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Optimization of Stir — Frying Process of Honey — Roasted Mori Folium Based on CRITIC - AHP

Composite Weighting Method Combined with Box — Behnken Response Surface Methodology
CHEN Zejian'? ,XU Xiaoqing' ,HAN Yanquan'?,PENG Tangyi'~
(1. The First Affiliated Hospital of Anhui University of Traditional Chinese Medicine ,Hefei,Anhui,China 230012; 2. School of Pharmacy,
Anhui University of Traditional Chinese Medicine , Hefei,Anhui,China  230031)
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Abstract: Objective

isoquercitrin, astragalin, ethanol — soluble extractives, total flavonoids and moisture were used as the indicator components. The

To optimize the stir — frying process of honey — roasted Mori Folium. Methods

CRITIC - entropy weight method and analytic hierarchy process (AHP) were used to determine the weights of each indicator
component. The stir — frying process of honey — roasted Mori Folium was optimized by the Box — Behnken response surface
methodology, with the stir — frying temperature, stir — frying time and excipient amount as the investigation factors, and with the
comprehensive score of the above indicator components as the evaluation indicator. Then the verification test was conducted. Results The
optimal stir — frying process was as follows: the excipient amount was 25%,the stir — frying temperature was 170 ‘C,and the stir —
frying time was 10 min. The average contents of chlorogenic acid, rutin, isoquercitrin, astragalin, ethanol — soluble extractives and
total flavonoids were 1.412,1.038,2.207, 1.231,31.816, 106. 702 mg / g respectively, and the average content of moisture was
10. 99%. The theoretical value of the comprehensive score was 98.019 points,which was close to the measured value (97.585 points),
with an RSD of 0.843%. Conclusion The optimal stir — frying process of honey — roasted Mori Folium is stable, rational and
feasible,which can provide a basis for the industrial production of Mori Folium.

Key words: honey — roasted Mori Folium;stir — frying process; Box — Behnken response surface methodology; CRITIC - entropy

weight method ;analytic hierarchy process;ultra — high — performance liquid chromatography
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MFEAL A PR BN IR IE IR . SRS I B RV R 30 g, % 2020 4F (P
1 XE5RKHA ] 245 B (U0 ) )38 ) 0213 B K L0 EAF T 0 BUKRE
1.1 {38 7.5 g, A2 A5 0 W KBRS R A 25 Th R A) RN,

Waters Acquity % /5 280 AH €235 (36 [ Waters PR, S0k (120 ~ 160 C) Kb 2 3R 1 R 0 (0, 3l Ot
AN 5 151080 K filiFrY (35 E Thermo Fisher Scientific B BTG BT MR, 1 350, & .
5] sDHG - 9202 - 2 YR AEEJE T4240 (DK - S24 8 2.2 $ERRR A & ENE
AR K S ( B = AR U A A ) s KQ - 2,201 &4
300DE #4675 1 1 P A (R Ll vn @8 AL ER A PR A A ) 5 it  Eclipse Plus Cg#:(250 mm x 4. 6 mm,5 pm) ;
XY - 100MW — T BUK /- Co MM EiEs i T &A WM : S (A) - 0.5% H /K% W (B) , B 5 P
23 W] ) 3 BS200S AU HL - K F (1815 Sartorius A 0] K5 (0~ 3 min B 10%A — 15%A, 3 ~ 8 min I} 15%A , 8 ~

0.1 mg); 15 min B} 15%A — 25%A, 15~25 min B} 25%A —
1.2 iK% 45%A , 25 ~ 27 min B} 45%A — 70%A, 27 ~ 30 min f}

