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Optimization of steaming technology for decoction pieces of Scrophularia
ningpoensis by D-optimal response surface methodology based on AHP-
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Abstract: Objective To determine the weight coefficient and optimize the steaming technology of decoction pieces of Scrophularia
ningpoensis (SN). Methods The contents of harpagide, harpagoside, aucubin, acteoside, angoroside C, and cinnamic acid were
simultaneously determined by HPLC. The weight coefficient of each component was evaluated by AHP-entropy (analyitc hierarchy
process) method. With composite score as index, D-optimal response surface methodology was adopted to investigate the effects of
soaking time, steaming time, and drying temperature on the quality of processed products and optimize the processing technology of
decoction pieces of SN. Results Optimal processing parameters were as follows: soaking time was 15.63 min, steaming time was 85
min, drying temperature was 60 C, and the synthetical mark was 97.20. Considering the actual situation, the optimum processing
technology of SN was obtained by fine-turning the soaking time. The soaking time was 15 min, the steaming time was 85 min, and the
drying temperature was 60 ‘C. Also, the synthetical mark were 98.53, 99.39, 98.86, and its RSD was 0.47% through the obtained
conditions in parallel with three batches of samples. Conclusion The optimized steaming technology is simple and feasible, which
can provide a reference for the steaming of decoction pieces of SN. The method established to simultaneously determine the contents of

six components in decoction pieces of SN is rapid and reliable for controlling the quality of decoction pieces of SN.
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LENZZH XS REY X2 Scrophularia
ningpoensis Hemsl. [T, FrHZM7EE (hE
ZH ) 2015 FRRER,
2 FEEHR
2.1 HPLC E=2MEHZEREILLV
2.1.1 @i%%F  Syncronis Cis # (250 mmX4.6
mm, 5pum); FEIHA LHE-0.03% BRI, 16
FEVER: 0~20 min, 5%~20%Z./5; 20~45 min,
20%~35%ZfE5; 45~55min, 35%~60%Zfi; &
U 1 mL/min; FEIE 40 C; KK 210 nm;
HEFE 10 pl, X RE G AR VAR HPLC B 1.

2 3 5 |6
A ‘ ‘ 4 |
| | | i !
| N S P L .
B
2
ﬁ“ 1| 30 |4 26
FAN, || N Ll g \
| \_.U_ﬁ!_h_-__h_.m_.__%Mmﬁ__'..l“_m\_w._m_wi_..__J’._ —_—
mmwmmmmﬁmm
0 20 40 60 80 100

t/min

I-BREIIIE 2-0E T 3-KM TR 4-2iiiFC SRl
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1-aucubin 3-acteoside
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1 BAENERME A) MZSHXE B) B HPLC Ei%
Fig.1 HPLC of standards (A) and sample of S. ningpoensis (B)
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2.1.2 RSV S B PR O AR
H. MER. ZRIEHE C. PRI, 5Tk
. AR IR E R T 10 mL &HMF, i 80%
B R IFE R BRI, WIS APkt 228
pg/mL. M5 EFF 413 ug/mL. ZEM-FHRFF 90 pg/mL.
GGG C 333 pg/mL. G AR T 95 pg/mL FPAHE
% 73 pg/mL [VRE X IR GEW, T 4 CH&M4 TR AT
%M.

2.1.3 M MERINHE WX S8MHR GI=
S 2505 g, FEEME, BT 100 mL HLIEHE
M, FEEIN 80% FHEE 20 mL, %, FREE,
R 1 h, EEFELRE (D)3 500 W, Hi% 40 kHz)

45 min, J%, FREE, H 80% T REAMNE AN
JiEE, fEAJuE, EERIEME, i 0.22 pm JEREEL,
HIFE

214 BMERRFEHE FFERI “2.127 MRS
X BRI TROE B,  IN 80% HH I 43 Tl B R i AR 4 I i
W 2R G ok R I R, G R Bk e 3 B 4 e
228.00. 114.00. 57.00. 28.50. 14.25. 7.13. 3.56
ug/mL, ¥ 45104 413.00.206.50.103.25.51.63
25.82. 1291 pg/mL, 2&r-FHRERE 53514 90.00.

