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analysis, PCA). HJ54#r(clustering analysis, CA). /)y - F&-H 5 5-#1 (partial least squares-discriminant
analysis, PLS-DA), i i 53 #7 J5t it 22 S AR 5 W) o Sl ik SR AR THI & SR AR AL, e 45 500 T 110 45 ik IR e vk
(technique for order preference by similarity to ideal solution, TOPSIS)FIFk Al Lt 5 (rank sum ratio, RSR)FJH L5 4
TEMBERY, PEH R FHER AR RS . R 14 DS ES A R EE R NN X R R (r=
0.9992), “FHIMAEEIASE 96.37%~102.21%, HIXTARUERZE/INT 2% AL ETHEAERRWT 17 HAEGL R 4 2K,
[T R —2, AR RO SAAEH R 2ER, 34- " HAERER. RHMR. MER. SR2E
2. PTRILHR C. MIMERRZR LR P REZSZM ) G 25 R VB {ERR &Y o 3 SRAL-TOPSIS . fHAL-RSR LUK
HHEE A T WEMNZES B TP, SERFEHER R I T B LS HEP s R —3. i 2T
UPLC M ZH8bRE )y i R E5E, 254 PCA. CA. PLS-DA Fl TOPSIS-RSR @ 7 (PP A= BB A 253 #r
AR R 2E 5, e R R i PPN R S %

KERA: AR, W RO 5 T BT D fe N 3T B A A4 AR
BRI

Evaluation of propolis extract quality by ultra performance liquid
chromatography-multivariate statistical analysis

ZHANG Yue, JIANG Hui-Jie, SHEN Kai-Feng, ZHOU Dan—Ying*

(Zhgjiang Institute of Traditional Chinese Medicine Co., Ltd., Hangzhou 310023, China)

ABSTRACT: Objective To establish a method for the rapid determination of 14 kinds of chemical components in

EEWH: WriLa )8 BHIFb T ks % 151(2022F03355)

Fund: Supported by the Project of Zhejiang Provincial Scientific Research Institutes (2022F03355)

MRIEEE: P, MR TR, TRy A 2 R R SR . E-mail: 471861007@qq.com

*Corresponding author: ZHOU Dan-Ying, Senior Engineer, Zhejiang Institute of Chinese Medicine Co., Ltd., No0.553, Xixi Road, Xihu District,
Hangzhou 310023, China. E-mail: 471861007@qq.com



%514 4 £

i, S R R OB 3 - 2 TCGE T AT IR VT e AR ) o

225

propolis extracts by ultra performance liquid chromatography (UPLC), and to comprehensively evaluate the quality
of propolis extracts from different manufacturers by multivariate statistical analysis. Methods The 17 batches of
propolis extract samples from different manufacturers were collected and chromatographed by UPLC with
methanol-0.2% phosphoric acid aqueous solution as mobile phase and gradient elution, the content of caffeic acid,
P-coumaric acid, ferulic acid, isoferulic acid, 3,4-dimethoxycinnamic acid, phenethyl caffeic acid, atipilin C,
quercetin, kaempin, apigenin, isorhamnetin, josinetin, albumin and galangin were determined. Principal component
analysis (PCA), cluster analysis (CA), partial least squares-discriminant analysis (PLS-DA) were used to screen and
analyze the quality difference markers by statistical software, meanwhile, the weights of each index were calculated
by entropy weight method, and the results were applied to the superiority and inferiority solution distance method
(TOPSIS) and rank sum ratio method (RSR) to construct a comprehensive evaluation model to evaluate the quality of
different, the results were used to evaluate the quality of different batches of propolis extracts. Results The linear
relationships of the 14 components were good (r=0.9992) in their respective concentration ranges. The average
recoveries were 96.37%—102.21%, and the relative standard deviations were less than 2%. The chemometric results
showed that the 17 batches of samples were clustered into 4 categories, samples from the same manufacturer were
clustered into one category, and there were significant differences between samples from different manufacturers.
3.,4-dimethoxycinnamic acid, isoferulic acid, quercetin, galangin, atipyrine C, and caffeic acid phenethyl ester might
be potential markers affecting the quality differences of manufacturers. The comprehensive quality evaluation models
constructed by entropy-TOPSIS, entropy-RSR and a combination of both showed more consistent results in ranking
the quality of different batches of propolis extracts. Conclusion The UPLC-based multi-indicator determination
method is accurate and convenient, and the evaluation model established by combining PCA, CA, PLS-DA and
TOPSIS-RSR can effectively analyze the variability of different manufacturers and provide a reference for the overall
quality evaluation of propolis extracts.

