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Abstract: Based on the differences and correlations of quality and mineral elements content in dried fruit of Lycium

barbarum L., a comprehensive evaluation system was established to screen the excellent germplasms, also to provide
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theoretical basis for high quality breeding of Lycium barbarum L.. The 16 qualities and mineral elements content of dried
fruit in 60 germplasms of Lycium barbarum L. were measured. The core evaluation indexes were screened by coefficient of
variation, correlation analysis and factor analysis, and the comprehensive evaluation system of dried fruit quality of Lycium
barbarum L. was constructed by analytic hierarchy process (AHP), grey correlation analysis (GCA) and cluster analysis
(CA). The results showed that there were significant differences in nutritional components, constant element and trace
element contents among different germplasms. There were significant positive correlations between total sugar content,
betaine content and Zn content, polysaccharide content and Fe content, carotenoids content and Mg, Se content, flavonoids
content and B, Zn, Ca content, fat content and Se, Mg content (P<0.01), while there were significant negative correlations
between total sugar content and carotenoids content, protein content and Zn content (P<0.01). Nine core indexes were
filtered out by factor analysis, and the accumulative contribution rate of the first eight factors was 85.591%. The AHP
divided the nine core indicators into three categories, which were nutritional factors, constant element factors and trace
element factors. The comprehensive weight of core indexes were polysaccharide (0.138), carotenoids (0.269), flavonoids
(0.373), fat (0.220), Ca (0.474), Mg (0.606), Fe (0.394), B (0.123), Se (0.403). The 60 germplasms could be divided into
five categories when the Euclidean distance was 8.63, and 'Ningnongqi No.3', 'Ningnongqi No. 9', '14-06-11-12', '14-02-03-
21" and '14-04-03-13" were the relative excellent germplasms selected by both factor analysis and grey correlation analysis.
The comprehensive evaluation and analysis of dried fruit quality and mineral elements of different Lycium barbarum L.
germplasms revealed the relationship between dried fruit quality and the content of constant and trace elements, and 5
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excellent germplasms were selected finally.

Key words: Lycium barbarum L.; dried fruit quality; mineral elements; core germplasm; comprehensive evaluation
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Table 1 Experimental material number and name
LS B P T 4 LIt TR PT 4
Gl KIRRRT: Lycium barbarum L.‘damaye’ G31 14-02-03-21 Lycium barbarum L.*14-02-03-21
G2 AN Lycium barbarum L.‘damaye’ G32 14-02-03-20 Lycium barbarum L.*14-02-03-20
G3 TS Lycium barbarum L.‘Ningqi No.1’ G33 14-02-07-07 Lycium barbarum L.14-02-07-07"
G4 THL2S Lycium barbarum L.‘Ningqi No.2’ G34 14-03-01-05 Lycium barbarum L.‘14-03-01-05"
G5 TH3S Lycium barbarum L.‘Ningqi No.3’ G35 14-03-02-03 Lycium barbarum L.14-03-02-03’
G6 Th4S Lycium barbarum L.‘Ningqi No.4’ G36 14-03-02-06 Lycium barbarum L.*14-03-02-06
G7 THSS Lycium barbarum L.‘Ningqi No.5’ G37 14-03-02-07 Lycium barbarum L.*14-03-02-07’
G8 TS Lycium barbarum L.‘Ningqi No.6’ G38 14-03-02-08 Lycium barbarum L.*14-03-02-08
G9 TS Lycium barbarum L.‘Ningqi No.7’ G39 14-03-03-03 Lycium barbarum L.*14-03-03-03
G10 T8 Lycium barbarum L.‘Ningqi No.8’ G40 14-03-03-07 Lycium barbarum L.*14-03-03-07"
Gl1 TR T Lycium barbarum L. Ningnonggi No.9’ G4l 14-03-03-11 Lycium barbarum L.*14-03-03-11"
G12 TR Lycium barbarum L.‘Ningnonggi No.1’ G42 14-03-04-14 Lycium barbarum L.*14-03-04-14°
G13 TR Lycium barbarum L.‘Ningnonggi No.2’ G43 14-03-09-05 Lycium barbarum L.*14-03-09-05"
Gl4 TS Lycium barbarum L.‘Ningnonggi No.3’ G44 14-04-02-02 Lycium barbarum L.*14-04-02-02°
Gl15 ENEss Lycium barbarum L.‘Menggqi No.1’ G45 14-04-03-13 Lycium barbarum L.*14-04-03-13
Gl6 09-06 Lycium barbarum L.°09-06’ G46 14-06-03-04 Lycium barbarum L.*14-06-03-04’
G17 09-03 Lycium barbarum L.°09-03’ G47 14-06-10-17 Lycium barbarum L.14-06-10-17"
G18 16-16 Lycium barbarum L.°16-16 G48 14-06-10-22 Lycium barbarum L.‘14-06-10-22’
G19 TR Lycium barbarum L.‘Zhongkelvchuan’ G49 14-06-11-12 Lycium barbarum L.*14-06-11-12
G20 14-JC2 Lycium barbarum L.14-JC2’ G50 16-01-03-05 Lycium barbarum L.°16-01-03-05"
G21 14-16 Lycium barbarum L.*14-16’ G51 16-01-04-03 Lycium barbarum L.*16-01-04-03’
G22 14-Z44 Lycium barbarum L. 14-Z44 G52 16-14-05-04 Lycium barbarum L.*16-14-05-04’
G23 14-Z46 Lycium barbarum L.‘14-Z46’ G53 16-14-08-09 Lycium barbarum L.‘16-14-08-09°
G24 14-87 Lycium barbarum L. 14-87’ G54 16-16-07-06 Lycium barbarum L.°16-16-07-06"
G25 14-104 Lycium barbarum L.*14-104° G55 16-16-08-16 Lycium barbarum L.°16-16-08-16’
G26 14-7Z168 Lycium barbarum L. 14-Z168’ G56 16-16-09-02 Lycium barbarum L.*16-16-09-02’
G27 14-7235 Lycium barbarum L.°14-7Z235’ G57 16-17-05-06 Lycium barbarum L.*16-17-05-06’
G28 14-401 Lycium barbarum L. 14-401° G58 16-20-11-11 Lycium barbarum L.°16-20-11-11"
G29 14-01-02-14 Lycium barbarum L.*14-01-02-14° G59 16-21-07-08 Lycium barbarum L.°16-21-07-08’
G30 14-01-03-21 Lycium barbarum L.*14-01-03-21" G60 16-21-08-10 Lycium barbarum L.°16-21-08-10"
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Fig.1 Differences of nutritional contents in 60 germplasm