45.00. 22.50. 11.25. 5.63. 2.82 pg/mL, ZF&I&EF
C 24 333.00. 166.50. 83.25. 41.63. 20.82. 10.41
ug/mL, W ER T 7504 95.00. 47.50. 23.75+ 11.88.
5.94.2.97 pg/mL, HERE 73719 73.00.36.50.18.25
9.13. 4.57. 2.29 pg/mL. &% W _E IR TR A 5% B
W0 pl, 3% “2.1.17 TR B 2% 44 e v i FH
DXt ot sk RO AR bR (X0 IE BN AL bR
(V) ZehilbpEdize, 1FEIE7RE . SPETE AR
R (o) kI Y1=2.51 X107 X+
2.659 28, #=0.999 9; ML V,=3.11X10"* X+
1.179 80, *=0.999 9; ZKM-TFFFERE ¥3=7.30X107°
X+0.684 17, #=0.999 9; ZF&IEH C Y4=7.60X
107 X+2.321 92, #=0.999 9; MK ¥s=5.40%
107 X—0.031 521, 2=0.999 9; PIKERS Ys=2.30X
10° X+1.075 71, #=0.999 9; & 5454 lfE
0.055~0.912. 0.099~4.136. 0.099~4.138. 0.27~
3.331. 0.023~0.951. 0.017~0.731 pg/mL £ B ##)
LHEXRR.

2.1.5 FEEEAL KRB “2.1.27 TR R
FRVEVR 10 pL, 4% “2.1.17 TN (il &S RE 6
R, IO AN . AR B . rA e, 2R
FHRRER | A5 CL e LR . AR IE AR RSD

43514 0.089%- 0.310%- 1.026%- 0.301%- 0.138%-
0.142%, 6 FhEsy A RSD<2%, RWXZHR
A R IR %R .

2.1.6 FREMERLe B — AR E, T
Bel 5 04 4. 8. 120 24, 48 h #EFE 10 pL J5E,
ORI . RS, R TR ARSI
C. PEEMARE . RERRIUETIAR, &5 SEpkm- B |
RS, SRR RRE . I CL IR W
FERRUE T AR I RSD 43 7108 1.79% 1.05%. 0.92%.
1.07%-+ 0.57%- 1.14%, TR 48 h I
2.1.7 EEMERE 4% “2.1.37 TR &R IS
W, FEEWEL 10 puL, FREER “2.1.17 TR ks
PRREATREIN, BRFIREEE . AR SRR RRT
GRS Cy MR . WAERR 6 Fhalis i & 43 L
RSD 4374 1.48%- 1.13%- 1.96%- 1.47%- 2.59%-
1.57%, 31/NT 3%, RPTTIEMEE M R4
2.1.8 oAt IRE:  EUE R IE S
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FrASas WONBR I B . nA . SRR, %
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1.08%-+ 0.81%, MIFEFEICRTFAER.
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(3) THEARPRIVRSE, #ES | MEITEARI
FER (HD.
]‘Ii:*kipgjlnpg/, k=1/Inn

(4) HEIERIERRE (W),

Wi=1—Hi Y (1—H), 0<W<1, Y W=1
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B A AT, (5 B, AR A
K, B X M ZERK, RFZIEEENE SR
B2, fEAEROR, HAAEEBR., miditbE, 4R
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%, R ERER T % ERMIERRET
NIRRAE 2256 1 W 5 L R A 4R BRI 5B SR Y, 3
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HA AR ARG XS h &b SR Z D,
ARELWH XS hme B, me A phr
L ZRET C R THIRE . EERR ARSIy
VENBUE R T AL, MRS BRI A 5
R, BARPREIRSCIE: e B > g AR > #k
MBI > 2RI C> KM THRRE > WEERR, JF
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=1 BROBEXIEREIE
Table 1 Relevant index data of components
5 %ax Hi W; 5% H; w;
PEMIEEE 087 0.10 | WHIEEC 089 0.09
M 0.94 0.05 | MEEMRFE 0.96 0.03

222 AHP SEIHHAUEDT AHP XA EUCMT KUTHREE 091 007 | MR 013 066
F2  FERRALSTEL RO FI BT L SR AR A
Table 2 Priority matrix for comparison on index pairs
fabr sy e e AR B3 580 GHGIETH C T RREF WHEEE B (4p
e 1 2 3 4 5 6 0.39
nE AR E 12 1 2 3 4 5 0.25
M B 1/3 12 1 2 3 4 0.16
ZAIEH C 1/4 1/3 12 1 2 3 0.10
TR 1/5 1/4 1/3 12 1 2 0.06
WHERR 1/6 1/5 1/4 1/3 12 1 0.04
—EEARr e Amax=6.127, CI=0.025, CR=0.020<<0.1, &ALk