KEY WORDS: propolis extracts; ultra performance liquid chromatography; principal component analysis;

clustering analysis; partial least squares-discriminant analysis; technique for order preference by similarity to ideal
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fi§i(caffeic acid, CA). p-7F & & (p-coumaric acid, P-CA),
FAIZR R (ferulic acid, FA). 5+FIZRER (isoferulic acid, 1A).
3,4-— WA H W HERR (3,4-dimethoxycinnamic acid, DA).
WIHE i 5 2, 1 (phenethyl caffeic acid, PHCA) . F#VLHk C
(attipirine C, AC). il iz & (quercetin, QU) . I &
(kaempferide, KA). J7 3¢ & (apigenin, AP), 7R H
(isorhamnetin, IS). F7#% & (pinocembrin, PI). H# %
(chrysin, CH). & K 2% (galangin, GA) 14 Fifb22 a0
i, BRI REAT 2854 (principal component
analysis, PCA), #&IZERISSr#r(clustering analysis, CA), i
fx /N 36 - ) 51 43 M7 (partial least squares-discriminant
analysis, PLS-DA), fii e M AR FH w2270 F
Z AL, A, SRAVEAGETHEAE R Wb T E
WLPE 20 T R SR 5200, N7 S AL-TOPSIS FI§AL-RSR
LA MLEETEM i, vRAN T B — T 19 R PR,
hy B JSE B B o A A T A T B A S B Al

1 #MR5R%

1.1 RS

eI, HiS KA S1~817, S1-S33kH AT
K, S4~47 %A B &K, S8~S10 3k H CJ %, S11~817 3k
AD) %K.

CA(ZEJE 98.0%). PCA(ZEFF 98.0%). DA(ZJE
98.0%). PHCA(ZERE 98.00%)(SAR % 8 A= MRl Hi A PR
"), PI(4E 99.52%) . CH(ZEJE 99.57%) . GA(4li i
98.73%)( J P £ W7 KR A= W) B £ G IR W ); FA(ZE
99.40%) . TA(ZlEE 99.30%). QU(ALEE 99.10%). KA(ZlE
95.50%) . AP(ZIiJEE 98.73%) . IS(ZEFEF 99.80%)(H [ fh2h
SRR ERFIERR): AC(HIE 97.0%)( IR I AE YR A TR
NGNS

ZNE L (taikal, SEE TEDIA A H]); BT
afi, bR ERA R, BER( AL, KA
FRA D).

12 UFE5EE

ME204 BUJ5 43 2 —HF K- LR e R 2 8
A]); TD-5002 +J3 43 2 — B L K (A Wk il 4 5 KX
PEA PR E)); DHG-9140A K H, PVIE T 5l KU1 4248
DK-S26  #U45  /K ¥ 8 (¥ A % 9L 36 1% &% A FRA #D);
Agilent Technologies 1260 A8 = SGRAH A IEY | Agilent 4%
(3 mmx100 mm, 2.7 pm)(3E[E Agilent 23 H]); KQ-100DB
R PR O AR (B LT A (A BRA D) .

