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Abstract: Objective To study the ball milling process for preparing volatile oil components in silica solidified Ganmao Qingre
Granules (/& E & # Bk, GQG) and optimize process parameters. Methods A gas chromatography (GC) method for the
determination of menthone, L-menthol and pulegone in the complex of silica solidified GQG volatile oil was established; Based on the
appearance characteristics of the products and the changes in the content of menthone, L-menthol and pulegone, the ball milling tank
material was selected; Using the relative standard deviatio (RSD), adsorption rate and volatilization rate of menthone, L-menthol and
pulegone as evaluation indicators, the entropy weight method was used to select the optimal type of silica; Box-Behnken design (BBD)-
response surface methodology (RSM) combined with entropy weight method were used to optimize the preparation process, four

critical process parameters (CPPs) were determined, including ball milling tank filling rate, ball mill speed, oil material ratio and ball
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milling time. A process design space was established and process validation was conducted. Results The established GC assay

method met the detection requirements in terms of linearity, precision, repeatability, stability and sample recovery; The material of the

ball milling tank can be agate or zirconia; The adsorption effect of ordinary silica was better; The design space for the four critical

process parameters was as follow: The filling rate of the ball milling tank was 64%—67%, the ball milling speed was a quality reaction

factor, fixed at 400 r/min, the oil material ratio was 1:1.1—1:1.2, and the ball milling time was 54—60 min. Conclusion The

established GC determination method for the three components of menthone, L-menthol and pulegone can meet the detection

requirements, and the preparation process of silica solidified GQG volatile oil is feasible.

Key words: volatile oil of Ganmao Qingre Granules; silica; solidification; Box-Behnken design-response surface methodology;

entropy weight method; ball milling method; menthone; L-menthol; pulegone
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AR R, 4 GQG # A&  [EAb AE — 4
fefiErh, B R AR AR A B A ) LS A%

HIE AL . il 2% T2 NEREE VL, KA Box-Behnken
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98.0%)+ #HE M (L5 ST19390181, JRE /T H=
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520220812, HHAEEHAIRAR; BifE LB,
yMTa, RIETTRNME BRI PR A A
2 FAEEHR
2.1 ZEWREEN GQG #E & MM RKAVHI &

PR S AEE 5 g, B TEREB®EH, FIINA GQG
VERCIIE &, 150 B I 3K B L 2k R R 8 B ) 3 A 7 )
%, B EAEER L GQG R Mk K .
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221 AHAMERECH AR GQG
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fig, #2573, 4000 t/min &0 5 min (Z0F4% 8.4cm),
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W HY EVEWR 2 mL & 10 mL &R, INESER 2B
BEZIEL, RIS IHAR AR

2.2.2 RAXTHE SRR R BRI A BT
f8\h 79.55 mg. L-FE AT R 16.97 mg. A AT
i) B 93.43 mg, 7l E T 3 4 25 mL ARt N
o, INBSER CERVE MR RE R AR, AR
T3 AR 2 o T 6 R i #5904 mL L-TH
TRFTEENT R S A 4V 3 L ) VoA T o) R i 4% VTR
0.5mL T[Al— 10 mL &I, MBS OBk 2
g, R AT LT AT 5 R T R
FE 2 11455, 199.56. 158.86 mg/mL f{I7E &%t
FEETINE

223 (kM (I F N HP-5 A (30 mX0.320
mmX0.25pm); BFEEE 1pl, 29k 10 01, #EkE
FHEE 250 °C, FID Rl &8 SE 250 °C, #AfimE
1 mL/min; #£/5FHE: ¥4I 100 °C, fr%F 0 min,
PL 1.8 C/min F+ 2 130 C, {#FF 4min, PL 20 “C/min
FH2 220 C, 17¥F 6 min. JRA XTI SR S itk
SRR GC S LA 1.

A ‘.‘"Il 2 3
by 3
B |
/ ‘l. - B ‘._)/\_” - o
7 8 9 10 1
t/min

1M 2-L-PAT e 3- 0 e

I-menthone 2-L-menthol 3-pulegone

E1 RAXNEE (A) X GQG M (B) #Y GC &
Fig. 1 GC chart of mixed reference substances (A) and
GQG sample (B)

224 BMERRFBE Jp ok B A R T R
%W 0.1, 0.2, 0.4, 0.8, 1.0mL, L-J#7i7EEx}IE
MR 0.5. 1.04 2.5, 3.0 5.0mL, 7 far A X
MBS B 0.1, 0.2. 0.5, 0.8, 1.0mL {KKET 5
ANAFRRE 10mL B, ARG B R 2 %)
FE, 1335 MASE FR 5T T TR A R,

