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Optimized Extraction and Inclusion Process of Volatile Oil from Foshou( Citri Sarcodactylis Fructus) ,
Xiangyuan ( Citri Fructus) ,Chenpi( Citri Reticulatae Pericarpium) and Bohe ( Menthae Haplocalycis
Herba) Based on Quality by Design Concept and AHP - entropy Weight Method
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Abstract ; Objective To optimize the extraction and inclusion technology of the mixed volatile oil of Foshou( Citri Sarcodactyl-
is Fructus) , Xiangyuan( Citri Fructus) , Chenpi( Citri Reticulatae Pericarpium) and Bohe( Menthae Haplocalycis Herba). Method
Under the guidance of the quality by design concept,the key process parameters of volatile oil extraction were qualitatively and
quantitatively screened using fishbone diagram,failure model and effect analysis respectively,and the extraction process of mixed
volatile oil was optimized using single factor test combined with Box — Behnken response surface test. The extraction rate , contents
of D - limonene,y — terpinene and L — menthol of volatile oil were scored by Analytic Hierarchy Process( AHP) — entropy weight
method , and the space of exiraction process design was established. Single factor test and orthogonal test were used to optimize the
inclusion process of volatile oil and characterize its inclusion compounds. Results The extraction time ,water adding ratio and soa-
king time were the key parameters,and the extraction time was 4.5 —5 h,water adding ratio was 8.8 — 10 times and soaking time
was 44 — 60 min. The optimal process of inclusion of volatile oil included the inclusion time of 2. 5 h, the ratio of B — cyclodextrin
to volatile oil of 12 : 1 g/mL and the inclusion temperature of 30 C. Conclusion The extraction and inclusion process of the vola-
tile oil from the mixture of Foshou ( Citri Sarcodactylis Fructus) , Xiangyuan ( Citri Fructus) , Chenpi ( Citri Reticulatae Pericarpi-
um) and Bohe( Menthae Haplocalycis Herba) is stable and reliable based on the quality by design concept and AHP — entropy
weight method , which provides an experimental basis for the subsequent development and industrial production of related prepara-
tions.

Keywords : quality by design; AHP — entropy weight method ; volatile oil ; extraction process;inclusion process
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B D-Fr y-# L-W
A/ B/ ] Y. %6
= CVARE | VA YA Y
. L N N

(%) (mg/g) (mg/g) (mg/g)

1(=5Ep) 4.5 45 0.42  1.86 0.15 3.93  95.58
2(%mp) 5.0 50 0.44 2.05 0.16 3.57  99.26
(=
(

~N O O

3(&MAh) 4.0 20 0.39 1.64 0.13 3.72 86.29
4(z5lah) 3.5 8 20 0.38 1.39 0.13 3.85  82.38

3 BAMBAIEHRAESER
3.1 ¥R WA A TY CQAS F1 CPPS thy# &

GBI  EBE R I AR LA YEER
GEYEMENCE TETRE CQAs, BB A E FE KM 5
B — MRS 1Y LL ] A5 TRE R CPPs,
3.2 RAEKERNE

2 [ 2020 R A E 24 L USRI ] 2204 35 % 00 A8 vk
KRR L mL & B T RSO, IMAGE R 2K, 7
T 5 h JEHGE K, A E 1 h R EIGE AR T &
A R SATIE 3 R RN AS A R = (FEE
AR/ KA &) x 100% , 45 5L ¥ 25 (4 [1 Y R H
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KB &M 2 mL, BT ORERENEIRT, R Em
FHH R, mE R 3 W ITE AR, HERIMEE =
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AKGHEER 3.2 WUR r AR B A W B HE Rl TR A R
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) x100% .
3.5 #adbewmElE
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BE TR —E M EFRAEZR, BT 4 CAK 24
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h, TR E Y, FRE TR RAYEE, UeYE
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PER IS R B R CR <0, 1,3 3 — S PRI, 32 WA & B,
3.7.2 KGR FRER2.5.2 WF Oy, ML ME A T A&
FEARHEAT B MR HT TR AE R BEYAE BEYE
R WALE W,

F 8 RIUCT AR bR S i

WEHE  BAER(%) AEWER/ (%) SEWEIMR/ (%)
f1 42 1 7/3 7
(R 7/ FE B 3/7 1 3
WAV TR 1/7 1/3 1

3.7.3 4R MR 2.5.3 WF B AHP LRI AL
FIfAE W, F1 W, 456, 1T S8 Rsi A IE W, o HIEL
M A SIS RERAN R, RS0, 425 T
Y= (GEE/EEE Max x B 5E W, + BEWREEE
YIRE Max x @EYIEE W, + BE Y MR/ 55
& Max x &Y &% W'f?ﬁ) x 100,

