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Evaluation of effects of different adjuvant rice on rice fried Codonopsis Radix
decoction pieces based on AHP entropy weight method and color difference
principle
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Abstract: Objective To study the correlation between physicochemical properties in 15 batches of rice from different regions and
types, the apparent color and the active components of the rice fried Dangshen (Codonopsis Radix) powder, and explore the influence
of different kinds of rice on the quality of the rice fried Codonopsis Radix powder. Methods The physicochemical properties of rice
samples were measurated, color difference of the different rice fried Codonopsis Radix powder was detected by colorimeter,
UV-visible spectrophotometry was used to quantify the polysaccharides, the content of lobetyolin and 5-hydroxymethylfurfural was
determined by HPLC, and the contents of ethanol extractives were determined. The quality of the different rice fried Codonopsis
Radix slices was evaluated by AHP-entropy weight method and multivariate correlation analysis. Results Under the same
processing conditions, the quality of different rice fried Codonopsis Radix slices was in line with the requirements of Chinese
Pharmacopoeia (2020 edition) , but the intrinsic quality of the decoction slices was different. Correlation analysis results showed that
the content of polysaccharides in the rice fried Codonopsis Radix powder was showed a positive correlation with color values L", a”,
E*a, catalase activity and amylose content of rice. There was a positive correlation between lobetyolin content and catalase activity
of rice, the contents of ethanol extractives showed a positive correlation with color values L*, a*, b*, E"a, moisture content and
amylose content of rice. Conclusion Different regions and different types of rice have different effects on the internal quality of the
rice fried Codonopsis Radix powder, and the content of main active components in rice fried Codonopsis Radix powder has certain
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correlation with color value of rice fried Codonopsis Radix powder and physicochemical properties of rice.
Key words: Codonopsis Radix; adjuvants; rice; rice fried Codonopsis Radix; color; correlation; AHP-entropy weight method;
polysaccharides; lobetyolin; 5-hydroxymethylfurfural; catalase; amylose
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Table 1 Fifteen batches of rice source information
P e fit5 i1 ik
D1 JLAOMIEER 6971683681319 VLFHA LT Ak
D2 kb kK 1012112210112 TR ERIET  AFK
D3 LK 6923230901159 | HRAMITE Kk
D4 IBHFEERK 6958812900183 LA WM Kk
D5 KiE/NibfE 6909474000018 KiETH K
D6 HEHEEIK 6920190719097 PUIEEEN KK

D7 4aHEEFXK 692733692216 HILAFITIN  AIK
D8 HHE KK 6956845001105 B VT T T HEK
D9 JEPHAK 6957864700031 A B £ 1 AFXK
D10 EAkAK 20201010 AR TN AR
D11 Rk K 6949623356788 AT Ak
D12 ‘H Ak 6938601099410 Jm & HHET Al
D13 #EAK 20210227 SRS REC R T P N

D14 Mg Ak 6924567300035 7 R4 Mg 117 A#2K
D15 FEFA K 6970504880818 ik

2 FEEHR
2.1 HRAKIBUMRUE

HRYE & S ARvE GB/T 1354 2018 (AK) A ik
IBEXF 15 HAKK TEEL . kR, K&, i
FACEBEEBN . AR AT I E O, SOk
T8 I A S E A K SE B P A2 B E0RT
B FE TR bR, T T OO R AR 202, Rk
A SERS I IS E AL S B R AR E . SRR 2.
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Table 2 Results of physicochemical properties of 15 batches
of rice

WRERN Koyl WEEREES EHE

% %  JE/(mg H202:g7Y) JEK %
D1 3.32 840 1361 10.82 23.07
D2 1.99 9.14 1249 17.48 23.33
D3 2.33 6.96 11.58 10.73 18.82
D4 1.79 7.09 13.27 4.74 22.87
D5 2.16 6.11 1394 8.23 22.62
D6 193 1320 1242 9.87 21.42
D7 291 499 13.01 8.14 22.36
D8 2.07 475 14.88 16.64 22.91
D9 1.70 274 15.20 6.68 23.68
D10 3.62 1424 1251 2.79 19.97
D11 3.11 1234  13.22 7.51 23.17
D12 3110 1564 13.64 2.13 20.04
D13 1.74 5.05 13.86 18.42 25.79
D14 150 6.73  15.38 2.85 22.49
D15 3.48 570  13.49 7.04 19.32

22 KIWESHRHE

R EZ ) 2020 AR SCHRARIE HH
H 7V e S TS, BD4F 100 g £ S0k 30 g,
140 CHBZER SR BIRE OB S, KPR
SRR, R 1 15 #EICKRIS ] 245 3
15 fEASFRR IS 1) 56 SRR (M1~M15).,
2.3 RHHREFEEMEMS
231 k%M AiiHN Agilent Cis £ (150
mmX4.6 mm, 5 pm); SN ZHE-K (28 1 72);
R E 1.0 mL/min; #3630 °C; #EFfE 10 pL;
R K 267 nm. @R LA 1.