HEFENE o AR EIREEARAR (XD, IERIFAHN
AR (YD), BEATERYEIRNA, B3 Ar i L-TE i
A s P ) AR TR T AR 4r o Y=1 596.4 X+
0.276 2, r=1.000 0; Y=1 575.0 X+0.495 3, r=
0.999 9; Y=14553 X+0.718 7, r=1.000 0. %5}
KB, MATERLE 28.138~281.370 pg/mL L-7#fi
7E 21.932~219.320 pg/mL. #HEATEHAE 34.171~

341.710 pg/mL ZEPER R R UTS
225 FEEERLG  E “2.2.27 TR RIRA IR
W, ESHFE 6 I, L FIETH I RSD 1.
VAT LV AT I S SHHEART IR £Y) RSD 23704 0.96%
0.99%- 0.98%, Z5F RN E R T
22,6 BEEMRK IR 2217 TR ikt
WA, CPATHIE 6 4, BERE, THE SRR
O HU I RSD AH . Al LA EE . A R
JF B 43 B0 RSD 439510 0.33%+ 0.46%- 0.37%, 45
RBRPZ T EEME R,
227 RS R “2.2.17 TRy ik &t
REEW, A ERI &S 04 1. 24 4. 64 8. 12h
HEREE , e AR S-S RSD fH . T A
L-FARTE AL B UG AR ) RSD 43514 0.76%
0.68%- 0.77%, &5 RF I MIEIAE 120 AEEE
PER .
2.2.8 INFEREICRIRLS B S AR B R K 2
0.1 g, FEEMRE, PATHE 90, KEMA 25 mL
EEHG B8, #22], 4000 r/min 250 S5min (B034%
8.4 cm), FEHEWHN i 2 mL T 10 mL &=,
A3 AN BRI 3 B 50%(3 430+ 100%(3 43+
150% (3 43, IIABER LB R 2 %0 B, AR E o
VAT . L-JEEATIE T R T S5 A [ W R Ay
BN 96.75%+ 101.64%-. 103.03%, RSD 437N
0.98%- 1.91%- 1.01%, 2553 B3I 5 ok e 14
LI
2.3 HIEALIE
231 PFMIRARMIEE BRI & A AR AL
GQG ¥R AR, LS MEERE L GQG # & ik
Kb e LT . BTEGTER A RSD. TR
FAE R Z VNS, K LT R S 4R,
RHEEER, T RPRIEE IR R .

RSD = ki ffi 2%/ 5 AP #1H

Wl B 2 = [ELAR A R A SRy B A i A RO 4%
S

1B R FR =24 h WA RS B B VA RS o B
232 WBUETHRLEES S WAUE R RIS PN
A8 S P DR/ e iff o B AL, i/ T R PEA XS
RIS R, RPN AR (S BN, *
BZ IR AR SRR FEOR, AU Rz, B
%o AN FT LA TR . L-E AT I BT AT B ) RSDS
W Bt 26 DA R R ZON P FE bR, IR A2 &
TRPR R AL E REL, R L A5 90 X IR B s R 3t
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ONAEEEL 7Y i
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min{Xy, **, Xoj}) (m NEEARED

@ FR bR AELL

Xij=(max{X1j, **, Xmj} —Xij)/(max{Xy;, **, Xmj} —
min{Xiy, ***, Xu})

(2) THEE j MR T ¢ ADIUH B AE
H (P
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i=1
(3) TR j MEARIEE (e)o
ej=— Zm: PijlnPj/Inm

i=1
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(5) A j MEREIBLE (W)
Wimdi'> dy (n FEIRERED

2

(6) ﬁriﬁ% i NMREARMLZEA
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2.4 HZF R B 6 1%

AR AN HOR LR SE AL, 3 Fhbt BT (1 BRI
W, GQG ¥ K5 AL IR 12 1 #0k
W B HH N 400 r/min, B AN 30 min, 18§ 3 FiAN[H
M ER S GE T il & I FE AR A o 23 05 3 e [l
B AR, e R 3 By &8, 4%
W 1o AT, ASEEANAE oK B G Tl B P [ 40 )
MBI B, SR MBEMZERR, 40
PR G, BTN L5 E e
5 PR B S ) ) B AL R 35 iR B e, 3 B

E15r (ZDs

R 1 TREIMRIKEERE L HELHR
Table 1 Curing effect of ball milling tank with different

materials

[ B (mg-g ™)

