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Quality evaluation of Myristicae Semen based on QAMS multi-component
quantification combined with chemometrics and weighted TOPSIS model
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Abstract: Objective To establish a quantitative detection method for multi-index components of Roudoukou (Myristicae
Semen), and to construct a chemometrics and weighted TOPSIS model for quality evaluation of Myristicae Semen from different
producing areas. Methods A total of 16 batches of Myristicae Semen samples were collected from five provinces. With
dehydrodiisoeugenol and f-sitosterol as internal reference substances, the contents of anwuligan, myrislignan,
dehydrodiisoeugenol, licarin B, eugenol, isoeugenol, myristicin, elemicin, p-sitosterol and stigmasterol were

simultaneously determined by quantitative analysis of multi-components by single marker (QAMS). Meanwhile, the
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alcohol-soluble extract, total ash and acid-insoluble ash were quantitatively detected. Principal component analysis (PCA)
was used to cluster and group Myristicae Semen from different producing areas. The quality of samples was ranked by the
comprehensive score of factor analysis of principal components. The main potential markers affecting the quality of
Mpyristicae Semen products were mined by orthogonal partial least squares-discriminant analysis (OPLS-DA). At the same
time, a weighted TOPSIS quality evaluation model was constructed to comprehensively evaluate the quality difference of
Mpyristicae Semen. Results The linear ranges of anwuligan, myrislignan, dehydrodiisoeugenol, licarin B, eugenol,
isoeugenol, myristicin, elemicin, B-sitosterol and stigmasterol were 8.55—427.50, 7.17—358.50, 4.85—242.50, 0.14—
7.00, 0.53—26.50, 3.55—177.50, 2.97—148.50, 6.45—322.50, 0.36—18.00 and 0.22—11.00 pg/mL, respectively (» >
0.999). The average recovery were 96.92%—100.11% with RSD < 2.0%. The established relative correction factor has
good durability, and there was no significant difference between the content results obtained by the external standard
method and the QAMS method. The 16 batches of samples were clustered into three categories, and the samples with similar
origins were clustered into one group. Anwuligan, elemicin, myrislignan, myristicin, dehydrodiisoeugenol, p-sitosterol and
isoeugenol may be the main potential markers affecting the quality of Myristicae Semen. The results of factor analysis and
weighted TOPSIS model were basically the same. Conclusion The QAMS multi-index component quantitative method is
simple and accurate, and the results of chemometrics and weighted TOPSIS model are scientific and intuitive, which can
be used for the quality evaluation of Myristicae Semen in different producing areas.

Key words: Myristicae Semen; QAMS; chemometrics; principal component analysis; orthogonal partial least squares
discriminant analysis; factor analysis; weighted TOPSIS; quality evaluation;
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Table 1 Origin and collection time of Myristicae Semen
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l-anwuligan; 2-myrislignan; 3-dehydrodiisoeugenol; 4-licarin B; 5-eugenol; 6-isoeugenol; 7-myristicin; 8-elemicin; 9-B-sitosterol; 10-

stigmasterol.
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Fig. 1 Chromatograph of mixed reference (A) and Myristicae Semen (B)



- 2928 « PER 2025648 B56% B8P Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 8

k. MiA MG B-7% BN & S BE 7 N 1,710,
1.434. 0.970. 0.028. 0.106. 0.710. 0.594. 1.290.
0.072 0.044 mg/mL [ & s K0 & W F FE 20
W, ST A6 IR A
2.3 il WiBEEE
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g, MEEME, I 75%HEE 25 mL, FoEiiE, ik
[Fl34 60 min, A, FMNEFIE, #EA), JE, RIfE.
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FE & B “2.27 TR IR A6 IR A I %

