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# E: BB A B EsisE gk (ultra performance liquid chromatography, UPLC )i i e fics $i2 By
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EAHERE FRPRE MR OBR SREZENSE, BRSSPI T 32505 53 H (principal component
analysis, PCA). HJ543#r (clustering analysis, CA). /> —T&-HI 5 44T (partial least squares-discriminant
analysis, PLS-DA), i i 43 #7 J5t it 22 AR 5 W) o Sl ik SR AR T8 & SR AR AL, HE 45 50 T 1100 45 ik IR e
(technique for order preference by similarity to ideal solution, TOPSIS)FIFk A Lt 5 (rank sum ratio, RSR)FJH L5 5
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0.9992), “FHIAEEIA L 96.37%~102.21%, HIXARAEGRZE/ANT 2% AL £ HEAERRN] 17 HAEGL R 4 2K,
AT R R I —2, AR RO 2R, 34- " HARRER. RHMR. MER. SR2E
2. PTRILHR C. MIMERRZR CBRFTRB 520 G 25 R VB {ERR & o 3 JRAL-TOPSIS . fHAL-RSR LUK
HHEE A T A ERMZES PR PP AR, SRR IR IR I BT LS HE P A R — 3. & BT
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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;
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fi§i(caffeic acid, CA), p-7F & & (p-coumaric acid, P-CA),
FTZRR (ferulic acid, FA), SEBTZEPR (isoferulic acid, 1A).
3,4-— WA H W HERR (3,4-dimethoxycinnamic acid, DA).
WM % 5 2, 1 (phenethyl caffeic acid, PHCA) . F#:ILHk C
(attipirine C, AC). il iz & (quercetin, QU) . 1% &
(kaempferide, KA). J7 3¢ & (apigenin, AP), 7R HR
(isorhamnetin, IS). F%#% & (pinocembrin, PI). H# %
(chrysin, CH)., & K 2% (galangin, GA) 14 Fi k220
i, BAGTHEREAT 3855 (principal component
analysis, PCA), #EIZERIS 3 #r(clustering analysis, CA), i
fx /N 36 - B 51 43 M7 (partial least squares-discriminant
analysis, PLS-DA), fiii e M AR F w22 7200 &
Z AL, A, SRAVEAGETHEAE R W T E
WL % T USRI 20, LR AL-TOPSIS HIAL-RSR
LA MLEETEM i, vRAN T B — B HE T 19 R PR,
Sy M JSE B B 1 A T A T B A S B Al

1 MR5R%

1.1 #R5ERF

W IR, HS KA S1~817, S1-S33kH AT
K, S4~47 %A BJ &K, S8~S10 3k H CJ %, S11~817 3k
ADJ) %K.

CA(ZJE 98.0%). PCA(ZEFF 98.0%). DA(%lJiE
98.0%). PHCA(4LJE 98.00%) (AR A MR AT BRZS
"), PI(4E 99.52%) . CH(ZEE 99.57%) . GA(4li i
98.73%)( J P £ 37 FF A= W) B £ G IR A W) FA(ZE 2
99.40%) . TA(ZlEE 99.30%). QU(ALEE 99.10%)., KA(ZlE
95.50%) . AP(ZIiJEE 98.73%) . IS(4EFF 99.80%)(H [ 1T 2k
SRR ERFIERR): AC(HIE 97.0%) (1 TR I AE YR A TR
NEINE

2 Wl (tikal, 358 TEDIA A ], HE T
afi, bR BRA R, BRI AL, KA
FRA D).

12 UFE5EF

ME204 RUJ5 43 2 —HF K- LR R 2 8
A]); TD-5002 +J3 43 2 — T L K- (4 Wk il 4 5 KX
A PR E)); DHG-9140A A B, PIE 5L 5l KU1 4248
DK-S26  #U45 i /K ¥ 8 (¥ A % 9L 36 1% &% A FRA R,
Agilent Technologies 1260 A8 ESGRAH B IEY | Agilent 4%
(3 mmx100 mm, 2.7 pm)(3E[E Agilent 23 H]); KQ-100DB
R PR B AR (B LT A B FRA A .

1.3 XLWHE

1.3.1 &#5H
¥ Agilent (4343 mmx100 mm, 2.7 um), LA+

I\ B FE R e 58 G RE RO RN, AR 35°C; B 0.6
mL/min; KA SR FSGE B K 450028 270 nm(HF &
# QU. KA, AP, IS, PI. CH, GA)FI 320 nm(JI T=&
& CA. PCA. FA, IA, DA, PHCA. AC); Hitt&E N
3 uL, Ui shAHSE B EE-0.2% M R K VA, EA TR EE VR,
JF B ATHA] 8 min, YRR ILEE 1.