2k J5 iR X B (45 o PUOTOO - 0025, 7%

98%) , 1 T X B & (4L i PUO0OT - 0025, 7 &
98%) , S Mk Jz 1 X B (HE 45 PSO11802, % & FEIR 30 CHEFEE: .S ple
98%) , %5 = B AT X B (HiE 45 PSO11379, % & 2.2.2 WERH %
98%) , ¥ [ B S8 A= W B A B | 5 A R AN TR A X HE SRV« A T IR TR P T S T
(iR s =X A BRA FL S8 0101020) s SR 58 25 36 108 IR 25388 RS 26 B L 43 901 8 10 mL 5 4
R w kAR R AR A A, #S 8 R A B A S SRR 0. 816 mg / mL
C10792299) ; A A LAl (R E T LR i ik TABRZ T 0.581 mg/ mL., 5542 15 0. 489 mg / mL %8 = B 4f
AL S R 900720) s B AL M (AL st EAE B RHE & 0,435 mg/ mL AT BRIV 45 T 20 BRI 0. 74,
JEA R 5 4 20221220) ; L 1E B 3% 0.55,0.80,0. 33 mL, B 5 mL 2, in B 45,
afi , R oy B 2, K O Ji BTG 2l K o ARG, A (D)3 300 W B3 40 kHz, R [A]) 4B 5 min, BIAH
(2022 4F 11 H 12 HRAWEZWIGEX , MTE&H), T SRR S S 58 0. 121,
ZRRPEZRAE M B E B LRI FAE 2506 0.064,0.078,0. 029 mg / mL IR HE A IA T

70%A — 100%A , 30 ~ 32 min I} 100%A — 10%A , 32 ~
35 min i 109%A) ;7 : 1. 0 mL / min; KM% K 358 nm;

gy

b
vV VvV WV WV

Y8 R IE o P W U AR R 1.0 g AE B E
2 HAEEER B 10 mLA R AW B 25, 2 98 PR i i,
2.1 HEEE 7 AL EE 30 min, HUH V2 H) 22 %=, BRIV E i I DL
AR USRI S, PR S AR BERE, AN, BEAMNE R BRI, $E5T, UE LT, 12 000 v/ min B0 (5
0 25 6 T8 BRI Z 30 g, B3 RE, 1 3 507, & . A2 3 em)20 min, BUETHW, 480, 22 pm GLFLIEEIE
PR B G &, MOKFEST B @l o e, B
P, rhJomB B TRk, e /AN O E 116 ~ 25 U0 AR - DA FP BER 28 1 X BRIV VAR
118 “CORFFil , IR B A A OGEE M S IR S, 2.2.3 FHE¥FEE
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1. Chlorogenic acid 2. Rutin 3. Isoquercitrin 4. Astragalin
A. Mixed reference solution B. Test solution C. Blank reference solution

Fig.1 UPLC chromatograms
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45 S PR M B Sk IR R W T N IE T 5 000, 2 2T 0
S B A I 2K T 15 000, 32 455 75 5 18 AR
F25 00043 B B KT 1.5, #i B K T34 0.95 ~
1. 05, 2= B (8 35 W X FR 1 R 47, HL28 PO IOJC T4 1
NI

VR R B 3 I IR 2. 2. 230 IR A 0T R
M 1.0,2.0,4.0,6.0,8.0,10.0 pL,4%2.2. 1 |
T S A o0 B BEREIN 52 | 10 57 06 1 A o LA B 43 1t
(X, pug) IR AR bR 0 TE FR(Y) S DN AR A i AT 2 Pk [
S E TS

Rl BUXRERER

Tab.1 Results of the linear relation test

e i o Z oAz L T

R Y, =514 908. 55X, - 87. 66 0.9999 0.121~1.210
FT Y,=2014 006. 12X, + 551. 14 0.9999 0.064~0.640
&R Y,=2323460.94X,-3480.93  0.9999 0.078~0.780
=¥k Y,=2063 856. 02X, +1837.57 0.9999 0.029~0.290

> Jo
o

K B RG A B 2. 2. 2100 F A IA WS pL,
Fie 2. 2. VIR (3 S5 A% B2 RN 3 6 K, 10 7% 0 1T R
AR B B[] o 5 SR T ALY RSD M 0. 14% ~ 1. 02%, {4
BE I E] B RSD M 1. 05% ~ 13. 16% (n = 6) , FE W )5 Va4
W R

FoE M0 B 2. 2. 2 31 ik s TGE =L 40 )
TR TS 0,4,8,12,16,24 hi#E2. 2. 1 Wi F {43
SR A HEREIN E 90 S 0 TR RR . 45 SR 9 RSD R 0. 30% ~
0. 63%(n = 6) , F WL Sl 7 W7 3R T U 24 h 2