M IR VAT L-EATEE AT
AW B K - - -
O HS B R E S 65.47 74.91 150.62
AAEE BB E 6781 74.24 153.10
ZH - -2.34 0.67 —2.48

AT S EAEAR. Bk, IS A T Bk
VG YS) AT FH T 45 R B A D b 4 o AR AR P S
TEBR B .
2.5 ZEHERSHFE
251 EAGEEBEAGIE R R H S 2Bk RR
B 44k RE 350FCP 3 g. —%ALHE 244FP2 g, i
TERAAEE 5 g DA R S ARE HY-244NP 1.8 g BBKEE
T (BRESTER AR 23N 67%), 7 ilix — A rE
SRR AR 10 1 IS FEARFL 5 R
WEHIH 400 r/min, EREER AN 30 min, BREELE R
Ja Bk AL 80 Him, RIS,
252 [EEK ARG ISR I H & i o5 L 1 [
WA THE b, 1208 S SRR 7EFE AL FHY
R, BEAERE0.2g, $ZHR “2.2.17 TR H & AK A
W HURE J5 B AR AR DR A T E B8
253 SLEREER ANEAS AR A [ A
Wl LT . BAEATER ) RSD. WY AN
FERFBU S GEER R 2. S5 REKW, ARk
CRE A3 e, WOk A RER L GQG K .
26 HERER

FET BTk B BB HER R A AR S, TR
BRER L5,
2.6.1 BREGEHAR WE CHAIEHERE SN
57%- 62%- 67%- 72%- 77%, [l 7€ #43% N 400 r/min.
JOEHEE D9 101, BREEIS A 2A 30 min, 4 B4,

2 TREBS-SUEELK GQG HEAMER
Table 2 Results of different types of silica solidified volatile oil from GQG

RSD/% W2 B /% R I%
= — — — LEE18 0
AR LT e SHEERTEE T - EE SHEATER AR LR ST
Ak FE 244FP 2.14 2.29 2.14 92.00  94.72 94.00 9.20 475 7.03 0.1335
%Ak TE 350FCP 1.23 1.10 1.14 9261  94.75 94.03 7.63 5.14 6.40 0.3912
AL TE HY-244NP 0.48 0.93 0.58 90.86  92.64 92.08 344  —0.40 1.20 0.584 1
Ak 1.94 1.66 1.83 94.18  96.07 9551 -0.51 -3.73 -2.20 0.750 8
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ME & oy i, SRNE 3. 45REKW, Hax
1 57%~67%h}, Liafdn 2 EFEs, #id 67%
W2 NS, 7E 67%M i AR E R im, HoR
RIS A= 7K 43 AR HL 62% A1 72%

2.6.2 FREENUFEE BCEBRENLEE S 5N 100,
200- 300 400 600+ 700 r/min, [EEHITEHRN 67%-

W5 S, ARINEK 4. ERRY, BREHL
FEEAE 1004 200, 300 r/min FIEBLR, HIILAS [FFE
FERIRIRILE, MR A% . T, R B
DR 2R I6 TR FIWT H 5 515 7 IR K AT KR,
AT RETE LR B 13 B MU RN, HE
ARG HE, SO A iU SR 2, [A]

WORHEEDY 10 10 BREEIS1A] Y 30 min, )25 464, SE e N R A A3 oy e AR A6 1 400 r/min.
R3 ERXPERRERLGR
Table 3 Single factor test results of filling rate
AR/ RSD/% UERA R % s
% WG LR WIMATER METER L-ARE WG TR LY ST
57 1.32 1.36 1.36 91.29 92.60 92.18 5.97 3.76 5.66 0.208 4
62 1.88 2.02 1.95 91.73 92.92 92.50 4.76 2.14 4.05 0.2193
67 0.86 0.91 0.88 93.95 90.53 94.52 -0.03 -1.61 —-0.81 0.8592
72 0.55 0.48 0.46 93.47 90.28 94.10 2.72 -1.24 1.18 0.783 3
77 1.25 1.23 1.22 92.37 88.41 92.67 1.06 —2.46 —0.42 0.5258
R4 BREERERER
Table 4 Single factor test results of rotate speed
e/ RSD/% MRBR 5/% R % mams
(emin™) R L-WEATRE  SIEATAR TN LRTRE  SIMEE  GROTE L-GATRE MR
400 1.15 1.49 1.36 96.91 98.20 97.74 2.39 0.06 1.48 0.8723
600 1.54 1.32 1.37 91.12 92.19 92.01 3.05 0.40 1.26 0.253 4
700 1.60 1.81 1.75 90.23 91.69 91.38 2.45 0.18 0.84 0.2218
2.6.3 JHORLLEBI BB MRG0 0.5 1 1, 75 min, [EEHRAEN 67%. F#H 400 r/min.