fruits of Lycium barbarum L.
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Table 2 Main quality indexes and mineral elements diversity analysis of dried fruit of Lycium barbarum L.

0% e IME W RAE &= TEIE bRz S RH(%) ZAETERREL
L (/100 g) 40.130 52.330 12.200 46.396 3.209 6.917 1.970
ZH(g/100 g) 1.600 4.260 2.660 2419 0.542 22.406 1.930
IR (g/100 g) 0.380 1.190 0.810 0.675 0.177 26.222 1.950
A P (g/100 g) 0.180 0.550 0.370 0.401 0.101 25.187 1.980
T (/100 g) 0.098 0.239 0.141 0.148 0.031 20.946 1.980
FE AT (g/100 g) 5.840 16.230 10.390 10.176 1.797 17.659 0.10
g (mg/kg) 1.780 5.590 3.810 3.369 0.835 24.785 1.980
K43 (g/100 g) 1.830 15.700 13.870 12.623 1.717 13.602 1.560
S HER BB (mg/100 g) 8.170 13.250 5.080 10.443 0.906 8.676 1.950
Ca(mg/kg) 214.000 1051.000 837.000 416.295 144.788 34.780 1.580
Mg(mg/kg) 668.520 1518.000 849.480 1021.406 211.997 20.755 2.010
Mn(mg/kg) 4.650 14.210 9.560 7.651 2416 31.578 1.810
Zn(mg/kg) 3.690 24.690 21.000 10.158 4.955 48.780 1.860
Fe(mg/kg) 37.620 122.600 84.980 59.508 18.398 30.917 1.820
B(mg/kg) 7.450 12.650 5.200 9.573 1.009 10.540 2.060
Se(mg/kg) 0.008 0.095 0.087 0.044 0.023 52272 0.000
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Fig.2 Differences of mineral elements contents in 60
germplasm fruits of Lycium barbarum L.
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Fig.3 Correlation analysis of fruit nutrients with mineral

