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Optimization of preparation of volatile oil from Houttuynie Herba-p-cyclodextrin
inclusion complex by central composite design-response surface method

LI Ying, ZENG Mao-gui, ZHENG Ji, WANG Dian-yu, YOU Peng-cheng
The Second People’s Hospital of Fujian University of Traditional Chinese Medicine, Fuzhou 350003, China

Abstract: Objective To optimize the preparation process of volatile oil prepared from the aerial parts of Houttuynia cordata
(Houttuynie Herba, HH)-B-cyclodextrin (B-CD) inclusion complex by central composite design-response surface method. Methods
To prepare the inclusion complex by stiring, with the overall desirability (OD) values of inclusion ratio, yield of the inclusion complex,
and methyl-n-nonyl-ketone content as indexes, the influence of inclusion temperature, inclusion time, and ratio of B-CD-HH
volatile-oil to inclusion process was investigated by response surface method, the results were fitted by multi-linear equation and
second-order polynomial equation, and the optimal inclusion process was predicted according to formulation. The quality of inclusion
complex was evaluated by IR and HS-SPME-GC-MS. Results The optimal inclusion technologies of the HH volatile 0il-B-CD
inclusion complex were as follows: inclusion time 4.8 h, inclusion temperature 62 ‘C, and ratio of p-CD-HH volatilel 0il 7.79 : 1. Bias
of inclusion ratio, yield of the inclusion complex, and methyl-n-nonyl-ketone content between observed and predicted values were
1.70%, 1.49%, and 2.22% respectively. Conclusion Using the central composite design-response surface method to optimize the
preparation of HH volatile oil-B-CD inclusion complex has a good prediction.

Key words: volatile oil prepared from Houttuyniae Herba; B-cyclodextrin; inclusion process; central composite design; response

surface method
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IR S RO B AT AR E 2, AR
fi%, JERAT— Bk, IR AR R . A
S T e PR R AR AV AR, P L
IR I, W DRI, BEEAS R AU S
TR, ARG R ATER I 5 CO, A HUIE S bt £ [ ¥
PR, % B-FAMIRG (B-CD) &, JExt sy
Y& T EMATH 5

AR B A 22 R BIEAS Bevk BRI A vt ikl
Tl L2, X 2 RO R e B A Y,
SRR R IR D, HRE AR . A AR
TI -2 N T 7% (central composite design-response
surface method, CCD-RSM) DM 2y —Ffrsr 84 (it it 56
Bk, RARRREU> . KR E . e
FLIAESEI0 R, N AN iz, B, Aseskiz
H CCD Akt Jl 5ed% A mli-B-CD A& Hy i il #% L
2 Ba il g AenE (IR V2RI 2% [ AH AR HY -
A @RS (HS-SPME-GC-MS) EVP 43
R, RIEWLEY).

1 XFES5HH

Thermo Polaris Q “AH (- Fik A AL, E[E
Thermo-Finnegan /A #; Agilent 6890N 5 AH tf i
1%, EE2HER AT HP-5 MS B4 (IEEE, 30
mX0.25 mm, 0.25um, HALHAF; DB-1 £
AR, 30 mX0.25 mm, 0.25 pm, KIERF)EF
I A PR A ) s HA120—50—06 BRI FL 2K HL
PEE, VLRl B In A R 2 7] ; SPME
AT WA SE (PDMS, 100 pm) %5
Wk 15 mL Ay SR VUG SR ZE I T BORE of, 5%
Supelco A F]; CP225D M43 H K1, BS423S 7Y
IR, AR MR R AR A A 6202
UG AL, bRt EAE LR B A AT PRA
601 H W IEIR AT, TLIRE R T HR R SR A
J s LR—S5 M@y peds, Wi ke g4 T
#% ] DZF1.0 BUEC A TRAH, RS AR B
%) .

HHBE TE IR0 A (5 110834-200502) . 1E
+Tuke (B EDE AR, LS 111677-200401),
e 8 b R 2 R ERE ST RE s B-CD, [E 244K
SR FIAT PR 2> w5 £ IR R R [ A ol P e R
GAP W RARAEAL A s JE B, SR AR 4
2y RTI T B H B TAT T A, O = A RRHERKR
J&BLSZ Houttuynia cordata Thunb.; HARAH]. 12y
By oy Ml S8 K b aidkoK .