52 PRI B SRR SRR 6 0 AR E L HE
2. 2. 2000 F 7 ik il A AR A A TR, $ 2. 2. 1 TR (A 4
A A I S T S 0 T R 45 R B RSD R 0. 10% ~
0.34%(n=6) , FW Ik EE R

IR DR - HCEL 60 B B 1 4 R AR SR R 6 177,
B 0.5 g KEEFE 0 SIS Sl o & i
) Bk FR SR VAR L $2 2. 2. 2350 v A AR A
Fi2. 2. VIV T (3% S5 (A R A0 7, 1S3 06 T R 45 SR
JRER P T S R S S R [ iR 4y
51K 100. 22%, 99. 84%, 100. 27% , 99. 65% , RSD 43 %]
70.41%,0. 71%,0. 36%,0. 76%(n = 6) ,

2.2.4 BHEELENE

F2. VI NI a8 R St R4S 104,
2 WO ARG o RS BPRAE , 40 4% 2. 2. 230 J5 kil
MU S VA, H2 2. 2. 1 300 T (i AR (R R 5 3 S 0
AR, IR S i, A R AR A P R R R T S
T AT SR 3. 16,0. 66,1, 85,0. 86 mg / g,
AT R 1.73,0.92,2.33,1. 02 mg / g. Al WL, 3&

50

28 5 5 SRR i B RN (P < 0.01), 2 T e
B Enm SRR ERE(P<0.01),
2.3 REMEENE

& BOST T X BED 10. 11 me, KB K2, B
25 mLAERIRH, 1 95% e 75, ¥ 50, WS o d vk B
70,404 4 mg / mL 0T E S BB SRR OBy R
0.5 g, FEH PR, B 25 mL HIEHEIEIE -, A 55% &
P 15 mL, FRE i &, 50 °CBE 75 AL BE 17 min, B 24D
F R, PR T, DL R AR R Y i, B AT,
3L B2 mL BB LA N, 12 000 ¢/ min B0 (0248
3 em)20 min, B F IS, BN A,

LM G ZR 5 A0 1 ORI AR 0 R T TR
0.1,0.2,0.4,0.6,0.8,1.0 mL, 4> Il & 2 mL .00 %
oL BIINA 95% 2% 1. 0,0. 9,0. 8,0. 6,0. 4,0. 2 mL,
B RS 5 RV B, A 20% A R Fh i
W 150 WL, FEAMIRATE 8 S mins LA 40% W PR AL IR
W 200 WL, SRR 215 #EE S min FEINA 20% A A1k
B 500 wL, LA TR A) G E 15 min A5 5 iR
5190,0.022,0. 044,0. 087,0. 131,0. 175,0. 219 mg/ mL
B4 X6 BE S I T DL 95% L BEAE A A A N BRI T, B
Jo o R FEE A5 B 200 WL, A 96 LA, i s AR AL H
TR FE R A H B AR, 75 510 nm K AL,
W5 W A - LJ%TE%/&E(X,mg/ mL) Ay fif Ak
B G BE (Y) SR 9N A b AT A LT, 45 0] 0y AR
Y=5.5311X+0.072 1(R2=10.999 5) 45 1 T i
WREAE 0 ~ 0. 219 mg / mL il 9 5 W6 BE (L 26 56 &
R4t

PR O BOR AT k2 58 B R B e
PE | H PR I 45 B 09 RSD Y9/ T 2. 0%, 2 DL Ee 4G
TR R B R IR CE 12 h W EEARRRE , ik
HE MR

Fr I IR 1. 0 mL, BB L
o o FH 42 32000 5 i v R R A 1 5 o, AR R W =
exXnx (V/M)[HA ek B8 R BT (mg / mL)
n RFEREAEEC, VR ARR (mL) , MOAES () 3T
A Z I B S (mg / g) , T 3 BOE M
2.4 EBEAUERHYESENE