elements
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BT BEIRRE Y 9 THAZ O PR PR AR AR I 2 IR 43T ik,
SR 1~9 bREEEA @A WTRE RE (R 4~3% 5)PY. X5
B —SCPE IS TAG G, AW 4 — 3301 L3R (consistent
ratio, CROFI/NF 0.1, il s — IR PGS . K 9 TFEFR
ST EFRATF . WEIGERTFAMEITCER T —
28, WIS SZ IR AT B A R S0 . B S N
2. IEWT. Mg, Fe. Ca. B, Se iX 9 TWiA%.LoiFHr 3545
ARSI 0.138., 0.373. 0.269. 0.22. 0.606., 0.394
0.474.0.123. 0.403,
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Table 3  Factor analysis of fruit quality and mineral elements index on germplasm of Lycium barbarum L.
% HF1 HF2 HF3 K4 HF5 HF6 HF7 HF8 AE (%)
S -0.19 -0.033 -0.117 0.001 -0.057 0.095 0.099 —0.083 29.592
EZ0H 0.034 0.249 -0.009 0.258 0.348 0.216 -0.422 0.216 19.434
IR -0.081 0.220 -0.038 -0.035 0.433 0.283 0.29 0.592 22438
Y MR 0.187 0.063 0.023 —0.048 -0.176 0.084 -0.017 -0.112 29.802
gl —0.098 -0.107 0.352 0.139 0.141 0.113 0.249 -0.072 27.068
AR 0.08 ~0.081 0.126 -0.428 0.231 -0.11 0.046 0.332 24723
i1 0.179 0.014 0.061 0.001 ~0.057 -0.27 0.059 0.4 26.41
Koy ~0.037 0.062 0.24 -0.173 -0.367 0.515 —0.672 0.174 17.441
Mn 0.048 -0.34 -0.048 0.079 0.278 0.349 -0.028 0.018 23.885
Zn -0.162 0.086 0.206 -0.137 0.057 -0.158 0.075 -0.153 21.51
Fe 0.056 0.290 0.148 0.118 -0.097 0.268 0.445 -0.531 31.488
Ca 0.026 ~0.188 0.340 0.112 -0.222 0.196 0.395 0.406 22304
Mg 0.174 0.166 0.111 0.097 -0.01 -0.092 0.12 0.115 19.851
B 0.005 —0.089 0.296 0.318 0.266 -0.361 —0.429 —0.186 32.733
Se 0.128 -0.178 -0.178 0.127 0.091 0.392 0.069 -0.223 16.709
SRR M 0.086 0.005 0.155 —0.366 0.383 0.121 -0.053 -0.58 29.304
FEFE 4.655 2237 1.802 1.628 1.087 0.934 0.736 0.615
TR (%) 29.096 13.984 11.26 10.174 6.795 5.84 4.6 3.842 85.591
£ 4 NN FekE Bk i 6 AL 2 RPN I ik SR LR G HEF 22 53/,
Table 4 Criterion level evaluation index and type HEAAHT 6 BUFP I RIEAS—3, “TAAL 9 57, “14-
P BRI 04-03-13°, ‘14-02-03-21", ‘14-06-11-12°, ‘14-01-02-
D 14 RIS AT 3 5 18 TS T T A 2 SR s 53 )
BRET HH(C2) WAL R, TR 950 14-02-03-21°, TR AL
K N E(C3) 35, ‘14-06-11-12°, ‘14-04-03-13"F114-01-02-14"
B (C4) TE IR SRS TR T 45 e 5 B2 (R e,
e Ca(Cs) CTAAD 9 57 2 FhPPA Iy ik 4k R AR S I OCIK
_— Me(Co) (B T HARPRL . LA S5, 2 BP0y il
i 11(5378)) 32 L SRS W B S AR B R A ), Herp e
Se(C9) 95>, ‘14-04-03-13", “TARAL 3 5>, ‘14-02-03-21",

RISHAE 2 B, Se Fl Mg; K1 2 FEfER=E
¥ . Fe; B+ 3 FZAUSRWER . Ca. B; B+ 4 FZAQ
22 B; EGHT 8 KT AT R AU T 22 BTk R AN ER, Xt
60 kAT T IS8 LI T B4 ATd M AC AR
rm BT EET, DLER 6.

LL 9 TAZPFHT AR AR E S IR 8 0GR 53 AT i it s
bR FR, 455 2RI LI 2 BUFE AR AL TR, XT 60 4%
FFC AP T AA LR K G OCER S BT ik EA T 25 5 VY o

“14-01-02-14"F114-06-11-12"RELLEE LT = -
2.3.5 AS[AEVFPBTAAC T 5 55T R 0 ) BT e AR SRSy
BT BRI 9 WAL P FR IR VE K E, Xt
60 e BT TR IR IS ST, B 60 ARl FhTT
FFIAC HR AR 0 —28, LME R AR SR E R
A, SrRTa IR E 4 s, M g o FRI%TE
HREERR R, BRI BE (U ORI BB N, B
[REEES N 8.63 B A& RFI BT At AT Rl 53"k H 2!
551250 1 MR TARAD 9 5, ISR T

