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decoction pieces-excavating processing varieties of Chinese medicine
characteristic clinical prescription
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Abstract: Objective To optimize the processing technology of bile processed Coptidis Rhizoma (bpCR) and establish its quality
standard. Methods The overall desirability value (OD) of the contents of five alkaloid components (berberine hydrochloride,
palmatine, coptisine, epiberberine and jatrorrhizine) and extract were used as evaluation index, and the Box Behnken design-response
surface method (BBD-RSM) was applied to investigate the effects of bile dosage, frying temperature and frying time on the
processing technology. A mathematical model of multiple quadratic regression equations of OD and respective variables was
established, and the process parameters were determined by response surface method. Then, the quality standard of bpCR was
established based on the moisture, total ash, extracts and alkaloid components of 10 batches samples. Results The best
technological processing conditions was to add 9% of bile to the slices until dry and control the frying temperature of 142 °C and
frying time of 22 min. Three validation tests yielded OD of 0.721 9, 0.745 4 and 0.753 4, which were close to the predicted value
with RSD of 2.23%, indicating that the processing technology was stable and feasible. The standards were set as follows: the content
of moisture and total ash should not exceed 15.0% and 3.0%, respectively, and the content of alcohol soluble extracts should not be
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less than 12.0%. The content of berberine hydrochloride, palmatine, coptisine, epiberberine and jatrorrhizine should not be less than
6.0%, 1.3%, 1.6%, 1.1% and 0.34%, respectively. Conclusion The processing technology of bpCR optimized by response surface

methodology is simple and feasible, and the quality standard is controllable.

Key words: bile processed Coptidis Rhizoma; Box-Behnken design-response surface methodology; processing technology; quality

standard; berberine; palmatine; coptisine; epiberberine; jatrorrhizine
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SERS TR BRI M A M P R KRR
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FEEG: 0~15min, 10%~25%Z.fi&; 15~25 min,
25%~30% Z. i ; 25~40 min, 30%~45% Z i ; 40~
45 min, 45%ZJE; AR E 1 mL/min; Rl
345 nm; FEiR 30 C; HEFEMAFT 10 pL.

2.2.2 RAXTIE MBI A 4 HE 6 IR IS
&, WEWE, MPREEGE. RBE. MR, Bk
& TR /INEER 624 pg/mL. B YT 188 pg/mL. #i%
Bl 148 pg/mL. F/NEERH 116 pg/mL. ZHHRAR 72
ug/mL PIVRA XIS, R, &H.

2.2.3 HHAMIER IR & BUHEER R (F =5
i) 2029, MEME, BREHEIY, %
A HEE-EEE (100 @ 1D MVREH 50 mL, %%,
FRE I E, @A (D)% 250 W, il 40 kHz)
30 min, A, FAOERE, AN R R
B, PRA, JER, JEWZ 0.22 pm REFLIEAENERS,
HRSR e, B A5 VA
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TR T JE M R .

5
A
4
|
3
1 2
5
B
4
3
21
1
1 L)
—— s
t/min

1-ZGARAN 2-F/NBERL  3-TIERN  4-ERTYT 5-ERER/NEED,
1-jatrorrhizine ~ 3-epiberberine  3-coptisine  4-palmatine
5-berberine hydrochloride

1 RENEME (A) MEREH®KS (B) /W HPLC E
Fig. 1 HPLC of mixed reference substances (A) and bile
processed Coptidis Rhizoma sample (B)

225 LMEXRRFHE QURA XIS, bW
BN 5 NANFREIREE, 40 ml R e . AT
FUORHPALR (YD, HEFEREIRE AR (X0, 2
filbriE 2, THEEETTE, S5 H 0 0N ER IR N EE
Bl Y=23.667 6X 107 X+1.620 9X 105, r=1.0000, £
PEVEFE 39.00~624.00 pg/mL; EL57TY=2.9410X
107 X+1.099 7X10°, r=0.999 9, £kitiEHE 11.75~
188.00 pug/mL; B IERK Y =3.542 4X 107 X—3.565 2 X
104, r=0.999 7, ZiM:yiH 9.25~148.00 pg/mL; &
/INEER, Y =3.085 1X 107 X—2.072 1 X 104, r=0.999 2,
LR VU 7.25~116.00 pg/mL; Z5ARAE Y=1.935 7 X
107 X+7.855 0103, r=0.999 8, ZkM:{ul#H 4.50~
72.00 pg/mL; BT WL, 2% R £EAH N T B A FE [A] 2t
FeAGENEY I

226 FEEEEE  FEERPORE X SER 10
ul, FELEHFENE 6 YK, 03 S R AR, 1
HIRRR/NEE . YT, FEER. RDEERL. iR
BT AR ) RSD 43 %4 0.85%. 0.71%. 2.54%.
1.53%. 2.53%, ZRFRMEREEE RLIf.