2 HESHR
21 &EEELHAEE

By fef Ao i SOREY 120 g (20 HD, BEARELZE N,
FrilASE B AR 2 DB S B E R T
VEJG » FTIF RS ML 2 T 5 s 71, H%E CO, i,
PEIRAEEL . ZKEUE /) 20 MPa, #HUEJE 45 C; 4
BRI 6 MPa, B TSN 40 C, &%
IR R 35 °Cs CO, ffkdiiE 35 L/h, AH2h )5
Moy bR, s EIRFIMIRAE I, A%
R
22 SEYHI&

¥idi e B-CD M AW T-/KH, I i i ik
B-CD M FIZK ¥, B S R ks v,
ARG TN A R R, SR rEh B b LA
1 500 r/min [FREBEFE R RE ], B, BAIK
FErhV I 24 h, I8, FH/DSRICK SRR IEDE,
BEA AT 40 CHEILECAS T4 24 h, B35
[ €6 £ R B4 R -B-CD AR K -
23 TMZEERMER-SHEEE (HS-SPME-GC)
ENEEESYhRREE TR
231 (il SSLIREITSS A DA SOk RS,
KA FAI R & BSR4 DB-1 &
MEF (30mX0.25 mm, 0.25 pum); #/<: Halis
(R $0=99.999%); A1l 130 °C; Aorintifbfs,
HERE IR 200 °C; FID Kuill 2%, ¥/ 200 C; f&
U 1.0 mL/min.
2.3.2 HS-SPME 41 FRVAHUE 20 mL 75 DY
S CIRIRIE I TS R, 20 T i 7K Tk
455 °C, WP 40 min, 85 PR RS LG
(PDMS, 100 pm) [EIAHMARCELTNE AL 40 min
(55 C).
2.4 HS-SPME-GC-MS % E &4
241 (ORE&AE (OREAE HP-5 MS B0 @i
(30 mX0.25 mm, 0.25um); FHTHE<: LD
WEE 250 °Cs THEFET: WIMHEEE 60 C, fR%F S
min, PL6 ‘C/min JHE % 240 C; fHHAAL, AR
M 0.8 mL/min, A7k,
242 Uik WS (BED TR TR
70 eV; B FHHEE 230 C; FmEARIEE mz
30~500. J5 it Hdh 12 1 NISTOS8 Ay it ZEHEA TR R o
2.4.3 HS-SPME 4&ff ZH “2.3.2”7 .
2.5 EEIGHR

251 fARMB AR (Y aREE R
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BRIEE T ETRILPT % S0 1 EE R —, *®1 SEFENEENRGTE
NWEREEN 04, Table 1 Effect of inclusion time

V=AW R R M TR | BRI 5 WHEWT /b Y/% Y2/% Yi/(ugg') OD/%
252 @WEMMERE (Y,  AREERIN--CD 4 1 62.17 5061 1.17 80.73
BUMFEIETEM AR I — A EE SRR, BEE 2 69.44  53.50 1.21 86.79
REBEN 0.4, 3 73.02  59.63 1.34 94.42

YLo="THAEWH R / (B-CD BFUR -+ 34 & i 5 R 4 75.17  62.62 1.28 96.36
253 QUHYTHEIEEMME (Y5  FEEE 5 80.39  56.95 1.26 95.18
FR2ERRNEZRIUMN, p-CDHEZRI M0 %2 SARENEAKROTN
%Z%H—j‘/ﬁ\ﬁj% $2 u@@‘/ﬁ\t% i, DRHRE RS IE T Table 2 Effect of inclusion temperature
M BN ANTEM AR R, BOE RERA 0.2, WAEE I C Y% 1% T(gg') OD/%
254 MRS LN, s Y R TR, 40 7244 5226 1.28 84.63
3 ANPEMIRFRIACE &g tH i Al: OD=0.4X 50 794 5105 136 8779
(Y1/Yimax) +0.4 X (Y2 Yamax) 0.2 X (¥3/ Y3max) 60 81.99  63.03 1.27 95.42
255 Mgk ABJREEIH-B-CD &4 70 7310 66.84 121 92.43
IE R “2.37 TR 730 o iR R =R 30 6873  68.61 L 12 90.00

