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Optimization of Extraction Process of Aqueous Extract of Rehmannia
glutinosa Based on Entropy Weight Method in Cooperation with
Analytic Hierarchy Process and Back Propagation Neural
Network with Multiple Indicators

ZHU Ziyu, XIE Yuxin, YU Yueting, ZHANG Mei’

(State Key Laboratory of Southwestern Chinese Medicine Resources, School of Pharmacy, Chengdu University of
Traditional Chinese Medicine, Chengdu 610000, China)

Abstract: Objective: To optimize the ultrasonic extraction process of aqueous extract of Rehmannia glutinosa based on
entropy weight method (EWM) together with analytic hierarchy process (AHP) and back propagation neural network
(BPNN). Methods: Taking ultrasonic temperature, ultrasonic time, solid-liquid ratio as orthogonal test factors, catalpa,
rehmannioside D, ajugol, rehmannioside polysaccharide content, and the yield of water-soluble extract as indexes, EWM-
AHP method was used to determine the weight of each index, to obtain the comprehensive score of multiple indexes. Then,
the experimental process conditions were used as the input and the synthesis score was used as the output to build and train

a BPNN model to find the best process for the extraction process of Rehmannia glutinosa. Results: The preferred process of
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BPNN was extraction at 60 “C with 33 times of water for 70 min. The mean values of catalpa, rehmannioside D, ajugol,

rehmannioside polysaccharide content, and the yield of water-soluble extract were 17.04, 3.75, 10.57, 24.86 mg/g and

0.82 g/g, respectively, with a combined score of 97.74; The best process of the orthogonal test was extraction at 50 °C with

25 times of water for 1 h. The mean values of catalpa, rehmannioside D, ajugol, rehmannioside polysaccharide content, and

the yield of water-soluble extract were 12.72, 2.58, 8.20, 25.02 mg/g and 0.80 g/g, respectively, with a combined score of

97.26. Conclusion: This study determined that the BPNN preferred process was optimal and provided a reference for the
application of the EWM-AHP method combined with BPNN in the extraction process.

Key words: Rehmannia glutinosa; extraction process; back propagation neural network; entropy weighting method; analytic

hierarchy process

Hu#5 (Rehmannia glutinosa Libosch), ZZ=RIHEY)
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TEEHINZA 0, TRFMEASEES AN 2, PN T4 )R
T, TEG b sz BRAS [R) PRI 2R AN [RIZK X R B o i 11
SE

Kb, AT LIAERE . MB35 D, 25 bR . £
WO i SOK YRR ) S PR FR AR, I EWM F
AHP Wi 52 A 244, FIH BPNN 7E1EAS I 56 5emh -
FESTARIY, DI Z24E PN FROL A b B K SR $R BT
2o, AH ST SR AR AR B BRI 22401

1 MRS5E®
1.1 MR5EE

HFZGAF 2021 4 7 A WA DU)145 BB i far 46
Wi, LR R 2 R E 2 B A B PR S v X
S BHH Y HL  (Rehmannia glutinosa Libosch.) [T+
KRR 2K, 2R PP HE S 20210703; AR EE X IR G (HE
MUST-18103011, ZliEF =98%) l#RE kA= Al
FrA PR E HEETE D X RE & (kS DSTDDO010701,
A = 98%) . t R RE L (LS DSTDY016301,
4l = 98%) ARG RENTEERFAEYARA . D-
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1.2 SWHE

1.2.1 HPLC $EEEREE, HidEH D, 35w 8-are
1.2.1.1 s WRIES35 0k [24], AistE
W AQ-C g #:(250 mmx4.6 mm, 5 um), FshHH R 2,
& -7K . B BE B . 0~10 min, 1% Z.Ji&; 10~13 min,
1%~4% £, i ; 13~31 min, 4% Z Ji% ; 31~34 min,
4%~1% ;s P+ 203 nm; WK 0.8 mL/min, JFHEE
= 10 pL, ESEARECAMILT 5000,

1.2.1.2 XTHRSEWAEI 8 530 BURFEE . M8 T
D FN 25 BB R I8 Al i, RS ARE, BT 5 mL &
YA, MUK E RS B ZIEE, ¥25), 1SEmE . M3y
D Fzs BB HEE N 3.045, 0.580. 1.750 mg/mL [
Xof BRI R