3.8 BALYEREALKhEE

AR FZLE T AN AL B - WK 54 & h i e
B RN R AL A R IR o A [ A I AN R
HIRTHET 4% B8 3.4 3.5 3. 6 T 5206 77 e 40 51| 2 840 4 B [7]
0.5.1.1.522.5h,3 -G SHERMMLLAIN4:1.6:1,
8:1.10:1.12:1 g/mL,f14 i B 30.40 .50 .60 °C X5 % T4
GLANE, ¥R 3.7 BT kiR R BEYEE,
WEWEIMRNLZEARE W, o BEEZ WA AR5
BR W 535100 61.66% .29.59% 8.75% . *%4EHZE KB - 7
KRS 545 T ) EL A B 4 H8 AR W 535108 70.64% 21, 11% |
8.25% ., HENENOEIRERIAAENR W, 73514 62.58% |
27.74% 9.68% T LA AR WK 6,

ML 2 WA LA BT B — PB4 & it 2 A
X LRA T s i & B R ¥ 2 BT - TR, Hi
WABELE 2 h 4b, B - WK S5 & M ELBI7E 10 - 1 &b,
AIRBETE 40 Chb, 25 A PR R B R AE, LG 2 TRt
B BEBEAR I E] 1.5.2 2.5 h, B — FRMIRE S5 #E & i LIS
1.10:1.12: 1,045 30 .40 .50 °C, 4T = &2 =KFE M IE
R, B R R M E A T,

3.9 ExXEhififhmbas Tz

3.9.1 EREEFHSLER WRB\IHELMESHEE LB
TE MR KO A Ly (3") & A 4 IEAS 52 [N &K -2,
W9, I 3.4 .3.5 3.6 WU R SLH 77550 B R 45 S50 411
AR AEWRE EEYEMRE LR 3.7 0T 7k EaE
AR MUEVER WA S HROLEANE W, , 258
66.90% 23.71% 9.38% , i+ ELEE1Fo , 459 % 10,

3.9.2 FE 454 WRIEIELTRERIT 22007, 45 R W
F 11, MRYE FAERT LA R L5510 R i RE B, R
B>A>C,H i A Fl B XLEATES B E(P<0.05),C
WEMEM(P>0.05) . R KAE /T 153 50 046 1Y et
WA TN A3B3C2, | FHE C WA EE, T AR,
T A, R ML A B T A a8 o A3B3CL, B4 4 i i)
2.5h,B - IR SRS R 12 : 1 o/mL, WA RN
30 C,

3.9.3 AT EMEIE NRAEIE S SER I ATE R WA S
TEMEEE IR T2 A7 3 fta by, SCm s
WF 12, LETE4 24 N 98.0,RSD =0. 819% , W% &
TEREIT,

3.10 @A WERAE

3.10.1 2ok I B - PRI AW LA AR &N
VRIS R, F AR T SR ELIRA, I Ad T XV 7 o
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LEVESI(GY)

LEATVESY(5Y)

102 7

100

98 A

96

94 A

90 A

88

86

84

82

= GaWR

100 4

98

96

914

92

90 A

881

86

T
1.5

{4t it)/(h)

Eaawd

- I

T
30

35

T
40

FLAIREEN(TT)

15

55

T
60

= AR

100 4 =
L
90 -
X
=
R [ ]
B 80
{o
1%
N
704
——a
60 - -
T T T T T
1 6 8 10 12

B-CD: {5%:ll/(g/mL)

K6 5Kl B RE R
#9 Lo ERIMAA ELI B R K-

R 12 R A LR

SES A Bf B. B — FRHING - C.uf ) = (ORERY/) (ORERY) 3 E)
S i)/ (h) A0/ (g/mL) i/ (°C) (%) BR%)  FWME%) /()
1 1.5 8:1 30 1 92.92 88.81 8.16 98.84
2 2.0 10:1 40 2 92.19 86.97 7.64 97.24
3 2.5 12:1 50 3 92.35 87.76 7.96 97.93

F£10 Lo (3Y) HER MDA IER S H BT 545 R

g A B D iR HEY ﬁ%ﬂﬂ%/ G
(ZH) (%) 1/8%/(%) (%) (5)
1 1 1 1 1 68.09 76.67 597 75.41
2 1 2 2 2 8723 8454 8.08 93.58
3 1 3 3 3 8404 9168 8.03 93.09
4 2 1 2 3 63.83 7473 564 7149
5 2 2 3 1 69.15 80.71 632 7.6
6 2 3 1 2 7447 8226 636 81.87
7 3 1 3 2 7583 852 713 84l
8 3 2 1 3 80.85 8366 7.61 88.25
9 3 3 2 1 9B.62 8.14 772 9%.14
Kl 87.360 77.003 81.843 83.723
K2 76.993 86.483 87.737 86.520
K3 90.167 91.033 84.940 84.277
R 13174 14.030 5.804  2.797
KL JrFEITER
TN WEVITA AME T FAH P
A 288.882 2 144.441  21.952  <0.05
B 307.414 2 153.707  23.360  <0.05
C 52.142 2 26.071 3.962  >0.05