2.3.2 HESIER IR R EFRICKI S S 4 R
A
A ‘
- J ULmrA SBIAF
B | BT
0 3 6 9 12 15

t/min
1 RPESHEER (A) FMRESRENERSA (B)HPLC
Fig. 1 HPLC of rice fried Codonopsis Radix sample (B) and
lobetyolin reference substance (A)

GE359%) 19, B 50mL EIEMREMY, K
N FEE 25 mL, FRE s, #AE A 30 min J5, ¥
HARER, PSR E, 1T 0.45 pm
fE, HIE

2.3.3 ISR IIE S R R PRI S ]
i 5.23 mg, 25 mL &R, IHEEEE. €
B, 045 pm PFLIEMREERL, HEIFS R ERE A
209.2 pg/mL 6] R A -

234 RMEXRRFLE B “2.3.37 TR X
ic i) J 5 B3 5 A 100 80+ 40. 30+ 15. 10 pg/mL
PIVER, TEANBAH O IEA, ME A . DA
TR IR FE AR O, WETIAU AR (Y)
bR AE LR, 19 BIZ MR H U7 FE Y=0.116 9 X—
0.3277, R?=0.999 2, ZRKWESHIFAE 10.0~
100.0 pg/mL et 5% R R i .

235 FEAE B 15 fEAES M1~M15, %8
“2.3.27 WTERAER &M A, I “2.3.17
WUTEATINGE, S53R WK 3.

24 RHLEESENENEL]

241 METE FHEERFER 05 mL BT
fREFERE T, kAR 2.0 mL, BREE A
5% RV 1 mL, WGRER 5 mL, #njiE 20 s 21 Ja
JCE 10 min, KRR 20 min JEEUH, BGEAEH &
#3 HKDESEHRPSENELER (X+5,n=3)
Table 3 Determination of content of active components of
15 batches of rice fried Codonopsis Radix powder (X s, n=3)

s WERE% WELH%  5-HMF%  EER Y%
A4 % 0.052+0.001 12.270+0.030 / 65.568+0.006

M1 0.054+0.002 15.290+0.055 0.037+0.000 64.320+0.013
M2  0.056+0.006 18.060+0.096 0.043+0.000 67.520+0.009
M3 0.053+0.005 14.240+0.021 0.143+0.002 61.080+0.013
M4 0.050+0.008 15.130+0.156 0.106+0.000 68.070+0.008
M5 0.053+0.007 16.970+0.021 0.048+0.000 64.450+0.013
M6  0.048+0.004 14.630+0.046 0.452+0.001 64.000+0.004
M7 0.047+0.009 14.450+0.135 0.055+0.000 63.980+0.014
M8  0.053+0.013 15.900+0.172 0.207 £0.002 66.880+0.005
M9  0.054+0.014 17.110+0.173 0.098 +0.003 68.840+0.001
M10  0.053+0.004 12.760+0.050 0.184+0.001 65.080+0.012
M11  0.050+0.008 13.930+0.087 0.341+0.001 68.320+0.018
M12  0.045+0.005 11.130+0.105 0.117+0.002 67.540+0.013
M13  0.032+0.008 13.410+0.115 0.243+0.004 70.160+0.004
M14  0.044+0.008 13.150+0.154 0.028 £0.000 67.440+0.005
M15  0.045+0.005 13.920+0.095 0.118+0.002 62.950+0.018
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FiR, AN AT E, TR 490 nm b
E I

2.4.2 XTHRSVARE P & FEEFRE 105 CTHRE
5 J5 B2 P JC 7K 6] 267 4 ot B 10.30 mg, 100 mL
B EEKER, EARBZIE, A, .

243 AR E  EERDGES AN 029
B FEJRB, 0 80% Z.FE 150 mL, 7Ky 4 [Hlii
PR 1 h, EERGER, JEEINZTEK 150 mL, 2L
2 h, EEIGERL, BERUNAEKE RS 250 mL 2l
o, AR