223 AHP-JEBOE T EE AR EITPT @ i
EM AHP TR B XSO PG B 1S
ELARE . BRI . A&V Cy R FHRRE
PEERR ARG, S EME, R ANTHE 6 Pk
SIEAENE () 558 038, 0.13. 0.11. 0.09.
0.02. 0.27.

o =Widjl D Wid;
i=1

23 D-mMEIHLIERZ SR A EHE T Z0-2

231 D-MIF TR KGR 4G HIURR
TG, KRV E] . 2RISR iR R kAT
RIZ S0 52, B BT BRI R KT D9 iR i [a]
(A) 15~25 min, Z&H|B[E (B) 75~85 min, T
BRIRE (C) 40~60 C, LLZSH 6 Fhisy &y

oE ity () NEAEE. HREE—# XS4
50 g, BT, SHOERZARKIIEITIRE,
53 3 RIS SHOHATIE] . % “2.1.17 TR A
FAEME 6 B &, SEIR it A5 R WE 3.
Y= zm:(loo ;X)) Xjmax
232 HIEkE 504t 21 Design-Expert 8.0.6.1
BRAE N2 AR I BEE 4T 2 IRZ TRl AR A (&
4), 1FEVERE ZEHINE, TR 525 A0T
Gy A 2 IRZ JGHEERERT R Y=80.01+1.36
A+2.40B+2.88 C—3.49 AB—7.60 AC+0.82 BC—
558 A2+6.14 B>40.70 C2, i ZEoHralsn, Ll
B VA 9 RAE I P<0.05, FHIMEIHTIERE,
M P=0.220 0, NG, FoRARH EXF 5L
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Table 3 Design and results of D-optimal response surface methodlogy
WIS Amin Bmin D7 R (mee ) LR e
e IEIE  REE  KHIARE  ZEE C T WER
1 15.00 80.00 50.00 2.95 7.56 0.79 3.46 0.92 0.42 70.32
2 25.00 75.00 60.00 2.92 7.36 0.75 3.25 0.87 0.31 78.59
3 25.00 85.00 40.00 2.93 7.42 0.76 3.36 0.88 0.32 86.69
4 1500 75.00 60.00 327 7.58 0.77 3.41 0.91 0.35 81.75
5 25.00 75.00 40.00 3.07 7.66 0.78 3.30 0.90 0.33 88.36
6 20.00 85.00 50.00 3.25 7.58 0.89 3.23 0.96 0.32 90.64
7 15.00 85.00 40.00 2.95 7.45 0.82 3.39 0.92 0.34 72.49
8 1500 85.00 40.00 2.97 7.45 0.81 3.39 0.91 0.33 76.39
9 20.00 80.00  60.00 3.28 7.55 0.76 3.42 0.93 0.36 83.52
10 25.00 85.00 60.00 2.93 7.38 0.79 3.32 0.88 0.33 75.36
11 20.00  75.00 40.00 2.96 7.43 0.77 3.36 0.89 0.34 80.23
12 25.00 85.00 60.00 2.94 7.39 0.78 3.33 0.87 0.33 77.68
13 25.00 80.00 40.00 2.93 7.41 0.76 3.36 0.88 0.32 82.03
14 20.00 85.00 40.00 3.13 7.42 0.83 3.37 0.93 0.41 83.69
15 15.00  75.00 40.00 3.16 7.49 0.81 3.02 0.88 0.31 67.39
16 1500 85.00 60.00 3.28 751 0.76 3.94 0.85 0.38 98.56
17 25.00 75.00 50.00 3.02 7.45 0.86 3.65 0.89 0.37 83.69
18 15.00 85.00 60.00 3.29 7.52 0.85 3.98 0.89 0.39 96.58
19 20.00 80.00  60.00 3.28 7.54 0.82 3.98 0.86 0.39 85.59
20 1500 75.00 60.00 3.07 7.38 0.76 3.38 0.88 0.33 84.57
4 EVERFESH
Table 4 ANOVA for regression model
HERE FHM BERE ¥y F{E PE REW|ERE VM BMRE ¥ OFE O PHE BEHME
it 1143.30 9  127.03 2243 <0.0001 &3 |A2 104.74 1 10474 18.49 0.001 6
A 2634 1 2634 4.65  0.0564 B2 104.74 1 10474 18.49 0.001 6
B 8752 1 87.52 1545 0.0028 &3 |2 1.18 1 1.18 021 0.6576
C 13152 1 131.52 23.22  0.0007 &3 |RHLI 38.26 5 7.65 2.08 02200 ANEFE
AB 14893 1 14893 2630 0.0004 & |4tz 18.38 5 3.68
AC 711.16 1 711.16 12557 <0.000 1 HEF|HSEZE 119994 19
BC 911 1 9.11 161 02333