1.3 XLWHE

1.3.1 &#iH
¥ Agilent (4343 mmx100 mm, 2.7 um), LA+

J\BE FE R e 58 G RE RO RN AR 35°C; B 0.6
mL/min; KA SR A SGE B K508 270 nm(HF &
# QU. KA, AP, IS, PI. CH, GA)FI 320 nm(JI T=&
# CA. PCA. FA, IA, DA, PHCA. AC); HittE N
3 uL, Ui shAHSE FEE-0.2% M R K VA, EA TR EE VI,
JF B ATHA] 8 min, YRR ILEE 1.

R1 GRBERER
Table 1 Elution gradient degree table

i i) /min /% 0.2%T PR 7K 5 W /%%

0~3 15~25 85~75

3~13 25~40 75~60
13~38 40~48 60~52
38~45 48~55 52~45
45~55 55~75 45~25
55~60 75~90 25~10
60~65 90~15 10~85

1.3.2 RAX BB H &

BUCA., P-CA, FA, 1A, DA, PHCA, AC, QU,
KA., AP, IS, PI, CH, GA L&, WERE, M
BRI 1 mL 2 125, 105, 35, 370, 100, 115,
45, 180, 65, 75, 70, 480, 650, 470 ug ARG TR
FR VAT
1.3.3 XS e # &

AR 0.25 g FEEME, BT 25 mL &P,
A0 FEE 20 mL, #7540RE 30 min, WHIERS, JHH AR
ERBLE, ¥, A 0.45 um (IEMENE, BULLIER,
PSS N
14 BUBALIE

PCA, PLS-DA X SIMCA # {4, CA R Origin
2019 {2, TOPSIS 1 RSR i@t SPSS 26.0 #4734 .

2 ZER59H
21 FHEFER

211 ARHERABRER

B i ot IR VA LA S il i, IR
1.3.1 Bk A 38 R UEA TR . 45 R B R, 28 P R0t
14 Fig | AT T il ihd CAL P-CA. FA| 1A,
DA. QU. KA. AP, IS, PI. CH, GA, PHCA. AC f4
T UG 55 AR AR 0 A3 B AT (S S B = 1.5), WA ) 4y
P& 4.486, 6.413, 7.383, 8.412, 11.825, 16.663, 22.017,

23.285, 24.319, 31.903, 37.439, 41.477, 42.567, 55.432 min,
X et (T B DL 1, A € S T DL 2.
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Fig.1 Chromatograms of control
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Fig.2 Chromatograms of the samples

212 WMEEEE

R Sb (F 5 S1), 4% MRS ik i 4 — IR
WS PERE 6 KK, CA. P-CA. FA, 1A, DA, PHCA,
AC. QU. KA. AP, IS, PI, CH., GA o1& Ay

Xif B 22 (relative standard deviation, RSD)Z% S 4351k
1.02%. 0.89%. 1.36%. 1.54%. 0.75%. 1.41%. 1.22%.
1.05%. 0.94%. 1.64%. 0.69%. 0.61%. 1.38%. 1.82%,
AT K 25 B RS T e 2R
213 EAMEE

HURE R (G5 ST1) 6 1y, 43 BIFa BRI O T il 45 1
W, FEIR 13,1 i iy IS S A, o SR i il 2k
TR, 1t AR CA P-CA (FA .IA DA .PHCA .
AC. QU. KA. AP, IS, PI. CH., GA W& fI{E 4571
132, 458, 132, 5.35, 7.58.9.77, 0.78. 8.51, 1.93,
3.52. 1.99, 30.92, 64.66, 21.81 mg/g, A RSDs 43
B 1.83%. 1.24%. 1.35%. 1.01%. 1.98%. 1.74%.
1.54%. 1.26%. 1.09%. 0.98%. 1.33%. 1.45%. 1.68%.
1.11%, A0 EE MR,
214 #HEMHEE