1.2.1.3 LM sl & 256 =% 30k [11,
25-26], BUH#EJa i 60 HIfA4ies, 8Ly 1 g, /5%
R, B EZEHDIEIR D, RSN 25 mL /K, FRaE
H, A TIER 40 kHz, M7 EE 60 °C FHEEL 1 h,
FiR A, TR E T, AR RNEECR Y, PR
A7,y KA R EEUWE 1 mL, BPFS

1.2.1.4 pruEfhgemygstil RS REL “1.2.1.27 W
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AT BBV VR, P LA S B 0. 20 4. 8. 16, 32 1,
PO HIEL 10 pL T 80RO i SO, PAAS A5
J 53 A LT AR (y ) X AR U (x, ng/mL) 2 dil FRE
FHES

1.2.1.5 FIE%¥FEEE 456353300k [24], X HPLC
IR RS L EEE M Bt IRE IR T
1.2.1.6 FEME BESRBUER, £ LR Urdsr
a3 55 R AT HPLC M5E, icsRigm il ARPELk
PERNF TR, SRAHSMRIEARYE 720158 3 4~k
Sy

wy = Cp XDy /myy

X (D

(D, wpe: TEPRLIF 5 BE, mg/g; Cyy: 1 ITZE
PEI YA T FRAS BN AU FEFR 53 BT e W B, mg/mL; Dy:
B FE bR o i AR BAE G myy: A FRAE
T, 2.
1.2.2 BAMPOCEERNE S = RS-
PRI 5 2 WS 127, B D- A AgHT 1 s i, K5
PREFHEZSE 25 mL, 1594 1 mL & D-#70% 119.2 ug
FAXT RE SRR . R OO R SRR 0.1, 0.2, 0.4,
0.6, 0.8, 1.0 mL, iNZKZE 2 mL, HIA 5 % FKEHERK
1 mL, #5247, I N AMRGER 5 mL, % = =15, F
B 90 C KT INE 15 min, BUH, ¥4 5 min, LA
AR I R as 1, SRS -0] UL e EETRP, 78
490 nm Y AN I RE W S'GEE, DAHR R (X0 X RO 3
(YO PELRIMERNIE . ARYEZ25 30k [25] dil& i s
Wi, B 1.2.1.3 R 3EW 1 mL, IA 4 588 JC/K 2
B, 7E 4 °C yKAA P EEY0 12 h, 5000 r/min &5 .0 33 38
10 min, ¥43 2| ZHEUTTENN 50 °C #IKIG R, E45
Z 5mL BfF. FEMRYE RS TR . R
PR RREE L IR ISR TS 5L

IO A VRS i, ARSI B RO, ki =2
e Ee = 7 Ul Ny = N

Wem = Cypy XDy /my X @

2T, gy ZHERIT 55, mg/g; Cgyy: AT
Z WM [0 )3 7 B AR 2 1 Z 05 5T B MR, mg/mL;
D gy ZWEIRRE ARG myg: 2R FRIE R, g0
1.2.3 JKEEPER IR SENE K5 RIS PR IO,
BT EEMZE L NP, KIBZET /S, BHFE 105 C
T 3 h, U BT EEES PR AT 30 min HUGHFRE .
TR H 4 1 B 0 L 240 B 14 LU B SR kg R
12 AR5, e IR L

Wiz = Migin /My X3

ZHGB)H, Wiy KR I3, g/gs Mz iy
KRR BT, g5 my: 25 HERSFREE S, g0
1.2.4 HOWOKIZPRE T Z RS BORERE
FRZeE M s WA RN ST, PRI PR R 22 25 B dFerE
s, Z2hE O AR PP RS, [ B RO 3R EBGR

JEh 60 °C, $EHL 1.0 h, BHE L 1:25 g/mL, 7E#EF 100
PRI 2R T, AR 52 7K ARAE, 435125 28 AN
BHE L (1:10, 1:25, 1:50, 1:100 g/mL) . A8 75 iR BE
(50. 55, 60, 65, 70 °C) . $EHHFE] (0.5, 1. 1.5, 2.
2.5 h)XHRERE . 205 & B s .

