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Optimization of processing technology of decoction pieces of Citri Reticulatae
Pericarpium by Box-Behnken response surface methodology based on
CRITIC-AHP weighted evaluation
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Abstract: Objective To determine the weight coefficient and optimize the processing technology of decoction pieces of Citri
Reticulatae Pericarpium (CRP). Methods The contents of narirutin, hesperidin, nobiletin, 3,5,6,7,8,3',4-heptamethoxy flavone (HF),
and hesperetin were simultaneously determined by HPLC. The weight coefficient of each component was evaluated by CRITIC-AHP
(analytic hierarchy process) methods. With composite score as index, Box-Behnken design-response surface methodology was adopted
to investigate the effects of water addition, soaking time, and soaking temperature on the quality of the processed products and optimize
the processing technology of decoction pieces of CRP. Results Optimal processing parameters were as follows: 33% of water was
added to 1 000 g of herbs, soaking time was 64 min, and soaking temperature was 45 ‘C. Conclusion The optimized processing
technology is simple and feasible, which can provide a reference for the processing of decoction pieces of CRP. The method established
to simultaneously determine the contents of five components in decoction pieces of CRP is rapid and reliable for controlling the quality

of decoction pieces of CRP.

WisHHEA: 2018-03-19

TEBMEA: B B (1994—), 4o, BibTER, WIF7IH g bRl B R B R BT 9 B
Tel: 18883364982 E-mail: 18883364982@163.com

HBIEEE WP, & W, BRER, RS, A ZGER . BRI B ROE BOR AT A S R
Tel: (023)89029068 E-mail: yangrp@cqxndx.com



- 3830 ¢34

Chinese Traditional and Herbal Drugs 3£ 49 % %5 16 3] 20184E 8 A

Key words: decoction pieces of Citri Reticulatae Pericarpium; CRITIC method; AHP method; Box-Behnken response surface

methodology; processing technology; flavonoids; narirutin; hesperidin; nobiletin; 3,5,6,7,8,3',4'-heptamethoxy flavones; hesperetin

Y 2= B RHEYING Citrus reticulata Blanco &
HARR AT TR AR R, BB R
W RIThEL, FTEIT R . &/bnkys . ik
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2.1 HPLC EEMNEFZEMENL

2,11 % AREHCA Syncronis Cig £ (250
mmX4.6 mm, 5 um), ViFIHALNE-0.1%BEE K
YW, B EE WL : 0~35 min, 18%Z.HE; 35~40 min,
18%~45%Z.fi; 40~60 min, 45%~55%Zfi5; &
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HEREARRL 10 Lo YRS, A5 HPLC & A I
K.

3| “H 5
A
1 2
I
B 4
3
\ 1
[ [ ,U | 15
0 15 30 45 )
t/min

I-=EMET 2B 3-)IRE R 4-HF S-R R

I-narirutin  2-hesperidin  3-nobiletin 4-HF  5-hesperetin

E1 EEXES (A) FMRE#RMA (B) B HPLC Bk
Fig.1 HPLC of reference substances (A) and sample of CRP (B)
2.1.2 AEEIERIHIS I E AR B
FH - IR R HF SR RIEE, BERE, T
10 mL 2, MH S mRERZIE, HIsE
EFEMMZ T 0.817 mg/mL. #5)ZH 1.554 mg/mL. JI|
% F¢ % 0.231 mg/mLHF 0.226 mg/mL.}% 2 % 0.214
mg/mL PRGN IR, BIAS .

2.1.3 ARSI IR O (S By
K (2 5% 1.0g, BT 100 mL HEHERIHEH,
FEE N HEE 80 mL, FEZ AK€, # 5 H2HL 30 min,
ARk R, RS, B, JERZ 0.22 pum JE
gL, Rif5.
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ANETEE 7 A EA M E Y1=419 672 X+1 442,
r=0.999 9,25.53~817.00 ug/mL; £ Y>=515 560
X+1286, r=0.9999, 48.56~1 554.00 ug/mL; JI|
W& Y3=06 445 682 X+3 990, r=0.999 9, 7.22~
231.00 pg/mL; HF Y;=5 148 824 X+3 150, r=
0.999 9, 7.06~226.00 ug/mL; A5RZZ Ys=7 399 932
X+4187, r=0.9999, 6.69~214.00 pg/mL.
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W NERER (LOQ), Z5HEA48rK 1 LOD.
LOQ B NZEEMBH 1.60. 6.36 ng/mL; 857+
3.04. 12.14 pg/mL; JIIPREE 0.45. 1.80 pg/mL;
HF 0.44. 1.77 pg/mL; 5% 0.42. 1.67 pg/mL.
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RSD 7354 2.79%- 0.89%- 1.35%- 2.78%- 1.88%,
AL EE M R AT