0.8:1.1:1. 1251, 1.5: 1, BEEARN 67%-
B34 400 r/min EREEI ()4 30 min, #14 FE LY,
W 46 A &5 B, AR 5. SRRV Mk
1£0.5 0 1~1 1 1, S8 B3940 2 EFHass, il 1.
LIS RS, 120 L TP, 1 1
SRR IR E iR, OB LR AT AN 5 AT 2 5
BEEL 0.8 1 1 F11.2: 1,

2.6.4 FRIEITR  BE BRI R4 514 30, 45, 60,

BIELBIA 101, Sl ERY, WESmn&w, 4
RN 6. 5K, EREEMS[EFE 30~45 min i,
A/ R EIHES, BT 45 min B 2R EES,
1E 45 min B 255155008 Bl m, R EE I MK KF
K43 A% E 30 min A1 60 min.

2.7 BBD-RSM it —S{LEEE GQG #E A BT ZE
2.7.1 BBD-RSM I ¥ i K4 R SEIRH 4
TRHER B 4k GQG ¥R, [l 4k 77 2R FHER B8V,

5 HRLBEERRERLER
Table 5 Single factor test results of oil-material ratio

MR/ RSD/% WP 1% FRH % ama
(mLgl) W L-WEAEE WA EATNR LRATRE WA AT LR OWERE
05:1 137 0.82 1.17 92.78 95.46 94.79 6.92 3.85 5.75 0.516 2
08:1  1.05 0.57 0.96 92.85 94.98 94.28 9.10 3.46 6.27 0.5120
10:1 197 1.75 1.83 9470  96.24 95.76 2.54 0.14 1.67 0.682 1
12:1 129 1.04 1.03 89.46 91.29 9093  -1.14 387 -2.35 0.554 6
15:1 1.14 0.98 1.03 88.31 90.50 89.96 223  —6.42 ~4.63 0.579 2
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Table 6 Single factor test results of ball milling time
BR8]/ RSD/% W B 2R /% FER 1% I
min WATER  L-MEATRE WDEGTEE  MATER LY WEeTER AT LoEfrmE TR
30 241 2.31 2.33 95.09 92.00 95.98 3.56 -0.20 2.13 0.2320
45 2.95 3.12 3.09 96.09 93.01 97.08 0.81 —2.18 —0.42 0.701 5
60 1.12 0.73 0.80 94.87 96.37 95.89 2.32 -0.24 1.42 0.4360
75 0.92 0.83 0.87 94.30 96.29 95.62 2.60 -0.53 1.08 0.402 6

FEESTEAA o AR5 T R B R () R B A 0 %6 (X))
BRESEG . JRHE (X)) DLREREER ] (X3) AR
BT228, =R K o b N
400 r/min, VA L-vEAe7 B . 0707 R Y RSD
W B 28 DA S R 2 AVE AR bR, FI R BGEAS 2%
FarR BB 4 58 0.176 4. 0.110 9+ 0.112 9.

0.1329. 0.1362. 0.1262. 0.0645. 0.0651. 0.0749,
FE MR EE 51597 =0.176 4 X {# il RSD+0.110 9 X L-
HEATIE RSD0.112 9 X #H# faf flid RSD+0.132 9 X 7
fof B B 2R +0.136 2 X -8 faf B B 2R +0.126 2 X
W 6 a7 B B R 4 0.064 5 X T AT B 4% R R+
0.065 1 X L-JHfif B R 2R +0.074 9 X A 4 i i 4% 1
R RS HM A3, T R EFR IR 1 1

F R R AP BT SRS, AT AS e B2 TR SE YT
AR T,
2.7.2  [EEBERIEST R ES T HIRBRSER A
Design Expert 13 #AFHEAT 04, 7 Z 0 fraf R W3R
8. LERFHIMM P<0.05, BAYEA BEME, Kl
Tt P>0.05, R RMTUAEE, Frid Lseia 4
TR H, FER X AR R R,
FHEZREX LA AR BN X >X> X0, P
132 AN RN TTFENER G137 Y=0.5311+0.089 7
X140.036 9 X>+0.078 8 X3—0.108 1 X1.X>—0.104 7
X1X3—0.005 5 XoX3.