(i EZ580) 2010 APk XD 0T # K il e
TEIEDSCHI 5

26 BEILZmMML

2.6.1 HEZFRK W Y. LR Y MR
HEANTE, GARE. ERSFIBR LR
PR I I 45 RUE ], KA A
7t 1 000~2 000 r/min I, HR/NRE B3 805 4245 h5
AR FEALRFFAE £ 5% LAY, HLYRE T 1 4o i
TR R M-B-CD A9, DRI P18 5 A i N AT
G L2SHHEEH, (OFaERTHE. AR
By BRI TR 3 AR FEIATIALRI AT . SR
DR, [ 2 MR EE, B 3 AN E
X OD {150, LA e 25 R 28 I HUE KT

(1) WAERMESE. AEMARICE P IE R S
By, % “2.27 UM AW TEERAE, Ets
g 60 °C, k5 B-CD &L N 116, 4
WEEAA 1, 2. 3. 4. 5 h [ OD 1, #H%%ig
PRE S R 1. 45K, Bk 4h 5, AR
P E, WEWSIEREAT E, Bkt ts
4h AR,

(2) AR SE. UERPRIC R R 5
By, F& “2.27 WU SIS ITIERE, WERS
i) 4 h, ¥4 B-CD KIiRELE A 106, 43 7%
FLURIE 40, 50, 60, 70. 80 CIf] OD ffi, & *%%5<
Fabrill e g5 R WK 2. g5 REoR, WEERER 60 C
IR AR, 2 Ja bR TS, BRAREAEY)
AT EIE, (R A S R AE Y b F I E

M EE TV S, SECODHAER M, 4E
FZIESRbR, B 60 C AR M T

(3) LD THRILE S HERFREM A%
B S py, 2.2 TN EYIHIE TR, B
FEAEULE 60 C R 4 h, 705 845 Kl 5 B-CD
AFFR LS OL R ) OD fH, 25 Sabrill & 45 2R
WA 3. HiREW], R B-CD HIEkEE 117
NG RO, IR e s B-CD 3R
L1 07 A
2.6.2 CCD ittt sidg K ih-B-CD iy L2

(O kg sevh: DU ARG S R R,
— KM CCD it i T 2. BoE A miE (A,
BHEE (B) MRS FHEHE (C) 3 K%,
IR B S BT s il e 5 K, 2 AR
fh—on =1, 0. 14 a Eos (3 PIEE S BT a=1.682).
W R AR 4. BLYi. Yo. Y3 OD (4%
40bR, KA CCD At B-CD & 4, iS22
KEFRITE 4.

x3 EERSTRHENESHRMFMNE

Table 3 Effect of ratio of f-CD-HH volatile oil on inclusion

EESTHREI Y/% Y2/% Y3/(ugg') OD/%
1:4 59.66  54.08 1.97 81.32
1:5 7174 56.41 1.60 84.95
1:6 7112 63.66 1.36 86.43
1:7 7715 68.63 1.15 90.21
1:8 80.09  68.50 1.00 90.08
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R4 BETELH-P-CDEEIZERRITRHSHESER
Table 4 Central composite design and results of preparation technology of HH volatile oil-p-CD inclusion complex

R A/h B/ C C Y1/ % Y,/ % Y3/ (uggh) OD /%
1 4 (0) 60 (0) 1:7(0) 78.41 61.66 127 92.32
2 4(0) 4318 (-1.682)  1:7(0) 73.50 58.28 1.33 88.87
3 5.68 (1.682) 60 (0) 1:7(0) 81.06 62.00 1.39 95.51
4 4(0) 60 (0) 1:7(0) 76.09 66.17 1.21 93.09
5 4(0) 60 (0) 1:7(0) 79.22 63.69 1.30 94.36
6 3(-1) 70 (1) 1:8(1) 71.83 51.14 1.16 81.29
7 3(-1) 70 (1) 1:6(-1) 69.99 45.02 1.12 76.15
8 4(0) 60 (0) 1:532(-1.682)  74.17 55.51 1.20 85.61
9 5(1) 70 (1) 1:8(1) 85.91 52.33 1.37 91.63
10 3(-1) 50 (-1) 1:6(-1) 59.43 49.78 1.09 73.68
11 4 (0) 60 (0) 1:8.68(1.682) 80.75 65.06 1.36 96.78
12 3(-1) 50 (—1) 1:8(1) 64.03 48.49 111 75.33
13 4(0) 76.82 (1.682) 1:7(0) 75.69 53.55 1.04 82.80
14 4 (0) 60 (0) 1:7(0) 78.37 64.85 127 94.23
15 5(1) 50 (-1) 1:8(1) 69.53 62.41 1.15 86.89
16 5(1) 50 (-1) 1:6(-1) 64.04 51.96 1.22 79.04

