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ABSTRACT: Objective

sources by integrating principal component analysis with the technique for order preference by similarity to ideal

To systematically evaluate the quality of Perilla frutescens seeds from diverse germplasm

solution (TOPSIS) using a comprehensive multi-indicator framework, and to identify and screen for elite Perilla
frutescens seed germplasm resources. Methods The total flavonoids, rosmarinic acid, thousand-seed weight, moisture
content, oil content and relative content of fatty acids in the seeds of 31 purple Perilla frutescens germplasms were
tested. Principal component analysis was used to screen the key indicators affecting the quality of purple Perilla
frutescens seeds, and TOPSIS was employed for comprehensive quality evaluation. Systematic cluster analysis was
used for resource classification. Results The total flavonoids and rosmarinic acid contents of the 28th germplasm of
purple Perilla frutescens seeds were significantly higher than those of other germplasms; the oil content of the 3th
germplasm was the highest at 44.67%; the fatty acid test results indicated that the fatty acids in purple Perilla frutescens
seeds were mainly composed of palmitic acid, stearic acid, oleic acid, linoleic acid and a-linolenic acid; the 4th
germplasm resource had the highest a-linolenic acid content of 75.47%. Principal component analysis extracted 3
principal components with eigenvalues greater than 1. Based on the criterion that the absolute value of the loading value
is greater than 0.4, the indicators with the largest loading values in different directions on each principal component were
selected as the key indicators for comprehensive quality evaluation, and then the TOPSIS method was used for
comprehensive evaluation. According to the relative proximity degree ranking, the 28th germplasm was the one with the
highest comprehensive quality, possessing both high medicinal components and good oil quality. Systematic cluster
analysis divided the 31 purple Perilla frutescens seeds into 4 categories: high medicinal component-high-quality oil use
type, balanced medicinal and oil type, oil use specialized type and basic type. Conclusion This study established a
multi-index comprehensive evaluation method for the quality of purple Perilla frutescens seeds, providing a theoretical
basis for the development of purple Perilla frutescens functional oils and the selection of medicinal resources.

KEY WORDS: Perilla frutescens seed; comprehensive evaluation; principal component analysis; technique for

