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Optimization of Processing Technology of Salt-processed Products of Plantaginis Semen
Based on Response Surface Method and AHP-CRITIC Mixed Weighting Method and
Investigation of Its Diuretic Effect
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[ Abstract] Objective: To optimize the processing technology of salt-processed products of Plantaginis
Semen with the specific process parameters, and verify the obtained processing technology by pharmacodynamic
research, so as to provide experimental basis for the standardized production and quality control of this decoction
pieces. Method: Taking composite score of appearance character score, dry extract yield and contents of three
components (geniposidic acid, acteoside and isoacteoside) as index, the analytic hierarchy process (AHP) -
criteria importance through intercrieria correlation (CRITIC) mixed weighting method was used to determine the

weight coefficient of each index. Based on single factor tests, the response surface method was used to
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investigate the effects of frying time, frying temperature, salt amount and water amount on the processing
technology of salt-processed products of Plantaginis Semen, and the processing technology was verified by
diuretic experiment with furosemide tablets as the positive drug (administration dose of 0.01 g-kg'). Result:
The weight coefficients of geniposidic acid content, acteoside content, appearance character score, isoacteoside
content and dry extract yield were 0.319, 0.193, 0.207, 0.273 and 0.008, respectively. The optimal process
parameters were as following: fried at 150-180 °C for 10 min (obtained from the single factor tests), 100 g of
Plantaginis Semen sprayed evenly with 2 g of salt (2 g of salt dissolved in 20 mL of water) , and fried at 150-
180 °C for 15 min. Compared with the blank group, both of the raw products group and the salt-processed
products group could significantly increase the secretion of urine volume (P<0.01), but the excretion of Na” in
the urine of rats in the salt-processed products group was significantly higher than that in the raw products group
(P<0.05). Conclusion:

reference for standardizing the industrial production of salt-processed products of Plantaginis Semen. At the same

The optimized processing technology is simple and feasible, which can provide

time, combined with inherent quality and appearance of the salt-processed products, and verified by

pharmacodynamic test, the obtained results are reasonable and reliable, which can be used for quality control of

this decoction pieces.
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Fig. 1 UPLC chromatograms of Plantaginis Semen decoction

pieces
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Table 1 Appearance scoring standard of salt-processed

Plantaginis Semen
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Table 2 Analysis of processing technology of salt-processed Plantaginis Semen optimized by response surface test

No. AWHIEEE/,C B HIEE/min - CInEhit/g D iNsKit/mL AJET AT BT 5 BAAT SPEEIRTE R
B oy 80% B o EU% B R0 % G315y /g-g!
1 120~150 10 1 15 0.719 0.380 0.422 7 0.127
2 180~210 10 1 15 1.528 0.667 1.609 10 0.150
3 120~150 20 1 15 1.458 0.724 1.119 9 0.136
4 180~210 20 1 15 1.497 0.651 1.723 9 0.127
5 120~150 10 3 15 1.191 0.643 0.824 6 0.130
6 180~210 10 3 15 1.398 0.671 1.219 8 0.168
7 120~150 20 3 15 0.824 0.442 0.523 6 0.124
8 180~210 20 3 15 1.380 0.605 1.500 9 0.159
9 120~150 10 1 25 1.264 0.688 0.826 5 0.147
10 180~210 10 1 25 1.416 0.656 1.312 9 0.147
11 120~150 20 1 25 1.620 0.851 0.931 7 0.153
12 180~210 20 1 25 1.572 0.606 1.849 9 0.140
13 120~150 10 3 25 1.440 0.744 0.970 6 0.161
14 180~210 10 3 25 1.505 0.780 0.951 10 0.177
15 120~150 20 3 25 1.469 0.745 0.975 6 0.165
16 180~210 20 3 25 1.506 0.699 1.302 10 0.150
17 90~120 15 2 20 1.355 0.711 0.921 5 0.147
18 210~240 15 2 20 1.460 0.533 2.031 8 0.148
19 150~180 5 2 20 1.365 0.742 0.816 10 0.152
20 150~180 25 2 20 1.466 0.762 1.023 12 0.186
21 150~180 15 0 20 1.630 0.841 1.056 10 0.120
22 150~180 15 4 20 1.366 0.689 1.110 9 0.180
23 150~180 15 2 10 1.449 0.713 1.203 9 0.122
24 150~180 15 2 30 1.349 0.666 1.095 8 0.168
25 150~180 15 2 20 1.448 0.751 0.931 14 0.158
26 150~180 15 2 20 1.382 0.653 1.275 12 0.163
27 150~180 15 2 20 1.419 0.607 1.600 14 0.127
28 150~180 15 2 20 1.396 0.660 1.353 12 0.120
29 150~180 15 2 20 1.481 0.682 1.046 14 0.155
30 150~180 15 2 20 1.401 0.592 0.964 12 0.124
F3 BIEMIERAITLROREHETEERNERY
Table 3 Priority judgment matrices and weight coefficients for pairwise comparison of indicators
EE=E7N SRR A BRI R SEC AMRIRIT S FEEEME RS TEHAR U R HL
AU R B B 1 1 2 3 4 0.318
BB AR 0 3 AR 1 1 2 3 4 0.318
LU ERINTE 12 1/2 1 2 3 0.189
5B SR TR B 173 173 12 1 2 0.109
TR 1/4 1/4 1/3 12 1 0.065
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x4 BEWFEVNIZALERNIMMIUENESITS
Table 4 Composite scores of three weighting methods for