17 2.32 (—1.682) 60 (0) 1:7(0) 72.11 56.69 1.19 85.22
18 4(0) 60 (0) 1:7(0) 77.90 65.22 1.30 94.67
19 4(0) 60 (0) 1:7(0) 79.38 63.80 1.28 94.21
20 5(1) 70 (1) 1:6(-1) 73.05 50.57 1.11 80.79

(2) BEIRIRIG 55 250 #1: FIH Design-Expert
8.0.6.1 GLil A X 2 4 Bda AT 2 Ju bR
MRS, IS OD fixf B E AL B, C
(22 T PE DA R . I 5 A = T
G

Z IR MERARLE TR Y,=22.61543.098 A+
0.347 B+2.626 C, P=0.013, r=0.694; Y,=
40.598+2.326 A+0.246 B+0.158 C, P=0.248,
r=0.471; ¥;=0.881+0.052 A—2.180X10"° B—
0.038 C, P=0.098, r=0.563; OD=49.263+3.530
A+0.027 B+3.168 C, P=0.122, r=0.545,

IR EA TR Y1 =-90.705+2.797 A+
2.746 B+15.820 C—0.088 AB+1.489 AC+0.058
BC—1.924 A’—0.026 B>—1.615 C*, P=0.015, r=
0.895; ¥,=-306.124+28.031 A+5.649 B+39.040
C—0.117 AB+0.923 AC—0.016 BC—3.143 A’—
0.044 B*—2.810 C*, P=0.027, r=00917; Y;=
0.665+5.769X 10> A+0.024 B—0.082 C+3.750 X
10 AB+0.016 AC+4.375X107° BC—0.011 A*—
4.841 X104 B*—0.015 C*, P=0.054, r=0.936;

OD=-201.730+16.420 A+4.858 B—28.077 C—
0.012 AB+1.613 AC+0.094 BC—2.934 A>—0.045
B*—2.641 C*, P=0.037, r=0.930.

=T E TR ¥,=78.43+2.66 A+0.65 B+
1.96 C+0.88 AB+1.49 AC+0.58 BC—1.92 A’—
2.63 B’—1.61 C*+1.27 ABC+4.82 A’B+1.14 A’C+
0.75 AB?, P=0.160, r=0.912; Y,=64.45+1.58 A—
1.41 B+2.84 C—1.17 AB+0.92 AC—0.16 BC—
3.14 A’—4.36 B>—2.81 C*—2.01 ABC—0.29 A’B—
0.71 A’C+1.28 AB*, P=0.193, r=0.903; Y;=
1.27+0.059 A—0.086 B+0.048 C+3.750X 10 AB+
0.016 AC+0.044 BC—0.011 A*—0.048 B*—0.015
C*—0.039 ABC+0.11 A’B—0.016 A’C—0.013 AB?,
P=0.108, r=0.926; OD=94.08+3.06 A—1.81 B+
3.32 C—0.12 AB+1.61 AC+0.94 BC—2.93 A’—
453 B°—2.64 C*—0.19 ABC+3.55 A’B—0.26 A’C+
0.80 AB?, P=0.250, r=0.890.