1.2.5 M EoKEYHRECT ZIEsciR G ife 3T
R 22X 45 1, B e ML B 1538 T 2585 N 2KF, DU
FERSE . MBS DL 25 FE R 3 AR AR i, Hh
ZWES I, KRR B N G dehR, 1T
ARG (R 1) Hil &S PR B A, #2691.2.1.67
“1.2.27“1.2.37 11 F )y ilE 2550 Fe b o

1 RO AR SR % P 3K

Table 1 Factors level of orthogonal test of Rehmannia
glutinosa extraction process
FRBGRE(C) FRIBTE] (h) BHB L (g/mL)
KF
A B C
1 50 0.5 1:25
2 55 1.0 1:50
3 60 1.5 1:100

1.3 HEALIE R SCIOTeHIE

B TIHPVAT 3 UG BAR2:EIRH Origin 2022
2EHERRERA; D7 2200 HiH SPSS 25 #4ks EWM, AHP
15 L X EWM-AHP #: 8 Microsoft Excel 2016 i
%4; BPNN 252 ] MATLAB R2016b #E257.3f53 47
1.3.1 EWM L#ENE EWM L) i @A ETH
BRI (K 4), IB—b (G 5), HEAE B (X
6), a1 BHEAE (5 7).
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W, 1 —"Sj
j=1 5
A, Yy RORES | RS AR § PR R b
WAL BOMEL, Y 25 1 YR 2E j S PEUrdads
AU — AR, n ZoRIIG UKL, S; BRSNS
PrREOfE BIRIEL, W, FnE8 § IR PR B .
1.3.2 AHP IEHEAE  AHP HLHE 4535 b5 3 2P
FIR T2, F 52 e R gt 2 IR A S FHE R
J2 BT 5T . EITFRA T, — 30 L (B (Consi-
stency Ratio, CR)/]NT 0.1 FEAH4E M4 H AT — 8Pk, B
(B & DA NAE BT . $e I8 DA FR o3 M
TEEMEIITHET =2 > B 1 D> B R T
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>R PER Y, JHRE LS I WTAERF A 2) . R
P& 275 SCHk [30], S FI W 14 45— 21 ) —fB (X
8), BJSIEATARI (X 9), PRRFAS R LS R IA—F (X
10) AT HER AU I ] b S TS TR R ) e R
FRIEAR G 1D BEMRR T CR G 12).

2 IRBRBUN LRSI e R
Table 2 Judgment precedence matrix for paired comparison
of indicators

TRbRssy  FEEE MEETD MR SEEH OKEMRLY
FERE 1 2 1 3 4
HEHD 12 1 12 2 3
e b 1 2 1 3 4
ERPFRUE 13 12 13 1 2
KEHER Y 1/4 1/3 1/4 1/2 1
Qi ..
qij:m_ (I’le’z’."’m) :—Et (8)
Z &g
k=1
L= Z i WD)
i=1
T
r=-= = (10D
%
j=1
m A )
A = (A0, X D
o G
Ay — M
CR — max ( 12
1.12(m—1) A )

Ao, ay FRORFIWIEIE A e i 1756 j D IEIR
ML &y TR FIBIRERSE A 55 j DHEARITTESS K 9109
SRAMEL; K R F G m RORIEPR 4G q o
aFEPEHEE 14758 j D FR AR IR A — 1k 5 ME
r RO q FEFFSE | ATARINAEL; v R8s q FEIEES
JATHVARINAE; r AR ITR AL EEAE; A,,,,, ZENHIWT
HEEGE A BB AR MR ; CR s — kM LU R 1.12 24
HEL FoR m=5 BRI RERL—BoEFE bR
1.3.3 EWM-AHP {E#EAE NG5 #%
NI EMW-AHP A E G AGE, Il B GAE
THAFRBIZR E1557 -

™w;

F = = A A3
D

Ao r Fowy 535008 EWM K AHP 35 T34
FEG F SR HRAERR T EWM-AHP 254 HE

Z=F < 100> CFF st 257 /0 I 5 e KfiD) +
F g < 100> (HbL 25 220 5 /b 08 22 M 2 f e R +
F' e px 100x GUECH D S i/ BT D Sl +
F o rgnpp< 100 (R BR RO B d/ 4 B A1 5 B e K
B+ F ey 100 ORIFVER IV & 1 /K 1
B2 R ) #H(14)

