate of active ingredients and formulation stability, a study was conducted using single-
factor experiments combined with Box-Behnken response surface methodology. Using natto pow-
der, Ginkgo biloba extract, and Salvia miltiorrhiza extract as the core materials, the material ratio,
PEG-400 addition amount, and soft capsule sealing temperature were selected as key influencing
factors. A comprehensive evaluation score was used as the response value to systematically inves-
tigate the effects of these factors on the formulation quality. The results indicated the optimal prep-
aration parameters as follows: material ratio of 2.5:2.2:1 (g:g:g), PEG-400 addition amount of 16%,
and sealing temperature of 30°C. Under these conditions, the soft capsules achieved a comprehen-
sive score of 92.3 points, with nattokinase activity reaching 1280 IU/capsule, total flavonoid disso-
lution rate of 91.5%, and hardness of 78 N. The deviation between the verification experiment re-
sults and the model predictions was less than 2%, indicating good model fit and stable, reliable pro-
cess parameters. This study provides technical support for the industrial production of Natto-
Ginkgo Biloba-Salvia soft capsules.
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MR KEADERAT): KEMEMLSE, LALTEFEENARAT), Bi&h%, HEEEEYRE
HRAR): HE (S, MEEEEETHRARITEAT); HIMEGHS, Lok EEZGRE AR
Al)o 0T B RR S (ETE 10,000 IU/mg, ZEE Sigma A ) Ml B EFRUHE M (LE>98%, MESH BRIHA
PRA D).

Table 1. Quality characterization indicators of key raw materials

= 1. XRRRRERIEER

ST KRR FRUETER K g5 9%
4 5 I >2000 IU/g A48 1 FARIE 6]
Ko <8.0% }EP%)&J@FDZ? B 2020 FERR BN 0832 (Mt
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LRIEZ540) 2020 & 2321 (J5
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oo = THEERS - v e e ) [7]
R IR _— . . (Rt N\ ERILFNEZG ) 2020 4ERR ARAF R I5
RS AT >6.0% FHHPLC ) [7]
JRUR B i <0.5% (e NRFLAE 25 L) 2020 SRR 3B 0841 [7]
. . (R NRILFNE 25 8) 2020 4ER S IUF ik
FIBER B >6% (HPLC i) 7]
FI SR ) " B
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Agilent 1260 @ RRAHETEIL, £E Agilent AF]; F4EEARTE, LEESEVREERAH;
RIWJ-200 3K RFEEEHINL, To T HHZMUHMA IR ARl TA-XT Plus Jiif44%, 3%[E Stable Micro Systems
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IXEAR A RW20 Fefehittas, EE KA AF.

2.3. SRk

2.3.1. ERmALIE

1) GAEB NG FRECON GRS, TN 3 AR IE O ke, 30°CHEd: 1h 5 est, F BiEH, BEE 2K,
HAT BRI, &M

2) SEHYIRRE: RRERAT SR . PF 2S5 H o i 80 H i, 25 BRBURL A IR 5

3) HRTUALE . KGHINFAZE 60°C, A 0.5%EET, Hiid2 7w 2R, BHEERESH.
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W5 IR 400, BEREBIFE 30 min, B SR A
2) BTN TR Huh: KFEE 10:3:8 IBE, 60C/KIBMEEE &M, WG IRIE&SH;
3) HRFEM: BoE IR ES 30 r/min 308, KN BV SELFEENERINL, HBE R 0.5 g/
L P A 2
4) FRRER: KEREMTRREE TR TR, EREEKY, BHEERE.

2.3.3. MR ESELEg it

AR T SR R SRR AR, SEHUURHICEL(A) . 3R 2 % 400 WINEL(B). EHIREE(C) N HAE R, b
ZEE VS AW NAA(Y), KA Box-Behnken W iTH4EE 3 3R 3 /KSPm BEIIAEAY, 4t 17 AL, HEKF
BOF LA 2.

Table 2. Factors and levels design for response surface experiment

F 2. MEEREERESKFR

H AR
T A: JRBHELLEN SR BEH: ) B: R % 400 HINE(%) C: JEHEE(C)
-1 2:2:1 12 28
0 2.522:1 15 30
3:2.4:1 18 32

2.3.4. REBIEMN S

1) NEIEEEEN . S48 FPARGE[6], KRR ISR N R4 48 B PR, 37°CHEE 18 h,
e SR EAR, bt &t BN TUKL.

2) G HEEAVE AR E: DA pH 6.8 BERRERGZ rhBONVE AT, 4ERRIREAE 37°C £ 0.5°CHFLL 50 #/4y
PR EEE HEAT 9256, 209 F 5 104 154 204 304 45, 60 20 B0 HURECR &5 B 258 A ), FESZETH 0.45 um
AL €, KA HPLC MI5E[7]: it Ay C18 A:(250 mm x 4.6 mm, 5 um), SIA A EE—0.4% R
(50:50, V/V), K 360 nm, i 1.0 mL/min, ¥R 30°C; #HZF = (t B2 8 ER 7 /AN R
) x 100%.