order preference by similarity to ideal solution
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Fig.l Total flavonoid content of Perilla frutescens seeds from different germplasms
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Fig.4 Moisture content of Perilla frutescens seeds from different germplasms
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Table 2 Fatty acid relative composition and oil content (%)
' AR TR MR IATHIL o~V KRR EERlii
1 5.57+0.33" 0.870.08% 11.09+0.73™ 13.87+0.70° 68.60+1.804™ 25.53+0.54'
2 4.70£0.14™ 0.910.02% 8.63%0.03" 12.19+0.13¢" 73.57+0.09" 30.040.31°%
3 6.02+0.13%¢ 1.08+0.02° 19.60+0.22° 12.26+0.01"%" 61.0440.07" 44.67+0.25*
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4 4.46+0.04™ 0.68+0.01° 7.52+0.05" 11.87+0.02" 75.47+0.11° 29.83+0.36™"
5 429013 0.82+0.13" 9.06+1.35° 12.78+0.80° 73.05+2.15¢ 28.01+0.64"
6 6.15£0.07* 1.03£0.08° 12.90+0.211 9.77+0.17' 70.15:£0.494" 33.95+1.19%%¢
7 4.95+0.31%* 0.84+0.237 14.30+0.68' 9.38+0.42! 70.53+1.18%F 29.06+1.23%"
8 5.31£0.19 1.66£0.08¢" 10.54+0.33°7 13.29+0.33¢ 69.19+0.931km 29.04+0.80"
9 4.95+0.05" 1.52+0.011* 10.37£0.017 13.57+0.02° 69.60+0.08" 31.12£0.12%"
10 5.73+0.03° 1.91£0.01°¢ 10.84+0.02™P 12.514£0.03° 68.99+0.088™ 35.49+2.89°
11 6.24+0.04™ 1.70+0.01" 16.85+0.07 13.87£0.04° 61.33£0.16" 42.43£2.08™
12 6.40+0.04° 1.37+0.01"™ 17.87+0.09° 9.61+0.01' 64.74+0.091 34.58+7.84%
13 4.17£0.12° 0.70£0.06° 8.11£0.15 12.514£0.17°% 74.524+0.49% 32.37+6.49°%F
14 5.30+0.118" 0.92+0.08% 11.42+0.19™ 12.29+0.17'%" 70.08+0.55%" 25.56+3.09'
15 5.58+0.05" 1.65£0.06%" 19.11£0.02° 8.71£0.03™ 64.9420.129 31.36+0.47%"%
16 5.960.06° 1.31£0.04" 10.27£0.03% 12.49+0.01°% 69.97+0.13%"" 39.05+0.75°
17 4.78+0.024 1.46+0.0134 11.21£0.01" 11.87+0.03" 70.69=0.02% 30.16+0.78°"
18 4.59+0.03™ 1.34£0.01™ 12.11+0.014 13.48+0.04% 68.48+0.01"™° 31.07+0.38%"
19 5.83+0.02% 1.440.01%™ 16.76+0.01¢ 11.24+0.02% 64.74+0.019 41.66+0.35%
20 5.16£0.12" 1.79+0.09°" 11.80+0.29'™ 12.65+0.32¢ 68.61+£0.794™ 30.80+0.49%"
21 5.39+0.08¢ 2.12+0.03° 17.33+0.11° 10.95+0.03% 64.21£0.13% 29.50+1.41%"
22 5.94+0.01° 1.91£0.01°¢ 16.68+0.07¢ 12.5240.06°™ 62.95+0.11° 40.93£0.21%
23 5.26+0.02¢" 1.86+0.02°% 14.33£0.02" 14.49£0.05° 64.06+0.10% 27.86+0.09¢"
24 5.01+0.03" 1.82+0.02% 12.82+0.081 12.24+0.09'" 68.10+£0.21™™ 28.21+0.532"
25 5.34+0.03¢" 1.56+0.01" 11.81£0.03"™ 14.69+0.02° 66.60£0.06° 27.25+0.748"
26 5.99+0.05% 1.63£0.01¢" 14.62+0.09" 15.4140.06° 62.35+0.19° 41.86+0.55%
27 5.23+0.03¢" 1.95£0.01% 13.83+0.028" 11.53+0.04Y 67.46£0.04° 25.79+0.58"
28 4.79£0.034 0.95+0.00™ 12.50+0.03 10.95+0.01% 70.80+0.02% 40.23+1.95°
29 5.90:0.02% 2.04£0.01" 16.13£0.07° 12.63+0.04° 63.30+0.14" 42.76£1.17%
30 5.73+0.03° 1.9420.01™ 9.81+0.01" 12.82+0.01° 69.70£0.04°" 40.51+0.78°
31 5.93+0.04¢ 1.60+£0.008" 13.32+0.05" 11.23+0.04* 67.92+0.10™ 42.69+0.74
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F3 EROHEERAFERBEER F4 BEREE
Table 3 Eigenvalues and variance contribution rates of principal Table 4 Table of load factor
components Y e
FRAEAR TR AR - — —
B — Al - = EHA 1 EH 2 EHY 3
B FHE 7R P FRE O BB g
W ommee O wm mee, % syl 0.230 0.834 0.219
1 4123 45810 45810 4.123 45810 45810 EEAER -0.105 0.879 0.031
2 1.811  20.127 65937  1.811  20.127  65.937 E 0.840 _0.142 0.101
78.734 —
3 1152 12797 78734 1152 12.797 P 0.843 0134 0377
4 0.855  9.505 88.239 - - - —
s 0466 5176 93415 - - - IR -0.191 -0.361 0.834
6  0.256 2.843 96.258 B R - a-JFRER -0.827 0.321 —0.044
7 0216 2400  98.658 - - - Raliikss 0.788 0.223 0.374
8 0l7 1295 99953 - - - TRE 0.872 0.133 0208
9  0.004  0.047  100.000 - - - Y
ZroK -0.735 -0.051 -0.266

T -FR TR -
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Table 5 Evaluation results of TOPSIS