2.1.9  OAEEISCRIRLS B RE IR B R R R
(S 61, M3 0.5 g FEERE. DHIMALT
MR EEME . BRE . JIBRE R HF f &
FOHEAY, $% “2.1.37 T 7 vk &R S AT .
I “2.1.17 TUF GRS EE M E . &
T JIBREEZ . HF . K552 1R |2 533l
98.25%. 98.38%-. 99.63%. 99.89%. 98.73%, RSD
AN 2.92% 1.82%- 2.03%- 2.99%. 2.28%.
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Table 1 Test design and results of BBD

FiE D E/ (mgg ™)

S A . o e Ay
SEE A% B/min Cc/'C E— g W 22 HF o LREVEA
1 20(-1)  30(-1)  45(0) 0.26 41.51 3.08 012 092 53.41
2 40 (1) 30 (1) 45 (0) 0.66 52.29 5.86 0.14 1.15 76.86
3 20(-1) 90 (1) 45 (0) 0.47 47.75 3.70 0.15 1.15 63.93
4 40 (1) 90 (1) 45 (0) 0.73 53.11 5.86 0.14 1.15 77.79
5 20 (-1) 60 (0) 30 (1) 0.29 45.93 3.08 0.14 1.03 57.96
6 40 (1) 60 (0) 30 (1) 0.68 52.73 5.86 0.14 1.15 77.37
7 20 (1) 60 (0) 60 (1) 0.58 49.12 431 0.14 1.15 67.48
8 40 (1) 60 (0) 60 (1) 0.75 54.07 6.16 0.15 1.15 80.05
9 30 (0) 30 (1) 30 (1) 0.66 50.29 6.16 0.15 1.15 77.31
10 30 (0) 90 (1) 30 (1) 0.58 49.47 5.86 0.14 1.15 74.92
11 30 (0) 30 (1) 60 (1) 0.39 50.81 3.39 0.14 1.15 63.75
12 30 (0) 90 (1) 60 (1) 091 53.88 6.16 0.24 1.26 84.45
13 30 (0) 60 (0) 45 (0) 0.95 55.05 6.78 030 230 98.50
14 30 (0) 60 (0) 45 (0) 0.96 55.94 6.78 0.30 2.41 99.46
15 30 (0) 60 (0) 45 (0) 0.95 55.05 6.78 030 230 98.01
16 30 (0) 60 (0) 45 (0) 0.95 55.05 6.78 0.30 2.30 98.16
17 30 (0) 60 (0) 45 (0) 0.95 53.16 6.78 0.30 2.30 96.97
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BESZETRZERKR, SREMLEE T
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B (C), FIH Design-Expert 8.0.6.1 #4453 — 7k Al
VA5 PR v 4R S LT, AT AR S R AR B Y
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N 80+
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B/min 42 <5 A%

C'C 36 ~.~4 B/min e 6

R, B A R SE AR RS, A5 R 2.

AR RN 45 2R, F00I R B 0 e A )
SRNETRE R INKE 32.58%, RIEEE 64.27
min, [OJEIRE 45.53 C, ZEA VRSN 99.76.