R1 GRBEIRER
Table 1 Elution gradient degree table

i i) /min /% 0.2%T PR 7K 15 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 &

B CA. P-CA, FA, 1A, DA, PHCA, AC, QU,
KA. AP, IS. PI, CH, GA I \LEHE, WERE,
BRI 1 mL 29 125, 105, 35, 370, 100, 115,
45, 180, 65, 75, 70, 480, 650, 470 ug AIIREXT R
TRl
1.3.3 AKX eg# &

AR 0.25 g FEEME, BT 25 mL ZaMP,
A0 FEE 20 mL, #7540FE 30 min, WHIERIS, HH AR
ERBLE, FE51, A 0.45 um (EEMENET, BUSLIER,
IS EN
14 BUBRALIE

PCA, PLS-DA X SIMCA # {4, CA R Origin
2019 {2, TOPSIS 1 RSR i@t SPSS 26.0 #4714 .

2 ZER59H
21 FHEFER

2.1.1 AReiERARER

WS VAL R BRI L B i L, i B
1.3.1 Bk A (38 R UEA TR . 45 R B R, 28 P 50t
14 g | AT T ffHlihd CAL P-CA. FA| 1A,
DA. QU. KA. AP, IS, PI. CH. GA, PHCA. AC f4
T UG S5 AR AR I A3 B AT (4 S B = 1.5), A fA) 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 I DL 2.
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Fig.1 Chromatograms of control
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Fig.2 Chromatograms of the samples

212 MEHEEE

RS (H 5 S1), $% BR AR ik i A — I i,
HESEPERE 6 KK, CA. P-CA. FA, IA. DA, PHCA,
AC. QU. KA. AP, IS, PI, CH. GA {a i1 Ay H

X bR 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 2 B RS TG 2 R
213 EAMEE

WU (G5 ST1) 6 1y, 43 BIFa BRI O T il 5
W, FEIR 13,1 i i IS S A, o SR i il £k
WETHAR, 1t AR CA P-CA (FA .IA DA .PHCA .
AC. QU. KA. AP, IS, PI. CH, GA W& fI{E 45
132, 458, 1.32, 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 =M AT,
214 FEIEEIE

Rl — (e (G S1), 9T 0. 4. 8.
12, 16. 24 hJ5 4 A BFER, 1155 CA. P-CA. FA,
IA. DA, PHCA. AC. QU. KA, AP, IS, PI, CH,
GA 75 i RSDs 7332 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%, 7] i i 3 B fHsk o ¥ W0k
H24hFaE,
215 HBXEXFE

FE AL 1.3.2 30 A% RE S EERRR R AR 6 AN
W RO, PG 1.3.1 FriR i @IS S E AT, T
gL, L CA.P-CA.FA . IA, DA, PHCA
AC, QU, KA., AP, IS, PI. CH., GA Jfi B & X Ig 1
TR, SRRtk FRas R 2. A 2 ]
DAE T, 14 DR FR A YT BEVa B N 2 2 R RAT

®2 IETEROHEMFIENEMNERE

Table 2 Linear equations and linear ranges of the indicator components

FFK Lk 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
N 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 (SR S1) 6 1, FHOMRERFRE 0.1 g, 43 AIIA
AT IR SIS G, e IR 1.3.3 Brd ik A A L,
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 UL, Oy IR UERR LY . RS, ARSI
JEERTHTIEK

22 ZIEERSEENE
BORET HIRE R (G50 S1~817), #B8 1.3.3 Jirik

JE A UCEATH & 3 A S R AT R, e SR
CA. P-CA, FA, 1A, DA, PHCA., AC, QU., KA., AP,
IS. PI. CH. GA Wi, RIEIMRZIT 14 Fisk
S E R (mg/g), 3 W B3, IR TH R A R 22
(standard deviation, SD), £53: L3 3. [a]—HHLik 3 HUREZY
ST SD AN NAE T REL, 17 AR S 25 5L H
SD AL A F R T 3 il LUE H, HEEHER N
225 SD JEHITE 0.00~1.03 Z [H], FEAAAEYKIE 2 5 SD {5
TE 0.10~23.41, UEHIAE AL 22 AR XN, SO T 4%
I~ RN TR, ARGy —; bk El
P22 FAEXT AR, 3K AT BESE R R JRAS — Sl ARl K
Z VA IR TR il 22 R B B