K, Z 83K EWM-AHP B 5175, F1UR&48
FRAEXT ) EWM-AHP & 540
1.3.4 BPNN ¥ T2 {8/ MATLAB R2016b %X
PFHEAT BPNN ZR 45 LL K T 25 00, ARz fdif 3 2
2544 BPNN, i AT 2 MBS B8 T 2 3, fnth
KA EWM-AHP IEZEA15957, TR IR, DAsE
TN PR 28 TR E A 7 I S BT PR AR AL PR R . AR
PEIESS LN 2, B ANFIHA, 18 577 BPNN
555G ZR A TIPS T, e = P43 A BPNN L
S e

1.3.5 $RECT.2Z800E DA BPNN Rt T2 M i EAE 1

BUIE T2 AR, S)BPPATHRI 3 105, sk f 4
ij:l:go
2 HERE5SH

2.1 FEE, WEE D, HEBEFHURSESENE
2.1.1 Rl HBEEHT D, 3R RFRAT . SR ITECR
12011 TR TS ST X BE S B o B 8% 1 s
FERE . HBPE Y D 25 RS R AN K T 4 3 AT
xR S AR R e TRIAE R, WA 1.

“1.2.1.47 U K “1.2.27T0 N 4345 2 REEE | i
T Dt R L 2R R 7R AHSC R E(R) S
LM, DR 3, WoRRERE . HiFETT D 5B
TE 0.034~1.047. 0.037~1.141. 0.048~1.390 mg/mL
VI BBl P9 5 o ik e i AR R I AR PSR R, 2 HETE
0.005096~0.05960 mg/mL JLFE PN 5 6 H 5 K4
FOLRPEE 2R .
2.1.2 FEEE. HUECH DL S5 RERCH | 2RISR SR
gER “1.2.1.57 DA K “1.2.27 0 N I FSAENE . Ml 2T
D. ta BT, 2R . EEEE. e eRTineE
EISCEREE IR 4, G5 RFEHFERE ., HLESTT D, 255
VY DA R SN I S i A 4 R RN T A R A
PEASEAE 12 h WERE, JINEE RIBCR A%, JriknT
5, FFE B RATITINEER
22 BEZRIE

WK 2A B, BEE RN EL GBI, FE R ZhE
ErE RIS LIS TR, T RE Rt
WnE|l—E RS, A ks B BR A, T et
W b =B, W T S5 HH 2R e Ay fh, SR Ak
AR Ak, T3S & R A RRRE L 1:50 g/mL
Ak B WE(E, ZHEXERIE L 1:25 g¢/mL BRIk 3
WAL, FH TR S AR a3 R, S A b
BN, % 1:25. 1:50. 1:100 g/mL FHATIELE55,

WE 2B FroR, Bl B a3, S Th AR
TR RIS LTS FRRAGEAT 76 1 h IR S ik
FIIEAE, 454 HETEEDY AURFST, HE AT GE S R A A
BEANEE, P B AR R 2 Sy IR G b . 2 i
BEHTEI AR AR AT _E T, 78 2 h iR BIE(EIR T %, 55Kk
ORPHLAEDP) (g IR — 2, (B S e s AN 8, 25
FE, % 0.5, 1. 1.5 h i T/58e%55,



- 268 - £ Tl B

2022 4 10 A

>

350 ﬁ 1
3001 |

2501
2001
1501

‘2§AJMLMJ .

MR (mAU)

2 3

0 5 10 15

s}

350 -
300 -
250 1
200 -
150 1 |
100 4

50 1 \

R (mAU)

20 25 30 35

At ] (min)

2
3
JA

0 5 10 15

20 25 30 35

Hif ] (min)

K1 B A (A) 5 TR G X BRI (B)HPLC (i 14l
Fig.1 HPLC chromatograms of test solution (A) and mixed reference solution (B) of Rehimannia glutinosa
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*3 AMERRHES

Table 3 Linear relationship examination results

% EVEpx MERB(R) &M (mg/mL)

FERE Y=8903.4X+9E—13 0.9998 0.034~1.047
HWEFD  Y=5877.5X+3.6383 0.9997 0.037~1.141
bR Y=1299.9X+1.5741 1.0000 0.048~1.390

EZ2 i Y =0.014X+0.0073 0.9995 0.005096~0.05960

K4 OREE, EENE, TE MR RIREE R
Table 4 Precision, repeatability, stability and recovery results
KR HEME FaE TR [T

IS rsp A RSD RSD  PHMIEER RSD
(%) (mg/g) (%) (%) (%) (%)

i 0.02 10.68  1.20 1.36 95.98 1.09
WEHD 074 2217 1.56 1.33 102.04 1.49
WEET 047 7.639  2.00 2.08 98.69 3.84

HWEZH 008 26.62  0.79 1.40 102.36 2.19

N 2C s, SRy AR S e B R R T
T, 60 °C JE#ET TR, FEREXTHCATR R, M R
LR T B BRI S, X — B 5 e SEN Y WE
GELE R —E, MM BRI LMNRE T ok
S NI, WP 50, 55, 60 °C HFT/ESEEEL.