TN . & R 28 1 X 2R M) T 252
MERIGT R C CFEEEE) >B (EHIRE)D) >A
GRIEAA]). FIF Design-Expert 8.0.6.1 #4452 2
ORI =1 77 55 v 2 B e 92 gt T P PP A/ X DR 36 2 T
AS HAREE, SR E A Eh L2280, FmLn
TEAR T DL il A2 HL KR () 5 55, 8 ) AR 5 6 7
A AR ARk, R ) [ A AR RS, 45R
DLE 2. MRIEHBA LR, XS0 &b
il T2 IR 15.63 min, ZEH#il] 85.00 min, 60.00 C

T4, ZREVET 97.20 7.
2.4 JEHEI T2

HRYEER AL A (P B AL 1) T2 2 A AT B S
55, REEFRE 3 RS20 50 g, BT
o, BEUEERMAKIRE, #IRIENRE T ZES5
AT, BB SCPRERAEIEOL, 00 i s 1 T
SSBRNIR I 15 min, 7% 85 min, 7E 60 C
N TERSETRAE T, SCIRERIE 5. BE
B 5 B 2 (8] ¥ RSD A 1.33%, A5 704 F0l P4 47,
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2 3D MMEERESLE

Fig.2 3D response surface and contour map

=5 ITEZWIEER
Table 5 Process validation results

FiE 9 %/(mg-g ™)

WY T tmmE | woE | OURE | ckERc | mome | mEm 007
1 3.29 7.53 0.81 3.98 0.87 0.35 98.53
2 3.28 7.50 0.86 3.95 0.89 0.36 99.39
3 3.26 7.51 0.83 3.96 0.86 0.38 98.66
FHME 3.28 7.51 0.83 3.96 0.87 0.36 98.86
RSD/% 0.47 0.20 3.02 0.39 1.75 4.20 0.47

YLHH D-Se AR LT mi B THNESE T 2 SR 75 i)
T2 Ak, g ST ZE ] T2 % e A SRR,
AIEREERR, B SR ANE
3 e

ARSEEGEST T HPLC VRN % 2 2544 bk
MBI M. MR R TRRRE. kR
B C. R 6 AR &=, I
i, RBUZEmE. B8R, £ (hEZH) 2015
SERRFEAE L, BN T 4 NMERURS, FETHE
FATIRHIE, FTIRACZ S0 12, feiihae
THD PRI 32 L et 7 1) T 25 2% A

TEW A 2 HR bR o B AR, 1 2 T B
FRPR B o A 1) 7 VA X 5 e s B
PEHEAT FLECRE A 2 25 A2 A 2 I TR AR
%, EMIRBLE R T PSR 1 G i % FR bR
BT OB AL ) 7V, A — I W
M B IRBGE N & M SEbrEdE thk, IR TER

B P R ) 2 LA S B AL LK) — R 59, i
MEIR GRS, BT REE 2SR, 2 M7
EAATK BFUIEASZR B R AHP % (ED
ARG A HEIE TR ZR G PR 75
T2, ERVIFE, HEMBEETT R FBER R
ARGETEMTSENE, ZRE 1P se e 45 R 0 s I B
RS E

ARSI ] D-fe BTt Wi BT, IX MR &
NSRS E 7, I W] APT SEBL 2 Fa AR R ALtk o
e AL, EUCRHIZ 70 2 KA ARG A
BT SRR 2 [ RS &R, TR AL % =
KPS, M T ZESH. W5 BT 45
RERWZHR R B2, RUZEAET ], R
AR, WIS ARBER TN AL D-
ARV N VA S AHP-RIRUESE &, Rk X
SREH T Z, AZSHEH T Zb et 7
2%,
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