227 FEtEs BUREEMSKSER, 20T
H% )5 04 2. 4. 18. 24 h#EFENE, 0k &R
UETAR, THAEERER/NEER . 25T, EIE. &
INBERRR L 24 AU THI AR 1) RSD 4371 A 1.58%+ 1.98%-
2.43%- 1.59%. 1.87%, 45K MR MIETRTE 24 h
W AR E PE R I .

228 HEMES IHEEMKG6 N, 40029,
FEHRRE, o0 Al & A Vs, R E, ]
KA AR, THE IR /NEE. 5T, 3%
HERL. FRANBEDL . Z9RRBS R 2 RSD 3l
1.86%. 2.56%. 2.22%. 1.87%. 2.00%, &&H %0
L EEE R
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0.1g, REERRE, 7 IS i HTR A0 R S
il 2 A IRV, AN E TSR A B3 R IR AR,
THE R /NEEDR . EEELYT. S R/NEEL. 2
FRE P S5 I [l S 2 5370 9 97.46% . 95.41%.
95.61%. 95.45%. 103.29%, RSD 437K 2.20%.
1.73%. 1.40%. 1.51%. 1.76%, &% 53 01i% 5% A
R R

2210 FEANE  BUHBOEMR R OF =50 £
029, FEEME, % “2.237 WFiEHl& AR5
W, 1% “2.2.17 TUTN Gl 34700 e $h 1R /N BE
Bl ELEVT. B, R/NEEG. Z9RmN S =



« 7424

¢EH 2023F11H H54% H22#  Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 22

2.3 EEREPIRINE

FREUIHSER R G 508 £14.09,
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(n RFEFRED .
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HIELEE XS 5 P AR Loy B R H ) OD 52
M. S5 2, &SGR RGN, OD 2 H
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Table 1 Investigation of bile dosage

) B (mg-g ™) )
B 1% - B L 1% oD
ERR/NBE, E 5T TE R/ BER 2R
4 56.09 11.37 16.65 9.72 3.60 13.69 0.1630
6 64.28 12.94 18.61 10.14 3.98 14.48 0.539 2
8 61.62 12.97 19.49 10.96 414 15.28 0.653 7
10 64.55 12.92 20.55 11.90 3.86 15.40 0.7821
12 61.98 12.49 19.32 10.94 3.94 16.00 0.617 2
R2 WHIEEERER
Table 2 Investigation of frying temperature
Kol FE I C E A mee ) — magi% oD
ERER/INEETR B yT PO, RNGET, 2RI
80 61.24 13.65 19.01 10.55 3.80 15.96 0.124 7
100 65.19 12.55 20.29 11.42 3.74 16.46 0.2740
120 65.79 13.47 20.32 11.44 4.23 17.01 05351
140 67.72 14.33 21.32 11.62 481 17.26 0.829 6
160 68.63 13.95 21.17 11.59 4.29 17.70 0.747 3

ZiM RN 40%) $E5, FRIETRRR S, BEISHIE
P, G HEIEE 140 °C, KHIASE R A (5.
10 15, 20. 25 min), HUHH, WEpd, HEEA[FEIDH]
N [R]5%0F 5 et A= DB 288 Bl 43 A B9 HE ) /) O D PRS2
ZER R 3, BEEIPHIN RN I, OD 23 H Jasl
InJE RS, tk, &+ 15, 20, 25 min iX 3
AN AKEHAT Ja SRR A S5

2.6 BBD-RSM fiift/afl T

2.6.1 BBDiRIIT R LLS FA Y0 K IR
H A OD N NAE, H#&H Design Expert 10.0.1 #X
£, XA BBD W3t 3 R 3 /KPR 4
Wrikat TESHGRATIA . L SO7 fibiF35iE A 17
By, B4y 200 g, %M BBD wIG ity i diIE B
B . BBD AT RGBT e g5 R IR 4.
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Table 3 Investigation of frying time
i i RBA B meg) s OD
EhIR/INBEDR, M B FNBEDH 2R