2 2020 4F i r [ 24 i (PO ) ) 3E ) 2201 35T #4
Rk BUE SRR 1,000 g WS B R E , B 50 mL
ELIEHEIEHE T RS BB 25 mL To/K L, 25 98 %8 1 h,
AIEFA G 1 h, B H B =G, %%, F0E , B b
R B BT A U DB AT R A I 10 mL ISV, TR
FEEPYZER A KBZE TG T 105 CHAE D T3 h
BEE, BTSN EEE, ROl E R, R
PR, A 3, BOF A,
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2.5 KHEENE

B SRR SRy K 3. 000 g, K R E YA R T
ARG ASCRE i B SR EE AN A 5 mm, ST B
T 2 R 1 min ANAEAL 10 SRR AR 4 245 L 1
CH 2R R Jo 5t s o 38 D00 (3077 ) ) (T A G g ) ) e ik
K a3 i R AR TR LK 4 R 7% ~ 13%
A T 543 5 < 7% 85> 13% ~ 15% JARAE i 443 5
> 15% ~ 20% A HE W 3 535> 20% ~ 30% F 95 18, K
2415 > 30% M ZEE K1 45
2.6 ZEESAZE
2.6.1 CRITIC @A %12~ 13)

AGRES L PR 7 PR O Z RIAETE CHRTE
% H] CRITIC AR A 32 254 7 2 WA o 48 4 M 1 43 7 1t
VRO B, B ) T 2 S R08 -, SOk T OE [ 45 4
TR PR EALAL B B Y = (X = X)) 7 (X = X)X
100% (Hrr , X A I EAE , X, o8 /N AR, X, o8 i
K EAE) A5 BIFRAEACAE S, X8 B 09 AH S PR k1T
AIAT, A B A MR AR B (L2 2) ok CRITIC LA,
SRR T R R R R R
BRI ) Ko T AR PR BIAE (WLER 3) .

%2 CRITIC A X M4 %
Tab.2 Correlation matrix of CRITIC - entropy weight method

¥ BRE FT RBEF ¥55% 40 BERUZLH K9

BRB 1000 0.180 0.178  0.164  0.130  -0.009  0.206
FT 0.180 1000 0.278  0.267  0.216 0.1  0.297
SRR 0.178 0.278  1.000  0.255  0.191 0.131  0.266
P L 0.164 0.267 0.255  1.000 0.178 0.133  0.249
kS 1 0.130 0.216 0.191  0.178  1.000 0.161  0.288
BURMRES -0.000 0.156  0.131  0.133 (.16l 1.000 0.155
’ay 0.206 0.297 0.266  0.2499 0,288 0.155  1.000

R3 EBRENEHEER
Tab.3 Results of indicator weights calculation

E BRE FT MRAF RAEF AW BRMRLD K9
HRBAS 0250 0341 0.9  0.282 0315 0.243  0.400
RIS 5152 4606 47020 475 487 524 453
BARE(C) 1287 LSTL 1391 L33 LS 1280 L.8l6
RE(W) 0.126 015 013 0132 0149 0125  0.17
2.6.2 AHP!4-16]

AHP 35 T 32 00 ] W ) 2 2 B 6 B, DT 45 TR 3R
I3 AT JZ AT 50 B o USE S0 T2 AR S e 3R
HAn, 7Tl 7 D 4abr (R ER) ke, 87 )2 R4,
FaERY 225 QAL A 25 0K R J i) (2018 4R R
CLIZRAE 2518 R Mu A ) (2012 4F R ) , A4l Xof 2 5%
P g Jo o 2 T TR /N AR B T IR IR R
5Ky TR B T R s T R (CH
BRI 5K, St 58 20 ek sk

%

AH ) Ay 2 T A B e e A S T TR L % A B R R (AL
F4) MG BTN XL RG] B
B K B A BT S SO SRR Y
R (W) o FE R B —ZME U R 5 (€D 2R 0. 007 Be—3X
PELEA(CR) 0. 005, 24/ 0. 10, R W Fr il g A9 0L 5
20 H) W A B B B 1Y — B0k 5 T AR A A E
AR
R4 AHPIEHRAIT EL B i 45 B
Tab. 4 Pairwise comparison matrix of AHP indicators
¥ OFT BRERSH Ky ERM O FMEF FEEF AR® W