R — (3 RE S (GRS S1), 9T 0. 4. 8.
12, 16, 24 h )55 BRI, 115 CA. P-CA. FA,
IA. DA, PHCA. AC. QU. KA, AP, IS, PI. CH,
GA % i RSDs 2332 1.21%. 1.35%. 1.68%., 1.08%.
1.93%. 1.74%. 1.62%. 1.51%. 1.40%. 1.39%. 1.86%.
1.91%. 1.75%. 1.52%, W] L i 3 B fHsk o 5 Yk
H24hFaE,
215 HMBXEXFR

RSB 1.3.2 30 A% B ShEERRR R AR 6 AN
W RO, PG 1.3.1 FriR (TS ST, T
FEEM LT, L CA.P-CA.FA . IA, DA, PHCA
AC, QU, KA, AP, IS, PI. CH, GA Jfi & ¢ X Ig 1
TR, SRRtk FRas R 2. Ak 2 ]
PAE T, 14 DR FR A e BEVa B N 2 2 R RAT

®2 IETEROREMFIEMENERE

Table 2 Linear equations and linear ranges of the indicator components

FFK ki e r’ e 2 PV /(ug/mL)
CA Y=24.563X+4.1092 0.9997 3.55~127.8
P-CA Y=29.184X+1.1408 1.0000 4.33~103.92
FA Y=25.002X+0.5087 0.9996 2.85~34.20
1A Y=23.17X+0.3179 0.9995 31.36~376.35
DA Y=25.93X+1.5569 0.9998 8.34~100.10

PHCA Y=27.148X+2.3607 1.0000 9.66~115.92
AC Y=21.943X+1.0197 0.9997 3.75~45.01

QU Y=11.363X+1.8959 0.9996 15.11~181.30
KA Y=15.666X+0.2017 0.9992 5.08~60.99
AP Y=9.8247X-0.3443 0.9998 6.11~73.32
IS Y=8.5577X+0.401 0.9995 5.71~68.41
PI Y=6.705X+0.906 0.9994 40.25~483.01
CH Y=30.633X+16.474 0.9993 54.03~648.34
GA Y=19.067X-0.3142 0.9999 38.97~467.64
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2.1.6 MEFHEEI

B (SRS S1) 6 1, FHOMRERFRE 0.1 g, 43 AIIA
AT IR LIS G, e IR 1.3.3 BTy ikl A A L, Rk
G, 753 CA. P-CA. FA, IA, DA, PHCA. AC, QU,
KA. AP, IS, PI, CH. GA AJ-F¥ IR HI 2 99.24%
100.36%. 98.57%. 96.68%. 99.64%. 101.38%. 101.75%.
97.43%. 98.17%. 102.21%. 100.33%. 96.37%; RSDs ]
INF 2% BBCTT L, IR UERR LY | RS, ARSI
JEE R HTIEK

22 ZIBERSEENE
BORET HIRE S (G50 S1~817), #B8 1.3.3 irik

JE A UCEATH & 3 b S R AT R, e SR
CA. P-CA, FA, 1A, DA, PHCA., AC, QU., KA., AP,
IS. PI. CH. GA M ifuimf, RIEIMRZIT 14 Fisk
3 E R (mg/g), 3 W B3, IR THE A R 22
(standard deviation, SD), £553 L3 3. [a]—HEik 3 YHURELY
I SD AN N AR T REL, 17 SR S 25 5L B
SD AL A 5 R 5. TR 3 il LUE H, HERHER N
225 SD JEFITE 0.00~1.03 Z [H], FEALALYKIE]2E 5 SD 15
TE 0.10~23.41, UEHIAE AL 22 AR XN, SOl T 4%
T~ RWNEBAE T TR, ARG Ty —; bk (El
P22 FAEXT ALK, 3K A] BESR R R JEAS — Bl ARl K
Z A IR il 22 R B B

®3 ERIREINSR 14 MUERS S BT RERER(N=3)

Table 3 Table of calculation results of 14 chemical components in propolis extract samples (n=3)