5 69.63 14.04 19.45 11.27 3.48 17.68 0.2027

10 73.45 14.85 22.15 12.17 4.18 19.06 0.556 7

15 73.21 14.73 23.20 13.13 4.28 18.16 0.539 1

20 78.11 15.73 23.82 12.78 4.34 20.12 0.840 8

25 74.02 14.16 20.48 10.82 3.88 18.24 0.316 0

%4 BBDIEEITRER
Table 4 Box-Behnken test design and results
e X1/% X2/ C Xa/min PR Al(me e ) - il oD
hERNEET VT BEERL RANEER O ZART /%

1 10(0) 120(-1) 15(-1) 51.17 12.81 15.47 9.08 2.92 1755  0.2539
2 10 140 (0) 20 (0) 59.50 15.28 18.21 10.30 4.19 18.70 0.7309
3 10 140 20 57.19 14.93 17.26 10.39 4.33 19.09 0.6778
4 10 120 25 (+1) 51.62 13.75 15.65 9.50 3.17 17.47 0.3225
5 12 (+1) 140 25 52.94 13.77 16.14 9.30 3.02 18.33 0.3878
6 12 160 (+1) 20 55.68 12.83 16.48 8.84 291 18.23 0.346 3
7 12 140 15 52.31 14.22 16.47 9.45 3.36 18.18 0.407 3
8 8 (-1) 120 20 48.80 11.11 14.61 8.56 3.18 16.16 0.0390
9 10 140 20 62.15 16.27 19.30 10.58 421 20.52 0.880 7
10 8 160 20 55.19 12.97 17.02 9.88 2.51 18.29 0.404 9
11 10 160 25 52.36 12.67 16.53 8.97 2.98 18.10 0.3220
12 10 160 15 53.66 12.39 16.48 9.05 2.60 17.54 0.0340
13 8 140 15 55.35 14.22 18.14 9.94 3.54 17.04 0.491 3
14 8 140 25 59.29 15.25 18.94 10.79 4.13 18.36 0.7453
15 10 140 20 57.34 15.82 18.45 11.56 3.83 17.44 0.684 8
16 12 120 20 48.45 11.24 1551 8.53 2.24 16.15 0.3040
17 10 140 20 59.74 14.68 18.29 11.01 3.57 18.30 0.7017

262 HRWAES5TTEHH  NHA Design Expert
10.0.1 #AfF, LLEITE OD {H AMANAE, 4r5iI%t 3 4
RZNEV &R (X KPHEEE (X)) KBl [E] (X3)
AT AR A b, BEIZuHIHJRE: OD=
0.740—0.063 X;4-0.091 X»+0.040 X3—0.013 X1Xo—
0.068 X1X3—0.013 X2X3—0.160 X;2—0.370 X,2—0.066
X2 7 ZE 00 M éh B L322 5, 1% P=0.009 0<<0.01,
Yt B PR A A B SR B et 2 S, R AU P=
0.138 6>0.05, ‘RIUTA L E, VI BT E Y
G ae &, wERVDN, MEERE. Ak,
R 1) Xa% X2 1) P {E35/NT 0.05, BAT R,
HEEEE X (AR Xo GBHIRE). Xs (]

PR 3 AN F A, XM T2 &
BERINTF N Xo>X1>Xze 23 5, A% R A
PG T, AT FH SR L T2 AT T .

2.6.3 ] ST &1 43 B B k] T2 T AR AR [l
H5FE, N, BAR R JSHRE RS
1) B 1F0) 5 % D] 2258 TEL R A A ol — ¢ ¢ ] g T I R 2
ML, BB SRS F RIS EAER . R
T TR BE, REH 2 ANPR 3R B A8 EAE RO, Xt
NAE RIREMAER K, [ FEmik/N s S R R
T, RPHRFRZMMZEAEHRE. WK 2 fis,
AR R S0 iR S A B ] 22
VB FHE, X AT 5 S2HR AR I & B R 1A 2.3 . 42 Design
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x5 EEARBEFESINER
Table 5 Variance analysis results of regression model

WERIE PHM BHEE Syl FME P | wRZERE P BHE ¥175 FIE PMA
A 0.880 9  0.100 6.960 0.0090| Xi2 0.110 1 0110 7.780 0.0270
X1 0.032 1 0032 2280 0.1752| Xz 0.570 1 0570 40.730 0.000 4
X2 0.066 1 0.066 4720 0.0663| Xs? 0.019 1 0.019 1.320 0.2879
X3 0.013 1 0.013 0.920 0.3696 | %k%= 0.100 7 0014
XiXz  7.180X10% 1  7.180X10“ 0.051 0.8274| &I  0.070 3 0.023 3.310 0.1386
X1Xs  0.019 1 0019 1.330 0.2860| %% 0.028 4 7.036x1073
XoX3  6.400%x107% 1 6.400X10% 0.046 0.8369| HHEZE  0.980 16

