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Optimization of extraction process of the composite beverage containing
Codonopsis pilosula, Astragalus membranaceus, Poria cocos based on analytic
hierarchy process-criteria importance through intercriteria correlation
combined with orthogonal experimental design
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ABSTRACT: Objective To use orthogonal experimental design, combined with analytic hierarchy process (AHP)
and criteria importance through intercriteria correlation (CRITIC), optimize the extraction process of the composite
beverage containing Codonopsis pilosula, Astragalus membranaceus, Poria cocos. Methods The weight
coefficients of the indicators including the content of total saponin, total flavone, total polysaccharide and dry extract
rate were assigned by AHP, CRITIC, and AHP-CRITIC weighting analysis. The orthogonal experimental
comprehensive scoring method was applied to analyze the results of the orthogonal experiment and optimize the

extraction process parameters of the composite beverage containing Codonopsis pilosula, Astragalus membranaceus,
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Poria cocos. Results The weight coefficients determined by AHP-CRITIC were scientifically reasonable. The

optimal extraction process selected based on the comprehensive evaluation results obtained by combining weight

coefficients with orthogonal experimental scoring method as follows: Extract the medicinal materials twice with 18

times the amount of water, each extraction time for 60 minutes. Under the optimal extraction process conditions, the

total saponin content of the composite beverage was 32.21 mg/100 g, the total flavonoid content was 41.48 mg/100 g,

the total polysaccharide content was 6.245 mg/100 g, and the paste yield was 16.34%. Conclusion The preferred

extraction process is easy to operate, stable, and has a high extraction rate, which can be used for the preparation of

the composite beverage containing Codonopsis pilosula, Astragalus membranaceus, and Poria cocos.

KEY WORDS: composite beverage containing Codonopsis pilosula, Astragalus membranaceus, Poria cocos;

extraction process; analytic hierarchy process-criteria importance through intercriteria correlation; orthogonal

experimental design
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experimental design
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Fig.1 Standard curve of rutin
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Fig.2 Standard curve of glucose
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T BRI b5 22 ] (4 SCIBEFIAR T 52 WK AS Rl PP FiE A E
FIARFZR IR S o X7 2T IO Fn A 4T 20
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Table 2 Priority judgment matrix for various indicators

izt MR NMEESE SRITEE WEE

MR 1 2 3 4
SVE 12 1 2 3
RETEE 1/3 1/2 1 2
IR 1/4 13 12 1

25 AHP JZUUMTE IS M i . M SR .
SRS R R R R AR R R 0.4658.,0.2771,0.1611
0.0960, — =k H 41 K F-(consistency ratio, CR)=0.012<0.10,
B FE AT ST A TR B 1) — SO A A R
2.1.2  CRITIC

CRITIC J&—Fl AR 22 FIA 56 R ECH IR BUE T 4
AR AR R IIRA, RIRH SO B & 0 & 00)E ek
PR BTN, W Sl Bs U T A — 1R Ab 3, KA 4N
8 50HH P R TG o A A, R s LR L
SPSSAU i1 7 CRITIC 43#7, 13 820 & & | BEm &
. BEITEEREERNERI 01543, 0.2521,
0.5931, 0.0005,

2.1.3  AHP-CRITIC

AHP DL WIEH 0 L6l LA E &P P8 AR R R R
#%, CRITIC WU B8 2 W iz e T - PRAN FRAR RN EE R 5.
FON B S P SE IR A5 R, ARFR IR R F M R, K H
FiRUTE 22 80080 2 7 I AE A5 FEe2. 112 1,273 i
SR E/‘J%E&}Lﬁ‘%/ﬁéﬁ(ﬁ @ 54=0aup X OcrITIC!
Toampocriics M AFEZHEE., BEESE. BEHAZ
K B RALE 34 0.3028, 0.2943, 0.4026., 0.0002,
2.1.4 AR

I3 W% AHP ¥: . CRITIC 3£ . AHP-CRITIC 344
FEPRIOAEE R B, R TER AN, S5 R IR 3. T
BAKERR, 134 AHP 381 CRITIC HAHKERECN 0.997,
CRITIC 3 Hl AHP-CRITIC ¥ HIAHE R A 0.971, AHP 3%
F1 AHP-CRITIC 75 RYAHC Rk 0.989, H. 3 FALEE KA 14
FHOGHE 135 (P<0.05), UEBH 3 AR (E k45 PP 25
HA—5E, AHP-CRITIC 484 T FWLFI % 0 9 7 T
FIE R AT, RIS BB A R, HIbE
AHP-CRITIC % 45 A A E P47 o
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Table 3 Comprehensive scores obtained from 3 kinds of methods

e CRITIC AHP AHP-CRITIC
1 34.02 37.16 42.47
2 97.46 97.17 96.68
3 67.84 67.06 65.74
4 80.79 84.23 90.05
5 60.92 65.57 73.40
6 50.32 54.97 62.81
7 59.50 63.97 71.51
8 39.74 41.93 45.63
9 100.00 100.00 100.00