ﬁizﬁ Efgiﬁ;ﬁﬁ ﬁifg%ﬁi%ﬁﬁ mmigﬁrg RS [ Egiﬁf ﬁ;;gi% wg%ﬁ -
1 0.430 0.335 0.438 19 17 0.391 0.402 0.507 12
2 0.390 0.467 0.545 2 18 0.483 0.289 0.374 25
3 0.384 0.427 0.527 4 19 0.383 0.418 0.522 6
4 0.401 0.392 0.495 13 20 0.473 0.279 0.371 26
5 0.433 0.361 0.454 17 21 0.366 0.386 0.513 9
6 0.471 0.257 0.353 28 22 0.369 0.397 0.518 7
7 0.364 0.380 0.511 10 23 0.469 0.338 0.419 20
8 0.404 0.372 0.479 15 24 0.476 0.259 0.353 29
9 0.405 0.333 0.451 18 25 0.526 0.308 0.370 27
10 0.423 0.290 0.407 23 26 0.397 0.447 0.530 3
11 0.464 0.332 0.417 21 27 0.473 0.231 0.329 31
12 0.398 0.378 0.488 14 28 0.264 0.497 0.653 1
13 0.392 0.434 0.525 5 29 0.369 0.384 0.510 11
14 0.452 0.318 0.413 22 30 0.345 0.370 0.518 8
15 0.542 0.275 0.337 30 31 0.430 0.262 0.379 24
16 0.382 0.327 0.461 16
2.6 REBENMH 0 ] ¢ i
HAis TOPSIS SMATIOHIRII&HERT 31 G35 95 Fh ot 73
TR IR HAT R R, SR E 5, HEEE 2 3
Iy 3 EETT LUK 31 RIS N 4 3K, B — R EE G B K I
I 6. 2;
FIRAEEE 28 SAE, L TOPSIS AHXT M LN 21
0.653, LEAMRIRAE 31 UANR AR R . VAR FAE B8 J
TR & &(16.162 mg/g) . HIEFERHH(3.516 mg/g). ilHE 4
(39.658%) FlI T4 H5(2.988 g) L4 F 4253597k F 2 |, 1§
FL o0 RRIR AT 75 ik (70.804%) W e 5, F2 30 1 26 Al 4% 2
FridmcE . AR BT R HRPRLILE (255 Rtk o IR 18
AT 25 A PR S AR B O PR A, LA 4 o
3B SR e T AL D i S e R ?‘5‘
SIZAIEE 22, 30, 19, 3. 13, 26, 7. 29, 21, 17, 27
2.4 12 A1 8 B3E 14 3FI, AU LN 0.479~0.545, % ;;
Bt BRI R . 2RISR F-E S 5 1 (9.619 mg/g) il 14
PIEFIR 1 (2.588 mg/g)IRTERI2E, & lHE(35.496%)Fl 12
TRLH (2.491 @) Ab T E /K, KRBT IR A BT 12
PR AR R B B AR AR 2, (HA 1

FGE e, B 4 SFN RO B, A 8 U
LI a-WRRRRRIGS b 2 B TR A, Mgy [95 S1 DERERIIRAGRA

o A i ig.5 Cluster analysis of 31 Perilla frutescens seed germplasm
oS R . B, R TR IRBE AR 25 A T R resources
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FSEREAA L, AT X R E BARCAN S o SRR AR 5% = 24
R TR R

SEUIZRALEE 11, 23, 14, 10, 5. 9, 16 f1 1 53t 8
R, ARG 0.407~0.461, L5455k Al T 4%
IR o S B A - 35 B 5 5 (8. 155 mg/g) R 1% 7 IR
TrE(2.021 mg/g)BAk, SrilE(31.881%)FIT-HRiE(1.555 g)th
B AR T RIS, (HV AR (13.233%)F1 a-V FRIR (68.210%)
AEXT & BRSSP A, s BT BT B R i R
MR AN B2 L PR R e 04 ss, (R H s
A AN TR 1 g 1 7R b 461 ol JF A vl PR B O AT R — e W 0,

