398 Frontiers in Pharmaceutical Sciences, Mar. 2025, Vol. 29, No.3

Box—Behnkenli iz E & L4 £ 75 F B 77 BidL
IBENTEWR

BALA Y EAW G, EXEDC, B oD, FEES, BTG, HER"C, A%,
ket ?

1. =88 AWmat %P (R 650111)
2. THATHMRRAF LA L L ERALRE (R 650111)
S rHAadRAFHLFRRARAE (R 650501)

[HHZE] BEY SR FROT BRI T 2. ik R FRIXR LRt -, LR
WOmpIE] RHR L PREORECN B RIN R, R AR & A T R PN EAR, R Box-
Behnken Wi 7 1172 (A0 52 707 B0 07 UKL AER T2, XHRE AT Tk mlRisiR . &R I
PR A 5055 BC 7 MORE R 26 T 2000 12 A% B /K B 90 min, P8RS . TR BUREH
PN o A2 ZE R . R RESE, IR AVE TR, AT AR 095K I8 1 IE O BURL A A
&t UM T 2R g altT, a7 R B Tl AL A PR g

(;&%ﬁiﬂ] LT BTk, Box—Behnken W N IS $2EUT. 2
[FESTHES] R2841 [ SCHERFRIRAS ] A

Study on optimization of the extraction process of Perillae fructus formula
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[ Abstract] Objective To optimize the extraction process of Perillae fructus formula
granules. Methods On the basis of single factor experiments, the extraction process of Perillae
fructus formula granules was optimized using Box Behnken response surface methodology,
with extraction time, solid-liquid ratio and extraction times as investigation factors, rosmarinic
acid content and paste yield as evaluation indicators. The dry granulation of extract powder was
explored. Results The optimized preparation process of Perillae fructus formula granules was
as follows: boiling with 12 times the amount of water for 90 min, concentrating and dring under
reduced pressure to produce paste powder, adding an appropriate amount of maltodextrin, silica,
etc., mixing well, dring to form granules, and producing qualified finished Perillae fructus formula

granules. Conclusion The optimized preparation process is simple, stable and feasible, providing a
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basis for industrial production of Perillae fructus formula granules.

[Keywords] Perillae fructus; Formula granules; Box-Behnken response surface method;

Extraction process
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Figure 2. Investigation results of extraction time (n=2)
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Figure 3. Investigation results of solid-liquid ratio (n=2)
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Figure 4. Investigation results of extraction times (n=2)
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Table 1. Factor level table

K3 AFRIRURA] (min ) BEHE (M/V) CHREIE ()
-1 60 1:10 1
0 90 1:12 2

120 1:14 3

%2 Box-Behnkeni®la A RiZit R&ER
Table 2. Box—-Behnken test scheme design and results

R ABERTE] (min)  BEHEE (M/V) CHEIPUREL LR i (mglg) HER (%)
1 60 1:10 2 10.98 6.48
2 60 1:12 1 10.28 5.29
3 90 1:10 1 10.90 6.33
4 90 1:12 2 9.81 7.74
5 120 1:12 3 9.40 9.04
6 90 1:12 2 9.08 7.73
7 90 1:12 2 12.15 7.28
8 60 1:14 2 8.41 6.93
9 90 1:14 3 9.67 8.59
10 90 1:14 1 10.32 6.57
11 120 1:14 2 10.88 7.9
12 90 1:12 2 11.35 7.73
13 120 1:12 1 11.38 6.83
14 90 1:10 3 10.65 8.52
15 60 1:12 3 7.93 8.29
16 120 1:10 2 11.10 7.77
17 90 1:12 2 11.43 7.83
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Table 3. Variance analysis results of quadratic regression equation of rosmarinic acid components

Ty 2ER R A ¥ F P
TR 12.88 9 143 1.23 0.399 4
A (HEHUE]) 3.33 1 3.33 2.87 0.134
B CEHELL) 237 1 237 2.04 0.196 2
C (IR EL) 3.42 1 3.42 2.95 0.129 6
AB 1.38 1 1.38 1.19 0.3112
AC 0.0342 1 0.034 2 0.029 5 0.868 4
BC 0.04 1 0.04 0.034 5 0.8579
A2 1.18 1 1.18 1.02 0.346 5
B2 0.049 1 1 0.049 1 0.042 4 0.8428
c2 0.998 6 1 0.998 6 0.8615 0.3842
B2 8.11 7 1.16