3) WIRFEREFEN T : R FA(PA6R #3k), MEUEEE 1 mm/s, EAELHE 50%, BFAFEHN S
KL, BCFIMEERAL: N).

4) AV 9N S YRS LR 1300 TUZRLA 100 43, % “(S2BRE/1300) x 407 5
SV 2RV BL 60 min BARVE R I KAE 95%4 100 43, $% “(SEFRME/95) x 307 THE; VR4 DA
wARVEE 70~80 N N 100 43, HHJEEIZELEIF15r, THEARN[ — (SZFRME — 75)/15] x 30 (75 A fLiE
FEr ).

2.4. BUESHT

K H SPSS 26.0 BAEHEAT B K K 7 220 H1; KM Design-Expert 13.0 S04 gmi o7 ik Y, #E4T )7 22
S S5SEAAL: R H WPS Office 2024 #2211 K % .
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3.1.1. ENELEMNESTESTHEL
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5P PHIE B SR SERIE R 2.5:2.2:1 B, ZREVF0IAE (86.5 47), B3 m T ABAC (P
<0.05); NGy EEBIRSEE TN, R ERVA R B R 82%, LA TR MR, L, IEHURE I 2.5:2.2:1
NHRFRAACT

Table 3. Effect of material ratio on various indicators and comprehensive score

3. ENECHE X B HRIR R AT HIFAE

JEOBHEC LN ok ARAT SR VSRS & 60 min

W, BRI, goe) (kD) Wt (%) M) GEWION
3:2:1 1320 82 72 79.8¢
2.5:2:1 1290 85 73 82.1b
2.5:2.2:1 1280 89 76 86.5%
2:2.2:1 1210 88 75 82.3b
2:3:1 1180 85 73 78.5¢

& 58 At B2 F% 400 TN 15%. JEHJIRE 30°C.

3.1.2. BZZEE 400 RMEXLEZEES S RIF I

O 400 T BEAR N SR L S-THE BUS EARE . B 4 WA, U INE N 10%38 2 15%H,
BIEERE RN 78% T A 90%, LA VPRI U INEHI 15%8, FELKSEENEE,
BRI 5 B “IRI . BEREAN 75N FRE 62N, ZEaiFr FRE. Bk, BEHURZ B 400 SN
15% R R R KT

Table 4. Effect of PEG-400 additional amount on various indicators and comprehensive score

F 4. B 400 RINEX ZIERAEE T HIFME

B 400 RINE

= T pavk L in ¥ Z(% 2 CRarTF
(MR, vy VORERETEGUR) R 60 min A BEN)  EEWACN

10 1270 78 70 75.6¢
12 1275 84 73 82.4°
15 1280 90 75 88.2¢
18 1278 87 68 82.6°
20 1272 83 62 79.3¢

[ 58 At RBIECEE 2.5:2.2:1. JEHIEE 30°C.

3.1.3. EHIEEXMNLEES TSR

TR AR S B S v YA 5 N AR e M . th 2 5 AT, 4R 25°CTHE 30°CHY, BESTIRALIE R,
HNEYNEE R, WEMN 65 N2 76 N, 56 1VFa e iR EHIE 30°CH, WA ah G2
B, TEPEM 1250 TUAKERE 22 1100 TUZKL, Z5& 0P R, B, Bk miR B 30°C BN R i ik

3.2. MR ESCIE4E R4

3.2.1. MEELEERRFESH
4% Box-Behnken ¥it, 17 ZHLW N SLE6 45 R W% 6, T EDHT I 7. LA VE(Y) NI NAE,
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Table 5. Effect of sealing temperature on various indicators and comprehensive score

5. EFIRE XN BB R EAITSHIFE

JEHIREECC) YN PR (TU/ L) SRR 60 min ¥ 1 (%) T £ (N) LEEVE (97
25 1260 87 65 76.8¢
28 1255 88 71 85.2b
30 1250 89 76 89.1a
32 1220 88 74 85.3b
35 1100 86 70 78.9¢

[ 5 4k BB LG 2.5:2.2:1. 382 = 400 RINE: 15%.

Y =91.86 — 0.0375A + 1.04B + 0.125C — 0.675AB — 0.6AC — 0.3BC — 5.77A2 — 2.17B* — 3.74C2
B 7 I, BOMRREZE (P < 0.0001), 3EEIREAYREA AR & 3R SLRE VP R R AHRPUE R
R =0.9981, KIERHRS, =0.9958, RUIBRMAG LR, LIBE/D; KUTREZEP = 0.9824 >
0.05), ULHATLHANEZE FIRFZR; — K B HEE(P<0.01); ZZHIT AB. AC B (P <0.01); IR
A%, B* C2HIREE (P <0.01), UiHA& KNSR GV R 2 JE M S R .