0.1. 0.2. 0.5, 1.0, 2.0, 5.0mL, & T 61
20mL &, F 75%F EMBERZIE, H
N AFEFEKREMNRBESBHEBRHR (1~6),
B 6 ANAS A i & B I, AL B R i
rHERE 10 pL, XREM L HEER. WEE
AR, ZAZFTHEH. AIRR-B. THBH.
T ER. RGER. BENEER. p-o KM
TR ORI AR (YY) 5REBIRE (X) i
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Table 2 Linear relationship of 10 components

D% 5] )= 75 7% 2R PEVE Bl /(ug mLY) r
ZHIRER Y=1.384 1X10% X+1 752.7 8.55~427.50 0.999 1
W2 AR & Y=1.217 8 X108 X+ 2 523.1 7.17~358.50 0.999 3
LA ZRTEHER Y=9.022 0X105X—539.8 4.85~242.50 0.999 5
F|k R-B Y=6.284 9 X105 X+1 024.9 0.14~7.00 0.999 8
THm Y=7.580 5X10°5X—280.8 0.53~26.50 0.999 4
RTEmH Y=1.108 5X 105X+ 865.3 3.55~177.50 0.999 7
WAl 7. 524 Tk Y=8.620 5X105X+2 378.4 2.97~148.50 0.999 6

WE & Y=9.488 2X105X—589.9 6.45~322.50 0.9991
B-75 &S I Y=5.854 5X 105 X+1 028.2 0.36~18.00 0.999 3
Ry Y=7.094 4X105X—491.3 0.22~11.00 0.999 3
25 HBEEAR Fit F1 G 8 B 5 B0 RSD 70 il oA 1.38%

F “2.37 TUF J7 ik % S pa A, &Lk
A6, IWRLHBER. REEARR. 24
TRTEm. MER-B. TEH. 2T EFH. A

Tk, MIENRER . B-A S B S I D s U
M, 4538 10 My m A RSD 4 518
0.84%. 0.96%. 1.18%. 1.66%. 1.45%. 1.11%.
1.37%- 1.05%. 1.51%%1 1.59%.
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F 0. 2. 4. 8. 12. 16. 24 h 73 5lkEFE 10 uL,
SRR AGHEARBR. AR TEmH.
FHRR-B. THEM. 7T &, WOER. &
NEZ . B-7 M B A1 o & B WE T AR A RSD 4307 R
1.22%. 1.31%. 1.41%. 1.76%. 1.61%-. 1.49%.
1.58%. 1.23%. 1.63%# 1.79%.
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1.41% 1.50%+ 1.89%. 1.65%- 1.54%. 1.62%-
1.43%-. 1.76%%1 1.91%.
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ST FES 9 1, B2 0.25 g, FEERRIE,
?ﬁXTH“nu'?Eﬁﬂ%EE/ H®|N 08 1:1.

D1 BB R N TR A R HE T TR (ﬁfﬁiﬂﬁ
%E 1.274 mg/mL. WEEAKRNEER 1.059 mg/mL. %
AR TEHEM 0.706 mg/mL. F|ER-B 0.014
mg/mL. T & 0.061 mg/mL. 51 &8 0.529
mg/mL. P Z5ERE 0.391 mg/mL. Hi#HE# 0.852
mg/mL. B-7& % 0.041 mg/mL. = & 0.023
mg/mL), HAEAIER “237 W, #% “2.17 HF

ik, SRZTHMER. WEEARKEER.

A ZRTEHH. FAIRR-B. TEH. 71 &M
WEERE. BiFIER. p-& B A S B
IIEE Y2 (RSD) 433128 100.06% (0.79% )+
99.66% (1.03% )+ 99.07% (1.32%). 98.26%
(1.28%). 98.88% (1.50%) 99.01% (1.03%)-
100.11% (0.96% )+ 99.26% (1.09%). 96.92%
(1.27%) F197.23% (1.13%).
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SR, e UltiMate 3000 BUAT Agilengt 1100 7Y
HPLC 1%. Alltima HP Cis ¥:. YMC Pro Cg kAl
Venusil XBP Cis #£. AFRAERGE (0.8, 1.0, 1.2
mL/min). F:IE (25, 30. 35 ‘C) #FE, #&a30 (1D
THRAS A f, S5 R IER 4, NFE S fEF RSD
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Table 3 f value of each component in Myristicae Semen