23 EXREHHTZE

EWM Ee AL Uk 7 =R 2, 15 2 a0 EE
HHAMNM: . AHP IEBTE T 2R A B
FFIWT . FETHE R AN, SRR (A) | $2
BRI (B)  BRR EL(C) 55 K 3R, D W B E iR
201, IR A FEPR S AR WL 5. EWM k.
AHP LI X% EWM-AHP ¥ 158 Z $5 HR A 22 5000
% 6. I EWM . AHP 2L N EWM-AHP =
HAFRIRIAEE R BUE LI, EWM 3k b T A
M PR 2R, (H BT D AR EE S K, ZH0 T FabREln
R S R AHP 75 I 2208 A B 3 = TR

. SR r2
A 128 L N }gﬂz{;ﬁ ’
12,61 O 1\ F24
_ % é ‘ AN : S
20 12.44 V2 U \ 7 F20 &
8D A, Z Z; \ BT @
1B h I
& 12,01 % 7 4 O b,
- v 7 -
& 7 , 77V,
n 1 7 / // Z 72 7/ o
& 118 ?4 7% 2 7 S
H 11.6- //, v 7/ // 3 N
11.4 %/ ?/?/ 7 ?? H4
1.2 ///I// /'/ / /{/ //'// 3
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Table 5 Orthogonal test results of extraction technology Ly(3%)
of Rehmannia glutinosa

- FEEE  HLECHD fRRRECE MR KRR
JH5 ABCD (mg/g) (mg/g) (mg/g) (mg/g) H#¥I(g/g)
1 1 111 11.84 2.94 7.49 21.88 0.8117
2 1 22 2 1219 2.41 7.27 18.80 0.8456
3 1 3 3 3 1268 2.34 7.25 13.48 0.8716
4 212 3 12.06 2.37 7.38 17.56 0.8412
5 2231 1273 2.40 7.30 16.89 0.8347
6 231 2 11.87 2.34 7.24 22.87 0.8143
7 313 2 1215 2.42 7.03 13.66 0.8535
8 321 3 11.82 2.36 7.56 24.77 0.8271
9 3321 1196 2.36 7.16 24.97 0.8201

#6 EWM., AHP, EWM-AHP :AUE R 4K
Table 6 EWM, AHP and EWM-AHP weight coefficient

‘ BRI
Ik e  WETD REEET AR
REBE ZBE HORCID GERRE KRR
EWMi% 0.2182 0.1380  0.4059 0.0889 0.1490
AHP% 0.3186 03186  0.1841 0.1100 0.0687
EWM-AHPY: 03339 02111 0.3589 0.0470 0.0492

e O Ba A o= i A S = T TIN/ANT] S 4 e M (7

2 7 R, i EWM-AHP & &3P0 45 4047
C>A>B, R4 K ZEXT EWM-AHP &4 TFE45 105200 A
B > PRIBOREE>PEE AT A, A >A>A,, B,>B>
B;, C,>C>C, A T. 258 AB,C,, Bl E: 1 g Hb
MR, FH 25 mL gliK$2H, 7R BUEEE 50 °C 4514
THEEL 1 he Jr2E85 R (R 8) KM, & ZEXT EWM.,

%7 EWM -AHP 5 T4 L3855 T
Table 7 Orthogonal results of EWM-AHP composite
scoring method