244 MR ARFE  HUGIR AR 0.1, 0.2, 0.4,
0.6. 0.8. 1.0 mL, 737l & 10 mL HZEEH, 7
SIKANE 2.0 mL, 3% “2.4.17 TRk, 0T
490 nm NIEIROGEE, AW RT R R B A AL AR
(XD, CAWRSGEEMPALKR (YD, 15 BIL 1 [H] )5 75 72
Y=0.0551X—0.0326, R2=0.999 2. ZEHEH, I
IKFERELE 1.275~12.750 pg/mL SWO%EE 2 R
IR IER R

245 FEaE  HL 15 ftEEM M1~M15, %M
“2.4.37 U FHRAER AU RIATR, 1R “24.17
W AT E, 2R NE 3.

2.5 5-HMF & 20 g1l

251 @ik @ikHA Agilent Extend-Cig( 250
mmXx4.6 mm, 5um) #; FRBNFHAFEE-/K (10 :
90); Ml 285 nm; HEFEE 10 pL; HEFERS[E
30 min; AFRE 1.0 mL/min; #:iR 30 ‘C. i
KL 2.

| 5-HMF
A I
I
I
(|
1
[
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\
B “
|
|
i |
A . A
B bk SN ~ J N 00
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2 5-HMF 3B (A) FKibHSH#S (B) HPLC
Fig. 2 HPLC of 5-hydroxymethylfurfural reference
substance (A) and rice fried Codonopsis Radix sample (B)

252 XTHSERIIEIS RS EPRI 5-HMF4 mg,
TN 10%FREERfE, E4T 10 mL &if, #5257,
) BB B MR A 0.40 mg/mL B R T TR
253 LA IEIE R ERRICKI T S R
1.0 g, & 25 mL HZEHIEM T, A 50%H i 25
mL, FEAHEE 30 min, BIEE=EIR, H 50%F FF
R R, E, IUSERGE 0.22 pm L
JENE, BpfE.
254 ZRVERRFEL 4RI IO B ST 0.5,
1.0, 2.0. 4.0, 6.0. 8.0, 10.0 uL, VENERLBAH
TEA, A A VT AR o DA TR R (B N AL R
(YD, BEFEE NREALER (XD, ZlbruEihsk, 5
[ ) 5 FE T 40 Y=88.01 X+4.1271, R2=0.999 5,
LE WKW 5-HMF 7 0.2~4.0 pg SR 2 B I
LML R,
255 FEAE B 15 fEAES M1~M15, %8
“2.5.3” WUTIEHAER &M AW, I “25.17
W E AT E, R NE 3.
26 EREVISENE

J iR (P EZG ) 2020 FERR (DY) @ | 2201
PUZIEIE . 15 HEFES M1~M15 B HPI0 € 45
R 3.
2.7 RIESHRRMNEAENE
271 MEHE REAGESCT 15 #KP SR
AR AR G 3 598 AT APEA . e 261
JeUE D65, WEEAMEE 2°, WA 14% 50 mm, 4l
FE 600 nm/min, 4% % 1 nm. ShriE AR IE ),
WREEHE L GRARMED. a& GRRALT71,
+a LA, —atASRT D F b (RN T,
+hNTETT IR, —bUNEETT IR RO, S B 1%
AR Ep=[L2+a2+b" V2 J7ikit .
272 FEEERK B M3 MAEE, EENE6
W, FEH L. a*s b RSD 4354 0.03%. 0.28%.
0.07%, RIAMIHEHE R LT,
273 EEMERK B M3 MEREE, BEKRE 6
Uy, BAIE LR, 4L a's b RSD 4341k
0.14%. 0.31%. 0.10%, KW 1Z7ikER MR,
274 FaEtEiLe M3 BARER, 25T 0. 1.
2. 3. 4. 5. 6h, HATHEMBIENE, 4R L. a"
b*f RSD 73519 0.13%. 0.25%. 0.12%, #*HIi%FE
mifE 6 h WESEME RIT .
275 Kppwzmigea il Es R 15 #kpa
SR BUEAE I 2 45 R R 4.