Table 6. Response surface experimental design and results

= 6. WM Rz SRR T REERIK

R A (R E) B (RZ B 400 TN, %)  C (EHHREE, C) Gavrr Y
1 —1(2:2:1) -1(12) 0 (30) 82.3
2 1 (3:2.4:1) -1(12) 0 (30) 83.5
3 -1 (2:2:1) 1(18) 0 (30) 85.7
4 1 (3:2.4:1) 1(18) 0 (30) 84.2
5 —1(2:2:1) 0(15) -1(28) 81.6
6 1(3:2.4:1) 0(15) -1(28) 82.8
7 —1(2:2:1) 0(15) 1(32) 83.1
8 1 (3:2.4:1) 0 (15) 1(32) 81.9
9 0(2.5:2.2:1) -1(12) -1(28) 84.5
10 0(2.5:2.2:1) 1(18) -1 (28) 87.2
11 0(2.5:2.2:1) -1(12) 1(32) 85.3
12 0(2.5:2.2:1) 1(18) 1(32) 86.8
13 0(2.5:2.2:1) 0 (15) 0 (30) 91.5
14 0(2.5:2.2:1) 0 (15) 0 (30) 92.1
15 0(2.5:2.2:1) 0 (15) 0 (30) 91.8
16 0(2.5:2.2:1) 0 (15) 0 (30) 92.3
17 0(2.5:2.2:1) 0 (15) 0 (30) 91.6
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Table 7. Analysis of variance for response surface experimental results

F 7. MEESERERBEDR

AR S AR I H B7 F A P A BEM
e 25233 9 28.04 418.01 <0.0001 *
A (JERHEL EL) 0.0112 1 0.0112 0.1677 0.6944 :
fﬁa@;g 8.61 1 8.61 128.39 <0.0001 -
C (JEHIRE) 0.125 1 0.125 1.86 0.2145 :
AB 1.82 1 1.82 27.17 0.0012 -
AC 1.44 1 1.44 21.47 0.0024 **
BC 0.36 1 0.36 5.37 0.0536 -
A2 140.06 1 140.06 2088.21 <0.0001 -
B2 19.78 1 19.78 294.93 <0.0001 -
2 58.97 1 58.97 879.27 <0.0001 -
Fh 7 0.4695 7 0.0671 - - -
AT 0.0175 3 0.0058 0.0516 0.9824 -
a7z 0.452 4 0.113 - - -

TE: R* =0.9981, R, =0.9958; "F/R P<0.05(:%%), " P<0.01(H&EE).

3.2.2. M ES

e N2 THT 3D T Pl 1) e O 5 5 6 v R TR T B e IR 3228 LA a5 1) 1 () o T TETBE U, 55 )
LREMERE, UL 558 2 8 400 NS HAEFM R, H AL A SR R Rk R
Fe 5 PR M RSB L 151 5 20 BRI PRI (81 24 RRHAC LE oAy 2.5:2.2:1 1, 303K 2, % 400 N, it 25 )
ALFE SN B B 1 5, W R IR TSR AV s A e o B B e, B nas N, PP R R B
WS B 1) RoR M REOY, S 2 B R SO, 1 BA EURMAC b e L R A8 B e R, AR
FEFC I 5 90 G B AU A B . IR R (>32°C) I, RIS JFURIAC Eb Bt 40 5 e P A
W FEFS PR MBSO, FEEREAL, o RFERFEE. B (o) BRihmFE, %5
PR, PR 2 EE 400 W hnE 5 RGN E A AR R, B R 400 X5 11T 5
JEXTHESEI R TE I B ORI, X507 2 R — .

3.2.3. R T ESHRWIE

8 Design-Expert 13.0 SAFMEUE L DIRE, SRBRRMM T 2S48 FRAC 2.49:2.22:1. K&
BT 400 WNINE 15.73% FEHIEAE 30.01°C, BEETZRA PR TME A 92.0 430 25 18 Tl A A= P R B 0
FlE, KSHOAE . FERECLE 2.5:2.2:1 (g:g:g) KL B 400 IHINE 16% EHIEE 30°C, fEIL%&MF
THHAT 3 CPATIRUESESG, 15 207 5 Hh 98 5 EEE (1280 = 35) TU/L, e BV AT A R IF(E 2), 60
min B B2 HRIE91.5 = 1.2)%, HA 45min B CiE 85%, FHITETER > REPUE B, T#E (78 + 3)
N, HZEAEH(92.3 +£0.8)5 . IiE4: B 5B T W 2L 0.33%, FKHZ L2 En .,
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Figure 1. 3D response surface plots illustrating the interaction effects between factors
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Figure 2. Dissolution profile of total flavonoids in soft capsules under optimal process
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