S IRRER PR AR R — B g

Table 5 Discriminant matrix and consistency test for evaluation index of index layer

A Bl B2 B3 Bl cl c2 c3 c4 B2 C5 c6 B3 C7 c8 9
Bl 1 1 1 C1 1 037 0513 0629 C5 1 1538 C7 1 3.846 1.176
A
B2 1 1 c2 1 1389  1.695 C6 1 c8 1 0.307
B3 1 C3 1 1.22 9 1
c4 1
—HPERCR 0 0 0 0
AW 0333 0333 0333 0.138 0373 0269 022 0.606  0.394 0.474  0.123  0.403
LEAAE 0.046 0.124 0.09 0.073 0.202  0.131 0.158  0.041 0.134

1 A fRERIEIRZ; BIE SR B2 Bt R M F; B3 e R K.
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Table 6 Comprehensive evaluation on quality and mineral elements of dried fruit germplasm of Lycium barbarum L.

' . 1 72 K73 K74 Hrs 16 77 78 L SEH o
Mo SRERS s my s @my my o ms me s mp ome E
1 Gl1 2.447 —0.931 —0.554 1.702 2.205 3.684 1.384 —1.085 126.44 Gl1 0.781
2 G31 0.266 0911 2.473 1.074 1.137 —0.048 —0.378 0.265 68.21 G45 0.647
3 Gl14 0.323 —0.721 0.032 0.599 -0.014 2.696 1.835 1.204 65.27 G31 0.633
4 G49 0.221 2.300 1.285 0.267 -1.315 0.574 0.848 1.118 60.21 G49 0.628
5 G45 2.624 1.343 —0.612 —0.879 —0.538 —0.085 0.597 0.179 55.5 G29 0.62
6 G29 1.486 0.496 1.167 —0.524 0.439 0.268 -0.209 0.500 54.96 Gl4 0.616
7 G44 —0.065 1.439 3.145 —0.267 0.581 —0.274 0.261 —0.709 49.89 G44 0.598
8 G41 1.484 0.116 —0.892 —0.702 1.761 —0.830 0.482 0.707 36.07 G34 0.597
9 G30 0.019 2.344 —0.773 0.548 —0.495 —0.174 0.778 1.085 35.64 G41 0.588
10 G33 0.804 0.189 1.115 0.126 0.860 -1.014 1.411 -1.513 34.76 G30 0.586
11 G34 1.678 -0.978 0.607 0.443 0.117 —0.622 0.077 0.435 34.72 G46 0.586
12 G54 0.877 0.512 1.357 —0.572 0.343 0.050 —0.701 0.340 33.7 G54 0.578
13 G46 0.249 3.697 —0.438 0.772 —0.126 —0.250 —1.001 —1.440 26.81 G35 0.575
14 G35 0.899 1.942 -1.313 0.110 0.624 —0.328 —0.604 —0.068 24.87 G47 0.564
15 G38 -0.110 0.429 0.056 -0.309 0.196 0.009 0.583 1.429 20.24 G2 0.558
16 G39 1.093 —0.603 1.550 —0.354 —0.839 —0.010 —0.132 —0.019 18.67 G21 0.553
17 Gl -1.019 0.458 0.279 1.221 0.168 0.376 0.181 0.816 15.95 G48 0.553
18 G58 0.543 —0.367 —1.460 2.278 —0.069 —0.925 1.121 —0.558 12.56 G58 0.552
19 G2 —2.375 -0.141 0.078 2.461 —0.020 1.208 0.487 1.941 11.64 G22 0.548
20 G53 0.697 —0.851 0.852 0.059 —0.022 —0.364 —0.081 0.084 10.58 G38 0.547
21 G438 0.935 —0.694 0.028 —0.827 —0.499 0.104 —0.027 1.475 9.66 G39 0.547
22 G47 0.662 1.767 -0.751 -0.075 -1.530 0.044 —0.434 0.618 9.29 G33 0.545
23 G43 -0.019 0.153 1.081 -0.517 0.827 0.082 —1.150 0.310 8.61 G8 0.54
24 G8 -0.992 -0.739 -0.018 -1.078 0.659 0.067 2.752 1.456 7.1 Gl 0.538
25 G27 0.059 —0.630 0.253 1.924 0.310 —0.854 0.720 —1.654 6.74 G40 0.533
26 G40 1.288 -1.252 0.358 —1.551 0.763 —0.080 —0.388 0.394 5.43 G43 0.533
27 G36 —0.238 0.900 1.452 -0.712 —0.981 0.432 —0.492 0.102 3.77 G53 0.532
28 G32 0.106 -0.630 0.043 0.522 —0.406 —0.199 0.091 0.764 1.56 G24 0.531
29 G5 —0.063 —0.561 0.406 —1.181 0.167 0.162 1.702 —0.574 0.26 G37 0.529
30 G22 —0.349 —1.058 1.349 0.885 1.455 -1.191 —1.640 0.913 -1.29 G36 0.526
31 G21 —0.171 —0.576 —0.272 2.023 —0.128 1.042 -1.774 —0.297 —1.58 G32 0.524
32 G6 —1.501 1.216 —0.948 -0.914 1.610 —0.055 0.765 0.350 -10.02 G27 0.519
33 G52 -0.205 -0.512 -1.067 0.164 0.398 =0.111 -0.307 1.320 -10.21 G52 0.519
34 G24 0.625 —0.335 =0.710 1.306 —2.046 —0.120 —0.494 —0.053 -14.29 G56 0.518
35 G57 =0.020 —0.854 1.780 0.530 —2.026 —0.151 —0.061 —0.611 —14.33 G42 0.515
36 G20 —0.122 0.006 -0.219 1.173 —0.126 —0.798 —-0.514 -1.029 -15.96 G60 0.51
37 G42 —0.244 -0.215 -0.371 —0.694 —0.282 0.467 —0.851 1.343 -16.08 G6 0.506
38 G4 —1.164 0.886 —1.250 —0.964 0.432 0.077 1.455 0.235 -16.37 G5 0.503
39 G59 0.207 —0.845 —0.832 0.572 0.964 —0.755 —0.488 —0.687 -17.31 G50 0.503