A EWM AHP EWM-

ik SRS A B C D KEH BEA AHP’E

(55 2 o O

1 1 1 1 1 9575 9336 94.71

2 1 2 2 2 87.65 8691 86.62

3 1 3 3 3 8495 81.05 82.64

4 2 1 2 3 86.07 84.77 84.65

5 2 2 3 1 8699 8558 86.06

6 2 3 1 2 8752 9038 87.93

7 3 1 3 2 8436 79.79 81.89

8 3 2 1 3 89.17 9326 89.78

9 3 3 2 1 8897 9323 90.06
EWM K, 268.34 266.18 272.44 271.70
wLEs K, 260.58 263.81 262.68 259.53
oy K;  262.50 261.44 256.30 260.20
R 777 474 1614 12.17
AHPY:  Ki 26131 257.92276.99 272.16
g K, 260.73 265.74 264.92 257.08
P53 K;  266.28 264.65 246.41 259.07
R 555 7.82 3058 15.09
EWM-AHP Ki  263.98 261.26 272.43 270.84
g24H K, 258.65 262.46 261.33 256.45
Wy K;  261.73 260.64 250.60 257.07
R 533 1.82 21.83 1439

*8 TrEMT

Table 8 Analysis of variance

VX /IR FERF BEYHFM AHE  FE P
A 263980 2 05110 0.6620
o B 348360 2 0.6740 0.5970
EWMZE S} C 2917830 2 5.6480 0.1500
D(i%%)  51.6580 2 - -
A 7.5980 2 01700 0.8550
B 126200 2 0.2830 0.7800
AHPIRER T} C 158.1600 2 3.5430 0.2200
DRZE)  44.6340 2 - -
A 5.0770 2 0.1080 0.9020
WML AHPA A s 0.5210 2 0.0110 0.9890
C 818120 2 1.7410 0.3650
D(i%2E)  46.9880 2 - -

AHP L & EWM-AHP 7 H 551745 56 W 2 i 58
/N, TR EETEZER P>0.05,

2.4 BPNN #UESHT

2.4.1 BPNNFEHIgENy  ARSCIGRAH 3 2450419
BPNN 57 558, & A7 S50k 3 4>, RV iR
(A) . BBFEETE](B) B EL(C)), fr i1y S 8Ch 11,
HNZEE 15, EERULIE 3,

mAF K2

i 2

@

K13 BPNN Z5H Rz f&l
Fig.3 Schematic diagram of BPNN structure
2.42 BPNN RIZIZE 2% R Lk & /)
BP 45 45K, 4 MATLAB R2016b 414425 94
YT BAD, T T 2SRRI R, A VPSR R
St AR BB, I — B 2
10 4 BP #AY, 15 2|2 K 2K 5 1 8 258 AR T o0
MRS OCFR . LS IRt Jr iR 22 thZk ULIAL 4, 122

WAER IS 7 24 0.63928
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Fig.4 Mean square error of BPNN
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BPE S IE- S FE A FL R ULIED 5, SR 2 A5 7Y
TERE RL4Y, BEAS A LT AR T 25 M s s 2 By i 25

R

2.4.3 BPNN #WilllsfET 2 BPNN WA 2, B4
e R AW RE T 1, 7T 22 4k EL A DR 2R A T AL
LKA, ¥ S g s ik g ss &, T/
ST RV AT AR TR0 ] P9 0 BT A A, AT SR
FE, EIEACIREGSHOERN [, 15 B P B P BGE
JE 50~60 C(ZE1 5 °C), $F2HUATE] 30~90 min(ZE 1<
10 min), BH& L 0.04(1:25 g/mL)~0.01(1:100 g/mL)
(B 0.01), il T g7 PSR R A P4y, T
PP AR ILER 9, ¥ BOMMIRB = HES . AR AT L
B, =FPHEE RS BRI SIS AR L 5 4
P, PR 7 EWM-AHP & & 1F4 b i & = PR
94.71 A/ IMEMEAT IR L IS 4381 (% 9 [P 5 78~84),
T LA S, B RS R 00 T, A7 s )t i = Sk
KA B Ecfas; 25k by 0.03(1:33 g/mL)
B, S BOBE R HLv o3 B I i 2 P HAL S 40