WL P AR/ AR FREL G A58 DL RA 7
FELA TSI 2 e RIS RIS P>
0.05, FIHALIBIEIA L G E0E, r AL, KA
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At 5 RS 2 ) R AR DGR 22, 2 etk [l
LA BEAME, BUNPER 2, DB RARNE
Hro 3, ZIAA T REEAE S eIt
PR, P<0.05, J7FE r 4y 0.930, FHZHTH)

BRI IS R AT AN OD {H 1)
DZ R R % 70 7 BB > WA I TR >
W . KA ANOVA 70 Wi i [ A 24, T 72
IHTER I 5.

x5 EVFRBFENSR
Table S Analysis of variance for regression model

BrkIE P BHHE F1H P1H KR P HE g  F{E P1H
R 778.68 9 3.34 0.037 1" A? 124.07 1 478  0.0536
A 170.16 1 6.56 0.028 3" B’ 296.01 1 1141 0.0070”
B 0.99 1 0.038 0.849 0 c? 100.49 1 387  0.0774
C 137.07 1 5.28 0.044 4 W7 259.43 10
AB 0.11 1 4257X107°  0.9493 AU 255.32 5 62.10 02501
AC 20.80 1 0.80 0.391 6 aliiR 2 4.11 5
BC 6.99 1 0.27 0.6149 KA 1038.11 19

"P<0.01 B EE: P<0.05 K BE
P <0.01 is very significant; P < 0.05 is significant

T M RN, A F Al
3.34, M3 P<0.05, KPR EAEEN; iR
B Rug 9 0.864 3, W 7 FE (1 R 45 B 5 4 A (4 A
Z I EME G F O B, m A AT 86.43%
SERPETASLI Tk ) AR . BALAR S RECH
1.84%, 1t B AR (VRS 26 1 R0 RIS, R
RATF AR 0250 1, HEZ P>0.05, FKoxKAUII
AN, RN FEALEEEAN AT U DX s Y (3 0 R
4, n] R A A AR T 5 RO 45 AL EAT 43
Mo FHER 6 MIZH, 0w AP AR FH A0 35 0 A Uk Ay
A>C>B, ZHI AB. AC. BC HIXHEFRFEIA
B, TRIH AT CREMALE, 1 RIR BX
OD fHIRE MM W25, AT EIE T 4% K L A4
A % [R5 5 2248 AR OD (154 AN A2 1) LI 26 P
KR

(3) SRRV B i & BAR S

AT S YN

M4 Design-Expert 8.0.6.1 B8 45 ik
1TRG M, 3RS R -B-CD HfEfa T
SSH: WA 478 hy AT 61.55 'CLB-CD
e R R R I BORIEE A 7.79 L TRIIAE L T2 R
PT35I -B-CD WA IIIE R &
N 8239%%, WHEMIGHEN 64.22%, WHEYHH
FEEFHIE A 1.35 ug/g, OD N 96.93%. HidE
SEBRAE AN T ESEATIEIE, 1330 R
KM-B-CD AU A T EE&M N WA 4.8 h.
WEWRE 62 C. B-CD Hfa 55 K i #okH b Ay
779 1 1,
2.7 T ZWiERE

F I P EARA I S AR AT PAT 3 B G 50 UE IR
K, SRWE 6. K 6 Bor, LhEAIRK TR K
i R AL R S TIMEAR 2 1.70%, W59

1 FEZEA. B. Cx OD EH=4HHNEEES LN

Fig. 1 Effects of factors A, B, and C on 3D-response surface and contour map of OD values
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FEFMMEANZE 1.49%, WEWHHEIETHEYS
TINE AR ZE 2.22%. 459381, T CCD Bt
G L ESEMER 5.

2.8 &HEEELA-B-CD EEYHIREITFM

2.8.1 IRVE A% 4em’!, HRGEE: 06329
cm /s, YR : 100 um X 100 pm, JGi%vEH: 4 000~
400 cm ', A A AIRE: 3.857 cm s

Fzo6 GEWIEKKER
Table 6 Results of inclusion verification test MR A B Al 0.05 mL. B-CD 0.5 g+ A

-Liti}ﬁ% Y, /% Y, /% Y3 / (“g.g’l) EEE?%Z%?EE'B-CD @;é% (05 g>\ @HEEE?%E?EEE
1 80.61 64.03 133 B-CD MR &4 (5 IR 4% 2 il 0.05 mL, B-CD 0.5
2 81.44 62.75 1.30 g) FEM 14y, KM KBr JE A%, 1MLl G
3 80.97 62.99 1.34 A5 AN 4 FAS [RIRE fb 20 A0 X JR) WS A U g AR A 3
ARCA! 81.01 63.26 1.32 A0, SR 2,

a \\/\J\W b

4000 3000 2 000 1 000 4000 3000 2000 1 000

v/iem™

E2 &EEZELHE (a). B-CD (b). BEFIELHS B-CDEEH (c) FNEREEELMA-P-CD EE5H (d)