i F(,_(]5(2,2) =19,
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AV E X AT B - BRI, R EE T A,
3.10.2 # 2 &k BERM A PRI L
EY R ALK B - FWDRE S R, 6 0K ZBERR, 1t
WG BT AR AR VA 1 ~ 5 i MR €8 1% 08 vk I
FERMVEW 1 ~5 4% 10 L 5 F R —rEE G W2 L, f A
fik (60 ~90 C) - ZFR LI (20 < 1) KR FFF], I J5 BUH B
T 5% Fr R BRI TN B AR, B, T 105 CHT £
BT, W 8, REE G R 3 BBEA, M 1.2 HELHE
UL R B AR IR R L At B - IR P, H
AR B v PR G B B . 4 H BB A U B R B
HIRA LRI BEY .
3.10.3  #s5h - TRy XKEER BUELRM AAEYUK B -
WIRE G &, TIOK S BEh i, (i UV 494, 25 R A6 T
XVEE 9, 7E 240 nm ¥ %A B S 28 A i, T B — FRMIRG
A W TE MR, U B 45 & 1T LA TR 3 A R K U TR L R
B — MG (02 I N T TR J0B ( BR G54 , BB A4
4 itig

BT B BRI EE A SE D - B
y = FATH O  RAE PR OM B PR A L R R 2
bR T B R . BLE T D - FEEIa Ly — A TIATE 3 B
I RIS AEAE, BT LK o IR A IR T2 CQAs 2
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Wl 2. A Y PR IE Kl ;3.
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E8 W2 EiEE

—o ERUPH D - s SRR BRI oy -

TIFRALE 3 2 b, M ILAE AHP 3743 BRI D - 4745

BB A SOR THE R IR IR 5 vy - 8lME 5 L - i

BEAEIFHN T D - M2 T o
FR R SO TR PO IR T s R 2 RO I 1l A £

T FH A A o 24 ol 500 90 315 B H 25 T 72 Hb oG T R R

FI20, ARBFFTH QbD FLG Fl A S AN K AR IS A

T2 RSB, 3 H AR 00 i XU 42 i 24 0 B 1 )

PPN AT B T  AHP - RO RIS 1 25 4 B RO

S J ARME— Rl RGN Ty R PPl 5 AU R B L A A

A LSRR E A, T 2RSS T A AL A

WESH, B G F DER A IEL MRS a4 12

WFFE S FIRL = P SR A0 A i, LA RS 7T RS2 1 T BTl

FHSCHEZ, LA/ SRR Az 7 o AT e, BRAIRRURS: , ST AR
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Fhit

S Rk

(1] HTv, kMR, VFWIEL, 45 5T QbD JHL I 20k i 1 S /K B I B
BRog R R R [T ], P B AE R ( B AR R ,2023,53
(5):118 —125.

(2] JBIRR, IMIGE, S OETE, 5. STl U5 T3 S eI A 7% 2%
WENZRA T TZET] B2 S, 2021,40 (9):
1237 —1242.

(3] R, B, bR 05, 55 JE T2 K Ir M 455 Box — Behnken
BT TR A 2 W A RN SR I 20 [T ] 25 4F, 2023, 46
(5):1243 —1248.

(4] B AHILIT, ZAETE , % Box — Behnken I R ] 45 £ BE G
BEAT AHP - FiAGE AL G4 2 RIS OU IR T2 [T h
HL2h 2022 ,53(21) ;6716 —6725.

[5] BEFE, T4k, Box — Behnken %31 — Wi 1A% 45 4 Gl - fifidY
AL A — B I i S It T 2000 ] iy, 2024,
55(14) :4688 —4699.