AU 1.66 3 0.5533 0.3429 0.797 1
a2 6.45 4 1.61

ey 20.99 16
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Table 4. Variance analysis results of quadratic regression equation of paste yield

Ty 25 Sl A ¥y F P
Ay 14.35 9 1.59 34.84 <0.000 1
A CHEHRE]) 2.59 1 2.59 56.55 0.000 1
B CRH& L) 0.099 1 0.099 2.16 0.184 8
C (HIBORE) 11.09 1 11.09 24238 <0.000 1
AB 0.025 6 1 0.025 6 0.559 4 0.4789
AC 0.156 1 0.156 3.41 0.107 3
BC 0.007 2 1 0.007 2 0.1579 0.703
A2 0.2912 1 0.2912 6.36 0.0397
B2 0.063 7 1 0.063 7 1.39 0.276 6
2 0.003 9 1 0.003 9 0.085 6 0.778 3
FR2 03203 7 0.045 8

AU 0.1342 3 0.044 7 0.961 6 0.492 4
aliiR 2 0.186 1 4 0.046 5

S 14.67 16
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Figure 5. Contour and surface diagram of the interaction of various factors

E: AR SR BUREG BARR LS R BURE C. R R S AR L,

25 wmMIZE5WIERE
251 RERIZLIBIE

A RO F T R K 2 i bs e (YBZ-
PFKL-2021159) , HHEFH 5%~8%, #ikH
iR 5 &M 5.0~18.0 mg/g, 254 T MO (/h
Rk e B R B E TS
Rl TP RetE (kb kb shte . 26
PERYBUBEE ), WO T R IR IR AR R % B AT
TBREERE . Design—expert 12 FAFTM A9 Fefd:
PEECT 2N $EEUEE] Y 86.19 min, RHE LN
1:12.03 (M/V) , $EBORECH 1.36 K. 4546 5
B, [RIAS Ay A r= T A e R e 2 o e A B T T
ONHEEURR]A 90 min, BHAHE A 1:12 (M/V)
PEHORECH 1 IR, PRV RT3 4y, By
10 000 g, XFHAEAT 3 GRS, J0iFlgnss
R s,
252 #HEHEILY

LHRFTER R T EMIERS ", Fohik
AP, WU R AN [R] W BSR4 7 U 6 o AR A0 i

AL, BEEREES . AL EE T SR R
shitE U A R bRk RERRES . i
T FARG T el Rk st X LA [l Rz o 5] 1
TR BRI R TR Y
Wk [ 5 25 bR e ( YBZ-PFKL-2021159) , 1l
BEALTT R 2.5% —AAARE L N ZE ZERITRG A0 2
U, RAYE, BT TR, ShR S EORE
Ve RS R J128 75 bar, AHolH 0 A% LGy
3.8+ 1, WURSIEHERL:, —IRIRIRR 77.2%.
& “25.17 WURrERlR SRR R, S8 ER
HIRIAL . SECRIA R, A5 5505 ey kL
SRR 6, GBI BB E 525 b
# (YBZ-PFKL-2021159) .

3 HLIGUEAS B A R A, e ] R ORL DK
TR M 8.79, 848, 8.53 mg/g, il il
PG 2k, KK R B4l oh 8.77. 8.41.
8.57 mg/g, VBRI REXT 2R % AR 1 TR
PEIUT 250 3 S5 w0 i £ 159 21 0 JoUkr 28 il
TFE 2RI T L7 R [ S 2 A

*5 WIEXIKLER (n=3)

Table 5. Verification test results (n=3)

A2 PRIEAFIR i (melg) HER (%) ISR Pk R TR i (melg) RIEHFIRFERER (%)
1 11.25 6.51 8.79 23.62
2 10.51 6.72 8.48 22.78
3 10.70 6.64 8.53 22.92
RSD (%) 3.55 1.60 1.90 1.95
R6 BRI FIIERIE R

Table 6. Results of the verification test for particle preparation
A2 IR IR b (%) REFR S (melg) — BRI (%) BT E (%)
1 21.8 8.77 79.1 23.57
2 19.3 8.41 78.2 22.60
3 20.2 8.57 78.4 23.04
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