BEMMEMER  ZhlER WEEARR HAFER-B THEE RTHH WEERK HERER K
1 0.6311 0.717 3 14214 1.1845 0.8331 1.0217 0.6213 08411
2 0.641 8 0.732 6 14358 1.1930 0.8255 1.0419 0.6162 0.8463
3 0.6513 0.736 5 14215 11861 0.8205 1.060 6 0.6353 0.8571
4 0.639 4 0.736 9 14215 11874 0.8248 1.0515 0.6129 0.8326
5 0.665 4 0.748 7 13912 11966 0.7984 1.037 4 0.6244 0.8270
6 0.650 3 0.739 8 14372 11896 0.8156 1.047 3 0.6170 0.8266
FHE 0.646 5 0.7353 14214 1.1895 0.8196 1.043 4 0.6212 0.8384

RSD/% 1.84 1.40 1.16 0.39 1.45 1.27 1.29 1.43

x4 MRAMERER
Table 4 Results of durability investigation of f
%55 H f

ZhER WEEARRR MRR-B THR 7T &8 NEEk BEER 58

15088 o 34 UltiMate 3000 AlltimaHP Cis 0.647 1 0.734 6 1.4239 11874 08174 1.0422 06221 0.8371
YMC Pro Cus 0.651 2 0.7395 14247 1.1956 0.8251 1.0469 0.6274 0.8415
Venusil XBP Cis  0.665 9 0.7490 1.4271 11957 0.8328 1.0601 0.6350 0.8562
Agilengt 1100 AlltimaHP Cis  0.6315 0.7179 1.3918 11849 07986 1.0225 0.6131 0.8267
YMC Pro Cis 0.639 4 0.7233 1.3964 11852 0.8134 1.0321 06159 0.8369
Venusil XBP Cis 0.645 9 0.724 5 1.4152 1.1938 0.8296 1.0452 0.6287 0.8543
S5 0.646 8 0.7315 1.4132 11904 0.8195 1.0415 06237 0.8421
RSD/% 1.79 1.60 1.09 043 153 1.24 133 1.34
R R/ 0.8 0.656 3 0.745 2 1.4312 11961 08301 1.0602 0.6347 0.8561
(mLminY) 1.0 0.6458 0.736 9 1.4201 11921 08213 1.0419 06208 0.8397
1.2 0.6321 0.722 4 1.3975 11852 0.8069 1.0321 0.6135 0.8289
SO 0.644 7 0.734 8 1.4163 1.1911 0.8194 1.0447 0.6230 0.8416
RSD/% 1.88 1.57 121 046  1.43 1.37 1.73  1.63
R/ C 25 0.660 2 0.744 6 14305 1.1946 0.8296 1.0586 0.6242 0.8512
30 0.646 1 0.736 1 1.4225 11885 0.8191 1.0411 06102 0.8376
35 0.6379 0.718 6 1.3963 11856 0.8082 1.0246 0.6139 0.8302
S84 0.648 1 0.7331 1.4164 11896 0.8190 1.0414 06161 0.8397
RSD/% 1.74 1.81 1.26 039 131 1.63 118  1.27
2.11 AL S BY g RE L T EM RN, tRZIIRER. WO

AR S SR FH AR OOE R B IR (8] 25 AT £ 385 04 g
i B3 “2.10” Wi 2 G QBN 3 SCEE AR
10 ANy (i e (1) DR BRIV 8], 25 S8 AN A] € 354
ANTR] €T A0S ARG OR B N [AVE A B e, PR =