. T /(mg/g)
i
CA P-CA FA 1A DA PHCA AC QU KA AP I PI CH GA
S1 1.32+ 4,58+ 1.32+ 5.35+ 7.58+ 9.77+ 0.78+ 8.51+ 1.93+ 3.52+ 1.99+ 30.92+ 64.66+ 21.81+
0.02 0.06 0.06 0.08 0.11 0.13 0.01 0.12 0.02 0.04 0.02 0.46 0.73 0.30
S 095+ 341+ 1.07+ 4.62+ 6.79+ 8.34+ 0.68+ 7.52+ 1.78+ 3.13+ 1.72+ 27.28+ 57.95+ 21.37+
0.01 0.05 0.05 0.06 0.08 0.12 0.01 0.08 0.03 0.05 0.02 0.38 0.81 0.26
$3 2.56+ 437+ 1.23% 435+ 5.99+ 8.26+ 0.70+ 8.41+ 2.13+ 3.38+ 2.49+ 29.74+ 58.79+ 23.54+
0.04 0.06 0.06 0.05 0.07 0.11 0.02 0.10 0.02 0.05 0.03 0.43 0.72 0.35
S4 1.04+ 0.92+ 0.42+ 5.71+ 6.11+ 3.24+ 0.52+ 13.62+ 2.93+ 241+ 1.59+ 26.79+ 43,78+ 29.43+
0.02 0.01 0.01 0.07 0.06 0.08 0.00 0.21 0.02 0.03 0.02 0.36 0.43 0.38
S5 251+ 2.0l 0.62+ 4.65+ 5.24+ 442+ 0.55+ 11.68+ 2.84+ 2.94+ 2.02+ 26.81+ 52.35+ 29.72+
0.04 0.03 0.01 0.06 0.08 0.09 0.01 0.18 0.03 0.04 0.01 0.35 0.51 0.41
S6 036+ 0.88+ 0.33+ 397+  4.88+ 337+ 0.54+ 8.98+ 2,11+ 2.09+ 1.41+ 2421+ 42.12+ 24.78+
0.01 0.01 0.00 0.04 0.06 0.07 0.00 0.16 0.02 0.03 0.01 0.33 0.39 0.30
S7 0.82+ 0.94+ 0.35+ 4,15+ 5.12+ 3.55+ 045+ 10.12+ 241+ 2.49+ 1.73+ 25.50+ 48.09+ 29.58+
0.01 0.01 0.00 0.06 0.05 0.06 0.01 0.15 0.01 0.02 0.02 0.36 0.57 0.29
S8 6.62+ 8.58+ 2.07+ 322+ 425+ 8.92+ 0.63+ 9.15+ 2.76+ 3.67+ 3.62+ 40.46+ 58.81+ 26.89+
0.05 0.14 0.03 0.03 0.06 0.12 0.02 0.11 0.04 0.05 0.03 0.50 0.64 0.25
S9 6.03+ 7.57+ 1.84+ 3.24+ 4.20+ 8.30+ 0.75+ 8.89+ 2.63+ 3.54+ 3.39+ 36.58+ 57.24+ 25.66+
0.06 0.11 0.02 0.03 0.04 0.11 0.02 0.09 0.03 0.06 0.03 0.38 0.56 0.34
s10 6.44+ 848+ 2.06+ 3.34+ 4.46+ 8.99+ 0.79+ 9.12+ 2.72+ 3.51+ 3.53+ 40.95+ 62.46+ 26.50+
0.07 0.12 0.04 0.04 0.05 0.09 0.01 0.11 0.02 0.05 0.04 0.51 0.63 0.36
S11 9.02+ 6.19+ 191+ 432+ 578+ 10.34+ 0.70+ 12.35+ 3.47+ 5.15+ 3.61+ 37.11+ 91.74+ 34.88+
0.10 0.08 0.02 0.05 0.06 0.13 0.02 0.12 0.04 0.08 0.03 0.41 0.86 0.28
S12 1094+ 4.83+ 1.98+ 4.54+ 6.52+ 11.59+ 0.78+ 13.46+ 342+ 5.74+ 3.44+ 36.83+ 100.19+ 36.61+
0.12 0.06 0.02 0.05 0.08 0.14 0.02 0.17 0.02 0.09 0.04 0.38 0.98 0.46
13 927+ 487+ 197+ 438+ 6.49+ 1034+ 0.79+ 13.10+= 3.30+ 5.11+ 341+ 38.72+ 84.16+ 3477+
0.09 0.06 0.01 0.03 0.09 0.11 0.03 0.08 0.01 0.07 0.03 0.40 0.72 0.26
S14 10.05¢ 7.27+ 1.81% 411+ 4,68t 10.01£ 0.66+ 1297+ 3.90+ 5.94+ 428+ 33.94+ 10148+ 37.21+
0.08 0.12 0.01 0.02 0.06 0.09 0.01 0.16 0.04 0.08 0.04 0.31 1.03 0.44
S15 10.97+ 795+ 1.98+ 4.49+ 511+ 11.28+ 0.74+ 14.14+ 424+ 6.41+ 4.64+ 36.98+ 110.19+  40.60+
0.12 0.13 0.02 0.06 0.06 0.12 0.02 0.20 0.05 0.10 0.05 0.29 0.94 0.61
16 10.27+ 7.42+ 1.85+ 4.19+ 474+  10.46t 0.66+ 13.11+ 3.94+ 5.89+ 451+ 34.24+ 99.37+ 37.40+
0.11 0.12 0.01 0.07 0.04 0.08 0.01 0.18 0.03 0.09 0.05 0.32 0.88 0.57
S17 9.89+ 7.38+ 1.98+ 4.46+ 5.54+ 11.13=  0.69+ 13.08+ 3.78+ 5.78+ 4.13+ 38.53+ 100.46+ 37.30+
0.10 0.11 0.02 0.05 0.08 0.15 0.02 0.16 0.04 0.08 0.03 0.48 0.96 0.49
Lk
4.13 2.74 0.66 0.65 0.97 2.89 0.10 2.28 0.76 1.44 1.10 5.60 23.41 6.18