®3 ERIREINS 4 MUERS S ETRERER(=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 1S PI CH GA
st 1.32+ 458+ 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+ 2.41+ 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+ 4.42+ 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 0.36+ 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+ 3224+ 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+ 420+ 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
Sl6 10.27+ 742+ 1.85+ 4.19+ 474+ 10.46+ 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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23 KEITEFEZEESH
231 ERSHA

J T4 17 MR BUIRE R 22 5, DL 14
Rl o & B, A SIMCA B b, BT IELE 7>
MrafA 45 o B RRIE (A )y 22 5Tk, 25 IR 4. A
F 4 PRTLUE B 17 25 5Tk 63.30%, F4 2
5 18.60%, FALAT 3 & 13.60%, T 3 TR Bit btk
95.50%, JEASHEMS EIMAMFEA P FEEE . A 3 ]
DI, RX M 0.9555, @y 0.8679, T HLEEST Y PCA #6i%!
BohRasE AR, FEREEA N 425, S1~S3 BN 12K, S4~S7
BN 22K, S8~S10 A 32, S11~S17 WM 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%)

P3Oty T A 4 T

Fig.3 Plot of principal component scores of samples

4 ERUEEYIE R T HHEER S E DT E
Table 4 Principal component eigenvalues and variance
contribution of propolis extracts

EWG 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

232 #HARESH

SR T LAY R RS N R LR (R A2 4 o i e 22
S, OB 17 IR I 14 LS S g RS
22T, SR Origin ZXVFLABKERIE R . 40T CA,
SGER VLA 4. AP ) RORAS R RO i, DA FRORFE
ok, B A AR S AR, S, B ) 52
o, X2 & RERAL, Bitmmat, H
Z AN B 4 AR LR H, S1~S3 BEAES 1 25, S4~S7
FE 2 25, S8~S10 B MHE 3 25, S11~S17 B MHE 4 25, FEM
4325 PCAZE R —0, W] WL IA)— A P Al (A o o — 3
YRR TS A =l R ) 2 A B 2R |
K CHIJ K D WA 4t i 58 €, 1] DL RT3 Loy i 348
o, SRR . AR EE L R DAL TA T4 —
25, HMp R A—2, KA DA, 1A XFR O£
HEZEM TR

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

]
7 =
5~ =

e OD gL <
<O <O’§KD’_‘Q

P-CA
PHCA

K4 17HERE AR KR
Fig.4 Cluster diagram of 17 batches of samples
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Fig.5 PLS-DA model score plot for 17 batches of propolis extract
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Table 5 Evaluation results of TOPSIS

oo IEHEA  OERARAR AR
9T

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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IIATRMEITE, BESAEf, mT Zi B f . Rk
W R-F T BRI BIK Rnx100%, & J5 — 5 M
(1-1/4Mx100% & 1E, fieJo i BT, im0 80s
MR BN X R, SR X AR B3] Probit fE. X} RSR
{HFATIEASRSE, P<0.01, 28] RSR Hd IR A IEZ 4070 o
LA Probit iy 284, DL RSR 434 {2 BB AR 2 gy 11 5 5 e,

B0 FE R Y=0.204%-0.518, r’=0.911, F=154.05, P<0.05,
FHAMIATERAE R =E L. WFE 6 PufLIEH, 17 #ti
IR BCRE A P HEZ BT 3 IR S15. S17. S12,
2.4.4 TOPSIS -RSR #4240k 3

JALE:-TOPSIS FIIIAL-RSR HTHE 384T AR,
T I E AR [ R e SR Y i, IR A
WATEEA, ¥ LSRR C{EF RSR (T W, C+W,RSR i
Trmaas &, Hrb Wy A W, 43R INEGE-TOPSIS FNgL
-RSR PALEHUE, 435IH 0:1, 0.2:0.8, 0.5:0.5, 0.8:0.2, 1:0,
WRGAEUERNTHEY, BARGEIRIER 7. N 7 HLIE
H, ARRIRCE T AT 145 Rmg A A ), (R Rk 3 — 3,
S12. S15. S17 7€ 17 MR H i #A0L, S6. S7 Biitd#.

# 6 RSRiIFMHER
Table 6 Evaluation results of RSR

Y= RSR 43 fii{E f =f R R/N*100% Probit {& RSR {H RSR HE44
S1 0.1791 1 1 1 5.9 3435 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
Si1 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

=717 HHERIZEUKE-TOPSIS 51H#-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
K HEr HfE HEy HufE HEr HulE 7 Hfe HEy
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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