2 ARR-B T By ST A By A AR E B A A
ORI AE (Ar); DL -2 B AN S, 1HE
WA R A B H A fH, G5RILEK 5, BoRix
FiETT T S 10 A RS 1 U (1 7 £
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x5 TRIEZRINEMS Ar BRI
Table S Influence of different factors on relative retention time values of each component
- NV Atr
& i T — = e = =N P T = &
ZhEE WEHEARRE FFrR-B T&H R T &FH AU HEER GHE
UltiMate 3000 Alltima HP Cis 0.700 9 0.875 4 1.1651 13707 15234 16386 0.9001 1.1129
YMC Pro Cis 0.715 2 0.882 4 11769 13760 15439 16548 09152 1.1243
Venusil XBP Cig 0.726 1 0.9031 1.1852 1.3984 15587 1.6723 0.9380 1.1362
Agilengt 1100 Alltima HP Cis 0.698 3 0.8717 1.1538 1.3529 15096 1.6135 0.8963 1.1005
YMC Pro Cis 0.701 7 0.8835 1.1674 13793 15148 16281 0.9179 1.1038
Venusil XBP Cig 0.7215 0.897 4 11807 1.3935 15372 16674 0.9345 1.1350
FEME 0.710 6 0.885 6 11715 1.3785 15313 1.6458 0.9170 1.1188
RSD/% 1.67 1.39 0.99 1.19 1.22 1.40 1.87 1.38

212 #H@REENE

AL S 4% “2.37 T57 3201 i i 1 5 5
Feih (S1~S16) i, #3tFE 10 L, X
FAMRIERT QAMS VE4r e 2 i 3. R 5

ARIER. FE-RTHH. MFR-B. THH. 7
T A WEERE. BIEIEER . B4 M AN
s (R 6), FHEH ¢ K3 T5ixs 2 F5 ik
R BEAT BB, S5 2 Fh5 iR LWL B 22 R 23

&6 QAMSESMREREBMNELER (n=3)
Table 6 Determination results of QAMS and external standard method (n = 3)

ZhJERI(mggY) WEHEAKRER/(mgg?)

ZEZRTEBRI/(mgg?)

FER-Bl(mg-gY)  T&HB/(ngg?)

o
8 =005 oAMS Ak QAMS i 0 QAMS _ JFki OQAMS
st 5121  5.267 4.168 4.281 2.792 0.053  0.054 0.242  0.249
S2 4801  4.848 4.052 3.941 3.028 0.050  0.051 0221  0.226
S3 5256  5.381 4.296 4.374 3.327 0.041  0.042 0232  0.238
s4 5059  5.197 4.189 4.224 3.097 0.049  0.048 0.250  0.243
S5 5301  5.354 4.276 4.352 3.561 0.036  0.037 0219  0.225
S6 5628 5757 4.601 4.679 3.200 0.042  0.041 0.251  0.256
s7 4125  4.045 3.407 3.495 2.683 0.033  0.034 0.206  0.202
S8 4401 4328 3.594 3.518 2.541 0.032  0.031 0.205  0.211
9 4415 4528 3.611 3.680 2.851 0.036  0.035 0221  0.216
S10 4152 4.193 3.496 3.408 2.621 0.029  0.028 0.209  0.204
S11 4194 4106 3.265 3.338 2.435 0.031  0.032 0191  0.196
S12 6195  6.341 5.028 5.154 3.580 0.060  0.061 0321  0.315
S13  6.611  6.752 5.413 5.488 3.774 0.069  0.067 0.315  0.308
S14  6.962  6.885 5.682 5.596 4315 0.074  0.076 0.346  0.337
S15 6359  6.480 5.174 5.267 4.007 0.072  0.070 0314  0.322
S16 5651  5.760 4593 4.682 3.889 0.057  0.058 0.292  0.300
. ﬁiﬁ%/(mg«g*l) *ﬁ?ﬂ%%/(mg-g*l) B-@%@/Smg-g*l) Iy"i%-%ﬁ‘é%/(mg-g*) Eé‘%@?/(mg'g*i)
Ak QAMS AN QAMS AN AN QAMS ShkE QAMS
st 2073 2132 1.614 1.659 0.152 3429  3.528 0.091  0.093
s2 2356 2.301 1.738 1.779 0.195 3817  3.905 0.105  0.108
s3 2401 2.449 1.841 1.884 0.175 3319 3.415 0.106  0.103
s4 2306 2373 1.985 1.940 0.188 3694  3.608 0.109  0.112
S5 2497 2456 1.732 1.779 0.158 3.149  3.080 0.094  0.095
S6 2529 2591 2.049 2.001 0.182 3259 3311 0114  0.117
s7 1864 1918 2.462 2.405 0.106 2867  2.911 0.086  0.084
S8 1953  1.988 2.301 2.357 0.124 2951 3.001 0.078  0.080
9 2015  2.068 2.228 2.293 0.134 3.017  3.080 0.080  0.082
S10 1967 1916 2.436 2.484 0.095 2764 2.801 0.075  0.077
S11 1896 1843 2.459 2.411 0.087 2961 2.910 0.082  0.080
S12 2903  2.966 1.452 1.415 0.140 4503 4.520 0.152  0.148
S13 3097  3.162 1.382 1.371 0.119 4396  4.322 0.139  0.142
S14 3004  3.061 1.246 1.281 0.146 4782 4.699 0.149  0.153
S15  2.682  2.745 1521 1.562 0.114 4519 4596 0.134  0.131
S16 2771 2.822 1575 1.614 0.129 4452 4417 0129  0.126
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213 EERMEHY. BRSO FER 5 MK 54
A S RERE S (S1~S16), 2 RIARYE (hEZ
HLY 2020 FERE N 2201 BRI H I 58 R,