FT 1.00 2.00 2,00 3.00 4.00 4.00 4.00 0.31
Badn 0.5 1.00 100 2.00 3.00 3.00 300 0.19
*a 0.50 1.00 100 2.00 3.00 3.00 3.00 0.19
EER 03 0.50 0.50 1.00 2.00 2.00 2.00 0.1
FHREF 0.2 0.33 0.33 0.50 1.00 1.00 1.00 0.06
RnEE 005 0.33 0.330.50 1.00 1.00 1.00 0.06
SRE 0.2 0.33 0.33 0.50 1.00 1.00 1.00 0.06

2.6.3 HANEREATFLN

H4 3 2 CRITIC ¥4 115345 21 (1 WAL W, K38 i
AHP I EAT R MAE W, LA (D 276 11HE A 3
BENEW, U (2) 1A LEETF5r ODIE, 45 R WK 5,

|14
W=W, xW, /> (W xW, (1)
A=1

OD =100 x > Wx X, /X,, (2)
i=1

x5 BEREAGNE
Tab.5 Composite weights of various indicators
RE BT BEhzsh Ko 88 FREF EP2EF ZAR
W, 0.15 0.13 0.18 0.15 0.14 0.13 0.13
W, 0.31 0.19 0.19 0.11 0.07 0.07 0.07
W 0.32 0.16 0.23  0.11 0.06 0. 06 0.06

2.7 BRERHRRKE

0 L < FRIBGA Tl SR R S R 6 10, B340 30 g,
PL2f i i i K d Ak 7.5 o (5 5lRE 25% ) BRI i
4 min,Z3 9L 120,140,160, 180,200,220 ‘C454l 9 min,
il B A A T B E AR 7 SR AR S L IR W
K OD{H o 45 AR 0 160 “CHY 485 05 br 5 e 2455
7 EL OD 5 i , W 160 CAE S w17 17 328 36 w40 il
MEER RO (I 2 A)

P T B ] < FRIBGE ] S i RE S R 5 40, B340 30 g,
PL2 A5 s ik K Ak 7. 5 g (B ARE 25% ) IR, IR
4 min, L4 160 “C4F 511541 3,5,7,9, 11 min, 4K 5
WL 43 I 3R 748 bR, A W K OD A . 45 51 AD
il B 5] 247 9 min B5F OD {5 55 , B0 4E 9 min hy i 1 17 3
g5 kbl st Rl A R s (ULEI 2 B) .

MR AL BREGA R AR S R 50y, B2 30 g,

51
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oo™ oo 1 %7 Box - Behnken WIS Bkt WGt 54 R
Tab.7 Design and results of Box — Behnken response surface
80 80 methodology
60 60 " — - .
. Bf FTOBRERE A BFR BER R kg
40 40 fy— . 0D/
o boo (mglg) Almglg (3) (mglg) (mgle) (mglg) (mglg)
20 20
| T/°C ! t/min 10 1 053 10318 5 30128 085 L1605 75030
120 140 160 180 200 220 3 5 7 9 11
A B 20 -1 1 068 112000 4 2923 1294 1454  0.749  80.856
9(5)D{E 30 0 0 097 10235 5 M LS L% 1027 9524
4 -1 -1 0 0069 76667 1 20163 0392 0305 0.082 28679
90
S0 0 0 0909 10233 5 26743 L1863 L83 0.935 94626
85
6 1 0 -1 0358 9480 5 2976 0735 LI 0.527 75768
80
70 1 -1 0764 %333 5 30.587 0.982 L1356  0.603 83603
75
HItE 1 % § 0 0 0 094 104333 5 2899 L1418 208 104 96167

15 20 25 30 35
c

AWRIEE B RIEE C A AE
B2 BREHRABER

A. Stir - frying temperature B. Stir — frying time C. Excipient amount
Fig.2 Results of single — factor test

DL 2B i K o Ak 4. 5,6.0,7.5,9.0,10. 5 g(4
W& R 15%,20% ,25% ,30% , 35% ) H %, 3 4 min,
L 160 “CIBHHl 9 min, il £ Sl w30 e ik 74
FEAR Y & 5 S ODfH o 45 2R % Bkl 25% B OD (B e e
T35 B 25% A Ry ) 7 1T 3 59 v R R S 0 s
(WE2C).
2.8 MRz EEMRH T Zi5E