I N E 2 778, XX 5 XX B2 BHAE R
AT, XX W HAER .

#& 7 BBD-RSM I 1& i+ R4ER
Table 7 Experimental design and results of BBD-RSM

RSD/% MR B 2R /% FER 1%
KT Xi/% X3/min A4y
(mL-g™) VAR L-P A I W9 A A ST LT I WA I TR LT T A
1 62(-1)08(-1) 45(0) 293  2.68 267 9161 9388 9322 281 -191 —0.03 03911
2 72(+1)08 45 1.88  2.12 1.99 9396 9592 9537 1.02 443 -190  0.7385
362 12(+1) 45 3.06  3.00 299 9501 9689 9624  2.02 -148 —0.07  0.5917
4 172 12 45 .61 172 1.67 9186 9341 9304 393  1.69 387  0.5069
5 62 1.0(0) 30(-1) 299 3.2 341 90.14 91.81 9142  1.69 —0.90 132 01767
6 72 10 30 232 239 236 9462 9613 9580 427 035 246 06136
7 62 10 60 (+1) 2.16  2.52 241 9289 9462 9409 039 389 204  0.5932
8 72 10 60 0.88  0.88 0.85 9127 9267 9212 371 052 1.64 06112
9 67(0) 08 30 149 146 148 8991 9147 9082 345 0.2 1.38 04182
10 67 12 30 216 195 202 9333 9467 9426 233 055 0.53 05923
11 67 08 60 281 3.02 2.84 9397 9604 9556 294 -126 074 05374
12 67 12 60 224 248 245 9464 9612 9584 059 221 -1.00  0.6896
13 67 10 45 222 235 239 9255 9397 9353 382 0.8 1.99  0.4675
14 67 10 45 136 1.06 110 9351 9485 9439 238 —0.40 1.08  0.7409
15 67 10 45 216 2.03 209 9204 9346 9305 529  1.85 211 04414
16 67 10 45 214 2.09 209 9345 9502 9464 851 648 6.16  0.4632
17 67 10 45 1.83 2.4 210 9154 9276 9210 1.65  0.07 1.00 04557
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Table 8 Variance analysis results of fitted regression equation

KiIE - CFAA BB ¥17 F1ii PiH HIR SERA B ¥175 Fia P1E
A 0.2156 6 0.0359 3.52 0.0386 | X2X3 0.000 1 1 0.000 1 0.0118 09158
X1 0.064 4 1 0.064 4 6.31 0.0308 | %= 0.1020 10 0.0102
X2 0.0109 1 0.0109 1.07 0.3255 KI 0.037 1 6 0.0062 0.3808  0.8602
X3 0.049 7 1 0.049 7 4.88 0.0517 | #iiZZE  0.0649 4 0.016 2
XXz 0.046 7 1 0.046 7 4.58 0.0580 | &F0 0.3176 16
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0.71 0.71
R S R
: Z os £ o
0.1 03
1.15
% 45
X/(mL-g") 0.85 64 A% Xy/min 35 64 Xy/min 35 0.85 X2/(mL-g™)
LA Gy L4
55
Tbl) g K=
4 E 45 g
= = =
b

2.7.3

Xo/(mL-g™")

Xi/%

35

64

Xi/%

70

E2 HAZEXZEEREEEE

Fig. 2 Response surface diagram of interaction between factors
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], A ANEE: HAREN 64%~67%, Ik
EboN 1 1.1~1: 1.2, EREEWS Ay 54~60 min.

2.7.4 T ZWAUFRE  SEHURIE A A s AT
ERES, ~PATHIE 3 4k, ARl 2 AFATRE, HCF

B, WEZEEED R 9. WA, 3 HIRIERTR S
H)5) B RSD HISFE 3%LLT, W ZRI4E 93%LA
b, HERFRHE 252%LF, ZRER/RTEIFE 05 L
L, UM TR RRRE, BA R,

F9 3MIIELER

Table 9 Three batches of verification results

RSD/% W B 28/ % FER /%
ek Gy
WA L-ETEE BAVEATE WEATER L-ATRE O SAMEGTER T L-WEATEE WA

1 2.55 2.59 2.60 96.04 97.61 96.99 2.09 1.04 1.65 0.516 3
2 2.58 2.61 2.65 96.49 97.62 96.95 2.52 1.04 1.85 0.5513
3 2.83 2.39 2.52 96.37 95.08 93.89 0.60 -0.33 0.35 0.5259
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