2302 A 73T 58 100 52 eI VIR A J AR 73 TR AN
WKy (R 1o 16 HEFRS P EEETER TV 5
IRy R ANTENE IR 73 P AFAE AN TR R E PR 22 57

xR7T BRMEREY. BRSFMBRABERSEVER (n=2)

Table 7 Detection results of alcohol-soluble extract, total ash and acid-insoluble ash (n=2)

Giy  FEEVERMYI%  BIRKNI% AR % | HS  EEEREYIY% S % BRI %
s1 19.2 6.3 2.4 S9 14.9 8.2 3.2
S2 17.8 6.1 1.8 S10 14.6 7.3 2.4
S3 17.6 5.7 2.1 s11 143 6.8 2.7
S4 16.4 6.9 1.9 S12 18.2 4.5 1.0
S5 15.2 6.5 1.9 S13 20.4 4.1 0.9
S6 16.3 4.9 1.2 S14 20.9 3.8 11
S7 145 7.0 2.8 S15 223 5.7 1.8
S8 13.2 7.1 2.9 S16 214 6.2 1.9

2.14 KUEWEFFN SN

2.14.1  FE % 5 #r (principal component analysis,
PCA)  PCA EfbZitE2r s i itz
—o AHEFLLL 16 LR G % 1 QAMS &
B (REAZRTHERM B-A 8B NIMRESL
D BRI Y IR o R ANV PR K o s
ByE AR &, FIF SPSS 26.0 #fFiH4T PCA. &5
R 1 ER T EZTTEREE N 82.331%, FHEE
910.703, 252 R TT ZTTRREN 8.159%,
REAEME N 1.061, BT 2 AN E s RS 2 iwk R ik
90.490%, KT 85%2%), Muk#t 2 N F W1,
BT EE R LR 8, ) A HE B S B T % AR XS
FERA I TTERFEE (K 9), WAER 1 AR T
ZHRER. NEEARKER. REAZRTEm. FlFE
R-B. THEM. BTED. WEER. SERER.
O . VA TEIR A . K S RRR AN K 43

T8 EMPAWER
Table 8 Results of PCA

1 10.703 82.331 82.331
2 1.061 8.159 90.490

FIH SIMCA 14.1 B4 16 $b P 5588 H 25 1 0 1)
QAMS F R (LA R T HMM B-5 KN
HMPRIEER D« BEIEYEIR Y SRk o TR AN Wk
RO K B 3647 PCA, 455 16 LA T 7% 44
BH&E, S1~S6 N—4H, S7~S11 A—4, S12~
S16 A—#, HPrA R Ew. WE 2.