# 9 BPNN Filll 54z
Table 9 Prediction data of BPNN

P HFIRE(C) ) (min) BHELL o8k 5553 HEAIREE(C) ) (min) BRELL Uiy
1 50 70 0.04 81.81 43 55 40 0.02 89.85
2 50 70 0.03 81.82 44 60 90 0.04 90.06
3 60 30 0.02 81.89 45 60 70 0.01 90.49
4 50 60 0.03 81.98 46 55 50 0.04 90.60
5 50 90 0.01 82.64 47 60 40 0.04 90.84
6 50 60 0.04 82.82 48 60 60 0.02 91.37
7 50 90 0.02 83.42 49 60 80 0.01 91.41
8 50 80 0.04 83.53 50 55 50 0.01 91.49
9 55 30 0.01 83.62 51 55 30 0.03 91.52
10 50 80 0.02 83.79 52 50 40 0.03 91.55
11 50 80 0.03 83.99 53 50 40 0.02 91.65
12 50 80 0.01 84.05 54 55 80 0.01 91.69
13 55 70 0.04 84.55 55 50 60 0.01 91.74
14 60 30 0.01 84.56 56 60 90 0.01 91.78
15 50 70 0.02 84.79 57 50 50 0.01 91.87
16 50 90 0.03 84.88 58 60 50 0.03 92.03
17 60 40 0.02 84.95 59 55 40 0.03 92.09
18 50 50 0.04 85.40 60 60 50 0.04 92.18
19 55 80 0.04 85.78 61 50 30 0.02 92.38

20 55 90 0.04 85.90 62 55 70 0.03 92.39
21 60 30 0.03 86.08 63 55 40 0.04 92.46
22 50 50 0.03 86.32 64 55 50 0.03 92.64
23 55 90 0.03 86.37 65 55 30 0.04 92.83
24 50 60 0.02 86.62 66 60 70 0.02 92.87
25 50 90 0.04 86.67 67 60 90 0.02 9291
26 55 60 0.04 86.70 68 55 80 0.02 93.08
27 55 90 0.01 86.90 69 55 60 0.01 93.22
28 55 40 0.01 87.40 70 55 70 0.01 93.41
29 55 30 0.02 87.53 71 55 60 0.03 93.46
30 50 70 0.01 87.76 72 60 80 0.02 93.53
31 60 40 0.01 87.90 73 55 50 0.02 93.69
32 55 90 0.02 87.93 74 50 30 0.03 94.41
33 60 40 0.03 87.96 75 60 60 0.04 94.53
34 50 30 0.01 88.16 76 60 90 0.03 94.64
35 60 50 0.02 88.94 77 60 80 0.04 94.68
36 55 80 0.03 88.96 78 50 30 0.04 94.71
37 60 50 0.01 89.24 79 60 60 0.03 96.75
38 50 50 0.02 89.46 80 60 70 0.04 96.82
39 50 40 0.01 89.62 81 55 70 0.02 97.13
40 60 30 0.04 89.68 82 55 60 0.02 97.29
41 50 40 0.04 89.75 83 60 80 0.03 98.10
42 60 60 0.01 89.78 84 60 70 0.03 98.69
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Table 10  Process verification results (zx£s, n=3)

x| FERE (mg/g) o 2 (mg/g) D (mg/g) R (mg/g) KIEHER ) (g/g) B E
BPNNIRET.Z 17.0420.10 24.8642.54 3.75+0.15 10.57+0.86 0.82+0.0058 97.74
RS T2 12.72+0.30 25.02+0.49 2.58+0.04 8.20+0.36 0.80+£0.0058 97.26

BPNN Fil e £ 1T 2R L 1:33 g/mL, 7E 60 °C
THEEA 70 min.
2.5 I ZWiE

TEASIREG i e T 2 S HON L BUIRE 50 °C,
Jin 25 457K, $2H 1 hs BPNN BT 2878 60 °C F,
S 33 £57K, $EHC 70 min, T IIELE R ULE 10,
BRI BPNN LA T 2000 By, 2] BPNN il
GEREATEE, A TR 2.
3 g

AWIFFE A1l 0 v = FiAT O STAE I . M BTy
D, fif BEE DAL 20 KIEER B PP FEF,
TE B R 2R 5 g kil b R A7 IE 232U, il i EWM-
AHP 1245 2] 238 bR Xt WAL HE , THRZR-5 1557, F5F)
JH BPNN 7EIEZZ S5 R E A7 a8 4. HE%E BPNN LA
R AEASIREG e 122, S5 %k % 3 BPNN fitit 1.
A, RIE 60 °CF, i 33 487K, 25 70 min, £5
GAF53R 97.74. WFFESEI W], BPNN AT ]
5, WA RAACTE I 2, S e T 20t it 1
BT
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