I LU IR E (&R a) K6l B ]
Eb) R E(FE ) MEmEE, ISR 5T .
SEM AT VR T B E R B R K SR
OD{H T #6845 , K H Design Expert 13 8 {F #5417 =K
AR, R 5K LR 6, i it 545
KR,

*6 EERSKFE

Tab. 6 Factors and their levels

9 -1 0 -1 012 75550 2 242 052 055 027 3679
00 1 1 09 10023 5 30.8%5 0920 162  0.912 92469
I -1 0 0493 %7 5 28390 0618 1312 042 71.3%

0 1 0182 7412 W89 0711 0627 0.353  40.660
B30 0 0 0908  99.000 .75 L5 2008 1086  90.291
0 0 0882 %22 5 2.2 Le69 202  L04 9359
50 1 0 069 103667 5 3L126 0843 L34 064 79.97
6 0 -1 -1 0673 9800 5 2547 131 L3712 0564 80.272
17 -1 1 0 032 80463 3 24782 0.82 0862 0413 53044

HEATY ] A 97. 96% Wi WL (LAY 22 Ak, BRI 6 B e vy
DEWT 32 1) 75 B A] X A0 ) T 2 AT A i T AU
AL a, b XL LA B W52 (P < 0.01), Bl a il b
DR A A 2 T 2 B W AD ) e S5 Y T B R S LI
ab,ac,be #0225 (P > 0. 05) , R4 H K M2 H.
PERIAHI L . ki, b2, 21 3 22 5+ (P < 0.01),
TSN ER S ODE I AR B A ek & o th FAE AT
&8 ERMIH T Z 0GR EEVFEBTT ESTER
Tab.8 Results of analysis of variance of response surface regression

for stir — frying process of honey — roasted Mori Folium

A BEFZA  BEE K Fla P&

K- A% a(C) B % b(min) B % c(%)
-1 120 7 15

0 160 9 25

1 200 11 35

TR B d 2 1% 537 < fifi FH Design Expert 13 4K
PF 6B AT R 2 A K A, A5 OD A Y 1R
HFEY =93.99+17.88a +5.98b+1.58 ¢ —3.96ab -
1.17 ac + 2.07 be — 31.49 a> — 4.23 b* — 5.45 & (R? =
0.991 1), RUIZAAI A LR 45 5K W2 8. 7] WL, 4
AR P <0.000 1, oA AR R SLA FR B AR 3, LG
T RRAE A B R T2 A S BR AR s R BLI P =
0.1549>0. 1, AW, UL ARG R4, TR
TS, P R ER?,, = 0.979 6,RSD K 4. 17% , W%

52

AR 7503.56 9 833.73  86.31  <0.0001
2556.73 1 2556.73 264.67  <0.000 1
b 286.23 1 286.23  29.63 0. 001
¢ 19.98 1 19.98  2.07 0.1935
ab 62. 58 1 62.58  6.48 0.038 4
ac 5.45 1 5.45  0.5642  0.4771
be 17.15 1 17.15  1.78 0.224'5
a? 4174.68 1 4174.68 432.16  <0.000 1
b? 75.5 1 75.5 7.82 0.0267
¢ 125.13 1 12513 12.95 0.008 8
&% 67. 62 7 9.66
KA 47.04 3 15.68  3.05 0.1549
5% £ 20. 58 4 5.15
BB E 7571.18 16
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Fig.3 Response surface diagrams and contour diagrams of interaction of various factors
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Tab.9 Results of process verification test (n = 3)

L BRBOFT RREF RRES REE BRERE X DE B2
A (mglg) (mgle) (mglg) (mgle) (mglg) #lmgle) (2) () (%)
1 1415 1036 2091 1306 32169 104.863 597405 -0.626
2 L4240 0.9%  2.366 1.204 31613 108.266 5 9.865 -1.177
30 L3% 1082 2163 1182 31665 106.976 508465 0.45
I L4 L8 2200 L2301 31816 106.702 5 91578
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