2.14.2  EWSLZEEVE RO FEXT R AT 2%
AV, SeRIH AR (2) X 16 LA EREH 13
AN FE bR I E B AT AR AL AL ], R4S A 15
TR UL Fa R Fo AGRIRELE) 2 A3 s, H

SR FERS 2T B EEERER. b M (3) () iHHEFER 55, LT Z 5Tk
R ERABETRRIETRY
Table 9 Principal component load and component score coefficient
v ‘ (K 4 gt ‘ ‘ 13 R ‘
FE 1 FE 5 2 ENS ! FE S 2
ZHEEER 0.981 -0.010 0.092 -0.010
WE AR &R 0.983 0.003 0.092 0.003
LA RTEW 0.926 0.062 0.086 0.059
FlkR-B 0.948 0.141 0.089 0.133
T&H 0.968 0.186 0.090 0.175
7T & 0.970 -0.035 0.091 -0.033
WA 524 Tk -0.956 0.081 -0.089 0.077
MEREE 0.943 0.141 0.088 0.133
B-# i I 0.248 -0.927 0.023 -0.874
T 0.977 -0.018 0.091 -0.017
TRV IR 0.884 0.201 0.083 0.190
BIR 5y -0.877 0.106 -0.082 0.100
FR AN MK o -0.878 0.253 -0.082 0.239
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Fig. 2 PCA score plot of 16 batches of Myristicae
Semen

AR5 N R AR5 2 vk A 1 B RO BCE, EA
A 5 HHEERDZEMET. S4RIILE 10,
R S12~S16 MZR 7570 s, Ui WX JLAS ™
Hb Y E ) o R AR

X% 2
Shj

Yij =

Xy AIRIEHAR X 848 b S5 06 2 10~ 3445, SD;
N b SR AR 2 b 1 %2

Fn=0.092 Yn+0.092 Y2+0.086 Yi3+0.089 Yis+0.090
Yis+0.091 Yis—0.089 Y;7+0.088 Yis+0.023 Yis+0.091 Yiio+
0.083 Yi11—0.082 Yi2—0.082 Y3 (3

Fp==0.010 Y1 +0.003 Y2+0.059 Yi3+0.133 Yu+
0.175 Yis—0.033 Yis+0.077 Yi7+0.133 Yis—0.874 Yio—
0.017 Yi10+0.190 Yi11+0.100 Yin2+0.239 Yz (4)

Fi=0.910 F+0.090 F» (5)

R10 16 HREREMD ST RHF
Table 10 Principal component scores and ranking of

16 batches of Myristicae Semen

i Fi1 Fi2 Fi Hr
S1 -0.125 -0.079 -0.121 7
S2 —0.048 -1.540 -0.182 9
S3 -0.031 —-1.048 -0.123 8
S4 -0.112 -1.341 -0.223 10
S5 -0.213 -0.904 -0.275 11
S6 0.219 —-1.669 0.049 6
S7 —1.146 0.720 -0.978 13
S8 -1.158 0.196 -1.036 16
S9 -1.045 0.316 -0.923 12
S10 -1.218 0.851 -1.032 14
S11 —-1.244 1.103 -1.033 15
S12 1.170 -0.031 1.062 4
S13 1.394 0.588 1.321 2
S14 1.725 0.246 1.592 1
S15 1.123 1.519 1.159 3
S16 0.754 0.917 0.769 5