SD
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J T4 17 MR BUIRE R 22 5, DL 14
Rl o & B, A SIMCA #hrh, BT IELE 7>
MrafAF 45 o B RRAE (A )7 22 5Tk, 25 R IEE 4. A
F 4 P RTLUE B 17 25 5Tk 63.30%, F4 2
5 18.60%, FAAT 3 & 13.60%, T 3 TR Bit btk
95.50%, JEASHEMS RIAFEA P FBEE . I 3 ]
DI, RX M 0.9555, @y 0.8679, T HLEEST Y PCA #6i%!
BoRasE T AR, FESEEA N 435, S1~S3 BN 12K, S4~S7
BN 22K, S8~S10 A 32, S11~S17 M4 4 2%, wf
WLIR— " R o — 3.

10
R2X[2]=0.186

R2X[1]=0.633 R*X[3]=0.136

Ellipse: Hotelling’s 72 (95%)

B3 A 3 440 1

Fig.3 Plot of principal component scores of samples

4 BEIREYIER T HHEER S ETEE
Table 4 Principal component eigenvalues and variance
contribution of propolis extracts

EWS KA ETRR% RIJTETIRE %
1 0.6330 63.30 63.30
2 0.1860 18.60 81.90
3 0.1360 13.60 95.50
4 0.0228 2.28 97.70
5 0.0135 1.35 99.00
6 0.0077 0.77 99.80
7 0.0013 0.13 99.90
8 0.0006 0.06 100.00
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ST S B LAY R RS N AL R R A2 4 4 i e 22
S, OB 17 IR I 14 LSS g RS
223, SR Origin BXUFLABKERIE R . 40T CA,
SER VLA 4o AP ) RORAS R RO i, DA FRORFE
ok, B A AR S AR, S, R ) 52
o, XN ZI R & RERAL, Bt mnat, H
AN B 4 FR AT LU H, S1~S3 BEAES 1 25, S4~S7
FHE 2 25, S8~S10 B MHE 3 25, S11~S17 B M4 4 25, FEM
4325 PCA B —30, W] WL IA)— A P Al (A o o — 3
YRR T P= o R A B ER . |
Z CHIJ K D M4t 58 0, n] WL RT & oy & i 348
=, TR B RBLERER DAL 1A W[5 —
5, HMp R A—2, £WH DA, 1A XMFROEFEMD
HEEM TR