X1/%

Xa/min Xa/min

2 FEAZE (X)) WEIRE (X2 FkbHIETE (Xs) ZE{EMM 3D I EEMFSL%E
Fig. 2 3D response surface and contour chart of bile dosage (X1), frying temperature (Xz), and frying time (Xs) for their

mutual interaction

Expert 10.0.1 K fF50#r, 153 H 8 1 i T
AR NNE T B 9.409 2%, kbR B 142.422 °C,
YOI A 22.212 3 min, BEiSH55 %> 0.758 9.
26.4 IAETZ&MMIIEREE Sy (S
B, XPARIE H IR B E A ) T 2 AT R,
RELZSHEORENBETHE 9%, 1bHEE
142 °C, Kbt 22 mine RIE BT AR AL ) 1
PE, SRR G M H L E T 3 IRIRAIERK, WS
OD 14515 0.721 9. 0.745 4. 0.753 4, LT
MHE, 35154 0.740 1, RSD A 2.23%, it HIiZ% /4
HITEER., faE.

2.7 PERERREFVENR

VSRR 10 REEOE A i T 2 AT
M, &M, 5 S01~S10.
271 MRIREE WL 10 HIHEE, H I AHE)
WYL, REGEIER, B 2~10 mm. REATG,
DIMARER A AR, ARn] AR, MEEEIKLRE
Bk
272 fufr  ohliE (REZH) 2020 A )
0832 /KMl (5532 K 2302 KAy I5E i,
XiF 10 HEAHFEEAE ST K 43 SRR 53 5 , 45 3 D
£ 6, KAHIRESEN 8.97%~13.85%, K5
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(R B BN 2.12%~2.73%, 1% TR B0 S EF
30%till & b itk, e IH % K 2> AR 5d 15.0%,
SR G 3.0%.

273 BERWEY & (REZH) 2020 4 i@
2201 BEVPEIR AN e VAT AR E 10 #E
THBCEFE MR B & &, S5RIE 6, BHRH
IR 5853 B0 14.60%~18.63%, 1435 Jif & 73 3L
SR 300 E dRAE, i IH BEE HH BN AN
F 12.0%.

274 VA S ENE  [FY2.27 00N ik,
e 10 HEAE SR A SRR/ NEERR . L EDYT . B
FNBERR . MR AR, S5 E 7, 10 HEIHE

#z6 KD BRORERHNELR
Table 6 Determination of moisture, total ash and ethanol-
soluble extracts

it i 5 K53 1% SR % S 1%
so1 9.78 2.39 17.86
S02 10.25 2.73 18.56
S03 8.97 2.52 16.55
S04 9.61 2.45 18.63
S05 12.25 2.39 17.79
S06 12.50 2.12 17.20
S07 13.85 2.34 16.62
S08 13.08 2.37 14.60
S09 12.27 2.48 17.40
S10 11.97 2.33 18.06

FHME 11.45 241 17.33

R7T EYBHAESENEESR
Table 7 Determination of alkaloids

\ 2 K%
PG —

N R B L
S01 8.77 1.99 2.06 1.31 0.50
S02 8.96 2.03 2.14 1.50 0.51
S03 8.77 1.92 2.29 1.67 0.48
S04 8.39 1.85 2.21 1.70 0.46
S05 8.63 1.86 2.22 1.65 0.50
S06 8.51 1.86 2.29 1.63 0.48
S07 8.21 1.88 2.19 1.54 0.48
S08 8.43 1.85 2.23 1.54 0.47
S09 8.35 1.83 2.24 151 0.50
S10 8.36 1.83 2.23 1.50 0.48

SFRME 8.54 1.89 221 1.46 0.49

BRI NEER. YT, SOE. RN, 24
FR B A 5 B 0 093 1 o 8.21%~8.96% . 1.83% ~
2.03%. 2.06%~2.29%. 1.31%~1.70%. 0.46%~
0.51%, % PR EC T 30%H e hnidE, e
JIE 3% A ER IR NEERANS /D T 6.0% R VT AN/
T 1.3%, FIEWASEDT 1.6%, RANBERALG D
T 1.1%, ZjREAE>T 0.34%.
3 g

Haf, EXRIEEEMNFELMERS0E, K
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