*2 AENHER
Table 2 Analysis of variance

JiERIE CFYIR HmE 7 FME PfH BEM
it 391032 9 434.48182.27 <0.000 1 & 23¥

A 78586 1 785.86329.67 <0.000 1 #) 53
B 11071 1 110.71 46.44 0.000 2 #f & 2%
C 042 1 0.42 0.18 0.6877

AB 2299 1 2299 9.65 0.0172 &3
AC 250 1 250 1.05 0.3402

BC 13329 1 13329 5591 0.000 1t 2%
A? 1450.02 1 1450.02608.29 <<0.000 1 #2153
B2 57294 1 572.94240.35 <0.000 1 #7535
(o 551.77 1 551.77 231.47 <0.000 1 # 5.2
Bk 16.69 7 2.38

AT 1346 3 449 556 0.065 4

AR 7 323 4 0.81

KIERA3927.01 16

10077 || gmmt

76 547 35

25 A%

El2 A. B. CXLR&ETFST M H [E

Fig. 2 Response surface figure of A, B, and C to comprehensive score

2.3 IEFRIERIFAL

2.3.1 CRITIC i EAEIB CRITIC 2 —Ff
PLUEAR 48 b 18] FR) 5o B 5 P R o S MR A Rk 47 5 1l
BRI E T, SR LbsEE (o)
KARIL, g LR AR (B AH G R R Al, L Ry=
Y (1=ry) WKL, Jorh ry AV SEAR £ A
i=1

ZIRIIM R R B B CRRNES j AR ITE & IS

2, 3, 4, 5, 6, 7, =, GRKMZE j MNMerFTE
FE B EERR, WZ A A b 2 2 ek ok,

FRASE MR W 88 =Y G
i=1

3k 2 IS B 2l AR (A FE (4R 45

3B = (S — fse/ME )/ (oK E — S/ ME) 1,
PREALENG, THESIRIRAT R (o). MR
(R~ AR (CH BUME (W), SR IE 3.
FHER 3 nldn, &M R, IR Z& . HF,
I # 4 CRITIC 411515 2 19 & WALE 7 51 8
0.12. 0.17. 0.23. 0.24. 0.24.

2.3.2 AHP JAIMEBEICT AHP 23T Z R0
TRV i, (SRR B4 24 BinfE B
#=3 HEXERYE
Table 3 Relevant index data

BRI AEMEE BEH JIBREER HF R

gj 33.86 26.51 37.22  40.58 37.75
R; 0.52 0.89 0.85 0.84 0.90
C; 17.63 23.58 31.81 34.07 34.12
4 0.12 0.17 0.23 024 0.24
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BEAT T, AEACPRAE B AR R R Z A5 2k
ATBCXS ELARL, I BLE— R P 3EAME B oS B e,
THE I BAE SR AR R B ER LU B, A pons LA
FIRFERE, THE &S EAN T E— R (E B
OB . MR R B M S 2R BRSO D AR
s ARSERRE R B RS B A R R I
WRBZER < HF K BRI SR 1 E A BUE Fa 5 T LA
s, B S BiHEbs N 5 AR, BRI
P B8 BCH > R B3 > 45 38 > HF > Z A Al B
RO LERL R A AR S R, SR LR 4.

R4 IRIRART LA RO F AR S RE BE

Table 4 Priority matrix for comparison on index pairs

bRy R IR R HR HE S5

7 7 1 2 3 4 5
B e 2% 1/2 1 2 3 4
i 3 1/3 12 1 2 3
HF 1/4 1/3 12 1 2
EFRMEE 15 1/4 13 12 1

KRNV SR b B2 7 )R 25 A & HF,
2 Il R B R 8 0.431. 0.271. 0.157.
0.089. 0.052, FAHRHEM (1) A 5.101, —FiEsE
Fr (CD 4 0.025, H n=35 EREBEN—E SR
(RD =1.12, —#PEL#%E (CR) 77 0.022<<0.1, R
Fabn S Fe A A B I — BUEAR 56, B R B0 A
2.3.3 CRITIC-AHP & MBGE T ENE @i
CRITIC ¥:1 AHP ¥4 AT BRI th =4
R FER . BRI 2. HE A5 B R AR AL
H, HAEMNE (0 94 §) = oanpiocrimicy/Y oanps
ocriricys ZARTHE 5 PRI E G BE S N
0.031. 0.365. 0.310. 0.106. 0.188.
24 ZEETFNERIVEEER

43 5K F 42 CRITIC % . AHP % & CRITIC-AHP
HEIIBLEAS B AL R B0 &5 AT V4,
G5 IER 5. A OC R E AT, CRITIC #£55 AHP
RIS 2 H0N 0.985, CRITIC 3% 5 & & INBUET)
IR RECN 0.990, AHP 58 & IIBUERIAE &
N 0.999, =FAKMEEE (P<0.05), UilH 3 F
TEWIVEor 45 A — 8. IWBUE RE T,
CRITIC ¥£5 AHP iEAHIG R ECH 0.02, FHRMEA
B (P>0.05), ArxBUE BEAREA SN,
2.5 1EHITZIE