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

TREE, SRR, 220K, A5 TR Y 1k 2 S B2 B 9T
PRI, sP A2 ,2023,45(2) 1514 - 518.
/NG, T R AT A I 2 1 TR A A O 2 AR ) 2 0 A
TR )], AR 2022 ,43(23) 1305 - 315.
TR, EARE LR T I F 5 Btk g R R T i o
JANBE NG FE DPPH [ Hy JEVE T L[], WL i K 2% 24 41t
( HARBIEIR) ,2018,41(1) ;84 -91.
JURE B AR EY AR i IhAE A R 2 B R A e
HBRAREY BN 447 [ ] b B AR P 252 ,2022,39(7)
976 —988.
RHTZ  MI/INAT, OB 45 R B 15 I o s A s M i &% GC. -
MS ERIHI]. P E 2 2R ,2021,46 (24) 6403 - 6409.
X H B 22, 1 R, . B2 HUIMAR 1 T K AL ) F 5T adk
JE[J]. 2 ,2024,55(10) ;3558 —3568.
TKIR ). SEF QbD HE AR E W IR I R AR I S A T2
WHFEL D] ARG . R PR 2= B, 2022,
B TR AT 06, S5, AT 0N BRI T T2 R g
Ah BT [J]. 52 24,2024 ,39(3) 162 - 71.
LA AN Bl T, 2. BT R - W R &S
FEEAEHILT]. Bl oR 5 1 #,2024,24(9) 3632 -3637.
BT AR UK, P 6 A BRIR TR T AEAR A 0 5 iR T 2
FIREF (L) < 36 F 325 Bl R s il Sem [ ] v ) vp 2 2%
72,2017 ,42(6) ;1048 - 1054.
FERAL, 32 5630, BRI , 55 J2 IR 43 BT ik 454 Box — Behnken 1) i
WA B G T2 T]. haeh B 22 11,2023 ,41(7)
208 —213,278.
WHEME, ARSI, . RN I 45 A AL B T B
FREIRALT ST )3 B RATEER T LT]. e Ry
2:],2023,41(6) 172 - 177,274,
B, XA , 22k, 4. 36T Plackett — Burman 454 Box —
Behnken {2 ML 4 J7 = A iAFE LI B - FWIAE G T 2]
of E AR 22,2023 ,40 (19) 12669 —2676.
AR, 2 3, JRRAE, 45 FEARBOR AR R B - IR &
A B RAELT]. P E BT 254 ,2023,32(16) ;1690 - 1696.
TLIGY AR SR, A 20, 55 LA R R BRIl 4 i T 2 e A
T AL A2 B BB A ARTE R ST [ 1] KRR TF= i 5% 5 9F
%2024 ,36(7) ;1101 - 1111.
FE BRI FFI8 55 D — Ay X 5 R 40 i 88 20 L G 4 1
bR A B ILHLRI L) ] s MROR 2 24k (R 24 1) ,2024,50(3)
647 - 657.
IERHIS - AN - A A =t o L SE W] S L A s
58 sh JiA T BT (1], 5 Rk BE 25,2024 ,44 (5)
582 —589.
T AR, B, S A i A T 2 10 AR 3R eb R R 0 T A
JE[T]. i A2G,2022,44(2) ;498 —503.
4V IR R TR T, S T2 HE R A T RAE MR 1 2 B
WFoEaE 1], 25,2024 ,46(5) 1577 - 1582.
kKRR AW, S 2 R Ak 2 B P BT AR
BUIARSE [ J/OL]. s E 2R K54, 1 - 192024 - 07 -
13].
B S AT, EARBIL. B U B A R b 9 F
FEHERELT]. AR 2550 2% A (46 R ,2022,20(4) 129 - 138.
B AR S, X HEGHE, A5 BT R U TR T (QbD) & 1
FER-BUAMMANS TR P EP &,
2020,45(16) ;3844 —3851.

49



%43 % %M h % h E ZF F T Vol. 43 No.9
202549 A CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Sep. 2025

ETRERTIZITEZS AHP - HRUGEMAL T,
BG . BFEBEEEAHRENSEATIZ

(ExXR 42 -49 )

€
R i
= <
qQ Ere
&K Ha
& B
=
o
ASRERETE)/ (h)
a-1 a-2
100
~ 95
§%
2 as £
%so E
> 75 ﬁ
70 o
60
5 0
@W/Hj/{ i)
b-1
100
%
8w
@as E
%ao E
> 75 =
70 g
o~ — 10
40
Ca\@ 0 g ﬁ
/. W/@/(min) 0 6 Bj\“#% 1 »
B.ANKEE
c-1 c-2

Pl 4 ) T Y TR A6 R 2

M|



$43% %o b % fh E 25 H F) Vol. 43 No.9

2025 %9 A CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Sep. 2025
16 Overlay Plot €0 Overlay Plot
= 50
=& il
Pl 9
E = 40+
5 2
=g+ = 30
=
=
mX 204
75 S
10
6 T T T 0 T T T
3 3.5 4 4.5 5 3 3.5 4 4.5 5
FEHRR ] / (h) FEIUR 18] / (h)

F5 AP 284 M (DS)

4

A: B-BRHTE . B £ o C. HE&

7 B

11
1.0
0.9
0.8
0.7
0.6
05
04] [l
03] /N
0.2V

T 2mA

01y T e
0.0

200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320

G VTS

I\