40 G60 0.449 -0.510 —1.080 0.962 —1.146 —0.568 —0.035 —0.040 —18.23 G59 0.5

41 G56 1.057 0.333 -1.773 —0.638 1.147 —0.537 —1.841 -0.526 —18.56 G57 0.498
42 G3 —1.489 0.143 —0.633 0.276 0.997 —1.287 1.285 0.279 —21.24 G20 0.497
43 G50 -0.436 -1.410 0.325 0.170 —0.151 —0.025 -0.639 0.924 -21.76 G4 0.496
44 GI12 —1.113 —0.288 0.022 —0.894 1.161 3.505 -1.763 —2.273 -21.93 G23 0.495
45 G51 0.556 -1.126 —0.602 0.311 —1.088 —0.232 0.182 -0.460 -21.97 Gl12 0.494
46 G37 0.397 -0.311 -1.752 -1.216 1.046 —0.196 —1.497 1.619 —22.72 G51 0.49
47 G9 -0.718 —0.450 0.161 —0.833 —1.395 —0.276 2.329 —0.635 -27.61 G3 0.488
48 G23 -0.984 -0.083 —0.086 0.026 0.222 -0.910 —0.644 1.107 —28.16 G26 0.488
49 G7 -0.034 -0.210 —0.699 —0.778 0.087 —0.346 0.448 —1.225 —28.52 G25 0.485
50 G26 -1.729 0.081 —0.144 1.449 0.031 —0.247 -1.511 0.329 -36.67 G9 0.475
51 Gl15 -1.553 0.077 —0.551 0.774 0.520 —0.815 0.506 —1.384 —38.79 G7 0.471
52 G25 0.361 -0.695 —0.682 0.044 —1.741 =0.115 —0.848 -0.212 —40.01 G17 0.467
53 G17 —1.342 —0.674 0.620 —1.255 1.310 —0.581 —0.195 —0.407 —40.95 G19 0.466
54 Gl6 —1.700 0.118 1.166 —0.877 0.335 —0.001 —0.560 -1.117 —42.63 Gl15 0.464
55 G18 —0.404 —0.472 —0.607 —1.081 0.722 —0.573 —0.292 —1.349 —46.24 G28 0.463
56 G19 -1.215 0.495 —0.894 —1.555 -1.970 3.108 —0.650 -0.497 —46.45 G55 0.461
57 G55 0.169 -1.084 0.045 —0.655 —1.898 -0.599 0.017 —0.304 —47.1 Gl6 0.46
58 G10 -0.173 -0.572 —0.428 —0.596 —0.990 —0.516 0.595 -2.074 -50.15 GI18 0.456
59 Gl13 —0.588 0.153 -0.516 —0.855 —0.732 —0.550 0.434 -1.714 =50.43 GI13 0.448
60 G28 —0.447 —1.124 —0.157 —1.415 —1.022 —0.342 —1.126 0.871 —61.51 G10 0.446
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Fig.4 Cluster analysis heatmap of different germplasms of Lycium barbarum L.
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