optimizing processing technology of salt-processed Plantaginis

Semen i
No. AHP CRITIC AHP-CRITIC iR & AL %
1 1.731 1.819 1.869
2 2.777 3.178 3.127
3 2.529 2.736 2.775
4 2.583 3.018 2.938
5 1.820 1.922 1.973
6 2317 2.560 2.566
7 1.608 1.689 1.735
8 2.509 2.887 2.831
9 1.670 1.736 1.798
10 2,516 2.811 2.801
11 2.224 2.282 2.386
12 2.608 3.086 2.988
13 1.949 2.049 2.112
14 2.735 2.878 2.962
15 1.959 2.057 2.122
16 2.746 3.033 3.043
17 1.714 1.800 1.857
18 2.380 2.937 2.781
19 2.662 2.784 2.873
20 3.104 3.314 3.380
21 2.802 2.957 3.042
22 2.490 2711 2.737
23 2.531 2.772 2.793
24 2.286 2.492 2516
25 3.461 3.677 3.761
26 3.069 3.403 3.401
27 3.479 3.969 3.907
28 3.084 3.444 3.428
29 3.462 3.729 3.790
30 3.020 3.254 3.310

B 100 g, # UL 1) T2 R AT 1 ], ¥ Bk Ty
P e N N O 1B i U A O Sl R G O sl ¢
1.399% , & &5 AEWH 1 1 25 51 5 73 40 0.64% , S WL IR
VE4» V-3 1H 12.333 43, 5 6 S8 404 1 7 289 ot £ 43 8K
1.324%, + #F 15K ¥ {8 0.145 g-¢', OD F #H{H
3.485, 51K (3.579) 1M 25 2.6% , BE A AL 1L Y T
ZRENTT. W6,

2.8 RCFRGEY WCERT AR A S I & IS
MR =500, 4 4 4% 1R 80% £ I [l i $ B

x5 OAFEHATESH

Table 5 Analysis of variance of regression equation

g+ 3 SS f MS F P
LY 9.412 14 0.667 8.431 <0.000 1
A 2.886 1 2.891 36.273  <0.000 1
B 0.287 1 0286 3.621  0.0773
c 0.162 1 0.163 1.984  0.1793
D 1.008x10° 1 1.012x10%  0.013 09117
AB 0.052 1 0.053 0.673  0.426 4
AC 0.012 1 0.012 0.154  0.706 4
AD 4.352x10°3 1 4351x10%  0.055 08185
BC 0.123 1 0.124 1.476  0.243 0
BD 9.126x10* 1 9.132x10*  0.011 09162
cD 0.224 1 0218 2742 0.1188
A2 3.567 1 3.569 44.832  <0.000 1
B? 0.687 1 0.685 8.713  0.0099
2 1.313 1 1312 16.401  0.0010
D? 2.109 1 2114 26422 0.000 1
5k 2% 1.214 15 0.084

P 0.887 10 0.089 1.438  0.3617
afi iR 22 0.306 5 0.062

KIEBF  10.612 29

3, A IEPRIBOR , o vk W DO R 2 T A B
££ 7K (0.9% NaCl¥ i ) i &, 43 1) il i A= 25 o o vk
BER0.5 gemL B 2GR . TUBHPE 25 0k 6K A id i,
B B R v R 0.5 g LIS B R KB W . ¥ SD
KECE AR HhaE Ry 3 d, SEE AT AR R AR K 18 he
S AR R B R A AN BT R B D A R BB b, HE
RATR . 2 KA 0.05 mL-g' (DL T35
FI IR 5532 EhoK, LU In 34 2 i /K B fif o 30 min Ji5
KEBEHL S g 420, 4 8 4 94> 3 A as |4l
(ST AR K, WRIEKA (42575 0.01 g-kg'),
TR H (R R 10 g kg ) ML/ T4 (42
i 10 g-kg') AR R 0.02 mL-g" . KRR
RS A S T, A e R R KB R4 h
() bR B, SR FH B 1 1B % e Wl 3 T S DR L P i TR
(Na™,K'Hl CI7 ) B & i, 5K 1 SPSS 21.0 R/ 17 %K
I b B S0 RS FH ks w41 ) FLACR BRI R
Ji 220, A P<0.05S Rom 2 R B A G258 L. 4
RERLHRKBARTELHE2ZS; 55 A4
B, R FEOK 21 Y PR & 35 TR (P<0.01) |, IR R FA fiff ot
HE W 34 B AT G2 5 S0, Forp KOV B B 35 T (P<
0.01),Na"Fll C1™¥& B2 W] it Ft 5 (P<0.05) ; 427 + 4
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Fig. 2 Response surface of effects of each factor on processing technology of salt-processed Plantaginis Semen