¢ 8 H 2024127 $52% H 248  Chinese Traditional and Herbal Drugs 2021 December Vol. 52 No. 24

= 7451 -

4 LHALKDESHEBENESER (Xts,n=3)
Table 4 Results of apparent color value of 15 batches of rice
fried Codonopsis Radix powder (X £ s, n =3)

5 IEFRRAXT LR FI ET L SRR
Table 5 Judgment precedence matrix for paired
comparison of indicators

[ Rst L* a’ b* E"ab

bRy RS2 wSHRE R 5-HMF BUE(Z)

M1 71.660%0.075 6.79010.035 28.880+0.015 77.560+0.061
M2 74.010%0.066 9.940+0.025 29.240+0.010 80.200+0.067
M3 62.870+0.075 6.3101+0.015 26.760+0.025 68.620+0.058
M4 73.220%0.090 9.370+0.020 28.850+0.015 79.250+0.091
M5 71.070%0.091 7.960+0.015 28.970+0.006 77.160+0.080
M6 69.540+0.078 6.7401+0.025 27.980+0.015 75.260+0.075
M7 70.020+0.080 7.34010.006 28.420+0.015 75.920%0.079
M8 73.600+0.051 8.50010.058 28.800+0.021 79.490+0.046
M9  75.780%0.055 10.550+0.015 29.920+0.006 82.150+0.054
M10 68.560+0.085 6.6001+0.012 27.720+0.015 74.25040.085
M11 73.040+0.095 8.630+0.006 28.300+0.012 78.800+0.084
M12 66.110+0.075 6.6101+0.015 28.090+0.015 72.130+0.076
M13 73.640+0.085 9.18040.006 29.600+0.015 79.900+0.080
M14 69.130+0.076 7.7001+0.015 28.760+0.006 75.270+0.073
M15 67.510%+0.035 6.590+0.015 28.020+0.010 73.390+0.037

2.8 AHP-IEHCETENIRARE

2.8.1 AHP JEME SRR E  AHP HIZIK
ariTiE, R—MuEtERE EMYS S RAWAZEIR
A a3 A D7 2122, AR I AN [F KD 5 20K 48
FRIEJAHE G R, W5 3 NEIRMEEE VR BLAL,
M EE et EMTEE, WIERREN 15
KK Z AT oY, BARILE 3. JRIRE
MEE LA ZRH T LR, BIARRKID 521
RV . 2 2 JoNTRE, ISR RS HEAR XK
MsemA 1, TREATE 32, B 15 #kidbi 2
FEdh o MRS R S e bR o 12 B L AR AL,
FHABAR I & AR NBGE T DLEAL, B E SRR
FWF: BEERY>HESIE =% 2>
5-HMF. DL ARt AR AR e A0 R, FF3R19 %
FEARIAERTPE 2y, FR R BT B AR PR 0 Wi £ 0 g
#5. Hrh, —HHEREZSE Anax—4, — BB
H bR KIS B MR P

I ) ) l
%%E[%?ﬁ%] [%iﬁﬁ} [ﬁ%m%} [SHVFJ
3 KWRSREREHE
Fig. 3 Hierarchy diagram of rice fried Codonopsis Radix

TRz

powder

WEEZHE 1 1 1/2 32 0214
WS 1 1 1/2 32 0214
B2 A 2 2 1 3 0.429
5-HMF 213 213 1/3 1 0.143

(consistency index, CI) =0, FEHL—FHE LR
(consistent ratio, CR) =0<<0.1, &Ik
2.8.2 JEBUEMITE BSARAR PR JEBGE R —Fh
TELRG 2 8% 3R P (S B2 6T, MRAE %
TRUHE AR WL AR BT (A5 S22 1) R/ SR o i AR =
7 ikRs2, BB,

(D JFaaERRHE L : RS E T m NMEbs,
n NP R R AEEAIREERE S A= (X)) mms XT
SRR BT bR AL A 3

Yij = (Xij _Xijmin)/(Xijmax_Xijmin) 1)

(2) THEIFRFR IR FERE (P o

Pij:Yij/Zn:Yij (2)
=

(3) REFFIEEM (Ep.

Ej:*an:PijlnPij, k=1/Inn 3
=1

(4) HisE BRIV E REL (AP,

Aj:(l_Ej)/Zm:(l_Ej) )]

B, RS2 RS, BEREY.