4 FEHK A IR

Fig. 2 IR spectra of different test articles from HH volatile oil (a), B-CD (b), mixture of HH volatile oil
and B-CD (c), and HH volatile oil-§-CD inclusion complex (d)

LA B-CD Bl B R, #578 SYIARTE K,
WA Ky PR IR A ) IR BB, T2 L O
WS, HEEWCTER, WM TR
B2 B R, A EEN 2L B-CD 1) IR &
oo FAIXRMEST, v LLAIKT B-CD f& ) 575 .
P 2 RO, fa R B R AE 1000~2 000 cm ' L
FEAEM 0, T AE fA IR R R -B-CD A i
LENR UG 2R R BT kTS, R A TR
P g, KINE AL TEL.

2.8.2 HS-SPME-GC-MS £ 1% “2.47 IifgH. 4
B0, K H HS-SPME-GC-MS 17 51 o} £ I #0452 % i
Ao R LA R -B-CD AL A ik AT 434, HS-SPME-

GC-MS BB WL 3. mAaare EG L 2
TEFRSUETEA U PET R 4L 2004 4F A B ([HXK 2y
L2 ATARALEEER], S ARLRE R 0.935,
W R K4 B-CD AL A1 5 1 GC-MS K3
(PR ARARBLRE ¥
3 it

UL ] A SR 308 1) f I R 25 M A O 1Y B-CD
WEY T EWIG: BT B2 ) #0505 Ak
] B-CD DIWF BV A8, Rk I skl &
G L IR R . RIS, LA 38 1 X 2k
T G« SRS AR A S SLAE K TR AR e
PERVPAN AL AR AR HUR S K 2R A A
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a b
M—A—% r | T + T ) u,h e 1 T -+ T 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
t/ min

B3 &REEELZHMESH (). F (b) HS-SPME-GC-MS S & TiiE
Fig. 3 Total ion chromatorgraphy of HH volatile oil on HS-SPME-GC-MS before (a) and after (b) inclusion

e £ BB kg, TR IEAS WA B L 1Y)
A4 T ESE W R A 252485
] 2 284 ] £ BRI 1 A2 6y A A £
H-B-CD & T2, UFERMPIREE N Fabs, I
W R AR A B . DL BRSO
ML GE kR IR e, BB BE, e ERA
% DLIEAR WIS T8, ik kb,
PATEA TR, e 80 AT 5 5 2 AR KT
o 240 126 HH RS A FE b 1) S 3 TR 3R 4t e R 3R K
PG, BRARIX TR AR, N REAbEE
BRI, VAR AN Xk b PR R IR e 4
FIMARAE, 55 S2Brts LT REA7AE 22t

CCD i Z Wi il ae pr % s M M 35 5 %
SEFRPRII DR BREUAL, DT 0 R T A 21 PR 25 F0
Wi A 22 ) PR R e i s B[Rl A 7 B, o 2 30
AN DR A5 DR 3% (1 B A 2 A R A PR S A, A
RIS AF I AR T, AR PO (1) s AT
52, MM AT DIOE S R I KT 20, LAk
RO RS S, BA MY . 788 brig
B RIS 5T, ROV AT I R B TS
TH e A TR 2% 0 ke T B 2% %% TR 2% 1) e A 1R 6 7K
o KR R AT R R 1 L s, SR
PRI Y, SN AR AR C VLA SRS HE ) 45 5
Fok, AR vl I AP IR, —
DA E 2~ 5 AN KA 18 B, A5 7K T4 ke
TG S BRI OS 2, HELLAT .

AW TR B T CO RIS A [ R
Ko, AXESEE, BT BTSSP L HS-
SPME-GC-MS 2 x FH S 1 - 1) 5, $RAE IR AR
BCK E AR B MZE SRR AL sy,
%%, HS-SPME ¥ BBV B A 7K 2 5 A IR 52 1w f

BB 4y BRE ) R R e s 56—, AR KA
WANEIBAE, WERKATR AT 75 s 5=, fe{li SPME
FORN H BIH BB BARMIFEA T 25, H05dE T4 7
A SRR S ARy . AT AR,
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