2.16
1.62
1.09
0.55
0.01
-0.53
-1.06
-1.60
-2.14

]
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5~ =

e OD gL <
<O <O’§KD’_‘Q

P-CA
PHCA
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Fig.4 Cluster diagram of 17 batches of samples
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ol 9.64%. 7.65%. 6.69%. 6.22%. 8.27%. 6.41%. 3.95%.
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Fig.5 PLS-DA model score plot for 17 batches of propolis extract
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S-S IA— kR EdE RS, 15 B INALH SR AR B

HRE A B 7T LAS- B ey %8 Z+ = max(Z1, Z2,...,
214 & % Z- = min(Z1,22,...,Z14)f3 Z+ = max(0.097,
0.077. 0.068, 0.063, 0.084. 0.065, 0.040, 0.068. 0.066,
0.075.0.078.0.065.0.090. 0.075), %5 J5 % Z-14 0.001,
A1), (2). YR ALY Dy(+5 IFE B ARIE ) |
D; (‘5 7 B AR AR N2 COIRAU R MG BE), 2553 IR
5. 3R 5 Haf LUE T, 17 b e ERBUIRE ik R HEAA A 3 4
JJE S15. S17. S12.
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=5 TOPSIS FFMHER
Table 5 Evaluation results of TOPSIS

oo IEHUEA  OERARARE AR
T

P D BiEs D C HIFER
S1 0.185 0.138 0.427 11
) 0.210 0.100 0.322 14
S3 0.186 0.101 0.351 12
S4 0.219 0.110 0.334 13
S5 0.203 0.084 0.294 15
S6 0.253 0.035 0.121 17
S7 0.233 0.057 0.196 16
S8 0.164 0.159 0.491 9
S9 0.173 0.140 0.448 10
S10 0.160 0.161 0.502 8
S11 0.086 0.195 0.694 7
S12 0.071 0.219 0.755 3
S13 0.086 0.198 0.698 5
S14 0.094 0.213 0.695 6
S1s 0.070 0.247 0.779 1
S16 0.090 0.218 0.707 4
s17 0.069 0.221 0.762 2
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2.43 RSR#FH

RSR Al LRI ZAFR R E5 G /K1 0L, LR
FLRFH T S TECFIT A RS RSR HFE, RSR HAT
0~1 Z I Hi%gk, —Bokul, (HBRMARITMITZM L.
£ SPSS ' AR IR KIS, JFH AR bR IR (E, @
WIEATEEA T T 5 R % 6 Fin. #E T RSR
IATRMEIIE, BRI T, T B Ef . Rk
W R-F T BRI B K Rnx100%, f&x 5 — WM
(1-1/4Mx100% & 1E, fieJo i BT aiR, =il | 0 50s
MR BN X R, SR X AR BALS] Probit fE. X} RSR
{EIFATIEASRSE, P<0.01, 28] RSR Hd IR A IEZ 4070 o
LA Probit iy {284, DL RSR 4340 {2 (H AR 2 gy 11 5 5 e,

B FE R Y=0.204%-0.518, r’=0.911, F=154.05, P<0.05,
FHARIA T ERA R EE L. WFE 6 P LIEH, 17 #ti
IR B RE A TP HEZ BT 3 IR S15. S17. S12,
2.4.4 TOPSIS -RSR #4240k 3