22 EXEEEITEER

DIAKE . SRR SRR, SRS E. B
TE ., BRSNS PN e AR T U R 2 =K
IEATEZE . MG AHP-CRITIC 3288 AR 288, MFAIEAS
SRR BTN IE A SR AR AT 54y, AR L3 4,
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Table 4 Orthogonal experimental design, results, and comprehensive scores
g AOUKED  BGIRE)  CHRIIE) o e, BEAFOR IR BEHER pn
& /min R /(mg/100 g)  /(mg/100 g) /(mg/100 g)

1 1 1 1 5.906 16.82 26.26 3.506 42.47

2 1 2 2 2 9.794 37.37 45.00 12.18 96.68

3 1 3 3 3 8.227 26.58 27.38 8.611 65.74

4 2 1 2 3 9.971 37.11 46.23 9.250 90.05

5 2 2 3 1 9.129 27.78 45.79 6.505 73.40

6 2 3 1 2 6.629 22.76 42.34 5.185 62.81

7 3 1 3 2 8.187 31.11 37.79 6.371 71.51

8 3 1 3 5.744 15.55 29.78 4.434 45.63

9 3 3 2 1 10.41 38.81 46.93 12.43 100.00

k1 68.30 68.01 50.30 71.96

k2 75.42 71.90 95.58 77.00

k3 72.38 76.18 70.22 67.14

R 7.124 8.176 45.270 9.863

A A28 B R T Z a8 R A, S HEE
X BT 2525 B 0052 A B AR U - 4R BORE(O)> 4 B
BHRI(B)>TNK & (4), FEMPEERAENE 5. KK
P EH Ay,B5Cy, BEDZGHE N 18 5 A /K BRI 2 ¥k, AR IK

ST b5 U ff 22 (relative standard deviations, RSDs){E /N
2%, RHZ T ERE T, ATiFAT IR 2L 5% .

=S5 HENMER
60 min, Table 5 Analysis of variance results
2.3 BiEMESTIS HeWi B2 M HME F P
(v
T RAEFS SR A R, RIS . ANt 7666 2 05253 06536
LS A PORMI 46 T L 1A Bk, 1 DT R B LR T2 B/min 1003 2 06876 0.59255
ApBCy AT 3 REGIEPESL TS, Frisds R ILER 6, 4 P8R CIX 3089.5 2 21.1700  0.04510
®6 IERIIER
Table 6 Process validation results
Y BB E/(mg/100 g) SRR/ (mg/100 g) LW R /(mg/100 g) R 2%
1 32.65 4133 6.279 16.46
2 31.54 42.09 6.219 16.29
3 32.44 41.01 6.236 16.26
A 3221 41.48 6.245 16.34
RSDs/% 1.83 1.34 0.500 0.66
s yis BAVRMAE . MM RER SR, B 2 hEE R
3 WieSHk PEU AT . S 0 2 b R R R B T
. s ; Sy R S i b/ B SRS I B A =Y
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S5 WK AR YOR T I 2544 35 2 24 R[] U
T2y o B R AR DA R e RO A A BB
R Hohse 2 ZHRE S BB A RIS . By
TG HIEP RS R | B2 AR IR IR |
PUAACIOME T, IR2E i SR AR 20, A REAR AR
PR RAFRRPE . D TAEICER] FX 582 . B
IRZE S5 ORI PR IR A8HEA T IS S0 5, B A BRI R L

JIT A B 58 L B B 2 PN AR AR
3.2 WNERBTERZERRE

BT R B0 5 B 06 22 20 40 B 5 1 4 3 AR
2VE o AHP SR HF HE T 5200 1 45 HR b BRI 9 3 W 2 50
TR EMEHES Mo 2, 76— R b S et J2 W0 1) BH
TRAT, WOAFAE LR . Ml LA A 2% ) 45 e
CRITIC BEWE[RIAI % EEANRE, T AR EZAETE
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