5-HMF [ALE #5570 0.250. 0.199. 0.291.
0.261.
2.83 ZEETENHIE  AHP IEMIE FhEE N
MZUF, TGS E T2 98 5E A S T8 S R
MAEE, Fit, KFE U ESZUNELZEEFEE,
KA AHP 158 E WA E R (Zp, 1BHAMBLESE
MBLUE 250 (A, K WAL E R EOF 2 AL E 5 %L
GEHERE, HRTHANTHEAE (W),

Wj=Z;Ai/ Zn: ZiAj (5)

FRIR A 5 4 BB 1O WG, B AT AT SE
ZZhE. WSRE . ER B 5-HMF 1 Wi {E 5
74 0.294. 0.181. 0.306. 0.219. 1R¥E W; #5355t
15 KK S AT HEY, SR WK 6, K 6
ArEn, 15 KBRS GREITF S RN M9>
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6 15 KR SIRE AHP-BECEAB A RHIFSER
Table 6 AHP-entropy method score and ranking results of
15 batches of rice fried Codonopsis Radix powder

s 9 HFE WS G0 HFE &S S0 HF
M1 35591 10 (M6 35323 12 |M11 37.288 5
M2 37841 3 |M7 35223 13 |[M12 36.206 8
M3 33.744 15 |[M8 37.027 6 [M13 38.063 2
M4 37422 4 |M9 38276 1 |M14 36.627 7
M5  36.057 M10 35.382 11 [M15 34592 14

M13>M2>M4>M11>M8>M14 > M12> M5 >
M1>M10>M6>M7>M15>M3. N T B iF LR
R 2 SRCK IS5 2 E T X, ik #har
t AT IR D i 58 S FRIK IO ) 58 2 (1) B4k 27 1k
SIFLEE VRS HATHIRLLE, SR WER 7. R 7
AIEL, REORACRICK A S0 562 208 B AR 25
EF I P /N 0.05, BEREFEESR.
29 RKERESBYURATEESRKKEBUMRMEX
53

K H SPSS 20.0 Gt i AF-xf 15 K52 SR
WHBMTF . WS LK. 5-HMF MR & E 5 K
KEKFH . KR, K& & A EBRE B
HEHEVER AT Pearson AHICYED AT, LK ERAL
PEBON KIS 56 S RO o3 & B s, 25 5 0.3 8.
SRR, WS GRS A SRS S ROE

RT 2ERWESEYRDMEE TSR 1658
Table 7 Independent t test of active components and
comprehensive score of two groups of rice fried Codonopsis
Radix powder

R H t{H P {8
WEENE 13 -2.281 0.040
TSR 13 0.159 0.876
FE iz i 13 -2.726 0.017
5-HMF 13 1.133 0.278
LBV 13 -3.912 0.002

R (P<0.0D), wZZWEE S WEEIE
(P<<0.01). HEEEl (P<<0.05) MIEAHE; EHE
EEESKSSE (P<005). HiEEHSE
(P<0.01) EIEAHK.
210 RKMRESEYRSTSESHEEBRXMES T
K FH SPSS 20.0 Guit ik A%} 15 #EKRIS 78 S0 Fr
WHBIAT. WS L. 5-HMF MBS & & 55
fH L*, @™ b*. E"w AT Pearson tHME i, BF
TR S Mo & B S EE A, Wk
9. ZRERHSLZHWEEE L. 8" Bt 2EE
IEFER, BEREMSES L a" b Ea HER
EIEMHX.
3 g
ARSI AR BN, TEAFIRE SR T,

#8 L HAKRBRESRABEHRS SESAREBUMFRBEX S ITER

Table 8 Analysis results of correlation between content of active components of 15 batches of rice fried Codonopsis Radix

powder and physicochemical properties of rice

N Pearson 543 Hr P1E

KoL #okFE Kot SEEABRESIE BEREn KL MokE KodE SEEEsE BEEEn
WHHRE 0196 0.175 -0.268 0.704™ 0.399 0483 0533 0.334 0.003 0.216
WS4 hE —0.413 —-0.432 —0.086 0.821* 0.582° 0.126 0.108 0.766 0.000 0.023
5-HMF  0.125 0.089 -0.257 -0.121 -0.132  0.657 0.752  0.355 0.666 0.621
BRI —0.423 —0.066  0.586" 0.034 0.692" 0.116 0.816 0.022 0.904 0.004

x99 LHRBRESRABHURTSESHRERLEDIHER

Table 9 Analysis results of correlation between content of active components and apparent color value of 15 batches of rice

fried Codonopsis Radix powder

ISR : Pezirson *E%‘fiéj\fﬁ : : : P {H : :

L a b Eap L a b Eab
WBHRH 0.414 0.268 0.271 0.400 0.125 0.334 0.328 0.140
W ENE 0.601" 0.609" 0.511 0.603" 0.018 0.016 0.051 0.017
5-HMF -0.075 -0.171 —0.432 -0.125 0.791 0.541 0.108 0.657
B ) 0.709™ 0.762™ 0.732™ 0.723™ 0.003 0.001 0.002 0.002
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