2.143  IEAdR s Z3RE-F100 53 4T Corthogonal
partial least squares-discriminant analysis, OPLS-
DA) LA 16 ik A SR sl AR I B v X A2 &
16 HEFE Ol Y AR BT OPLS-DA, 45 38R 4
I3 AN R2x=0.976. R*y=0.908. 0*=0.818, it
i 0.5, RUMER OPLS-DA IR LFRT ([
3D AL R AL AT AR B ZE A (variable
importance in projection, VIP) 73#7, UL VIP {E>
1 bR eI 8 B 7 e hn S (K 4), 4R TRiL
Hafiflism. MERRE. NEEARR. I
Mk, XA AT AR, B HEEMT T &R 7 A
By Al RE R S BUR B Z RN EEE T, MR EE
B it J5 B BK

ERE!
=%2m
= 4
0.157 F3d
0.051
&
= 0.0
54
-0.1 — ——————
) -1 1 2

0
t[1]
R’x[1]1=0.907 0 R?,x{2]=0.015 6 Ellipse:Hotelling’s 7% (95%)

B3 16 #{AE M@ OPLS-DA 55 E
Fig. 3 OPLS-DA score plot of 16 batches of

Mpyristicae Semen samples

VIP 18

18 27 3 9 6 5 11 10 4 12 13

4 16 #HEEREH VIP
Fig. 4 VIP plot of 16 batches of Myristicae Semen

2.15 104X TOPSIS EIEME R &

X 16 it SRR S & R ) QAMS F R AL
i (KA TR T EHWM -2 E 1N HMRIEEE,
EFAEd) . BEEER EY) GEFRTERR) . BK 5
FER AN 2K 43 K W b (ol 4845 ) HEAT AL
TOPSIS %5341, XF R aB E4E 47 0 — 4 (K 11D,
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CLAG £ B2 0 A TR B AR BRI VIP EOVRUE, &