F6 HREFFHAHNIZHHRIERE
Table 6 Validation test of processing technology of salt-processed

Plantaginis Semen

RS TR SMUE R

No. MRFiH4r HHES CRIPHS  HEES ;jj oD
/% /% 145y /%
1 1.382 0.653 12 1.278 0.153  3.401
2 1.419 0.607 13 1.341 0.137  3.628
3 1396 0.660 12 1.353 0.144 3.428

F7 HEKXBRHRER IR KBRS EDR(3+s,0=8)

53R A0 IR 0 R (P<0.01) , R 45 AT
T2 19 Na Fil C1™ ik B2 IR 5 3% T+ 5 (P<0.01) , %21
Y Na e J2 ) B 7055 (P<0.05) o 53 8k, 5 %2 i
T AL, 48 A0 1 41 R W Na ik B 58 3 T /& (P<
0.05). WLzK7.
3 iFig

2R R R R T A S B A L IR R P A
Jo R 2E A 0 L B, AR AR 50K e L (8 5 N TE AR
AT E T . ERAK NN, R T LA fR B

Table 7 Urinary volume and urine electrolyte excretion of rats in each group(x+s,n=38)

21 51 /g kgt SR /mL Na ¥ ¥ /mmoL-L' K&/ mmoL-L'  CI=¥#/%/mmoL-L" 5 /g
2 H - 4.57+0.48 20.28+1.90 10.79+2.52 32.14+11.91 220.13+9.39
KHiF 10 5.58+0.432 22.27+0.96" 11.14+1.10 38.32+6.47 218.88+4.39
R T 10 6.73+0.552 24.14+1.75%3) 10.98+0.89 45.11+6.85% 223.00+7.19
Ik FE K 0.01 7.02+0.752 22.63+2.16" 13.12+1.69% 40.90+6.69" 221.75+7.34

e PR AR R R Y AR R T A 100 g 318 5 A AL B D P<0.05,2 P<0.01; 5 42 i T 41 H 48 Y P<0.05 .,

E AN NI ORI BTN S S K R EN S
T AT THE b APV AR B 35— A IRAS 5y WL %6 (0
28 o PG, 7R SCE DL 2R 5 B R A ISR 5L R
FA A8 25 AR 6 5 4 Hi 1~ A9 R B BE 4T 4T 0 S
SRR RN o X R AR B N AE R Y
SRS ONE I ACE e A e U R RN
EE A APPSR, Zai bR R &
) J2 IR AR 2 g R TR AL SRE /)N B AL ¥ PR R K - Y
R GROL Y, H BB BT S5 TR
BT, o3 A, S B B AR W AT AR A S X 43 VL VS R R
7 DR i B 8 AR A 22— TR, 2015 4R fi (i
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2y ) B T o D A A 6 A AR 4 Ryt e S R
MBS . Wb, A SO T Eid 342k
SAE RN e bR . BRI R £ Ly
A2y, Pl 2 2 W 00 0k 0 ) BE B A O
FF A 84 B i B R, TR S R RN
R T  NTEAR bR 2 —

T3 OR B DR 3R 0 2  T R E A
B) | kK vk BE LR 7K H & 0 R 4T IR R R 15
M) 3 HH AR R PR 2K P A R B R PR T
Pk T Z2 48 AR VT M T T S R ), H AT AL
&R BN )T A AHP, CRITIC, S BFE IH— {4 "4,
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Iii AHP-CRITIC 1 & AL W 25 6 1 S 7] 28 7Y R AL
R A BEEE W, SOR KRR, L — AL
AR X A3 RE A B d A B A B dE 1 8t B 4 i, Al
PRAEBCHE 2350 o 8 45 B Ra e T & WoAR ScaE
F AL G e %l AHP-CRITIC 1R 4 fin A B i i h
T M T2 A DA AR AR R A, H LR
VE I M ] T 2R AT AT, PO K R ) Tl AR
P LR S R

R R PR 3 Ik 2 2 AR SR 28 B )
FRAS Y 2 5 K BROK B0 B8R RS T B0 A i R
F it R IR B YRR R fige O HE T R ) 52, B X 4 T
A RV B AT R R 25 A0 g IE . A5 R R W]
S i 5 A4 b e 0 B KRR B H 3 5 X IR
V0 L oAt O I S e 58 A v DD T R R S R
CEEHRY G A S AENEMFEERTZ
— L EAT Z R0 A s I P A R PR KB R )
AE (H LR AE I HLE R 7 3 — R R . A s
FHBRAR 5 BT H A e Ry 1 32 A0 45 A 0 O A e SR
R PRS2, R TR TR TS
B, IR AT T 250 8 56 U BT 5T O i ofE G LK
W, A7 A F AR B R AR o AR S . RLTE P 2GR R
Az 7 T2 s T b R P 2 T R R R 1
SEnh 1% G R 0 I 5 L 25 A [ 9 A e R R S 0
B, DB s SR I L G ) T2 S T 25K R b
HEAL AR AL | B Ak i 1 AT 5 0 S B0 AR B
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