MR E B, B R SEBRERE, ¥

®S5 3IMMIEGEETSER

Table 5 Synthetical scores of three weighted coefficient

methods
RIS CRITIC AHP CRITIC-AHP
1 45.01 55.23 53.41
2 66.46 78.83 76.86
3 56.59 66.13 63.93
4 67.99 79.99 77.79
5 49.44 60.13 57.96
6 67.20 79.41 77.37
7 59.28 69.80 67.48
8 69.93 82.21 80.05
9 67.71 78.83 77.31
10 64.99 76.37 74.92
11 54.30 66.39 63.75
12 80.08 86.30 84.45
13 98.47 98.52 98.50
14 99.07 99.54 99.46
15 97.57 98.10 98.01
16 98.21 98.23 98.16
17 97.66 96.80 96.97

Wb T2 S B0 RET wbRE IK & 33%, i
64 min, [SEIRE 45 C, WM TEEMEESE 3K,
TIGEERNR 6. =&ML PR ESHCH 0.95
mg/g, RSD K 2.66%; 16 R 135 i & 73 %k 56.05
mg/g, RSD 9 1.31%:; JIIFR =P34 & 50h 6.93
mg/g, RSD  1.54%; HF ~F-33) )i & 70 04 0.39 mg/g,
RSD 7 2.56%; 1B 2= P31 &5 50N 2.35 mg/g,
RSD K 2.37%; ZR& V53N 98.86, RSD N
0.58%, -5 Tl &45 5 22 264 0.90%
3 it

HE s AR, ARz, IR 2R
B B3 B AR AT 77 2200 8 AH A E 548, CRITIC V%
e — PR T A B (b 22 B 5% R B B
B & MIRAE T77%, (H2R 5 ZALFR AR ] 4% 5 50
Ro AHP LN L ZROHTIE, BN N E &
(WA e A6 R, K S FE AR I E M A e T &AL
R 2R3, REV) & S hrg ke h & FR bR 1 ik
I, AH AHP VLR FE MR GR, 527 %
W REEZ R, 25508 K im v 2400
FEAZ W EHE (5 S . 11 CRITIC-AHP =8 & Ikl
ghb 2 MRBUT VLRI AL, BUCKAMNE, TECRFFRLE
REFE I ER, EiF X ORI E R . FRRK
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Table 6 Process validation results
Gis  SEME(mgg ") WA F(mge ")  JIBEFAmgg!) HF(mgg!) KEF/(mgg!) LHAWH
1 0.97 56.82 6.81 0.38 2.36 98.23
2 0.92 55.36 7.02 0.40 2.29 98.98
3 0.95 55.97 6.95 0.39 2.40 99.36
EIE 0.95 56.05 6.93 0.39 2.35 98.86
RSD/% 2.66 131 1.54 2.56 2.37 0.58
P R B AR Sy, EAEMR . BN 6] Ji Jh KIE 48, 4. Box-Behnken BEit-%
SCEEAE RSy, MR 2. HE. ks 25 9% At AL SR T2 (7). 291N AT 5L, 2014,
e b Y ke Y Ry e 37(4): 341-345.
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LIS S » ALAE R AR AR MRTIIER AL S IS T2 7). 24, 2017, 48(5):
A ERPUAM PUMBE R, o & BB s AT 913-917.
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FHass, “EEE R FREER, REHESTERE EREFE RS T [ E SR T A AR E,
B R, R RE > IR R >R R > 2016, 22(19): 14-18.
M >HF, BFEE AHP S A E R, ok [91 BNy, BBPRHE, XIHizd, 5. A ih-R8 kit
WG AR I R > I R R 25> ke 25> HF > 25 KHKEARMEH T Z ] B2, 2017, 48(1):
109-113.

FH ST [10] SR, IH, BIRH, 5. B
ATHITLSE S, R S BGAAE 5E T K R Hh LB T2 (9] T2, 2016, 38(2): 361-365.
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