JALE:-TOPSIS FINAL-RSR HTHE 384T AR,
T I A E AR [ R e R SR ) T, IR A
WATEEA, ¥ LSRR C{EFN RSR (T W C+W,RSR i
Trmaas &, Hrb Wy A W, 43R INEGE-TOPSIS FingL
-RSR PALEHUE, 43510 0:1, 0.2:0.8, 0.5:0.5, 0.8:0.2, 1:0,
WRGABUERNTHEY, BAREEIRIER 7. N 7 HlLIE
H, AREIRCE T AT 145 Rmg AR, (R R 3—3,
S12. S15. S17 7€ 17 MR AR, S6. S7 Biitd#.

# 6 RSRiIFMHER
Table 6 Evaluation results of RSR

Eras RSR 7 fiifH f =f R R/N*100% Probit {H RSR {H RSR HE44
S1 0.1791 1 1 1 5.9 3.435 0.410 11
S2 0.2640 1 2 2 11.8 3.813 0.289 14
S3 0.2676 1 3 3 17.6 4.071 0.381 12
S4 0.2888 1 4 4 23.5 4278 0.264 16
S5 0.3320 1 5 5 29.4 4.459 0.332 13
S6 0.3810 1 6 6 35.3 4.623 0.179 17
S7 0.4095 1 7 7 412 4777 0.268 15
S8 0.4885 1 8 8 47.1 4.926 0.622 9
S9 0.6221 1 9 9 52.9 5.074 0.489 10
S10 0.6277 1 10 10 58.8 5.223 0.628 8
S11 0.6755 1 11 11 64.7 5.377 0.676 7
S12 0.6877 1 12 12 70.6 5.541 0.743 3
S13 0.6920 1 13 13 76.5 5.722 0.688 6
S14 0.7390 1 14 14 82.4 5.929 0.692 5
S15 0.7431 1 15 15 88.2 6.187 0.848 1
S16 0.7541 1 16 16 94.1 6.565 0.739 4
S17 0.8482 1 17 17 98.5 7.178 0.754 2
F7 17 HEREREAIEN-TOPSIS 5H§#-RSR 54 REIFN R

Table 7 Comprehensive quality evaluation results of 17 batches of propolis extracts by entropy weight -TOPSIS and entropy weight -RSR

g Cc RSR 0.2C+0.8RSR 0.5C+0.5RSR 0.8C+0.2RSR
Hfe ey HufE HEr Hufe ey HufE ey Hfe ey
S1 0.427 11 0.410 11 0.4134 10 0.4185 10 0.4236 10
S2 0.322 14 0.289 14 0.2956 15 0.3055 15 0.3154 15
S3 0.351 12 0.381 12 0.375 13 0.366 13 0.357 13
S4 0.334 13 0.264 16 0.278 14 0.299 14 0.32 14
S5 0.294 15 0.332 13 0.3244 12 0.313 12 0.3016 12
S6 0.121 17 0.179 17 0.1674 17 0.15 17 0.1326 17
S7 0.196 16 0.268 15 0.2536 16 0.232 16 0.2104 16
S8 0.491 9 0.622 9 0.5958 9 0.5565 9 0.5172 9
S9 0.448 10 0.489 10 0.4808 11 0.4685 11 0.4562 11
S10 0.502 8 0.628 8 0.6028 8 0.565 8 0.5272 8
S11 0.694 7 0.676 7 0.6796 7 0.685 7 0.6904 7
S12 0.755 3 0.743 3 0.7454 3 0.749 3 0.7526 3
S13 0.698 5 0.688 6 0.69 5 0.693 5 0.696 5
S14 0.695 6 0.692 5 0.6926 6 0.6935 6 0.6944 6
S15 0.779 1 0.848 1 0.8342 1 0.8135 1 0.7928 1
S16 0.707 4 0.739 4 0.7326 4 0.723 4 0.7134 4
S17 0.762 2 0.754 2 0.7556 2 0.758 2 0.7604 2
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