AR A L URE Al Jo (EL RN AT 16 LA il R

SEIMBGRZRFEBE (R 12), BERIH A (8). (9), BHATHEE (B 5). 851 T WS4 by 15
(10D THE A i R ICEE 2 (Do ). f 22 [ RK T A, BT P S 2 ) A
RREEE (Do) MXMEIERE (U)o B
o 513 2 (8 3 Wig
b = ZC:l(ZbC_ZC)
3.1 REFAERERE
S ® DR TR WA, 2A-FT&
T M. FlkR-B. THEH. 5TEH. K.
L D (10) BB IR . B 55 WA o 155 A 2 4 L 2 A 9
Dy + D, bR, SERTRIUAT (50%. 75%. 100% H )
z11 P—LAEBER
Table 11 Normalization results
5B H— o f
ChIEE WERARR 28R TEMARR-BTAM R T &M AT EMAERE p-0 &8 T 88 BIEEERY Sk BRAEE K
Sl 04303 0.4176 0.1899 05417 03759 0.2191 03142 0.3830 0.6019 0.2105 0.6593 04318 0.3478
S2 02827 0.267 1 0.3154 04792 02128 0.3472 0.4140 05817 1.0000 0.4079 05055 04773 0.6087
S3 04704 0.458 8 0.474 5 02917 02979 0.4594 05012 0.3235 0.8148 03421 04835 0.5682 0.4783
S4 04056 0.3924 0.3521 04167 0.3333 0.4018 05478 04252 009352 04605 03516 0.2955 0.5652
S5 04609 0.4491 0.598 9 0.1875 0.2057 0.4647 0.4140 0.1470 0.6574 0.2368 0.2198 0.3864 0.5652
S6 0.6028 0.5939 0.406 9 0.2708 0.4255 0.5671 05985 0.2687 0.8796 05263 03407 0.7500 0.8696
S70.0000 0.069 5 0.1319 0.1250 0.0426 0.0569 0.9343 0.0580 0.1759 0.0921 0.1429 0.2727 0.1739
S8 0.0996 0.0797 0.056 4 0.0625 0.1064 0.1099 0.8944 0.1054 0.3426 0.0395 0.0000 02500 0.1304
S9 01701 0.1515 0.2213 0.1458 0.1418 0.1706 0.8412 0.1470 0.4352 0.0658 0.1868 0 0
S10 0.0521 0.0310 0.098 9 0.0000 0.0567 0.0553 1.0000 0 007410 0.1538 0.2045 0.3478
S11 0.0215 0 0 0.0833 0 0 0.9393 0.0574 0.0000 0.0395 01209 03182 02174
S12 0.8085 0.804 3 0.609 0 0.6875 0.8440 0.8514 0.1114 0.9057 0.4907 09342 05495 0.8409 0.9565
S13 0.9532 0.9522 0.7122 0.8125 0.7943 1.0000 0.0748 0.8014 0.2963 0.8553 0.7912 0.9318 1.0000
S141.0000 1.000 0 1.000 0 1.0000 1.0000 0.9234 0.0000 1.0000 0.5463 1.0000 0.8462 1.0000 0.9130
S15 0.8574 0.854 3 0.836 2 0.8750 0.8936 0.6839 02336 0.9457 0.2500 0.7105 1.0000 0.5682 0.608 7
S16  0.6039 0.595 2 0.773 4 0.6250 0.7376 0.7422 02768 0.8514 0.3889 0.6447 09011 04545 0.5652
R 12 MBURRIERE
Table 12 Weighted decision matrix
e AU
ZhEENTRARE 2R TER ARA-BTER R T&H ATAERBEEEL -8 E U 8E AR 8K BRARIEKS
Sl 0.6862 0.586 3 0.2423 0.1065 0.1599 0.2296 0.4252 05874 0.6497 0.0541 01768 0.0738 0.0531
S2 04508 0.3750 0.402 5 0.0942 0.0905 0.3638 05603 0.8922 1.0794 0.1048 0.1355 0.0816  0.0929
S3 07501 0.644 2 0.6055 0.0573 0.1267 0.4814 06783 0.4962 0.8795 0.0879 01296 0.0972 0.0730
S4  0.6468 0.550 9 0.449 3 0.0819 0.1418 0.4210 0.7414 0.6522 1.0095 0.1183 0.0943 0.0505 0.086 3
S5 07350 0.6305 0.764 3 0.0369 0.0875 0.4869 05603 0.2255 0.7096 0.0609 0.0589 0.0661 0.086 3
S6 09613 0.8338 0.5192 0.0532 0.1810 0.5942 08100 0.4121 0.9494 0.1353 0.0913 0.1283 0.1328
ST 0 0.097 6 0.168 3 0.0246 0.0181 0.0596 1.2645 0.0890 0.1899 0.0237 0.0383 0.0466  0.026 6
S8 0.1588 0.1119 0.0720 0.0123 0.0453 0.1152 12105 0.1617 0.3698 0.0102 0.0000 0.0428 0.0199
S9  0.2713 02127 0.2824 0.0287 0.0603 0.1788 1.1385 0.2255 0.4698 0.0169 0.0501 0 0
S10 0.0831 0.0435 0.126 2 0.0000 0.0241 0.0579 1.3534 0 0.0800 0 0.0412 0.0350 0.0531
S11 0.0343 0 0 0.0164 0 0 12712 0.0880 0 0.0102 0.0324 0.0544 0.0332
S12 1.2893 11292 0.7771 0.1352 0.3590 0.8921 0.1508 1.3892 0.5297 0.2401 01473 0.1438 0.1461
S13 15201 1.336 9 0.908 8 0.1597 03379 1.0478 01012 12292 0.3198 0.2198 0.2121 0.1593 0.1527
S14 1.5947 1.4040 12761 0.1966 0.4254 0.9675 0.0000 15338 0.5897 0.2570 0.2269 0.1710 0.1394
S15 1.3673 1.1994 1.067 1 0.1720 0.3801 0.7166 03162 14505 0.2699 0.1826 0.2681 0.0972 0.0929
S16  0.9630 0.8357 0.986 9 0.1229 03138 0.7777 03746 13059 0.4198 0.1657 0.2416 0.0777 0.086 3
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Fig. 5 Quality evaluation results of 16 batches of
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