AR B S8 TR F T A 5 5 0T P A U

SEIVZEALHS 20, 25, 18, 31, 6. 24, 15 1 27 54k
8 Uy, HOAHXT ST Ry 0.329 ~ 0.379, L5564 5 o 25 fh
P L IEFP Y S BT (7.440 mg/g) K IETRR(1.742 mg/g) .
Bl (31.387%) M TRIE(1.510 )Xy &2 /i, (B
AR (11.787%)H1 - JFRER(67.784%)AH X & A/ AR F5 1E
K. SRR, 1SRN 2 F A (ERTIR TR B SR R
B, G RIMAGEN, AL E R AT B S A FER 1
G P T 2L B BB 0L P o S, BT R R s R B R A
R TR PR B A T AR R N

Fo6 BAAEREHR

Table 6 Clustering results and characteristics

S AT P SZ AT A SIZ A
P TOPSIS 43 jﬁ;;: i;g ﬁg% T o Vs THT
w PR EEgs R SRR TN R L FE
* mEEC fi E WIS LR
/(mg/g) /(mg/g) /%
o0 245 FH -0 S5 il FH 78
(&AWL 2
I 0.653 28 16.162 3.516 10.952 70.804 40.230 2.988 P imdn e EIEFRE S S
5 a- R o, HAFPRIE
AR, AR
22.30.19, 2 R (25 A T R
3, 13, 26, WF): am HA B 2
I 0.479~0.545 7.29. 21, 9.619 2.588 12.038 67.640 35.496 2.491 A B B 75 Wi
17, 2. 4, B, FERLANS R, HASR M
12, 8 T E TR
11.23. 14, ﬂg%ﬁﬂéﬁf Zﬁ%g
ol (HHEA R
I 0.407~0.461 10\165: 19\ 8.155 2.021 13.233 68.210 31.881 1.555 PR LA
oM JRRPR & U
20.25.18. j Emjéiﬁg;@iﬁiﬁ
): BAAEARmZy
IV 0.329~0.379 311‘:\2274‘ 7.440 1.742 11.787 67.784 31.387 1.510 b A (R R

I o IRRTR 75 1 50

3 %W

ARWFFERTIN T 31 358 T3 I3 55 8 1 58 5K 7 1 245 FH A
Sy, TRE . SUKE . RIS & &S, @il PCA
i 3 T R MR SR TRAT T A O PR FE AR, R T RT
TOPSIS L WLE A PEM BT, 455320, 31 1 L0 ke 25
FAT R LA & i D AR R AR R R B, AR B T
YR )22 R R, O SRR DT o RO SR B A R T
TREER

FA T HTHE 10 A5 THEFRBELE E 3 AT AT
BT TIRkEIS 78.734%. EAAT | TIEREEN 45.810%, LIT
R (0.872) . JHER(0.843) . FEHEIFER(0.840) . 7y (0.788)
K o-WERRER(-0.827) . 57K (-0.735) A a8 A AFAE,
LI SR TR A IR R AR AR . o RRR 2
[ 2 A 2 L SRR . IR B S I LR A TR A TR I

IR OCR, Emm SRS 5 a-WIRERF T 7E 7 IR
O3 BT REAEAE A EA T o o- W RRBR 1 S AR T N W R,
T RGO LA KU T e T e o 22 (g S0 )y i L
H AL, JEPeE R AR E R M E O . T
BN FERST 1 FIE 8T s KR, U2 48
B, 05 EETRRF I AR G B E i 2 Ok . ISR R,
LRI TR A R IR AP0, TR E AR
A B AT TR ) - JRRTRR A P, i A R
FrHEE B ERS 2 TIERE R 20.127%, LIEEER
(0.879) 1 EL TR (0.834) Y 15 IE 2R ff FARAE, =5 B Wit 95
e T i A 288 2 P P B0 1 e AR, T A
Fre2h B SRR BE " OS5 RAE . BFFS R, RIEFIR . K
R 3R A5 B R R RIS I 0 S R R LR PR
YU a5 5 Z B0 A i R A S I e Y 3 Tt
MRZFER 12.797%, LAV R 2 o S 795 (0.834),  Jz WLV 71 2
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(e, HAER DR nT 200057 B e P an St 2
JIRE TR AR 2 O ) 25 SR MR S o RRER IR 9 B
[ R 1) S A i ) o
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TR RIEY A HE, 4 TOPSIS ZRGIFH ALY
PR T Bl S
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